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Editorial on the Research Topic
 Innovative teaching and learning in health education and promotion





Introduction

Health education and health promotion are undergoing profound transformation. Demographic transitions, aging populations, increasing multimorbidity, persistent inequities, and rapid technological change are reshaping how learners understand and navigate health. In this evolving context, traditional knowledge-transmission models are no longer sufficient to prepare future professionals for complex, multicultural and digitally mediated environments. Innovation in teaching and learning has therefore become essential, not only to improve learning outcomes, but to strengthen ethical reasoning, equity, and learner autonomy. This global shift echoes recent OECD (1) analyses highlighting how digitalisation, demographic aging and widening social disparities are redefining the competencies required of tomorrow's health workforce and calling for educational approaches attuned to complexity and uncertainty. It is also consistent with the World Health Organization's call for transformative health workforce education, which stresses that conventional training models can no longer meet the demands posed by demographic change, chronic disease burdens, technological acceleration and growing inequities (2).

This Research Topic, Innovative Teaching and Learning in Health Education and Promotion, was conceived within this global landscape of change. Its purpose was to bring together diverse contributions that critically reflect on pedagogical innovation across health professions education and community-based health promotion. The collective work highlights not only new tools and strategies, but also the structural and ethical dimensions that shape their implementation.



Aims and scope of the Research Topic

This Topic includes 40 articles authored by 292 contributors, representing a broad geographical and disciplinary spread. The Topic aimed to explore innovative pedagogical strategies in undergraduate, postgraduate, and lifelong learning; analyse the integration of digital and AI-based technologies into teaching and learning; examine approaches that promote health literacy, behavioral change, and community engagement; foreground inclusive and culturally responsive educational practices and strengthen evidence-based, equity-oriented reform in health education.

These contributions span systematic reviews, meta-analyses, qualitative research, mixed-method studies, implementation reports, and conceptual analyses. Together, they reveal both momentum and tension within the field: between digital acceleration and the persistence of inequities; between technological promise and ethical responsibility; between innovation and the need for rigorous evaluation.



Critical synthesis of the contributing articles

Across the forty contributions included in this Research Topic, several interrelated thematic patterns emerge, illustrating how innovation in teaching and learning is reshaping health education and health promotion across diverse contexts. While highly viewed articles reflect particular areas of scholarly interest, the collective body of work reveals a dynamic landscape marked by pedagogical reform, digital transformation, equity-oriented approaches, and growing attention to learner wellbeing.


Evidence-informed and active pedagogical reform

A central theme across the Research Topic is the shift toward evidence-informed, learner-centered pedagogies. Multiple contributions demonstrate that active learning strategies, including problem-based learning, team-based learning, spaced repetition, competition-based learning, case-based approaches, and structured clinical teaching, enhance critical thinking, engagement, professional reasoning, and learner satisfaction across health disciplines, as consistently reported across several empirical and review studies (Su et al.; de Vries et al.; Vagha et al.; Ruan et al.; Li, Tan et al.; Domann et al.; Cortés-Rodriguez et al.).

Complementary evidence from curricular innovations and comparative teaching interventions further reinforces the value of student-centered and participatory approaches in undergraduate and postgraduate education. Studies examining redesigned public health courses, integrated case-based pedagogies and curriculum-level reforms consistently report positive effects on learner engagement, satisfaction and perceived relevance of training (Li, Zheng et al.; Shen, Zhang et al.; Wu et al.; Liu et al.).

However, these contributions also highlight that pedagogical innovation is not merely a matter of adopting new instructional techniques. Its effectiveness depends on tutor preparation, coherent assessment strategies and sustained institutional support, as demonstrated across studies addressing international learning experiences, permanent health education initiatives and collaborative teaching reforms (Albert et al.; Almeida et al.; Zhao et al.). This body of evidence suggests that pedagogical innovation should be understood less as a collection of techniques and more as an institutional commitment to reflective, evidence-informed educational cultures.



Digital transformation and artificial intelligence in health education

Digitalisation and the integration of artificial intelligence constitute another dominant thematic cluster across the Research Topic. Multiple contributions examine how digital platforms, MOOCs, simulation technologies and AI-supported tools can enhance personalisation, creativity, decision-making and learner autonomy within health professions education, highlighting their potential to transform both teaching processes and learning experiences (Fengling et al.; Mansour and Wong; Wang and Wang; La Mantia et al.).

At the same time, these studies draw attention to persistent and emerging challenges, including digital divides, gaps in digital health literacy, ethical governance, and concerns related to academic integrity and professional reasoning. Evidence addressing these issues underscores that the educational value of digital and AI-supported innovations depends on their responsible integration, supported by ethical frameworks, digital competence development and institutional oversight (Boshnjaku et al.; Taha et al.). Collectively, these studies portray digital innovation in health education as a rapidly evolving field that demands careful stewardship, ethical oversight, and sustained institutional investment.



Equity, inclusion, and community-engaged learning

Equity, inclusion, and responsiveness to learner and community diversity form a third major theme across the Research Topic. Several contributions demonstrate that structural inequities continue to shape access to meaningful learning opportunities and health promotion, particularly for students with disabilities, culturally diverse learners, and socially marginalized populations, highlighting the need for pedagogical approaches that are inclusive, adaptive and context-sensitive (Liu et al.; Shen, Huang et al.).

Community-engaged, service-learning and faith-based educational approaches are shown to strengthen health literacy, empowerment and participation when aligned with local needs and cultural contexts (Calvo et al.; Bandera-Campos et al.; Reed et al.; Kay et al.; Njarekkattuvalappil et al.). These findings reinforce that educational innovation advances equity only when it engages with social determinants, cultural relevance, and institutional constraints, rather than relying solely on instructional change.



Digital behaviors, wellbeing, and health literacy

A further cross-cutting theme concerns digital behaviors, learner wellbeing and health literacy. Several contributions examine the dual impact of technology on learning, indicating that while digital tools can enhance engagement and access, excessive or poorly regulated use is associated with increased stress, reduced academic performance and challenges to self-regulation, underscoring the need for balanced and intentional digital integration in educational contexts (Barrientos-Moral et al.).

Contributions addressing digital health literacy, mindfulness education and health behavior change further highlight the importance of embedding metacognitive skills, ethical awareness and self-care within health education curricula. Together, these studies emphasize that promoting learner wellbeing and health literacy is not ancillary but central to sustainable innovation in health education and health promotion (Phan et al.; Deng et al.; Hijazi et al.; Huang et al.; Li, Wu et al.). They highlight the importance of embedding metacognitive skills, ethical awareness and self-care within health education curricula.



Practice-oriented learning and real-world impact

Finally, several contributions focus on experiential and practice-oriented learning across clinical, community and public health settings. Evidence from studies addressing clinical training, residency education, caregiver education and school-based interventions demonstrates that context-embedded learning supports the development of professional competence, confidence and real-world impact, particularly when learning activities are closely aligned with authentic practice environments and population needs (Ren et al.; Xu et al.; Gil-Hernández et al.; Guo et al.; Li, Li et al.; Shi et al.; Song et al.).

Taken together, the articles within this Research Topic portray a field in dynamic transition. They reveal substantial pedagogical innovation, methodological diversification, and an increasing integration of digital ecosystems, while also drawing attention to areas where further development is both necessary and promising, namely equity, digital literacy, institutional support, and the consolidation of evidence. These insights provide a critical foundation for considering the implications of innovative teaching and learning for educational practice, policy, and future research in health education and health promotion.




Implications for practice, policy, and research

Educators must continue to strengthen their digital and pedagogical literacies so they can integrate innovation thoughtfully and ethically, ensuring that technology supports, rather than replaces, the relational, reflective and human dimensions of teaching. At the policy level, digital transitions require sustained structural investment, including equitable access to technological resources, teacher development programmes, culturally responsive strategies and institutional safeguards that prevent the deepening of existing inequalities. Future research will benefit from greater methodological rigor, particularly through longitudinal designs, cross-national comparisons and mixed methods approaches, while also addressing urgent ethical questions related to AI integration, such as bias, privacy, transparency and academic integrity. Finally, the participation of 292 authors from multiple regions underscores the value of international knowledge exchange; expanding global collaboration, especially through the inclusion of under-represented regions, will be essential for promoting equitable and sustainable progress in health education.



Conclusion

This Research Topic brings together a diverse set of contributions that collectively illuminate the future of health education and health promotion. While the most-viewed articles highlight strong community interest in AI, digital learning environments, and data-rich ecosystems, the full Topic underscores that innovation must go far beyond technological adoption. It must be grounded in equity, ethics, rigorous evaluation, humanistic values, and a commitment to learner wellbeing.

As health systems worldwide confront demographic shifts, rising chronic disease burdens, cultural diversity, and digital complexity, educational innovation becomes an essential catalyst for preparing future professionals and empowering communities. We hope this editorial fosters continued dialogue, critical reflection, and collaborative inquiry across disciplines and countries, ensuring that innovation translates into more equitable, compassionate, and impactful learning.
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Across West Virginia, tobacco use continues to be a significant public health challenge. Specifically, tobacco use is linked to high poverty across the state and disproportionately affects African Americans. A faith-based tobacco prevention network was formed to address these concerns and increase education and cessation. The West Virginia African American Tobacco Prevention Network (WVAATPN) was formed in 2021 and since then has expanded its reach across the state, involving 22 congregations. The Network’s model includes annual training for lay leaders on various tobacco-related topics, tailored educational curriculum for congregations, and collaboration with national experts to enhance program efficacy. The Network has run educational and cessation workshops and promoted events such as No Menthol Sunday. Workshops have yielded positive outcomes among participants, including increased awareness of tobacco marketing tactics, higher cessation rates, and improved understanding of the health impacts of tobacco. The WVAATPN continues to expand its reach and effectiveness by advocating for policy change, enhancing community engagement, and fostering partnerships to combat tobacco-related disparities in West Virginia’s African American communities.

Keywords
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1 Background and rationale

Tobacco use remains a significant public health challenge in West Virginia, with high rates among adults and youth. According to recent data from the Campaign for Tobacco-Free Kids, 21% of West Virginia adults and 7.6% of high school students smoke cigarettes, and 27.5% of high schoolers use e-cigarettes. The impact is severe, with smoking contributing to 4,300 deaths annually and 37.8% of cancer deaths in the state (1). The absence of state-level Clean Indoor Air Regulations exacerbates the issue, with local regulations facing preemptive challenges (2, 3).

Part of the difficulty associated with the high tobacco usage rates in West Virginia stems from the extreme poverty across the state. Almost 18% of individuals in West Virginia live in poverty (4). Tobacco use and poverty are linked in a vicious cycle. Those living in poverty are often trapped into smoking for nearly twice as many years as those with higher incomes (5). Additionally, the health effects of tobacco use increase poverty, especially if the breadwinner becomes unable to work due to tobacco-related illness (6). This socio-economic factor intertwines with tobacco use in a cyclical pattern, as tobacco expenditure diminishes resources available for essential needs, exacerbating health disparities.

Despite the severe impact of tobacco use across the state, West Virginia has struggled to address the issue. While receiving over $227 million in Master Settlement Agreement funds and tobacco taxes in fiscal year 2024, the West Virginia Legislature only allocated $451,404 to tobacco prevention (1). West Virginia also received $1,083,616 in fiscal year 2023 from the Centers for Disease Control Office of Smoking and Health (7), and these two funding sources combined continue to fund the West Virginia Division of Tobacco Prevention. But West Virginia ranks number 50 in the US for tobacco prevention spending, spending less than 2% of the CDC recommendation for the state (1).

Due to limited tobacco-cessation funding across West Virginia, individuals who use tobacco face challenges in overcoming their addiction, as they lack adequate resources and support to quit (8). In addition, certain demographic groups are more likely to experience the health effects of tobacco use (5). Specifically, African Americans are targeted by tobacco companies through historical and ongoing marketing tactics, especially with menthol cigarettes (9). Despite having a similar cigarette use rate of 21.4%, African Americans are disproportionately affected by tobacco, which makes them a priority population for the West Virginia Division of Tobacco Prevention (10, 11). African Americans in West Virginia also have a higher poverty rate of 30.7% compared to the state average of 17.9% (4, 12). To combat the relentless marketing tobacco companies employ against African Americans, a plan was made to create a network of community organizations united in increasing education and cessation. A grassroots network was essential for combatting the deeply set cultural patterns of tobacco use among African Americans.

West Virginia has a population of 1.7 million, of which 3.8% identify as Black or African American, and 2.1% identify as Two or More Races (13). Due to West Virginia’s coal mining heritage, many African Americans live in population clusters: Bluefield, Beckley, Charleston, Martinsburg, Dunbar, Keyser, Charles Town, Oak Hill, South Charleston, and Huntington (14).

For generations, the tobacco industry has been targeting African Americans with its powerful marketing and segmented production decisions. It began in the 1950s when big tobacco companies decided to market menthol cigarettes to the growing African American market segment (15). They did this through traditional advertising and efforts to increase their credibility among African Americans. Phillip Gardiner stated:

 Numerous social factors, when taken together, conspired to coerce the adoption of menthol cigarettes by a majority of African Americans in the 1960s and 1970s… Identification by young urban Blacks with menthols as “fresh and modern” helped establish these brands as an important part of the African American experience… At the same time that the industry vigorously pushed menthol products on Blacks, they also were giving money to Black community organizations, including civil rights groups. In essence, the tobacco industry successfully created an attachment to menthols that still resonates in the Black community today (16).



The promotional efforts and donations combined secured the tobacco industry’s foothold in the African American market, and in the 60 years since, they have not lost it. According to one study, data suggests that there are 2.6 times more tobacco-related advertisements in African American areas than in Caucasian regions (17). That is clear evidence of the relentless marketing big tobacco companies continue to use to target African Americans.

One outcome of their marketing was successfully branding menthol-flavored cigarettes as the “African American” cigarette. Due to its cool, soothing effect, menthol cigarettes reduce the irritation involved with smoking, which can make it easier to start and harder to quit (18). In 1971, only 38% of African American smokers used menthol cigarettes (16). After generations of menthol cigarette advertising targeted at African American adults, that number has risen to 80% (19).

In West Virginia, 26% of all adults who smoke use menthol cigarettes (20), and while menthol smoking rates for African Americans are unknown, we can assume they are comparable to the known national average of 80% (19). These and other factors made clear the need to focus on African Americans in developing the network.



2 Pedagogical framework

To combat the devasating effects of tobacco use among African Americans in West Virginia, Dr. Donald Reed desired to create a lay helper network of community organizations united in the cause to address tobacco use within African American churches. A previous study has shown that African American church coalitions could be effective in rural smoking interventions (21). Dr. Reed aimed to create a similar network of churches and community organizations.

Dr. Donald Reed is the Executive Director of the McDowell County Commission on Aging, Inc. and an Assistant Professor at Liberty University. He holds a doctorate in public health and is certified in public health by the National Board of Public Health Examiners and as a tobacco treatment specialist by the Mayo Clinic Nicotine Dependence Center. He has a 20-year career in public health service in the rural coalfields.

Dr. Reed’s plan for the network included a focus on unifying efforts to educate the community and provide evidence-based workshops to increase cessation. In addition, the network would provide the community with resources and connections to receive essential cessation and educational support. This grassroots approach would allow for greater cooperation among distinct organizations and greater dissemination of proven practices for reducing tobacco use. Specifically, the network was planned to target and support African Americans, who, while having similar tobacco usage rates, are disproportionately affected by tobacco use. African Americans are more likely to experience second-hand smoke and deaths caused by second-hand smoke have a disproportionate impact on African Americans (22, 23). The West Virginia Division of Tobacco Prevention believed in Dr. Reed’s vision and assisted in creating the West Virginia African American Tobacco Prevention Network (WVAATPN) in 2021. The WVAATPN effectively extended prevention and cessation efforts to grassroots levels, including places of worship and homes, by assembling a network of faith and community-based lay helpers to educate their respective communities about the perils of tobacco use. The Network educated these lay helpers so they could then provide educational and cessation workshops to members of their communities.

National partners and experts provided crucial technical assistance to the Network, enhancing their proficiency in African American Tobacco Prevention and Menthol Control. Notable contributions came from the “Not in Mama’s Kitchen” education campaign led by Brenda Bell.

Caffee (24), the “Same Game, Different Smokers” curriculum endorsed by the African American.

Tobacco Control Leadership Council (chaired by Phillip Gardiner) (25, 26), and La Tanisha Wright’s “Follow the Signs” counter-marketing training (27). These experts assisted in developing the evidence-based curriculum to train the lay helpers.



3 Learning environment

The Network was formed by churches and other community organizations across West Virginia. Churches were identified based upon their location and willingness to participate. The locations were selected by focusing on the top 10 communities within West Virginia with the highest rates of African Americans within the current population. Willingness was defined as having the pastor agree for the congregation to participate and the willingness to have a lay helper be trained to implement the program. The Network’s membership encompasses various congregations across counties, including Raleigh, Kanawha, Fayette, Mercer, Greenbrier, Cabell, and McDowell. The number of participating congregations has grown significantly, from 7 in 2021–2022 to 14 in 2022–2023, and currently stands at 22 (28).

This congregation-based approach allows for direct community involvement instead of distant, state-based efforts. The local nature of these efforts means congregations can personalize the messages for their community and communicate directly to those who need to hear those messages the most. Those who need the support are often found within the congregations and are the first targets of recruitment for the cessation and education workshops. As needed, congregation leaders can then move their recruitment efforts beyond their members into the broader community. Congregation leaders target adults for the workshop, not youth. The state-wide, youth anti-tobacco program known as RAZE is already actively targeting and reaching youth (29).

Additionally, the Network established an advisory board to provide valuable guidance and direction for its initiatives, ensuring effective decision-making and strategic planning. Board Members were selected by identifying community champions from sectors needed to give validity to the network, including government, education, faith leaders, and advocacy networks. The creation of the advisory board was a necessary step to ensure the longevity and continued success of the Network.

To broaden its influence, the Network has forged strategic partnerships with key organizations such as the Center for Black Health and Equity, the West Virginia Division of Tobacco Prevention, and the Claude Worthington Benedum Foundation. These collaborations have enabled the Network to diversify its funding sources and have provided a platform to exchange knowledge with other networks nationwide. Additionally, they have facilitated partnerships with regional and national agencies, enhancing their collective efforts. It is also vital to note that the Benedum Foundation partnership has brought the Network into contact with other agencies focused on serving the African American community throughout West Virginia and brought much-needed validity to the Network in the eyes of community leaders. The Center for Black Health and Equity has put the Network on a national platform to tell its story and helped to bring national-level experts to train the Network staff and congregation lay helpers.


3.1 Pedagogical format

Each fall, the Network convenes its congregational members and appoints lay helpers to participate in training sessions led by state and national experts. These lay helpers have the responsibility to run workshops designed to help people become educated about tobacco use and have the resources they need to quit. It is essential that these lay helpers be well trained on these topics so that they can then share their knowledge when they run the workshops. These topics are often complex, requiring the lay helpers to have a strong understanding of them to be able to teach them. Additionally, adult learners need to know why they need to learn something before learning it (30), so lay helpers are trained to teach the importance of these principles as they teach them. Topics covered include Menthol and African Americans, predatory marketing tactics of tobacco companies, Quitline services, secondhand smoke education, clean indoor air regulations, youth tobacco prevention, conducting tobacco cessation workshops, and workshop evaluation methods. Following these sessions, each congregation develops annual educational plans. Additionally, congregations have dedicated staff available for assistance, including access to a Certified Tobacco Treatment Specialist.

The Network’s model consists of multiple congregations across counties. In each county, lay helpers focus on education and cessation. This includes educational workshops to teach about the impact of tobacco use and other events like No Menthol Sunday. These workshops, hosted at individual churches, provide community members with an opportunity to learn about tobacco at a site close to home.


3.1.1 Tobacco education workshops

The education sessions focus on the dangers of tobacco use, secondhand smoke, menthol, and the importance of cessation. All participants complete the same pre-and post-evaluation surveys for the purpose of program evaluation and improvement. This workshop is taught from a PowerPoint developed by Rhonda Robinson from the WVAATPN. Some of the learning objectives of the workshop include the following:

	• Understanding the tobacco use rates in the United States and West Virginia.
	• Understanding the patterns of tobacco use for African Americans.
	• Understanding tobacco industry marketing and influence within the African American community.
	• Understanding the dangers of exposure to secondhand smoke.
	• Understanding how tobacco use affects the body.
	• Understanding the West Virginia Tobacco Quitline services.



3.1.2 Tobacco cessation workshops

The Network also sponsored tobacco cessation workshops to help individuals take the necessary steps to quit. Lay helpers use the Pathways to Freedom Guidebook and Video for the cessation workshops. The Pathways to Freedom Guidebook is a free resource and can be accessed online at https://stacks.cdc.gov/view/cdc/11397. All participants complete the same pre-and post-evaluation surveys for the purpose of program evaluation and improvement. Some of the learning objectives of the workshop include the following:

• Understanding nicotine addiction.

• Understanding the steps to quitting.

• Understanding how the body responds to nicotine withdrawal.

• Understanding what medications can help someone quit.

• Understanding how to deal with the stress of quitting.

	• Understanding the West Virginia Tobacco Quitline services.

As part of the Network’s focus on African Americans, the West Virginia Tobacco Quitline incorporated the same Pathways to Freedom Guidebook and Video used in the cessation workshops for all African Americans enrolled in cessation services. This was a significant cultural competence strategy for the Network.





4 Results

Though the Network is new (founded in 2021), it has already had a powerful impact across West Virginia. Its grassroots approach to tobacco education and cessation has increased awareness about the issue and motivated people to give up tobacco for good. Specifically, the Network quickly organized the African American Community and mobilized lay helpers by providing essential and effective training. This has resulted in increased knowledge about the dangers of tobacco use and increased cessation attempts. Most importantly, it has brought together local, state, and national organizations to overcome this deep-rooted West Virginia challenge.


4.1 Tobacco cessation workshops

In total, 212 individuals participated in the 22 tobacco cessation workshops across the state. While we did not record demographic data of the participants, from photo observations it appears that they were approximately 40% male and 60% female. Of the participants, 75% (160) completed the pre-and post-training surveys. Of the participants, 57% had used tobacco for more than 5 years. Their tobacco product use varied, with 61% using Cigarettes, 18% using E-Cigarettes/Vapes, and 12% using Cigars. In addition, 75% of them had a previous quit attempt.

Some of the notable improvements from the workshop post-evaluation surveys included an 18% increase on a weighted Likert scale in participants’ responses to the statement, “I know about medicines that can help me quit” and a 16% increase on a weighted Likert scale in participants’ response to the statement, “I understand how the body responds to nicotine withdrawal” (Table 1). This increase in understanding about quit medicines and the effects of withdrawals is essential in helping individuals to be motivated to quit.



TABLE 1 The self-reported program evaluation responses to the questions posed during the cessation workshops using a weighted Likert scale.
[image: Data table summarizing survey results for tobacco cessation training with columns for question, pre-training survey, post-training survey, and percent change; results show improved understanding and confidence after training across all categories.]

After the workshop, all participants who supplied an email or phone number received the follow-up survey. Those who provided an email were contacted twice. The follow-up survey had a 23% response rate, which is within the typical range. Of those who responded, 37% reported calling the West Virginia Tobacco Quitline after the Workshop; 16% reported quitting during the project period, and of those still using tobacco, 71% reported seriously thinking about quitting within the next 6 months. We are working on strategies to increase the follow-up survey response rate.



4.2 Tobacco education workshops

In total, 286 people participated in the 21 tobacco education workshops across the state. While we did not record demographic data of the participants, from photo observations it appears that they were approximately 40% male and 60% female. Of the participants, 77% (220) completed the pre-and post-training surveys. Among the attendees, 25% had used tobacco for more than 5 years. The most common form of tobacco product was cigarettes, and 25% of homes had a tobacco user in them. Of those who used tobacco, 36% had previously tried to quit.

Some of the notable improvements from the workshop post-evaluation surveys included a 25% increase on a weighted Likert scale in participants’ response to the statement, “I can explain the WV Tobacco Quitline Services” and a 13% increase on a weighted Likert scale in participants’ response to the statement, “I understand marketing strategies used in African American targeted advertising” (Table 2). This was an important result because the West Virginia Tobacco Quitline is an invaluable resource in helping people quit, and increased understanding of its services means people are more likely to call. Additionally, an increased knowledge of targeted advertising to African Americans helps people be more aware of and resistant to advertising.



TABLE 2 The self-reported program evaluation responses to the questions posed during the education workshops using a weighted Likert scale.
[image: Data table showing pre-training and post-training survey scores among participants regarding tobacco-related knowledge. All categories display improvement, with the greatest change in explaining WV Tobacco Quitline Services at plus twenty-five point three six percent and the smallest in understanding health effects of tobacco use at plus six point six percent.]



4.3 No Menthol Sunday

No Menthol Sunday is an annual call to action started 10 years ago by the Center for Black Health and Equity. The Network was instrumental in guiding and implementing the 2023 and 2024 No Menthol Sunday Campaign in West Virginia, effectively raising awareness about the dangers of mentholated tobacco products. By mobilizing the 22 congregations who participated and leveraging the power of social media, the campaign reached a staggering 22,000 West Virginia citizens. The network members implemented numerous strategies such as placing the Quitline information in church bulletins, creating church display boards, displaying No Menthol Banners, including information in the sermons, and hosting information sessions on No Menthol Sunday.



4.4 Quitline calls July 2023–May 2024

There were 144 Quitline calls across the state from July 2023 to May 2024. This is a 61% increase from the prior year. As a matter of protocol from this project, all African American enrollees were given the Pathways to Freedom Guidebook and Video by the Quitline. This is a key culturally competent strategy that was added due to the influence of the Network.




5 Lessons learned and suggestions for future projects

Forming a faith-based network of African American churches to unite in the fight against tobacco is not a new concept. One similar study involved recruiting churches through contact with pastors, surveying the community to understand baseline smoking rates, training lay helpers to conduct health exams and teach classes, developing and distributing materials, and planning worship services centered around overcoming tobacco. These lay helpers then administered cessation lessons to congregation members willing to participate. Additionally, they established an advisory board to guide the actions of the organization (31). In developing the WVAATPN, we followed a similar pattern, with a key difference being that we did not survey the community beforehand to understand the patterns of tobacco use, but instead focused our efforts on the cessation and education workshops. Additionally, we did not perform health screenings as part of this project.

The efforts of the WVAATPN focused on helping African Americans become educated about tobacco use and empowered to overcome it. Because the Network focused on a specific demographic, the lay helpers were able to successfully tailor their efforts to the specific needs of that community. The education and cessation workshops focused on the unique needs of African Americans and were more culturally relevant than general principles would be. For example, focusing on the tobacco industry’s targeted marketing to African Americans made the workshops personally relevant to participants. Additionally, because the Network utilized lay helpers from various communities across West Virginia, they were more responsible for the outcomes of the workshops. Rather than sending workers to other communities, where they would have little familiarity, the lay helpers became the experts for their area and had more credibility among the participants due to their locality. As these lay helpers conducted their workshops, they made them interactive, allowing participants to learn in a more dynamic environment than if they had solely been given a handbook to read. The workshops included discussions, time for questions, and activities that increased understanding and solidified the concepts being taught. To give background to this challenge, time was taken in the workshops to speak about how African Americans are disproportionately affected by tobacco use (22, 23). Creating an open dialogue about these challenges and their impact on the African American community made participants more aware of these challenges and more motivated to address them. Additionally, both the tobacco education and cessation workshops focused on actionable objectives designed to increase participants’ understanding of tobacco use and their ability to overcome tobacco addiction. By focusing on actionable objectives of increasing understanding and core competencies, lay leaders helped the participants to not just understand how to quit, but also have the skills necessary to do so. The workshops gave participants the opportunity to develop actionable skills necessary to conquer tobacco.

As we look back on this project, we learn many clear lessons about tobacco use and its prevention. This also leads us to policy recommendations that will help the West Virginia African American community and others to increase the effectiveness of their efforts to overcome tobacco use. To begin, in general, as poverty increases, so does the prevalence of smoking (32). The high prevalence of tobacco use in West Virginia is not an exception, as nearly 18% of the population live in poverty (4). This contributes to a cycle where limited financial resources are further strained by tobacco expenditure, exacerbating health disparities (6). Effective tobacco prevention programs must address underlying socio-economic issues to break this cycle. One policy change that helps address this is a tobacco tax, which has been shown to reduce smoking in those with low socioeconomic status (33). A tobacco tax raises tobacco prices, which gives those in poverty high motivation to quit, including youth, because their tobacco habits are not as established (34, 35).

Another challenge that confronts West Virginia is the absence of state-level Clean Indoor Air Regulations, increasing tobacco-related health issues in both smokers and nonsmokers (2). Local regulations are often preemptively challenged, weakening the overall impact of tobacco control efforts (3). We advocate for establishing and enforcing comprehensive state-level policies because they are crucial for reducing exposure to secondhand smoke and lowering smoking rates (3). In addition to a lack of state-level Clean Indoor Air Regulations, African American communities in West Virginia are disproportionately targeted by tobacco companies through menthol cigarette marketing (15–17). This targeted approach has led to higher smoking rates and related health disparities in these communities (22, 23). A major policy needed to overcome these challenges is a ban on menthol cigarettes, which could help more smokers to quit (36).

Finally, despite receiving significant funds from the Master Settlement Agreement and tobacco taxes, West Virginia ranks lowest in the U.S. for tobacco prevention spending (1). Adequate funding is essential for the success of prevention programs. Increased investment in tobacco prevention can lead to better health outcomes and reduced healthcare costs in the long term (37). Undeterred by low funding, the West Virginia African American Tobacco Prevention Network (WVAATPN) has demonstrated the effectiveness of community-led initiatives. By mobilizing local organizations and forming strategic partnerships, WVAATPN has increased awareness, improved cessation rates, and enhanced understanding of tobacco’s health impacts. Engaging community leaders and collaborating with national experts are key components for the success of these initiatives.



6 Limitations


6.1 Data collection limitations

The data used in analyzing tobacco use and its impact in West Virginia rely on self-reported program evaluation surveys and statistical estimates, which May be subject to reporting biases and inaccuracies. Additionally, the availability of up-to-date and comprehensive data can be limited, potentially affecting the precision of the findings.



6.2 Generalizability of findings

The intent of this work was not to generalize knowledge or test hypotheses. The intent of this program evaluation was to improve the education and cessation workshops conducted by the West Virginia African American Tobacco Prevention Network and to increase calls to the WV Tobacco Quitline.



6.3 Scope of socio-economic factors

The analysis primarily focuses on poverty as a critical socio-economic factor influencing tobacco use. However, other factors such as education, employment, access to healthcare, and social support systems also play significant roles and May not be fully accounted for in the program evaluation results.



6.4 Measurement of program impact

Assessing the impact of tobacco prevention programs, such as those led by WVAATPN, can be challenging due to the difficulty in isolating the effects of specific interventions from other influencing factors. Longitudinal evaluation and more rigorous evaluation methods are needed to measure program effectiveness and long-term outcomes.



6.5 Marketing influence on targeted populations

The program identifies the targeted marketing of menthol cigarettes to African American communities as a significant issue. However, the extent of the influence of these marketing tactics and the specific pathways through which they affect smoking behavior requires further detailed investigation.



6.6 Resource allocation and funding challenges

Underfunding of tobacco prevention efforts in West Virginia is a critical constraint. While the program highlights this issue, it May not fully capture the complexities of budget allocations, political priorities, and competing public health needs that influence funding decisions.
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The rapid integration of artificial intelligence (AI) into health professions education is revolutionizing traditional teaching methodologies and enhancing learning experiences. This study explores the use of generative AI to aid occupational therapy (OT) students in intervention planning. OT students often lack the background knowledge to generate a wide variety of interventions, spending excessive time on idea generation rather than clinical reasoning, practice skills, and patient care. AI can enhance creative ideation but students must still adhere to evidence-based practice, patient safety, and privacy standards. Students used ChatGPT v. 3.5 in a lecture and assignment to integrate generative AI into intervention planning. Students analyzed a case study, generated ideas with ChatGPT, selected interventions that aligned with the client’s needs, and provided a rationale. They conducted evidence-based searches and wrote an analysis on how the research influenced their decisions. The results demonstrate generative AI’s potential as a valuable tool for OT students, enhancing their comfort with AI and understanding of ethical and safety considerations. Qualitative feedback highlighted AI’s role in boosting efficiency and creativity in intervention planning, with most students expressing strong intent to use ChatGPT in clinical practice due to its ability to reduce cognitive load and generate innovative ideas. These findings suggest that integrating generative AI into the OT curriculum could enhance intervention planning and improve clinical readiness.
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Introduction


Problem description

Navigating the challenges of creative intervention planning can pose a significant challenge for occupational therapy (OT) students during their full-time clinical placements, otherwise known as Level II Fieldwork. Many OT students have expressed a sense of lacking concrete interventional knowledge, resulting in feelings of incompetence and uncertainty regarding their ability to deliver effective interventions, and a desire for more examples to draw from in clinical practice (1, 2). Developing intervention planning skills in Level II fieldwork prepares students for independent practice and a successful transition into the OT role (2).

Struggling with intervention planning can significantly increase the cognitive load for OT students during Level II fieldwork. The effort required to generate and refine intervention strategies may divert attention and mental resources away from other crucial aspects of client care, such as clinical reasoning, complex medical management of lines and tubes and therapeutic rapport building (3). This heightened cognitive load may hinder students’ overall performance, potentially leading to feelings of frustration and decreased confidence in their clinical abilities (4). Sewell et al. (5) explored the application of cognitive load theory in healthcare education and training. The review highlights the impact of cognitive load on performance, emphasizing the challenges faced by trainees, particularly novices dealing with complex tasks as well as the implications of high cognitive load on learning, performance, and well-being of healthcare professionals. Posciask et al. (4) emphasize the importance of structuring instruction to reduce cognitive load and improve learning outcomes.



Available knowledge

AI has revolutionized various fields and has shown promise in various applications within the health professions (6). Capable of using algorithms to create new content and ideas, generative AI is increasingly integral to various aspects of medicine, offering significant improvements in diagnostics, clinical decision-making, and patient management. In the field of dermatology, AI is employed to enhance the diagnostic accuracy of skin cancer, rivaling even experienced dermatologists (7). AI’s implementation extends into perioperative medicine, where it optimizes anesthesiology practices by predicting patient-specific risks and improving the precision of medical interventions underscoring AI’s potential to augment human expertise in visual diagnostic tasks (8). AI’s utility in evidence-based medicine is profound, especially when integrated with decision support systems to validate and explain medical decisions which ensures that AI’s output is not only accurate but also understandable to clinicians, which is essential for trust and ethical integration into clinical practice (9). AI’s broad applicability across various medical specialties highlights its transformative impact on healthcare, providing both operational efficiencies and enhanced patient care outcomes (7, 9).

Building on the growing role of AI in medicine, its application in health professions education holds the potential to transform how future clinicians are trained. By integrating AI into educational environments, it can complement human capabilities, promote critical thinking, and improve educational outcomes (10, 11). The integration of AI in healthcare education, particularly using tools like generative AI for intervention planning, is an emerging area with limited existing research. To the authors’ knowledge, there is limited research specifically exploring the use of AI to aid OT students in creating treatment plans. AI can help occupational therapy students generate intervention ideas that are personalized and efficient. Qu et al. (10) report that using AI tools such as ChatGPT can decrease cognitive load by automating routine tasks, allowing students to conserve mental energy for higher-order cognitive functions such as clinical reasoning. By offloading repetitive tasks to generative AI, students can focus more on critical thinking, problem-solving, and decision-making processes essential for clinical reasoning. This reduction in cognitive load can empower students to engage more deeply with complex clinical scenarios and enhance their ability to apply theoretical knowledge to practical situations (10).

Despite the growing potential of AI in education, there are several limitations that need to be considered. One key concern is the risk of over-reliance on AI, which can impede the development of critical thinking, decision-making, and analytical reasoning abilities by encouraging the uncritical acceptance of AI-generated information (12). While AI can assist with automating repetitive tasks, excessive reliance on these tools can diminish students’ ability to solve complex problems independently, as over-dependence may reduce their cognitive engagement and critical thinking (13).



Rationale

The rationale for integrating generative AI into OT education is grounded in the need for innovative educational tools that can enhance learning and application in clinical practice. The authors hypothesize that generative AI, as a cognitive aid, can facilitate the generation of diverse intervention ideas while simultaneously reducing the cognitive load associated with this novel task. This reduction is expected to allow students to focus more on refining their clinical reasoning and applied practice skills, rather than on the initial generation of ideas. In addition, by providing a broad array of intervention options, generative AI may also help students to overcome the limitations of their current experience or background knowledge, promoting a more dynamic and creative approach to clinical problem-solving. The use of generative AI is anticipated to act as a bridge between theoretical knowledge and practical application, enhancing the quality of patient care through more informed and innovative intervention strategies.



Specific aims

The specific aims of the study include:

	1. Demonstrate the potential of generative AI to act as an effective educational tool by providing data on changes in students’ confidence and ability to generate intervention ideas both before and after using ChatGPT.
	2. Explore the impact of generative AI on the educational experience of OT students in terms of engagement, learning efficiency, and satisfaction.
	3. Identify and discuss the benefits and limitations of using AI technologies like ChatGPT in OT education, particularly focusing on its role in supporting evidence-based practice and maintaining patient safety and confidentiality.
	4. Propose recommendations for integrating AI tools into OT curricula and suggest areas for further research based on the findings of this exploratory study.




Methods


Context

This study was conducted over a two-week period within a fieldwork seminar course taken by entry-level occupational therapy doctoral (EL-OTD) students during their final semester of didactic work before transitioning to full-time clinical placements. This course is designed to prepare students for participation in full-time Level II fieldwork in OT practice settings. The learning objectives focus on enhancing students’ ability to deliver occupational therapy services under supervision, with an emphasis on safety, ethics, evaluation, intervention planning, and professional behaviors. The students had completed extensive coursework in evidence-based practice and clinical reasoning. However, most had limited prior experience using AI tools in their academic work. Students were informed about the study. Although completing the assignment was mandatory, participation in the pre-and post-surveys were voluntary.



Intervention

The intervention, which included a lecture and an assignment, integrated ChatGPT v. 3.5, an AI-driven tool, into the fieldwork seminar course curriculum to assist students in generating diverse intervention strategies. ChatGPT v. 3.5 was chosen for its contextually relevant responses and accessibility to all students. During the lecture, the instructor presented a case study, conducted an intervention search using ChatGPT, and selected three options generated by the tool. One of the selected interventions was intentionally chosen because it was contraindicated - meaning it was not appropriate or safe for the specific case due to the patient’s condition. Next, students were prompted to evaluate the interventions, identify risks, and apply evidence-based reasoning to avoid contraindicated options. Students were required to perform a literature review on each of the chosen strategies to determine whether they would proceed with the intervention and why, emphasizing the importance of evidence-based practice. Following the lecture, students were required to complete an assignment designed to equip them with the knowledge and skills required to integrate generative AI technology responsibly and ethically into OT practice. Using a case study, different from the one presented in the lecture, students were required to explore the potential of ChatGPT as a valuable tool for generating intervention ideas while concurrently developing an understanding of the critical considerations surrounding patient confidentiality, ethics, safety, and evidence-based practice. Students were required to use ChatGPT to generate intervention ideas for the case study and then justify their selections by referencing evidence-based resources such as research articles, textbooks, and post-surgical protocols. Further reflection required students to use the gathered information to determine whether the ChatGPT-generated interventions should be implemented or not, and to explain their reasoning. Participants were given approximately 1 week to complete the assignment. The assignment was designed to reinforce the learning objectives and provide practical application opportunities for participants.



Data collection

To assess the impact of ChatGPT on the students’ learning outcomes a mixed methods sequential convergent design was employed to analyze the data. This approach involved two distinct phases. First, a quantitative statistical analysis comparing data from the pre-intervention survey (n = 34) to that gathered in the post-intervention survey (n = 27) where the intervention was the lecture and assignment. This was followed by descriptive data collection and qualitative data analysis of responses from 27 students in the post-intervention survey (14). In this design, qualitative data were analyzed after the quantitative phase to provide deeper insights into the participants views. The rationale for this approach is that the quantitative data provides a general understanding of whether there was a statistically significant change as a result of the intervention, while the qualitative data refines and explains the statistical results by exploring participants’ experiences in more depth. The Institutional Review Board determined that this project did not meet the criteria for human subjects research because the data was not intended to generate generalized knowledge. Instead, it was designed to evaluate the effectiveness of the intervention within the context of the course, aiming to enhance the quality of the assignment.



Measures

Based on the study’s objectives, the researchers self-developed quantitative and qualitative questions. To ensure content and construct validity, the questions were reviewed and refined by OT faculty colleagues with expertise in research. Quantitative data and qualitative data were obtained from students using the questions highlighted in Table 1 and collected through a survey administered in Microsoft Teams.



TABLE 1 Pre-and post-assignment survey questions assessing confidence and perceptions of ChatGPT in intervention planning.
[image: Table comparing pre-survey and post-survey responses for questions about using ChatGPT in occupational therapy intervention planning, with checkmarks indicating which survey each question appeared in and some questions included only in the post-survey.]



Data analysis

Data analysis was performed using IBM SPSS version 28. Descriptive statistics were computed. Because the survey questions were measured on an ordinal scale, nonparametric tests were used. To determine whether there was a difference in responses before and after the intervention, Mann Whitney tests were performed. There was statistical significance if the p-value of a two-tailed test was ≤0.05.

The research team engaged in a qualitative analysis process to code narrative responses to questions and identify themes. The initial phase involved the primary researcher reviewing the narrative responses to the three questions individually, identifying initial themes or patterns, and coding the data accordingly.

Throughout the coding process, there was a continuous reflection on the emerging insights, the adequacy of the coding scheme, and the overall data analysis approach. This reflective practice led to refinements in the codes and themes, ensuring they accurately represented the students’ responses and aligned with the research objectives. The refined data and themes were then presented to an OT faculty researcher, who provided valuable insights and enhancements to the analysis. Subsequently, operational definitions for each theme were developed, allowing for a re-coding of the data by the primary researcher.

To enhance inter-rater reliability, these operational definitions were introduced to a graduate student who independently coded and sorted the data. This was followed by a collaborative session to revisit the coded data, ensuring that each response was accurately categorized within the agreed-upon themes. Discrepancies or uncertainties were addressed through dialog and consensus, fostering a rigorous and transparent analytical process. Despite these efforts to ensure inter-rater reliability, the coding process remains inherently subjective. Researchers’ interpretations may still influence the categorization of responses, which could affect the consistency of the findings.

Throughout this endeavor, the researchers documented their procedures and findings to maintain transparency and uphold the rigor of the qualitative analysis. This iterative approach facilitated the refinement and validation of themes, culminating in robust and trustworthy conclusions drawn from the narrative responses.




Results


Quantitative results

The study investigated OT students’ confidence in generating therapeutic interventions, their comfort with using ChatGPT for this purpose, their knowledge of ethical and safety considerations related to AI, and their perceptions of ChatGPT’s potential contributions to healthcare (See Table 2).



TABLE 2 Quantitative results of pre-and post-assignment survey data.
[image: Data table summarizing pre- and post-intervention responses from occupational therapy students regarding confidence, comfort, and perceptions of ChatGPT, including means, standard deviations, p-values, and categorical response counts for specific survey questions.]


Confidence in generating interventions

Students reported a slight, but not statistically significant, increase in confidence in generating occupational therapy intervention ideas (p = 0.07) and therapeutic exercise programs (p = 0.07) after exposure to ChatGPT.



Comfort with using ChatGPT

There was a significant increase in comfort with using ChatGPT to generate intervention ideas, with mean scores rising 88% from 2.03 (SD = 1.09) pre-exposure to 3.81 (SD = 0.83) post-exposure (p < 0.001).



Knowledge of ethical and safety considerations

Students also showed a significant improvement in their knowledge about ethical and safety considerations of using generative AI in healthcare settings, with mean scores increasing 59% from 2.32 (SD = 1.09) to 3.70 (SD = 0.78) (p < 0.001).



Perceived contributions of ChatGPT to healthcare

Students’ beliefs in ChatGPT’s potential to contribute to healthcare innovation and patient outcomes significantly increased 20% from a pre-exposure mean of 3.24 (SD = 1.02) to a post-exposure mean of 3.89 (SD = 0.70) (p = 0.005).



Anticipation of ChatGPT’s assistance

Post-exposure, students reported a belief that ChatGPT could assist in generating treatment plans, with a mean score of 3.41 (SD = 0.80).



Likelihood of future use

Post-exposure, students indicated a likelihood of using ChatGPT in their future practice, with a mean score of 3.63 (SD = 0.93).



Belief in improvement of patient outcomes

96.3% of students believed that ChatGPT could contribute to improved patient outcomes, while a split opinion was observed regarding whether evidence-based research findings should guide AI-generated intervention suggestions (Yes: 51.9%, No: 48.1%).




Qualitative results

The qualitative analysis across three distinct questions related to the use of ChatGPT in occupational therapy intervention planning and fieldwork placements revealed insightful themes about its perceived benefits, limitations, and anticipated uses among occupational therapy students.


Time efficiency and idea generation

A significant portion of students highlighted ChatGPT’s role in reducing cognitive load and expediting the generation of treatment ideas, with 63% noting its efficiency and 85% appreciating its aid in creative ideation. These aspects are crucial in reducing the time for preliminary research and enhancing dynamic planning environments.


It quickly provides you with a long list of treatment ideas you can implement into practice.
ChatGPT can be used as helpful tool to help kick off the intervention planning process and help generate some ideas.





Adaptation and creativity

Challenges related to ChatGPT’s rigidity were noted by 11% of students, who felt it sometimes hindered personalized problem-solving, a key component in tailored client care.


Limits creativity of the therapist

The suggestions that ChatGPT provide are very general.
 



Evidence-based practice and client-centered care

Concerns were raised about the relevance and safety of ChatGPT-generated suggestions, with 36% of students skeptical of its evidence basis and 42% cautious of its lack of personalized client insights. This theme encapsulates the need for interventions to be both scientifically sound and tailored to individual client needs.


It is important to make sure the suggestions are supported by research.

ChatGPT does not know our patients personally like we do so they may suggest things we know won't work or be appropriate for the patient.
 



Safety and applicability

Echoing the need for cautious integration, 50% of students discussed the operational feasibility and the need for thorough vetting to ensure patient safety and relevance to specific conditions.


May not fully incorporate necessary precautions.

ChatGPT cannot always be trusted, because some suggestions could be dangerous or not good choices for a client.
 



Fieldwork and beyond

A vast majority (96%) indicated a strong intent to incorporate ChatGPT into their fieldwork, using it to foster initial treatment ideas and to alleviate cognitive load during planning stages. This anticipation extends to the belief in ChatGPT’s potential to assist in more general clinical tasks, noted by 7% of students, such as administrative work and research.


I think I will use it to generate ideas for my school-based placement since I don't have a lot of confidence in generating interventions for emotional regulation skills.

I will use ChatGPT to help write emails, summarize long articles, gather intervention ideas and more!
 





Discussion

In the absence of specific research on OT students use of ChatGPT, this study highlights the potential of generative AI as a valuable tool in healthcare education, aligning with broader trends in AI adoption across various fields. While no prior studies have explored AI’s direct impact on OT intervention planning, the findings are consistent with research in related disciplines where AI has been shown to reduce cognitive load and improve clinical care (15). Similar increases in user comfort and acceptance of AI tools have been reported in medical and nursing education following exposure education or nursing (15, 16).

The significant improvement in students’ understanding of ethical and safety considerations mirrors concerns raised in the literature about responsible AI’s integration into healthcare (17). Divided opinions on evidence-based research aligning with AI-generated suggestions reflect ongoing discussions about balancing AI innovation with professional standards (9).

While this study is the first of its kind in OT education, the findings align with broader recognition of AI’s potential to streamline clinical processes and enhance creativity in intervention planning as a complement to traditional practices.

The findings underscore ChatGPT’s value in enhancing time efficiency and fostering creativity in intervention planning by accelerating the process and reducing cognitive burden. ChatGPT’s ability to inspire innovative, tailored intervention strategies highlights its role as a catalyst for creative thinking in clinical planning. These results emphasize the importance of incorporating technology like ChatGPT in education to foster effective, innovative clinical interventions.

This study has several limitations, including a small sample size, reliance on self-reported data, and a short-term intervention, which limit generalizability and long-term insights. While generative AI shows promise, concerns about the lack of evidence-based recommendations, safety issues, and the need for personalized care underscore the importance of teaching students to critically evaluate AI-generated suggestions. Though enthusiasm for the AI’s benefits is evident, careful management of its integration remains essential, emphasizing evidence-based practice and professional expertise.



Conclusion

The findings of this novel study suggest a positive disposition toward integrating ChatGPT into occupational therapy education, driven by its potential to enhance creative ideation, time efficiency, and personalized care. Future research should focus on the broader implications of integrating generative AI into health professions education, exploring its role in improving student outcomes during clinical placements, and developing robust educational frameworks to equip both students and practitioners with the skills needed to effectively integrate AI tools into their practice. The study underscores the necessity of a careful and informed approach to the integration of AI in clinical education, highlighting the potential for ChatGPT and similar technologies to augment, rather than replace, the critical reasoning and expertise of practitioners.
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Objectives: To investigate the factors influencing medication errors made by informal caregivers while providing care at home.
Methods: A cross-sectional study based on an online survey, which included both structured and open-ended questions, was conducted in Spain. The survey comprised 49 questions to collect self-reported avoidable medication errors made by caregivers at home.
Results: A total of 685 caregivers participated in the survey, with 346 considered qualified (having received >20 h of training). On average, 13.5 (SD 38.2, 95% CI 10.5–16.5) errors per caregiver per year were self-reported. Errors were more prevalent among non-qualified caregivers, males, direct relatives of the care recipient, those with external occupations, or those who used external aids.
Conclusion: Errors made by informal caregivers occur more frequently than expected, and recognizing these errors remains a challenge. Training is essential for creating safer care environments by increasing awareness of error sources and the risks associated with medication. Recipients’ direct relatives should receive appropriate training, considering differences between male and female caregivers. Associations and companies within the care economy sector should prioritize the creation of safer home care environments as a key objective.

Keywords
 home care; informal caregivers; medication error; patient safety; chronic disease; cross-sectional survey


1 Introduction

Nowadays, population aging is one of the challenges that we face, particularly concerning in countries as Japan, Italy, Greece, Germany, Korea, and Spain (1). The number of individuals aged 65 and over (approximately 1 billion worldwide), coupled with those classified under the dependency ratio, is also growing [e.g., 75.3% in Japan, 67% in Italy, and 63.1% in Germany (2)]. A third of the elderly population will require a caregiver to assist with daily activities, alongside 1.3 billion people experiencing significant disability, representing 16% of the world’s population and a high demand for care (3, 4). The prevalence of multiple chronic conditions and the need for polypharmacy (taking more than 5 medications simultaneously on a daily basis) are concentrated within this age group (5). In many countries, efforts are being made to promote seniors’ autonomy, aiming to prevent their admission to residential facilities (6–8). This aligns with the growing trend of people in developed countries who wish to age in their own homes (9). Since health and social services cannot meet all demands, informal caregivers play a crucial role (10).

In this context, the responsibilities of informal caregivers have been increasing due to escalating healthcare demands and complexity. These demands include managing diverse medication regimens daily and attending to progressively intricate care needs, requiring heightened dedication. These caregiving tasks have been predominantly undertaken by women, due to a gender gap that continues to persist (11). This new context invites to reflect on how to address the safety of patients receiving care in their homes from informal caregivers, males and females, being this an existing gap in the body of knowledge. The more severe the condition of the person receiving care (multiple diseases or medications), the higher the chances of making an error, which triples if there are multiple caregivers at home (12). This leads to growing concern among informal caregivers about the safety of those they care for, prompting them to come up with homemade solutions and learn from personal experience to avoid errors (13, 14).

Common errors include missed dosing, food interactions, confusion between medications, forgetfulness, and errors in storing or administering expired medications in both nursing homes (15), and home settings. Additionally, other risks such as infection due to inadequate practices, misuse of medical devices, choking incidents, ulcers, and bodily harm from improper mobility exist. Medication errors are a negative experience for both the care recipient and the caregiver and increase healthcare expenses (e.g., visits to the emergency room or new treatments) (16, 17). The literature has focused on the frequency, causes, and prevention of errors in healthcare facilities (18), as well as on the number of unintentional (19) mistakes made by patients with medication. However, the situation concerning informal caregivers has been less studied.

Studies on household caregiving reveal that 73.1% of adults receiving care experience a medication error annually according to STOP criteria (20), with 5% of these with errors resulting in serious consequences. Other studies described that up to 88% had a potentially inappropriate drug prescription (21, 22). Few studies to date have focused on informal caregivers. Preliminary studies indicate a wide range from 2 to 70% in the frequency with which informal caregivers report unintentional errors while caring for dependent individuals at home (14, 23, 24). These data suggest that informal caregivers are likely to encounter doubts and unintentionally make errors when providing care at home. Involving informal caregivers in safety practices during medication administration is crucial (23, 25). Despite these data, the contribution of informal caregivers to patient safety at home has been poorly studied, leaving several open questions regarding adequate care in this setting. The nature of these errors and the factors influencing safety in home environments where patients are cared for by informal caregivers (such as patient profile, dedication to the act of caregiving, training received or gender) have only recently begun to be considered. Identifying areas where patient safety is compromised at home is essential, as it can positively impact on patients’ prognosis, medication, safety, and healthcare services usage (26).

This study explores the critical role of informal caregivers in creating a safe environment at home for their care recipients, aiming to delve beyond the knowledge of medication error frequency. It aimed to examine the impact of caregiver training, full-time dedication to caregiving, utilization of devices, and the caregiver-recipient relationship on the occurrence of errors. Given that the number of women caring for family members is significantly higher (27), the study also explored whether men encounter more difficulties than women when providing care. Certain factors are expected to significantly reduce medication errors in home care settings. These include more intensive and targeted training for informal caregivers, the caregiver’s full-time commitment to the role, the use of assistive tools like pill organizers, and, due to their often-greater caregiving experience associated with traditional gender roles, women are likely to have a lower rate of medication errors. These considerations guided our analyses, allowing us to explore the challenges informal caregivers face in-depth. By addressing these key aspects, this research endeavors to shed light on the challenges faced by informal caregivers and provide new insights for effective strategies to promote patient safety and autonomy within non-institutional care settings.



2 Methods


2.1 Study design

A cross-sectional study based on an online survey was conducted in Spain. The field study was conducted between April to June 2022. This manuscript has been built following the CHERRIES checklist (28).



2.2 Ethical consideration

This project obtained approval from the Ethics Committee board of Sant Joan d’Alacant University Hospital in December 2021 (project CODE: 21/063) and was registered by ClinicalTrials (ref. NCT05247801). The information provided to study participants emphasized that their responses would be kept confidential, participation was voluntary, and informed consent was requested upon recruitment. Given the sensitivity of information regarding errors made in the home, all personal data was excluded from the responses, and only aggregated data was used to ensure confidentiality.



2.3 Definitions

An informal caregiver was defined as any person responsible for administering care and prescribed medication to the adult at home, including family members or individuals hired by the recipient or relatives.

Errors were defined as all avoidable and involuntary events related to actions/omissions of medication that may imply or not harm (29).

Training encompasses various methods and channels for information dissemination, such as written instructions, instructional videos, and observing demonstrations by healthcare professionals. We define training broadly to include any form of passive or active learning provided to informal caregivers. Notably, hours of caregiving experience alone were not considered formal training.



2.4 Participants

All participants were aged 18 years or older and were actively caring for a person at that moment and for at least during the previous year, providing care and medications. Participants were stratified into two groups: qualified and non-qualified caregivers based on their self-reported training. We set a threshold of 20 h of training on techniques, strategies, and resources for caregiving duties. If caregivers reported at least this amount of training, they were considered qualified. This threshold aligns with the minimum limit for training courses in health schools. Health and care qualified professionals were not included. The time taken to respond was not an exclusion criterion since the respondents’ age might influence this aspect. The participants’ wish to withhold demographic data to ensure their anonymity was respected.



2.5 Sample size

A required sample size of 384 caregivers in each group (a total of 768) was calculated based on the formula for estimating the proportion of occurrence of a specific event in an infinite population. Parameters were established to achieve a precision of 5% in the estimation of a proportion using a 95% two-sided normal approximation confidence interval. It was assumed, based on previous studies conducted in Spain (13), that the expected proportion is 50%. Supplementary File 1 provides more information about the calculation of the sample size performed.



2.6 Procedure

The survey was announced, and recruitment was encouraged through invitations sent to all subscribers of a national database of caregivers registered with companies in the care economy sector and national caregiver associations. Given that males represent a small proportion of caregivers, their representation was artificially increased to 30% by inviting 3 males for every 10 females. This adjustment was implemented to ensure the validity of the data and to enable meaningful comparisons between genders, ensuring that male caregivers were sufficiently represented in the analysis. During the two-month recruitment frame, all received three times a message with study purpose and the invitation to respond.



2.7 Instrument

The survey content was formulated based on the researchers’ prior experience (19, 30), a review of relevant literature, and online discussions with three experts in health psychology, pharmacy, and public health. These experts contributed to a better understanding of informal caregivers’ perspectives during group sessions, helping to identify relevant issues that needed to be explored and providing their clinical experience. The readability of the questions and the suitability of the response scales were ensured with the collaboration of informal caregivers and by incorporating insights from previous studies.

These discussions aimed to synthesize their collective expertise on patient safety, medication, and caregiving errors. To refine the survey, two members of caregivers’ associations and five additional experts conducted an online pre-reading, providing feedback on its clarity, completeness, structure, and relevance. After incorporating their insights, the survey underwent evaluation for readability, completion time, and content appropriateness before dissemination to respondents.

This online form was hosted on a plain website created to allocate surveys, owned by the research group1 (31), where participants’ responses were automatically entered into the study database. The platform prevented multiple responses from the same IP address, but no cookies were used. Participants did not receive any incentives for participating. We did not track data regarding survey link email opening or clicks from the central server.

It comprised fixed multiple-choice and open-ended questions designed to assess: (a) care recipients’ health status, (b) safety measures to prevent errors and description of medication errors at home, and (c) caregivers’ experiences. The survey included a total of 49 items: 11 yes/no questions, 19 questions with a Likert scale structure (never during last year, once per year, once per month, twice a month, once a week, more than twice a week), 16 multiple choice questions, and three open-ended questions.

In the first part of the survey, caregivers were asked about their knowledge regarding medication indications, dosages, or storing conditions, primarily using yes/no questions. Regarding medication errors, we examined with Likert scale statements the probability of: (a) administering an incorrect dose of different medication formulations (e.g., eye drops); (b) administering a wrong medication due to a similar appearance; (c) duplicating or missing a dose and the underlying causes; (d) not following providers’ indications regarding treatment schedule or duration; (e) giving expired medication; and (f) not following medication manipulation or conservation recommendations. Each category was displayed on a single page. Some questions were conditionally displayed according to participants’ responses and respondents were allowed to change answers before submitting the responses (see Supplementary File 2 for survey content).



2.8 Data management

All the information presented is derived from data self-reported by the participant caregivers. The ELIXIR Research Data Management Kit (RDMkit) has been used as a guide to assure lawfulness, fairness and transparency, limitation and minimization, accuracy, storage limitation and integrity, and confidentiality on the website where this survey is hosted. The data preservation and curation were covered by FISABIO using the free and safe data storage, operated by the institution. All data from this study will be made available upon request.

First, the quality of data was analyzed for its suitability for the intended purpose. Records of caregivers who did not respond to at least 80% of the questions, who did not adequately complete the mandatory sections, or who did not provide care or medication were excluded.



2.9 Data analysis

After data curation, quantitative results were reported as mean and standard deviation or median and interquartile range for medication data. The total number of unintentional errors was calculated based on the self-reported frequency by caregivers over the past year. Caregivers reported the number of errors made in the past year, which were extrapolated to an annual scale using the following conversions: 1 error per year was kept as 1 error, 1 error per month was converted to 12 annual errors, 2 errors per month to 24 annual errors, 1 error per week to 54 annual errors, and more than 1 error per week was estimated at 104 annual errors. This extrapolation allowed for the standardization of responses into an annualized metric. This calculation was also performed for each type of medication administration route (e.g., inhalers, eye drops). Comparisons were made using either Fischer’s Exact Test or Chi-Square Test, with adjustments for variable dependency and significance. Bivariate statistics were used to explore differences in the impact of training, sex, relationship to the care recipient, full-time dedication, and the use of external aids for medication management. A Poisson regression model was utilized to analyze factors associated with the frequency of self-reported avoidable medication errors over the past year. Cases with missing values were excluded from the regression analysis to ensure data integrity. To mitigate confounding bias, interactions between caregiver age and gender were considered, as these factors can influence the likelihood of errors. This approach allows to determine whether the observed differences are truly attributable to caregiver training or rather to their experience. Additionally, comparisons were conducted by segmenting the sample on the reported level of training to examine the error frequency according to variables such as caregiver sex, relationship to the care recipient, full-time dedication, and use of external aids for medication management.

Qualitative variables were presented as percentages after grouping responses into categories based on their similarity. Two researchers (EGH and PB) performed the grouping, with a third researcher (JM) participating in case of doubts regarding the correct classification of participants’ responses. Open-ended questions were analyzed considering the frequency of mentioned mistakes and calculating the percentage of responses for each type of error. Responses were condensed, and the most frequently mentioned topics were summarized.

Data statistical analysis was performed using SPSS es 28.0.0.0 and RStudio Desktop 2022.02.3. A significant difference was considered when the p value was <0.05.




3 Results


3.1 Participants

A total of 747 caregivers responded to the online survey. Sixty-two were excluded due to an insufficient number of questions answered. Consequently, 685 participants were included, achieving a response rate of 89.2% (685 out of 768 expected). Among the included participants, 530 were women (87.5%; Table 1). Qualified caregivers administered a mean of 8.7 different medications (95% CI 4.4–12.9) per day, whereas non-qualified caregivers administered 6.4 different medications (95% CI 6.0–6.8) per day. When comparing qualified and non-qualified caregivers’ groups, no significant differences were found in terms of sex (p = 0.999), age (p = 0.546), nationality (p = 0.258), co-existence with other caregivers (p = 0.073), full-time dedication (p = 0.303), or use of external aids for medication management (p = 0.504). However, a greater proportion of non-qualified caregivers were care recipients’ relatives compared to the qualified caregivers (p < 0.001), and more qualified caregivers were found to care for multiple recipients simultaneously (professionals 43.2%) and non 40.5% (p = 0.585). There was no significant association between recipients taking more than 10 medications per day and being primarily cared for by women (18.1% of care provided by women and 21.1% by men, p = 0.528).



TABLE 1 Sample sociodemographic data.
[image: Data table comparing demographic characteristics, caregiving roles, and medication administered by qualified, non-qualified, and total informal caregivers. Variables include age, gender, nationality, education, caregiving status, and types of medications given.]



3.2 Medication use and related errors at home

Pills, capsules, or tablets were the most common form of medication administration, followed by injectables (Table 1). The frequency of presentations administered by both caregivers’ groups (qualified and non-qualified) was similar (p = 0.504).

A total of 9,236 medication errors were self-reported by the participants over the last year, representing an average of 13.5 (SD 38.2, 95% CI 10.5–16.5) errors per caregiver per year. The most frequent errors were related to dosage administration, followed by errors related to the administration schedule (Table 2). The mean of self-reported errors with injectables per informal caregiver per year was higher than with pills, inhalers, syrups, or eye drops (Table 2).



TABLE 2 Self-reported medication errors made at home by informal caregivers in the last year.
[image: Table displaying avoidable medication errors by type, proportion of caregivers who committed each error, and total error frequency. Most frequent error: dosage-related (44.8%), total 5,793 errors. Any error: 57.8% of caregivers, 9,236 errors. Second section details average errors per caregiver by medication type: pills/capsules/tablets (2.6 annual mean), injection (3.2), others (2.6). Total errors last year by presentation: injections (2,220), pills/capsules/tablets (1,796), others (1,777).]

The different factors that could be associated with the frequency of medication errors by informal caregivers are shown in Table 3, along with the average frequency of errors per caregiver per year. Receiving a higher number of training hours (qualified caregivers) also tended to decrease the probability of errors by 21 times. Being aware of the number of medications the recipient takes contributed to a 65% reduction in the probability of medication errors occurring. Similarly, being a full-time caregiver reduced the probability by 40%, and being the sole caregiver for the individual by 20%. In the same way, not using external aid for medication management was associated with a 20% higher probability of making medication errors. There is also an interaction between age and training (p ≤ 0.001), showing that for qualified caregivers, the probability of making errors decreases by 10% as they age. In contrast, being a direct relative of the care recipient was associated with a 30% higher probability of errors. Being male or female has no direct relation to making medication errors, but the interaction between sex and being a qualified caregiver does show a decrease (p ≤ 0.001), reducing the probability by 30% if the caregiver is a qualified woman.



TABLE 3 Analysis of factors associated with the frequency of medication errors by informal caregivers.
[image: Table summarizing data on caregiver errors by various variables, including qualification, sex, relationship to care recipient, full-time status, sole caregiving, medication knowledge, and use of external aids, displaying sample sizes, average and total error frequencies, odds ratios, confidence intervals, and p values.]

Table 4 presents the types and frequency of medication errors reported, categorized by caregiver qualification concerning sex, direct relative relationship, full-time caregiving status, and use of external aids for medication management.



TABLE 4 Types and frequency of medication errors by caregiver qualification regarding sex, direct relative relationship, full-time caregiving, and use of external aids for medication management.
[image: Table presenting medication error types and frequencies among caregivers, stratified by qualification, relation to patient, dedication, and use of aids. Columns include proportions, counts, p values, and odds ratios with confidence intervals for each subgroup.]



3.3 Caring errors at home

Both groups of caregivers predominantly faced challenges in dealing with care recipients’ swallowing problems, dysphagia, and providing an adequate texture accordingly (Table 5). Secondly, coordinating with relatives, sharing information, and agreeing on care procedures were reported as significant sources of stress and difficult emotions. Additionally, disorder or lack of specific instructions about medication and care was identified as a source of errors.



TABLE 5 Self-reported caregivers’ sources of caring mistakes and worries.
[image: Table comparing factors contributing to caring mistakes among qualified and non-qualified caregivers, listing issues like food textures and lack of skill, along with percentages, counts, and corresponding p values for significance.]




4 Discussion


4.1 Major findings

This study adds to the existing knowledge by examining caregiver factors that influence medication and caregiving errors in home settings. Factors such as training, sex, use of external aids, being a relative of the recipient, or dedicating full-time caregiving were considered. This is the first European study analyzing patient safety information from informal caregivers. The study involved middle-aged women caregivers attending to recipients of polypharmacy, mirroring the typical profile of informal caregivers in Spain, where 84–89% are mostly women, average age of 53, with 44% being housewives and 60% having a basic education level (32).

The results indicate that more training positively impacts medication safety. Medication errors increased with less than 20 h of training, when caregivers were relatives, especially males, and when no external aids for medication management were used. Informal caregivers with other occupations committed more medication errors, while full-time dedication to care led to fewer errors. Sharing caregiving responsibilities across multiple households also posed a higher risk of errors. Since the sample in this study mainly consisted of individuals whose primary dedication is caring for others at home, it is possible that the caregiving experience also contributed to safer medication use.



4.2 Relation to previous studies

These data confirm that the use of medications at home is not free from unintentional errors that can have consequences for patients (33). This study shows that medication errors rise with more complex treatment regimens (15). Injected medication errors were more frequent among non-qualified caregivers, who also had higher confusion rates with pill medications due to a lack of strategies to avoid confusion. As it has been described elsewhere, similarities in naming or spelling (sound-alike), and/or physical appearance or packaging (look-alike) are sources of confusion (34). Increasing awareness is everybody’s responsibility to decrease potential harms derived from these errors has been confirmed.

The findings align with those from other Western countries, where family members provide the majority of care. However, this study emphasizes that poor caregiver training is strongly linked to higher medication error rates (35). Our results are in line with previous publications where caregivers with limited language proficiency or health literacy tend to make more dosing errors (up to 83.1%), with the greatest odds in the group of non-qualified caregivers (36). Unqualified male caregivers made more errors in medication administration compared to females, contrasting with studies on nurses, where medication error rates were higher in the female group (37). Non-qualified male caregivers made more errors, including dosage and schedule adherence issues (38). Few authors have addressed these problems using a gender perspective. In studies on children’s informal caregivers, being male was associated with appropriate medication preparation (39). However, in light of these data, studies reporting medication errors should incorporate this novel analytic approach, where the caregiver’s gender is considered (30), or even specifically reported (40). This seems relevant if we consider that in Europe, data suggest that the life expectancy gap between men and women has narrowed, leading to a growing number of men taking on the caregiver role for their partners (41). This trend should be considered alongside studies indicating that many men feel a sense of diminished masculinity when assuming caregiving roles (42, 43). This perception, combined with a general lack of caregiving experience over the years, may result in less attention to available informational resources, potentially impacting the quality of care provided and influencing these outcomes. Further research could focus on these aspects to elucidate the reasons behind these differences, which may pose a greater risk for female care recipients than for male ones.

The literature reports that informal caregivers (for both the elderly and infants) make avoidable errors such as misdosing injected medicine and administering medication out of schedule (44, 45). This study confirms these initial findings and provides new data. Being relatives of the recipients, qualified caregivers showed increased nebulizer dosing errors, eye drop dose errors, and decreased compliance with treatment duration or storing conditions. Qualified caregivers with another occupation tended to commit more dosing errors with injected medication, confusion with oral medication, and duplicate administration. Being a full-time informal caregiver reduced errors with syrups, scheduling, and medication manipulation. Previous descriptions indicate that a person’s working status negatively impacts their error rates, especially missed doses (46).

There are strategies to reduce medication errors, such as using dispensing devices or labeling the dosage on the package (47). In this study, external aids (e.g., alarms, mobile apps, or medicine organizers) helped reduce errors with inhalers but did not always prevent confusion or dosage errors. Those cautious with medication use and aware of potential risks are more likely to use these aids, acknowledging that errors can still occur. This is consistent with previous findings (30). While mobile apps generally meet caregivers’ needs, increasing awareness and providing external strategies to reduce caregiving issues is crucial.

Regarding caregiving error causes and challenges, caregivers experienced problems with food textures, recipients with swallowing problems and dysphagia, and poor communication among caregivers and family members (36). Regardless of their training, both groups reported these issues. To reduce care errors in chronic patients and assess individual needs, some tools have been developed in Spain (48). Researchers have raised concerns about caregivers’ limited knowledge of dysphagia and related care actions (49), which is still an active research field for medication errors in hospital settings, where providers are struggling with dose (50) and formula (51) adaptation to provide a suitable treatment in patients with dysphagia. Enhancing effective communication among everyone involved in recipients’ care is essential, as many errors stem from unfamiliarity with medication or care processes (52).



4.3 Implications for practice

This study provides insights for designing interventions to prevent avoidable mistakes at home and create safer environments. For example, implement tailored training for informal caregivers, especially focused on medication administration (oral pills and injections), recognizing common errors, and understanding medication schedules. Managing food textures and dysphagia or avoid falling has proven to be a common challenge, and access to visual information on how to address these issues could be one of the priorities.

The training approach for informal caregivers should be specifically tailored to address the gaps among male elderly caregivers and those with external occupations who dedicated a limited time for caregiving, as the study highlights their increased likelihood of committing errors.

Create public resources addressing the emotional impact of caregiving and teaching caregivers coping mechanisms to target and reduce stress and design gender-sensitive support programs recognizing the specific challenges faced by male caregivers. Policy makers, social workers and clinicians should consider the factors analyzed in this study when designing more personalized information and instructions that informal caregivers need to carry out their tasks at home. This need for personalized training aligns with what has been stated in recent publications, where the increasing decline in the caregiver-to-patient ratio is already supported by artificial intelligence, helping to detect hazards or abnormal patterns in the living ambient (53).

The findings can be extended to other European countries, contributing to a detailed map of home care needs and helping policymakers develop resources and support materials to enhance safety at home.



4.4 Limitations

The study relied on self-reported data, which may include biases and inaccuracies. Since we relied on participants’ recollections, their responses may not fully reflect reality and may also be subject to social desirability bias. The study is not free from the risk of declarative bias, as some respondents might be more honest than others (e.g., struggling to admit their errors). Furthermore, past caregivers’ errors were self-reported, so the extent to which these self-reported errors correlated with actual errors is unknown. The recall of error occurrences may differ between recent episodes and those further in the past. Additionally, caregiver-to-caregiver communication has been pointed out as a contributory factor to errors (23). When interpreting the results, it is important to consider that the group of non-qualified caregivers had higher rates of care recipients’ relatives than the qualified group. Also, since men are underrepresented among informal caregivers, we oversampled male participants to facilitate gender comparisons. However, this may limit the study’s ability to generalize the findings, but will contribute to expanding knowledge in the remaining gaps of the field.

The sample size was not large enough for high statistical power, and there was a bias in the information shared by multiple caregivers. The study’s cross-sectional nature limits the analysis of cause-and-effect relationships. Social desirability bias and declarative bias may have affected the accuracy of reported errors. The study also did not account for whether support devices were used correctly. The methodology used does not allow for causal relationships to be established, as it is lacking a longitudinal follow-up.



4.5 Suggestions for further research

Future studies should explore the frequency of medication mistakes at home beyond self-reporting limitations. Analyzing the impact of training content, intensity, and duration on caregiving safety is necessary. Research should also address the emotional impact of avoidable errors on caregivers, particularly family members, and the direct or indirect costs of these errors on the healthcare system. Future efforts should aim to gain a more realistic view of caregivers’ situations, as there may be selection bias in this study, especially when caregivers share their duties with others.

Further research could investigate if mistakes at home have a similar impact on informal caregivers as adverse events in professional healthcare settings. Collaborating with caregiver and patient associations and employing citizen science approaches could overcome barriers in future studies.




5 Conclusion

This study confirms that a greater number of avoidable errors occur at home than expected. Although most of these errors do not result in severe consequences, some can lead to modifications in the recipient’s treatment and negatively impact the caregiver’s emotional well-being, thereby compromising their ability to provide safe care. The findings suggest that certain groups—such as male caregivers, direct family members, those with limited training, and individuals juggling caregiving with external occupations—are at a higher risk of committing medication errors, particularly with pills (solid oral dosage forms) and injections, which showed the highest error rates. Additionally, caregivers require further support to safely manage issues such as food textures and dysphagia at home. There is a clear need to prioritize enhanced communication among all individuals involved in the care process to prevent misunderstandings and improve coordination. This study underscores the practical implications for healthcare policy, emphasizing the importance of developing stronger support systems for informal caregivers. These may include tailored training programs, improved access to assistive devices, and emotional and psychological support mechanisms. Future research should explore longitudinal studies combined with intervention-based approaches to evaluate the long-term effectiveness of caregiver training programs and the impact of ongoing support on reducing medication errors and improving caregiver well-being. Such efforts will provide valuable insights for designing more robust and effective strategies to support informal caregivers and enhance patient safety in non-institutional care settings.
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Artificial intelligence (AI) technology is deeply changing our lives and provides impetus for improving production and living efficiency as an important emerging tool. Digitalization and intelligent development have also become the development direction of the sports industry, bringing new requirements to the transformation of physical education (PE) and the improvement of the quality of PE teachers. PE is an important part of the public health system, and AI can deeply participate in the formulation of teaching strategies, the tracking of teaching processes and the evaluation of teaching results, effectively improving the quality of teaching. Research on the application of AI technology in PE has been carried out. This paper comprehensively reviews the existing research and conducts a comprehensive analysis of the research progress and status. The potential application areas of AI in PE are discussed to better promote the intelligent and digital upgrading of PE. We found that the research on the application of AI in PE is still in its early stages, and the research content needs to be strengthened in terms of breadth and depth. Furthermore, this paper analyzes the challenges faced by PE teacher development and training in the context of educational transformation in the era of AI, and explores the necessary skills and knowledge related to AI technology that future PE teachers should master in order to effectively achieve the improvement of teaching level and the sustainable development of public health system. The review of this paper provides valuable guidance for educators and policymakers to formulate high-quality teacher development and training mechanisms, and provides a new reference for the application and development of AI in sports.
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1 Introduction

Physical education (PE) is an important part of the public health system, which plays an important role in improving students' physical and mental health. By teaching and organizing students to participate in various sports, students' sports skills can be cultivated, their physical fitness can be enhanced, and their teamwork spirit and competitive awareness can be improved. Experiments have shown that moderate-intensity and high-intensity exercise have great benefits for students' health (1). At the same time, PE is also committed to cultivating students' psychological qualities such as self-confidence, perseverance and resilience, helping them cope with various challenges in learning and life. In the long run, cultivating students' good exercise habits and lifelong exercise awareness through PE teaching is of great significance to improving the overall health level of society (2).

Although PE plays an important role in the all-round development of students, traditional PE faces many challenges in practice. First, the teaching process usually uses the same teaching plan for all students, ignoring the differences between individual students (3, 4). In fact, different students not only have different physiques, but also have different interests in sports events and methods. It is difficult for traditional large-class teaching to provide more appropriate guidance and help for students' characteristics. Secondly, the traditional sports evaluation mechanism is relatively simple and lacks a scientific evaluation system and data support. The teaching method is relatively single and the classroom organization process depends on the subjective decision of the teacher, which requires high experience and ability of the teacher, and there are obvious differences in the quality and ability of the teacher. The existing physical fitness evaluation mechanism depends on the test results of fixed physical fitness items, which may not fully reflect the overall quality of the students (5). In addition, the shortage of high-level teachers in remote areas has affected the teaching quality (6), and PE is also facing the problem of unbalanced teacher ratio. At the same time, cultivating students' good exercise habits is of great significance to their lifelong health, but traditional teaching methods make it difficult to track the exercise process of all students in detail, and it is even more difficult to conduct further personalized analysis and improvement.

The rapid development of artificial intelligence (AI) technology provides a good solution for optimizing the mechanism of PE. In recent years, AI has gradually penetrated into various fields (7), including education. With the penetration of AI technology into the field of education, AI technology has brought new possibilities for the innovation of traditional education through its powerful data processing and intelligent analysis capabilities. As shown in Figure 1, AI technology is the key support for smart sports and digital sports. Its supporting technologies mainly include cloud computing, big data, VR/AR, edge computing, intelligent sensor, internet of things and blockchain, etc., which can help realize the identification, collection, transmission, storage and encryption of key data, and provide basic processable data sets for AI models. AI's key technologies include Convolutional Neural Networks (CNN), Recurrent Neural Networks (RNN), Long Short-Term Memory Networks (LSTM), Deep Neural Networks (DNN), Generative Adversarial Networks (GAN), Graph Neural Networks (GNN), Bayesian Networks Transformers, Reinforcement Learning (RL) and Fuzzy Logic Systems, etc., which can analyze the potential rules in PE based on basic data sets, complete data analysis, classification, clustering and prediction, assist schools, teachers or students to optimize teaching plan design, effect evaluation, injury warning and other applications, and improve the overall teaching effect of PE. In the future, AI technology will run through the development of digital intelligent PE, and data acquisition, data analysis, identification and resolution issues, and continuous tracking will form a good closed loop of AI technology analysis, research, and optimization.
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FIGURE 1
 AI in intelligent and digital sports.


With the gradual deepening of the application of AI technology in PE, more and more research and practice have shown that AI can play an important role in improving the effectiveness of PE teaching, optimizing the teaching process, and promoting student development. Through AI technology, teachers can obtain detailed student sports data, conduct accurate analysis, develop personalized training plans, and improve the pertinence and effectiveness of teaching. At the same time, AI technology can simulate real sports scenes through virtual reality (VR) and augmented reality (AR), helping students train in a safe environment and improve sports skills. In addition, AI technology can also evaluate students' sports performance in real time, provide instant feedback, and help students improve quickly. These applications not only improve the quality and effectiveness of PE, but also stimulate students' interest and enthusiasm in sports.

Although AI technology has shown great potential in PE, PE teachers at this stage still face many defects and challenges when handling this emerging technology (8). First, many PE teachers lack basic knowledge and usage skills of AI technology, and it is difficult for them to effectively apply AI tools in teaching. Secondly, training on AI technology in the traditional teacher training system is insufficient, and it is difficult for teachers to master complex AI technology through self-learning. In addition, some teachers are resistant to AI technology and are worried that AI will replace their teaching work. This mentality affects the promotion and application of AI technology. Therefore, in order to give full play to the role of AI technology in PE, it is urgent to incorporate the learning and application of AI technology into the training process of PE teachers to improve their acceptance and application ability of AI technology.

In order to better promote the development of AI in PE and improve the ability of PE teachers, this paper systematically reviews and discusses the existing research related to AI used PE. In order to fully understand the current research status of AI applications in PE, identify the shortcomings of the research, and explore future research directions. We reviewed the articles that were retrieved by SCIE or SSCI and whose research content was to use AI methods in PE. The keywords for literature search included but were not limited to the following combinations: “artificial intelligence,” “deep learning,” “machine learning,” “physical education,” “application of AI in education,” “digital sports,” “intelligent educational tools,” etc. In order to maintain the focus of the literature review, AI application research not related to physical education and articles that had been retrieved but retracted were excluded. By analyzing the current status of AI applications in PE, the challenges it faces, and future development directions, we aim to provide valuable references for educators and policymakers, promote the widespread application of AI technology in PE, and provide guidance for cultivating high-level PE teachers who can adapt to new situations and technologies. We hope that this review will promote the deep integration of AI technology and PE, improve the overall level of PE, contribute to the all-round development of students, and help improve the health level of the whole people.



2 Literature review


2.1 Applications of AI in PE

In the field of PE, the application of AI technology is developing rapidly, making PE more interactive and targeted, and improving students' participation and learning effects. AI technology is mainly used for assistance in the PE teaching process, evaluation of students' learning effects, design of personalized teaching, and classroom interaction. Its core goal is to improve students' learning interest and exercise effect, which can also help teachers optimize teaching strategies.

Emerging AI technology products can become auxiliary tools for PE, helping to improve the level of PE. Keiper et al. (9) explored the feasibility of using ChatGPT to assist sports management education, and believed that ChatGPT can become a versatile tool to help teachers and students complete various tasks in PE. The authors also discussed the issues that need to be paid attention to when using ChatGPT, and put forward practical suggestions on how ChatGPT can supplement and support sports management education.

The development of information technology has provided new feasibility for the expansion of sports teaching mode. Shin et al. (10) built a virtual sports classroom based on AI technology, where teachers can supervise and guide students' sports process online. AI based posture detection technology is applied to the system, and five interesting games are designed to increase students' interest in participation and the effectiveness of exercise. Although the system is designed to enable students' PE classes during the COVID-19 pandemic, various factors such as severe weather and students' negative emotions may also prevent students from effectively participating in offline PE classes (11), and online virtual classes are a useful supplement to offline classes. Wang et al. (12) also proposed a virtual reality PE teaching and learning environment for college and university students. Support vector machine (SVM) and particle swarm optimization (PSO) technologies are used to accurately classify and evaluate students' performance in a range of physical activities on the basis of interactive and immersive VR content generated by the hardware layer.

Too many evaluation factors and insufficient evaluation framework have brought certain challenges to the evaluation of PE teaching in colleges and universities. In order to simplify the evaluation process and provide an effective framework for evaluating teaching methods, Li et al. (13) studied a multi-feature fuzzy evaluation model based on artificial intelligence. The framework uses fuzzy instructions to integrate natural/human language, considers three evaluation perspectives, including management stage, teachers and students, and adopts an enhanced cuckoo search optimization algorithm. It combines the student flow mechanism and motion vector deconstruction designed based on functional standards.

When teaching PE to people with different physical constitutions, it is difficult to achieve global physical health optimization with a unified exercise method. In order to provide more high-quality, customized and personalized health management services based on the physical characteristics of the population in the process of PE and guidance, Li and Li (14) used the Bamberg algorithm to optimize the Back Propagation Neural Network to provide decision-making for the selection of exercise prescriptions for people with different physical constitutions. The system is trained based on a large amount of historical data and experience summary to improve the flexibility and accuracy of providing reliable prescriptions for users with different physical constitutions.

In the teaching process, in addition to setting up flexible teaching plans for students with different physical conditions, it is also very important to monitor and evaluate the physical condition of each student during the learning process, which requires reliable technical support. Feng (15) proposed a sports management system based on AI, which mainly completes the management of students' sports performance and the evaluation of their physical condition. Based on a large amount of data such as physical fitness and sports performance generated by students in the process of PE courses, the C4.5 algorithm is used as a decision tree classification algorithm for data mining, the data is divided into multiple sub-data sets, and a performance management and physical fitness analysis system based on data mining is further constructed.

It is necessary to establish a scientific and systematic school sports environment evaluation system and a good classroom teaching effect evaluation mechanism. IoT and AI technologies are important supports for the comprehensive evaluation system. Yu and Mi (16) built a sports teaching system based on IoT. The golden sine algorithm (Gold-SA) and back-propagationneural network (BPNN) model are used to evaluate the proposed model. Based on this system, teachers can publish learning content with 3D demonstration capabilities to students and can also remotely observe students' sports conditions.

In addition to improving students' athletic performance, cultivating good exercise habits to ensure their long-term physical health is also a very important teaching goal. Traditional classroom teaching methods still have shortcomings in monitoring and evaluating students' exercise habits. Peng and Tang (17) proposed a comprehensive intelligent service system, including an intelligent terminal device platform, a stadium intelligent platform, and a health cloud management platform. Text and audio format data of the teaching process are collected and stored, and AI is used for background data analysis and processing to promote long-term supervision and comprehensive analysis of the classroom teaching process.

In addition to researching new methods and technologies for improving students' abilities, it is also very important to improve the teaching level of PE teachers. Teaching methods and concepts need to adapt to the development of technology and the needs of students. Cao et al. (18) designed an intelligent PE tracking system to comprehensively evaluate students' learning process and teachers' teaching effectiveness. The system integrates technologies such as virtual reality, intelligent recognition, big data analysis, fuzzy-level evaluation and machine learning. It collects students' sports data in PE classes through IoT, and can replay the sports process through virtual reality based on the data on the human-computer interaction terminal. It can also comprehensively evaluate teachers' teaching courses based on evaluation algorithms to promote the comprehensive improvement of PE teaching ability.

Mental health problems are hidden and easily overlooked. Psychological health education for sports students is also a teaching content that needs attention. Liang et al. (19) used big data and AI to evaluate the mental health education of college students majoring in sports. The educated, mental health information, and the receiving intermediary are in an orderly cycle and transform with each other, which together constitute the operation mechanism of college students' mental health big data model, and CNN is used for early warning of students' mental health problems.

In the process of promoting the development of digital smart sports led by technologies such as IoT and AI, the ability, willingness and quality of teachers are also very important. Bucea-Manea-Toniş et al. (20) studied the experience and status of teachers when using information intelligent teaching methods. The survey results show that although the overall results of online teaching are good, students and teachers will have certain psychological pressure. Teachers are satisfied with the online teaching methods and platforms, their teaching ability and work level are improved, and they believe that MOOC platforms and VR applications are good online teaching solutions in experiential and game-based teaching.

The improvement of PE infrastructure is also of great significance to optimizing teaching effect. With the continuous improvement of informatization, more data information needs to be transmitted through the network. Zhai and Chen (21) used machine learning algorithm to preprocess and extract features of relevant data in the optical communication system of traditional PE information system, and further selected appropriate machine learning model for training and optimization, and finally applied it to the optical communication system to improve communication rate and ensure teaching effect.



2.2 Applications of AI in sports training teaching

The application of AI in sports training and management provides athletes and coaches with more accurate and effective tools. Through IoT devices and deep learning technology, AI can monitor athletes' physical condition and performance in real time, thereby optimizing training plans and management strategies. This technology not only improves the competitive level of athletes, but also improves the safety and scientificity of the training process.

In the traditional sports training and learning process, students need to rely on the experience of teachers and coaches to solve problems they encounter. Face-to-face teaching is not only not flexible enough, but also difficult to ensure the quality of guidance students receive when teachers' abilities are uneven. Wei et al. (22) built a sports theory expert system based on AI technology to help students obtain systematic theoretical and technical support, better learn sports training methods, and promote the improvement of training efficiency. The proposed expert system includes student module, coach module, information management module, knowledge base module, information processing module and teaching module. The proposed system can also analyze the status of students based on the collected information, providing reference for coaches to develop reasonable training plans.

The rapid development of sensor and Internet of Things technology has provided a technical foundation for the digitization and scientificization of sports training. Reliable data of human movement can be sensed, collected and transmitted to the cloud for comprehensive processing by the server. Zhang et al. (23) introduced a system architecture that uses a wearable wireless sensor network to collect student movement data and transmits it to the server based on IoT. Bayesian deep classifiers and deep learning algorithms using adaptive optimization are used to analyze the data collected on the server. The AI algorithms processes the individual's sports behavior and health status data in real time, and complete the prediction of the individual's future status, providing a reference for the student's sports training process and promoting the formulation of personalized and more effective training plans.

The degree of completion during sports training is directly related to the training effect. When teachers have limited energy, using AI technology to identify students' sports training completion is a potential option. Quyang (24) studied the evaluation method of sports training completion based on deep residual network. The collected student action images are preprocessed based on spatial scale filtering and regression factors, and a deep residual network is constructed. Through offline training, the implicit relationship between the athlete's state and the dynamic change process of sports training behavior is understood. In the online application process, the preprocessed action images will be input into the trained evaluation model to evaluate the completion of the athlete's sports training actions in real time. The experimental results show that the evaluation of sports completion based on the processed images has better results.

On the basis of building real-time perception of students' sports status, it is very necessary to design an efficient sports risk assessment and injury warning processing mechanism as injuries will seriously affect students' competitive strength and physical health. Guangde (25) proposed a PE and emergency response system using deep learning to provide first aid protection for students injured in sports, which can help to develop a better PE environment. Wearable sensors based on wireless self-organizing networks are still important tools for collecting data, including IMU, GPS, magnetometer, gyroscope, and accelerometer sensors. Deep neural networks are used to predict students' sports status and potential injuries.

In some sports teaching scenarios, wearable wireless sensor devices will reduce the efficiency of students' sports training. The sports accident emergency response mechanism based on video data sources can serve as an effective supplement. Leilei et al. (26) proposed a method for real-time detection and analysis of sports accidents based on deep convolutional neural network processing of video stream images collected by cameras. When students are injured, the system mainly analyzes the location, type, severity and cause of the injury. Teachers and schools can understand and obtain detailed information about students' injuries more quickly and further develop treatment plans.



2.3 Applications of AI in specific sports teaching

In specific sports, the application of AI technology has begun to show great potential. Through data analysis and machine learning, AI technology can help athletes and coaches optimize technical movements, improve training results, and develop more scientific game strategies. The application of these technologies is not only widely used in professional sports, but also gradually penetrated into campus and amateur sports, improving the overall level of sports.

In order to build a robust, efficient and universal tennis teaching intelligent auxiliary system and provide new perspectives and methods for improving the intelligence of sports teaching mode, Song (27) introduced AI technology into tennis teaching. On the basis of demonstrating the applicability of AI in the tennis teaching process, a comprehensive teaching auxiliary system including expert system, image acquisition system and intelligent language system was proposed. In order to solve the difficulties faced by the auxiliary teaching system in the training and learning process, a framework for learning large-scale fuzzy cognitive maps from time series data was designed based on compressed sensing technology.

Establishing a virtual reality-assisted teaching system that is closer to reality can serve as a more effective tool when guiding students. Li et al. (28) studied strategies to improve the quality of football teaching in the mobile Internet environment through 360-degree panoramic VR football teaching videos authorized by the metaverse based on machine learning and the K-means algorithm under AI. Under the cloud-edge collaborative architecture, the optimized transmission strategy of video streams is studied in detail to improve the hit rate of terminals when requesting resources and reduce the overall load of the system.

When AI technology is introduced into real-time guidance for specific sports, it is necessary to perceive and collect students' movement posture and physiological state information in real time. Liu and Hang (29) proposed an intelligent system suitable for volleyball practical teaching. The system can obtain the relative motion information between the sensor and the object through the change of the optical signal, thereby realizing the detection and monitoring of the object's motion state. The stretch characteristics of artificial muscles and the high sensitivity of optical sensors are used to capture and analyze students' motion data in volleyball training in real time, and the movements are identified and evaluated through machine learning algorithms to provide personalized guidance and feedback for coaches.

In the traditional teaching process, teachers judge students' sports characteristics and competitive abilities based on their own senses, relying on teachers' accumulated experience rather than a digital scientific system. With the development of AI technology, more scientific, standardized and iterative evaluation tools can be developed. He et al. (30) designed a motion feature extraction system based on Kinectv2 technology and ORB feature extraction algorithm for 400-meter running teaching. The system captures and extracts students' motion posture data in real time, providing real-time dynamic interaction between teachers and students, and promoting the real-time and targeted nature of course teaching. Figure 2 shows the test result analysis and display interface of the system.


[image: Dashboard screenshot displays an interactive teaching system for athletics, featuring original and analyzed images of a runner at the starting line with red motion tracking overlays, a student satisfaction table, a bar chart, and a pie chart summarizing student performance metrics.]
FIGURE 2
 Test result analysis and display interface (30). Reprinted with permission from “Practical Application of Interactive AI Technology Based on Visual Analysis in Professional System of Physical Education in Universities” by Quantao He et al., licensed under CC BY-NC-ND, https://www.sciencedirect.com/science/article/pii/S2405844024006583.


The scientific nature of sports training will also have a certain impact on the changes in students' psychological state. Achieving a balanced improvement in physical and mental health is a topic worth studying. Zhang (31) used machine learning technology to clearly identify the impact of different exercise intensities on students' psychological state in basketball, in order to set a reasonable basketball exercise intensity according to the students' conditions, and improve their mental health as much as possible while completing physical exercise.

Students' curiosity about new technologies can motivate them to better integrate into PE based on AI technology. Polechoński (32) used the table tennis VR platform Racket Fury to study the application value of new technologies. Figure 3 shows images of students using the Racket Fury platform to confront AI virtual opponents. The intensity of exercise during training in VR was evaluated by heart rate monitoring and perceived exertion score (RPE 6-20). The effectiveness of training was evaluated based on the user's performance when playing against AI opponents, the user's satisfaction was measured using the Physical Activity Enjoyment Scale, and the potential usefulness of the test application in sports and physical education was evaluated based on a questionnaire of participating physical education teachers (30 participants). The test conclusion shows that competing with AI opponents in VR can increase exercise intensity and sports fun, and physical education teachers highly praised this application.


[image: Panel A shows a person wearing motion-tracking gear performing a physical posture, possibly imitating a sports action. Panel B depicts a virtual reality simulation of a table tennis game, including a digital paddle and opponent.]
FIGURE 3
 Playing table tennis with AI opponents in VR (32). (A) Third-person perspective. (B) VR perspective. Reprinted with permission from “Assessment of the Intensity and Attractiveness of Physical Exercise While Playing Table Tennis in an Immersive Virtual Environment Depending on the Game Mode” by Jacek Polechoński, licensed under CC BY 4.0, https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-024-00945-y.


Despite its broad prospects, the application of AI in PE still needs to go through a process of continuous development and improvement. Masagca (33) used AI to generate a set of training plans for aerobics and a human coach to develop another set of plans. By using different training plans in different student groups, the effects of the two training plans were compared. The results showed that although the plans generated by AI also have certain effects, they are generally not as effective as the training plans developed by human coaches in improving students' quality and ability.

It is worth mentioning that there are many new technologies and equipment with great application potential in PE. For example, in skiing, researchers have established a variety of systems to better monitor the athletes' motion posture. Figure 4 shows motion sensing and capture technologies based on infrared cameras (34), IMU sensors (35), visual capture (36), and 3D dynamometers (37). Although these new technologies and equipment for professional sports have not yet been used in PE, and these technologies have not yet been well-integrated with AI to further improve system performance, these technologies can provide a technical basis for the application of AI in PE.


[image: Top left shows a person on a ramp indoors with 3D motion cameras and movement markers, analyzing biomechanics. Top center and right display wearable sensors attached to a person's lower back and a snowboard setup with electronics. Bottom left presents three views—front, back, and side—of a person standing with motion capture markers on joints. Bottom right is a black-and-white image of a skier in a turn, labeled with biomechanical forces and vector diagrams.]
FIGURE 4
 Motion capture technology in skiing. (A) Adapted with permission from “Development and Evaluation of a Low-Drift Inertial Sensor-Based System for Analysis of Alpine Skiing Performance” by Isidoro Ruiz-García et al., licensed under CC BY 4.0, https://www.mdpi.com/1424-8220/21/7/2480 (B) Reprinted with permission from “Designing, Building, Measuring, and Testing a Constant Equivalent Fall Height Terrain Park Jump” by Nicola Petrone et al., licensed under CC BY 4.0, https://link.springer.com/article/10.1007/s12283-017-0253-y (C) Adapted with permission from “An Inertial Sensor-Based Method for Estimating the Athlete's Relative Joint Center Positions and Center of Mass Kinematics in Alpine Ski Racing” by Benedikt Fasel et al., licensed under CC BY 4.0, https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2017.00850/full (D) Adapted with permission from “Development of a New Embedded Dynamometer for the Measurement of Forces and Torques at the Ski-Binding Interface” by Frédéric Meyer et al., licensed under CC BY 4.0, https://www.mdpi.com/1424-8220/19/19/4324.




2.4 The relationship between AI and PE teachers

In PE, the relationship between teachers and AI is an important research direction. The introduction of AI technology has not only changed the traditional teaching model, but also put forward new requirements for the roles and responsibilities of teachers. Teachers need to work with AI technology and use the tools and data provided by technology to better guide students' learning and training. At the same time, AI technology also provides teachers with more teaching resources and support, improving the overall teaching level.

While studying the optimization of specific PE projects or processes based on AI technology, it is also necessary to explore the relationship between AI and PE from a macro perspective, which is conducive to promoting the comprehensive development of AI technology in the field of PE. Lee and Lee (38) studied the principles and uses of AI technology in the field of PE, and conducted an in-depth analysis of potential applicable technical fields. AI can not only serve as an important auxiliary tool for PE teachers, but also become an effective support for promoting students' independent growth. Through continuous iterative evolution, AI teachers will gradually mature and become more professional. Human teachers need to adapt to the development of technology and learn to use AI tools to improve their teaching ability. Stubbornly doing work that can be achieved by AI will eventually be replaced by AI. Engaging in more creative work is the direction of future PE teachers.

New generation information technologies including IoT, cloud computing, big data, AI and mobile Internet will jointly reshape the model and concept of PE. The process of building a school smart PE (SSPE) system faces many challenges, which requires the joint attention and participation of the government, schools, teachers and students. Deng et al. (39) conducted an in-depth and systematic analysis of the basic theory, construction status, application cases, ecosystem, future challenges and optimization paths of SSPE. Among them, SSPE puts forward higher requirements on teachers' teaching literacy and innovation ability. Teachers need to have more solid information technology application capabilities and be able to use various teaching tools and resources proficiently; at the same time, they need to have keen observation and communication skills, be able to grasp the individual differences of students and realize personalized teaching. Furthermore, they need to have the ability to use data analysis technology in order to find problems in time, adjust teaching strategies and improve teaching effectiveness. Teachers also need to understand the evaluation criteria for SSPE and adjust teaching strategies according to these criteria to improve students' physical performance.




3 AI technologies in PE

According to the literature review, we can see that AI technologies have begun to be widely applied in PE. However, the relevant theoretical innovations and engineering applications are not yet widespread and in-depth enough. Fully utilizing AI technology can promote the digital and intelligent development of PE, but this process requires high-level talent teams to plan, research, apply, and validate relevant theoretical frameworks and innovative technologies. In this section, we mainly discuss the AI tools and platforms that can be used in PE, the benefits of AI in PE teaching and learning, and the existing problems in the current development of AI in PE.


3.1 AI tools and platforms used in PE

Various AI tools and platforms can be used in PE to improve teaching effectiveness and students' physical and mental quality. These tools and platforms can either be general-purpose commercial solutions or custom-built tools designed specifically for PE needs. Different types of tools have their own advantages and disadvantages, but both of them can enhance the effectiveness of PE instruction and improve management efficiency if use reasonably.

From the perspective of technology classification, many AI technologies can be applied to PE, including Machine Learning, Reinforcement Learning, Neural Networks, Support Vector Machines, Evolutionary Algorithms and Swarm Intelligence, Fuzzy Logic and Expert Systems, Deep Learning, Natural Language Processing, Computer Vision, wearable sensors and IOT, etc. Figure 5 shows the key technical points and potential applications of these technologies. (1) Supervised learning of machine learning needs to be based on labeled data, so it is more suitable for some analysis and judgment with deterministic results. For example, if the training data contains two types of data with correct movement postures and incorrect movement postures, the trained model can be used to determine in real time whether the student's movement posture is standard. Since labeling all data requires a lot of manual work, semi-supervised learning improves the model, and only part of the training data needs to be labeled. Unsupervised learning does not require labeling of training data, and is generally used to analyze the potential patterns and laws hidden in the data. For example, analyzing the sports performance trends of student groups or identifying potential associations between different categories of data. (2) Reinforcement learning is a method in machine learning. The process of model optimization requires interaction with the environment, learning how to take actions based on the reward mechanism, and optimizing strategies through continuous attempts. It can be applied to some projects that require interactive learning and continuous improvement. For example, in intelligent training systems, the training plan is continuously adjusted through students' performance and feedback to promote the continuous improvement of system capabilities. (3) Neural networks are also a method in deep learning. They have strong generalization capabilities and can handle nonlinear and complex input data. Therefore, they are widely used in pattern recognition, prediction and classification tasks. Among them, ANN can be used for simple classification and prediction tasks, while CNN is more used to process video and image information and extract local features in images. Time series processing models such as RNN and LSTM can analyze the characteristics of time series data and can be used for tasks such as tracking, prediction and motion pattern recognition in the training process. (4) Support vector machines are mainly used for classification tasks, for example, to classify students' physical condition, sports performance, test results, etc., so as to further customize targeted solutions for their categories. (5) Bionic algorithms represented by evolutionary algorithms and swarm intelligence can be used to optimize and solve complex problems in PE, for example, to find the best balance point under the premise of multiple influencing factors, optimize students' training plans or team formation modes, etc. (6) Models such as fuzzy logic and expert systems are generally used for causal reasoning. Fuzzy logic is generally used to deal with uncertainty and fuzzy reasoning, while expert systems simulate the decision-making process of human experts. When students are learning and exercising in physical education, many related states are also fuzzy, which can be processed using fuzzy logic. Expert systems can simulate teachers or coaches to provide real-time guidance and diagnosis to students. (7) Deep learning is a special form of neural network, which is suitable for automatically extracting features from large amounts of data, and performing classification and regression. It can help teachers classify students so as to provide adaptive guidance and adjust training plans, etc. (8) Natural language processing aims to enable computers to understand, analyze and generate natural language. It can be applied to voice intelligent interaction between teachers and students, provide intelligent interaction modes for other intelligent systems, and automatically generate text information, etc. (9) Computer vision aims to enable computers to understand students' movement status or classroom organization status by analyzing video images, and is an important part of PE intelligence. (10) Wearable devices and IOT are key infrastructures for data collection and transmission in PE. On the one hand, they provide a digital foundation for AI technology, and on the other hand, AI technology can also be used in these infrastructures to improve device performance and user experience.


[image: Diagram illustrating artificial intelligence applications in sports, including machine learning, neural networks, evolutionary algorithms, deep learning, computer vision, reinforcement learning, support vector machines, fuzzy logic and expert systems, natural language processing, and wearable sensors with corresponding sports-related use cases and functions for each category.]
FIGURE 5
 Illustration of potential AI technologies, key technical points, and applications.


Schools, teachers, students and research teams play different roles in PE and have their own needs for AI tools and platforms. As shown in Figure 6, based on research and applications of AI in groups, potential tools and technologies can be mainly divided into six categories from the perspective of application field classification: school management and teaching assistance, teacher assistance and training, student personalized learning and health management, sports training and performance analysis, sports research and innovation, and general AI tools.


[image: Flowchart presenting AI tools and platforms in physical education divided into six categories, including school management, teacher training, student health management, sports performance analysis, sports research, and general AI tools, with key functions such as resource allocation, personalized teaching, condition monitoring, training optimization, innovative models, and health management highlighted in red.]
FIGURE 6
 Potential application areas of AI technologies in PE.


AI technology can assist schools in optimizing management and operation models, improve the effectiveness of PE teaching, and promote the improvement of teachers' and students' skills and abilities. In terms of course management, AI technology can help schools better analyze the relationship between different PE course scheduling modes and students' sports skills and physical fitness, ensure the reasonable matching of PE courses with other courses, and improve students' participation and exercise effects. At the same time, by exploring the relationship between different sports projects and the improvement of the quality of students of various physical fitness, the arrangement ratio of various projects in PE courses can be optimized. In terms of resource allocation, facing the dilemma of many classes and students and limited sports venues, AI technology can assist schools in better comprehensive scheduling and promote the efficient use of limited sports resources. According to the characteristics of students in different classes and the existing PE teaching staff ratio, teachers' course arrangements can also be optimized to improve the matching degree between students' needs and teachers' abilities. By establishing a big data platform including various text, audio and video PE materials, AI technology can help schools better push sports exercise consultation and guidance to students. AI technology is also a key support for the construction of smart sports stadium, which can promote the operation efficiency of venues and the experience quality of teachers and students. AI can optimize lighting and HVAC systems based on real-time data, reducing energy consumption while maintaining comfort. Digital sports equipment and intelligent human-computer interaction functions can increase the interest of teachers and students in participating in sports exercises. Comprehensive tracking and analysis of the exercise process can also improve students' sense of achievement and help them optimize their exercise strategies. In terms of Comprehensive Evaluation, it is difficult to evaluate the comprehensive teaching effect of PE in the whole school under the traditional teaching model. AI technology can help schools analyze the teaching characteristics of each teacher and provide recommended guidance for improving teaching ability. The evaluation of students' learning outcomes can provide a basis for the subsequent course setting and adjustment of students. Things are developing dynamically. AI technology can help schools better analyze the dynamic characteristics of teachers and students, and provide impetus for the improvement of PE teaching effect.

For PE teachers, AI will be an important technology for them to implement the teaching process and promote capacity improvement. Considering students with different physical conditions and psychological states, AI technology can be used as data analysis tools to identify each student's strengths and weaknesses, helping teachers design personalized teaching plans. During the execution of these plans, AI can assist teachers in evaluating teaching effectiveness and rescheduling the plans. This promotes the implementation of the concept of tailored teaching and corrects the shortcomings of traditional general teaching models. Meanwhile, AI technology can help teachers better understand the real-time status of students, allowing for flexible adjustments to the classroom pace to better meet students' learning needs, better interactive classrooms can be achieved. Data analysis and reporting require higher capabilities from teachers. They should possess certain research abilities to collect various types of unstructured data according to research objectives and use AI technology to complete data analysis. AI can help teachers explore various potential roles in PE and further help address issues that constrain students' ability improvement. For the teachers' own professional development, AI can help them analyze the teaching effectiveness, providing references for improving their teaching abilities. AI can also recommend personalized training courses and learning resources based on the teachers' backgrounds, teaching experiences, and professional needs, helping them enhance their teaching skills.

As the main participants in PE, students often face numerous doubts and difficulties during class learning and physical exercise due to their lack of knowledge reserves. But AI can provide professional support to them. Models trained with a vast amount of specialized PE knowledge can act as virtual teachers, which can offer flexible, real-time, and efficient knowledge delivery and problem-solving. During physical exercise, students are unable to accurately understand their real-time physical condition and it's also difficult to grasp changes in their long-term health status. AI technology can help students monitor their status, enabling them to better understand their situation, enhance self-regulation abilities, and assist in the design and optimization of long-term exercise plans. Meanwhile, AI technology can predict students' behavior. By using the predicted states based on established teaching or training plans, and comparing them with the actual states collected during teaching, The causes of deviations can be analyzed by AI, providing a basis for further optimization of student learning and training programs. In terms of health management, AI technology can analyze students' health trends based on long-term health status and exercise habit data, helping them adjust exercise planning and develop good health habits. Injury prediction and management are also crucial applications of AI technology. Potential injury risks can be identified by monitoring real-time exercise data such as heart rate, step frequency, and muscle load. For example, if the system detects an abnormally high heart rate or improper movements, AI can warn the students who can adjust their exercise intensity or posture to avoid injuries. Meanwhile, AI can analyze students' historical exercise data to uncover long-standing issues in exercise habits, thus preventing potential injuries. After an injury occurs, AI can assist in analyzing the causes of injuries and recommending treatment and rehabilitation plans to help students recover as soon as possible.

Apart from enhancing physical fitness, an important goal of PE is to improve students competitive skills, enabling them to achieve better performance in competitions. Adaptive research and development of AI technology applications are also needed in sports training and performance analysis. Firstly, within the integrated digital and intelligent PE framework, it is crucial to accurately collect and record details of students' physical postures and physiological and psychological states. Various data types are needed to support for optimizing their competitive techniques. Facing different types of sports, AI technology can help analyze which types of data need to be collected and how these data characteristics relate to students' competitive levels. In addition, these data play an important role in optimizing training plans. AI technology can perform time series correlation analysis on various types of data during students' specific training processes, which not only helps to evaluate the effectiveness of long-term training programs, but also helps teachers understand the characteristics and bottlenecks of different projects in the training process, and provide a basis for subsequent guidance. AI technology can also be used to analyze the state of team collaboration in team sports. AI-based systems can monitor and record key data of team members and analyze the performance and collaboration status of each member. Detailed statistical information and decision results can be generated as auxiliary decision-making tools for teachers. These data include position, posture, movement trajectory, passing time, success rate, running distance, etc. With the help of AI technology, the strengths and weaknesses within the team can be determined, and then targeted training plans can be formulated. At the same time, AI can simulate different tactical scenarios and evaluate their effectiveness to help teams optimize tactical strategies. With the support of AI technology, teachers and students can have a more comprehensive understanding of their teams, and the decisions made are based on data and are more scientific, which is conducive to improving the overall performance and strength of the team. In terms of team collaboration analysis, AI technology can be used to analyze the team's competitive data and optimize collaboration strategies. At the same time, more targeted combat strategies can be developed by analyzing the opponent's tactics and weaknesses. Teachers and students can be assisted in defeating the opponents. By rehearsing and predicting various scenarios that may occur in the game, suggestions can be provided for substitutions, tactical adjustments, and decision-making at critical moments. This data-driven analysis and prediction enhances the flexibility and adaptability of on-site combat and helps maximize the overall strength of the team. With the support of AI technology, on-site decision-making becomes more scientific, accurate, and efficient, thereby enhancing the team's competitiveness and chances of winning.

For students and teachers, mastering basic or simple AI technologies or developed tools or platforms can help them solve scientific research problems while improving their own abilities. But for complex technologies or products related to sports research and innovation, professional teams are required during the research and development process. Firstly, AI technology can be used to innovate teaching models and change the traditional backward method of mainly teaching and passive obedience of students. The new teaching process can be more interactive and flexible, and the establishment of this new model requires the support of technical systems and supporting products. AI can perceive and analyze the status and needs of teachers and students during the teaching process, adaptively push human-computer interaction information and adjust human-computer interaction content, build a closer communication and interaction relationship between teachers and students, and promote the effective improvement of PE teaching results. Secondly, the research and development of intelligent equipment also relies heavily on professional teams. These equipment include sportswear with AI intelligence and professional equipment for collecting data required for AI. Integrating AI functions in sportswear can not only be used to monitor and analyze the real-time status of users, but also provide users with friendly interactive functions to improve the sports experience in all aspects. In terms of data collection equipment, wearable sensors are the representative, providing vital data support for the research and development of AI technology in PE. Both the creation of such equipment and its improvement over time involve collaboration among experts from various fields and a focus on enhancing comfort and reliability. Furthermore, AI technology has great potential in the development of new sports projects. By deeply analyzing the performance, interests, physical fitness indicators and other data of students participating in various projects, we can explore the characteristics and advantages of different projects and provide reference for the design of new types of sports projects. At the same time, the development of new sports equipment with intelligent interactive functions can also improve the fun of students' sports, innovate sports models, and enrich the connotation of PE teaching. Another point to note is that with the development of science and technology and the renewal of concepts, the cross-correlation between sports disciplines and disciplines such as medicine and information science continues to deepen. AI technology can also play a key role in interdisciplinary integration research. For example, AI can combine data from medicine and sports science to explore the relationship between PE teaching and human health. In addition, AI technology can also promote the deep integration of sports physiology, medical imaging and intelligent sensing technology, and promote the development of personalized medicine and sports rehabilitation. This interdisciplinary integration not only improves the depth and breadth of research, but also promotes innovation in the fields of sports science and medicine, and provides new perspectives and methods for health management and sports training. Therefore, the application of AI technology in interdisciplinary research has significantly improved the understanding and solution capabilities of complex health problems and promoted the progress of science and technology.

Some existing general commercial AI tools or platforms can also be applied to PE teaching. For example, in terms of data analysis and management, Tableau (40–42) can help teachers create interactive dashboards and charts to analyze students' sports data, which can discover hidden trends, and thus optimize teaching strategies and exercise plans; IBM Watson (43–45) uses AI and machine learning technology to provide advanced data analysis and prediction capabilities, which can process large amounts of sports data and perform sentiment analysis, pattern recognition, and trend prediction. Decision-making and optimization in PE can be supported. In terms of health and fitness monitoring tools, Fitbit (46–48) can track users' heart rate, steps, sleep quality and exercise data in real time. Its AI functions allow teachers to monitor students' health status and adjust exercise plans based on collected data. MyFitnessPal (49–51) combines AI technology to provide exercise tracking functions, which can help users set goals, record progress, and provide personalized health advice to support students' physical management. In terms of teaching aids, ChatGPT (52–55) can be used to generate teaching content, answer student questions and provide personalized learning suggestions. Classcraft (56–58) improves student participation through gamification elements, AI technology is used to track students' behavior, and improve classroom experience. Google Classroom (59–61) provides online classroom and student interaction functions. AI functions can help teachers automatically analyze student performance, and provide personalized feedback to improve teaching efficiency. General AI tools are easier to obtain and have stable functions when used, making them easier for teachers and students to learn and use. However, when faced with professional application needs in the PE field, they cannot meet specialized application needs and require the development of dedicated AI tools or platforms.



3.2 The existing problems of the development of AI in PE

By analyzing the classifications of existing research in the application of AI in PE, we can better understand the current state and problems of the development of AI in PE. ChatGPT being used as an assistant in PE keiper2023artificial is an example of commercial general AI tools being employed in PE. Teachers and students can use it as reliable AI assistance in teaching and learning without needing to learn and innovate AI theories themselves. However, there are many other commercial AI tools or platforms, but existing research does not yet show evidence that these tools have been integrated into PE effectively.

Virtual sports classrooms (10, 12) and online teaching platforms (16) can not only innovate teaching models but also provide new means for interaction between teachers and students. Existing research indicates that AI applications used in these areas have already gained attention and achieved certain results. However, more and deeper technical research is still needed to construct virtual and online sports classrooms that can better meet user application needs and improve service quality. Meanwhile, although the new teaching models have their own advantages, teachers and students will experience psychological pressure when accepting new technologies and new platforms (20), which needs to be addressed.

Analyzing students' physical differences and carrying out personalized teaching (14) has also received attention, which is an example of refined and humanized PE. The differences in physical fitness and talent among students determine that the general sports training model cannot maximize the improvement of specific individual abilities. The optimization of teaching plans that adapt to students' characteristics is a manifestation of the scientific development of PE.

Monitoring students' status (15) is an important application of AI in PE, which can provide important data for the evaluation of students' learning effects. In addition to sports status monitoring, the monitoring and analysis of data such as text and audio can also be used to evaluate students' learning and teachers' teaching effects (17). Collecting data through IoT and evaluating the teaching effectiveness of teachers and students is also an effective method. For specific sports, AI-based student sports status monitoring and effect evaluation have also attracted attention. Real-time sports status monitoring can also provide a basis for teachers' interactive guidance.

Health management is an important issue that needs to be addressed in PE, including mental health. Analyzing the mental health status of college students through CNN and big data and providing early warning of health problems is a useful exploration of AI in PE. AI technology can also provide strong support in achieving a balanced development of sports health and mental health (31).

For sports training teaching, the sports theory expert system based on AI (22) has been studied to assist students in acquiring professional theories. Expert systems for specific sports have also been studied (27) to improve the effectiveness of tennis teaching. Virtual simulation teaching is used in football teaching (28). Sports training monitoring (23) has also received attention. The evaluation of students' sports conditions and the prediction of future states help improve training effectiveness. Existing research also considers the prevention (25) and treatment (26) of sports injuries, providing effective tools and methods for better protecting students' health.

In summary, we can find that the application of AI in PE is still in its early stages. The maturity and stability of the technology need to be improved, and the depth and breadth of the technology's application are still insufficient. In Figure 6, the parts of the field branches are set in red, indicating where corresponding research has been proposed. We can see that most of the existing literature is mainly focused on research conducted around the students' learning process and the teachers' teaching process. These achievements have laid the foundation for deepening the application of AI in PE. However, the relevant research is not sufficient. There are still many areas that need to be studied in each field branch, but the existing research is still sparse. There are no examples of applying AI to PE in school management. The relevant research needs more teacher teaching data and student learning and sports data as support, and there are certain difficulties in the research and expansion process. In terms of general tools, the existing AI tools have not been fully applied to PE, and how to better use commercial tools to improve the effectiveness of PE also needs further exploration. Sports research and innovation require interdisciplinary teamwork, which is also difficult in the organization and implementation process, so the existing relevant research is still insufficient.




4 Implications for PE teacher training

With the deepening of AI application in PE, the intelligence and digitalization of PE are gradually improving. This trend requires PE teachers to make in-depth adjustments in technology, skill, and thinking to adapt to the new teaching environment, and effectively use AI technology to improve teaching effectiveness. PE teachers need to recognize the positive role of AI technology in the transformation and upgrading of PE, and improve their cognition and acceptance of new technologies. The training of PE teachers needs to adapt to the needs of the development of smart sports and digital sports, adjust the training concepts, content and methods, improve teachers' systematic understanding of AI technology, enable them to master the use of AI tools, master common AI technologies, and have the ability to apply these technologies to solve PE problems.


4.1 Change of mindset

In the process of PE teacher training in the new era, improving teachers' awareness of AI technology and promoting their recognition and acceptance of the positive role of AI technology in PE transformation will help promote the wider and deeper application of AI in PE. A good training mechanism can change PE teachers' resistance to AI and alleviate their panic about unknown new things.

During the training process, teachers' confidence in AI technology can be enhanced by showing successful cases of AI application in PE, especially the specific results of how AI improves teaching effectiveness and reduces teachers' workload in these cases. At the same time, by explaining the decision-making process of AI technology, teachers can understand how AI assists teaching and increase their trust in AI systems. By explaining cases that combine AI with specific teaching goals and showing its high degree of fit with actual teaching needs, teachers' resistance to AI can be changed, and teachers can be guided to realize that AI technology will not only not replace them, but will liberate their energy, allowing them to focus more on creative teaching and personalized guidance for students.



4.2 Enhancing technical skills

The application of AI in PE requires teachers to possess certain technical skills. In addition to the basic theory of AI technology, the basic use of AI tools and the data collection and analysis methods need to be involved during teacher training.

With the rapid development and popularization of smart devices and wearable technology, the amount of data that can be collected and obtained in PE has increased significantly. Teachers need to master basic data analysis methods and be able to extract valuable information from a large amount of student data to optimize teaching strategies. During teacher training, it is necessary to cover the relationship between AI technology and data, enabling teachers to design data collection plans targeted at the subject objectives. At the same time, teachers should master commonly used AI models and have the ability to use these models to process data information.

During training, PE teachers need to be familiar with the use of various AI tools, including but not limited to sports status monitoring systems, intelligent teaching platforms, personalized training generators, etc. During training, teachers should master the functions and application scenarios of these tools through practical operation exercises, so as to flexibly use them in actual teaching.



4.3 Strengthen ethics and safety awareness

With the widespread application of AI technology in PE, issues such as ethics and data security have become increasingly important. In the process of PE teacher training, strengthening ethics and safety awareness is an important part of ensuring the effective and responsible application of AI technology in PE. To achieve this goal, the content and methods of training need to comprehensively cover multiple aspects such as data privacy, ethics and safety risk management. Schools should set up an ethics review team composed of education experts, legal experts, ethicists, psychologists and AI technology experts. During the training process, teachers need to understand the process and regulations of collaborating with the ethics review team to complete project evaluation and review.

At the same time, the importance of data privacy needs to be emphasized during the training process, and the teaching of relevant laws and regulations needs to be increased. Teachers need to understand the legal responsibilities and obligations in the process of collecting, storing, processing and sharing student-related data. In order to better help teachers achieve data privacy protection, it is necessary to increase the teaching of privacy protection tools and teach teachers how to use encryption, anonymization and de-identification and other technical means to protect the privacy of student data. When using AI tools, teachers should understand how to configure privacy protection settings to ensure that students' sensitive information is not leaked. Teachers should be clearly aware of their security responsibilities in the application of AI technology, including how to properly store student data, use AI tools correctly, and ensure the security of AI systems.



4.4 Promoting team collaboration and communication skills

The primary professional competency of PE teachers lies in the mastery and application of sports theory and knowledge. Most teachers only need to learn basic AI knowledge and do not need to master AI technology in depth. When completing complex AI technology applications, it is necessary to work together with multidisciplinary experts and technicians. Promoting teamwork and communication skills is essential to ensure the effective implementation of technology and optimize teaching results. Therefore, the training methods of PE teachers should be more flexible and adapt to the actual characteristics and dynamic needs of AI application in PE.

During the training process, according to specific project goals, multidisciplinary technical experts can be involved in the training system. Teachers can learn how to work with technical experts and data analysts to understand the practical application and impact of AI technology. Actual cases can also be used to show how successful interdisciplinary cooperation promotes the effective application of AI technology. Through case studies, teachers can learn how to effectively integrate expertise from different fields in teaching. Along with the actual work of teachers, flexible technical training and consulting courses can be organized regularly to solve the problems encountered by teachers in AI application, so that PE teachers and technical teams can discuss project progress, technical problems and improvement suggestions. These meetings help to solve problems in a timely manner and ensure that both parties have a clear understanding of technology applications.




5 Challenges and ethical considerations

Although AI technology has brought many opportunities for the scientific development of PE, it is also accompanied by a series of challenges and ethical issues, which not only affect the application effect of AI technology, but may also have a profound impact on teacher-student relationships, teaching fairness, and data privacy. Therefore, in the process of promoting the application of AI technology in PE, it is necessary to correctly handle the problems faced and enable AI technology to better serve the development of PE.

First of all, at the technical level, the effectiveness of AI systems depends largely on high-quality data. However, in PE, students' sports data, health data, etc. may be noisy, incomplete, or collected irregularly, which will directly affect the accuracy and predictive ability of AI algorithms. Teachers and schools need to formulate strict data collection standards and processes to ensure the accuracy and consistency of data. At the same time, the existing wearable devices are mostly electronic watches, and the types of reliable sensors available are still insufficient. Various types of sensor devices that can be deployed on various parts of the student's body, are comfortable to wear, and have high data collection accuracy and efficiency still need further research and development. For wearable devices that need to be worn for a long time, safety verification is also essential to avoid negative damage to the human body caused by long-term wear.

Meanwhile, AI can be an important assistant to teachers and students in PE, but teachers are still the leading role in classroom education. In addition to the high requirements of AI technology on data quality and quantity and the fairness challenges faced by the application of AI technology, AI technology also has some limitations. First, although AI technology can provide students with exercise prescriptions or provide teaching support to teachers based on the input data, it may be difficult to fully respond to the individual needs of each student, especially those with special needs or different learning styles, in the face of the huge differences in students' physical and psychological conditions. At the same time, AI technology is difficult to capture students' emotional fluctuations and cannot empathize with students, while emotional motivation plays an important role in PE. Over-reliance on AI will also weaken the social attributes of PE, such as teamwork, communication and leadership skills, which are key learning outcomes that AI cannot completely replace. Furthermore, some sports are accompanied by complex changes in body posture. Students need teachers to give real-time evaluation and feedback when participating in these complex and unpredictable sports. AI technology may not be accurate enough to provide meaningful feedback in this regard.

The application of AI in PE also brings a series of ethical and data security issues, which need to be taken seriously and resolved in the process of technology promotion. The issues of privacy protection and responsibility are the first things to consider when applying AI technology. The data information such as students' and teachers' sports postures and physical signs contain some sensitive personal data. The management of this information needs to be legal and orderly to prevent the privacy of users from being violated. At the same time, AI-based guidance on students' sports or teachers' classroom organization cannot guarantee a positive effect. If AI's suggestions have a negative impact on students' progress or health, responsibility attribution will become a serious problem. Therefore, clear guidelines for responsibility attribution must be formulated to protect the rights and interests of students and teachers. In addition, whether AI technology can be inclusive and fair is also a problem that needs attention. Applications need to accommodate the sports needs of students of different races and physical conditions. In the face of students with weak physical conditions or even disabilities, the inclusiveness and accessibility of AI technology must be ensured. Therefore, the application of AI in PE needs to be designed to adapt to different learning and physical abilities, and provide additional support for students who have difficulty using digital tools due to cognitive, sensory or motor disorders. Thus, When collecting data related to student PE, a professional review team should review the project to ensure that there are no problems in protecting students' rights and interests, informed consent, fairness and scientificity, and to ensure the morality and legality of the research. PE involves a large amount of sensitive data of students, such as health data, psychological state, etc. Some students do not want these data to be known by others, and these data are at risk of leakage during storage, processing and transmission. Schools and educational institutions need to formulate strict data privacy protection measures to ensure the security of student data. At the same time, students and parents should be informed of the use of data and its potential risks, and obtain their informed consent. A professional team is also needed to review the division of responsibilities, inclusiveness and fairness of relevant applications. Educators, policymakers and technology developers must address the above limitations and ethical issues to ensure the reasonable and effective use of artificial intelligence in physical education.

The lack of relevant laws and systems in the application of emerging technologies is also a challenge faced by the application of AI in PE, which easily leads to the abuse of technology and difficulties in defining responsibilities. Teachers' professional judgment and AI's auxiliary decision-making can both be applied to the teaching process. How to better promote the rational use of AI and prevent the abuse of AI from harming teachers or students requires relevant laws or regulations. As for existing laws and regulations, when applying AI to PE, relevant laws and regulations must be followed to ensure the legality of data collection and use. In addition, schools need to clearly define the scope and purpose of data use to prevent data abuse or use for improper purposes.



6 Conclusions

Through a comprehensive analysis of the existing literature on the application of artificial intelligence in sports, we can find that relevant research is still in its early stages, and existing research mainly focuses on the application exploration of student learning and teacher teaching processes. There is still a gap in research in related fields such as school sports management, innovative educational technology, and sports team collaboration analysis. Although existing research has laid the foundation for the further application of artificial intelligence in the field of sports, the maturity and stability of the technology still need to be improved, and the breadth and depth of existing literature are still insufficient. In order to promote the digital intelligent development of PE, teachers, as the main participants in sports, need to assume a more important role, actively learn artificial intelligence technology and apply it flexibly, and play a more important role in promoting the intelligent development of sports. Teacher training also needs adaptive adjustments, not only to guide teachers to master basic artificial intelligence knowledge and tool usage methods, but also to cultivate interdisciplinary collaboration capabilities, data analysis capabilities, and the ability to cope with technical challenges. At the same time, the formulation and implementation of supporting ethical and privacy protection policies, the acceptance and ability of teachers and students to use artificial intelligence technology, and ensuring the fairness and transparency of technology also need to be solved at the same time, to provide a basis for the reasonable, legal and efficient application of artificial intelligence in sports, and to ensure that artificial intelligence technology is effectively implemented and optimized in sports. This review systematically combs through the current status of AI applications in PE and points out the direction for future research. Its research significance lies in providing the potential value assessment of AI technology in PE for the education field and providing important references for education policy makers, school administrators and teachers. In addition, this review also puts forward improvement suggestions for the practical application of AI technology, promotes the further development of intelligent PE, and emphasizes the importance of interdisciplinary collaboration, technical training and ethical policies.
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Background: Low levels of physical activity (PA) are prevalent among children with intellectual and developmental disabilities (IDD). Implementing family-based physical activities as extracurricular interventions offers a promising approach to enhancing their PA levels and promoting overall health.
Purpose: This study aims to explore a novel integrative strategy by combining family-based activities with school physical education classes, with the objective of enhancing PA levels and improving the quality of life (QoL) for children with IDD. Methods: A total of 36 children with IDD (mean age = 16.4 years) were randomly assigned to a 6-month intervention group (IG) or a control group (CG). Both groups received adjusted adaptive physical education, while the IG received additional family support. Assessments of PA, QoL, and the Physical Activity Enjoyment Scale (PACES) were conducted at baseline, after 6 months, and at a 2-month follow-up post-intervention.
Results: The 6-month intervention results showed that the IG had a significant increase in moderate to vigorous physical activity (MVPA) compared to the CG (p < 0.001, d = 3.87) and a reduction in sedentary behavior (p < 0.001, d = 2.28). Additionally, there were improvements in WHOQOL-DIS scores (p < 0.001, d = 1.61) and PACES scores (p < 0.001, d = 1.14). At the 2-month follow-up, the IG also showed significant improvements in MVPA, sedentary behavior, and PACES scores, all with p-values below 0.001, while no significant change was observed in WHOQOL-DIS scores (p = 0.914).
Conclusion: Family-based physical activities facilitated through remote collaboration not only improved the PA levels of children with IDD and enhanced their quality of life, but also positively contributed to the maintenance of long-term healthy behaviors.
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1 Introduction

Intellectual and developmental disabilities (IDD), which affect approximately 1–3% of the general population (1), are characterized by arrested or incomplete development of cognitive, language, motor, and social abilities during the developmental period (2). Individuals with IDD engage in significantly less physical activity (PA) compared to their non-disabled peers, raising serious health concerns (3, 4). Obesity and overweight rates are notably among students with IDD, which can lead to decreased cardiovascular function, disruptions in glucose and lipid metabolism, and increased susceptibility to various chronic diseases (5–8), ultimately impacting overall health into adulthood. Furthermore, limited PA has been associated with poorer mental health outcomes, including higher levels of anxiety and depression (9, 10).

The World Health Organization (WHO) recommended that engaging in 150–300 min of moderate-intensity or 75–150 min of vigorous-intensity PA weekly can effectively prevent cardiovascular diseases and enhance the quality of life (QoL) for individuals with IDD (11). However, students with IDD tend to show a progressive decline in PA and an increase in sedentary behavior as they age, compared to their neurotypical peers (12, 13). This trend may be attributed to various barriers to PA participation, including limited access to sports facilities, insufficient knowledge about available activities, the unique nature of their disabilities, and a lack of support from families and communities (14–16). This unique context necessitates more structured interventions that emphasize motivational support. While school-based interventions for PA are frequently employed in research to improve PA levels and health outcomes, concerns have been raised regarding their effectiveness in achieving meaningful changes in overall PA levels (17, 18). Addressing these clinical conditions requires more than just a school-based approach; the development of healthy behaviors also depends on ongoing parental support and a conducive extracurricular environment.

Parents, motivated by their commitment to their children’s well-being, play a crucial role in providing essential daily support that facilitates sustained participation in positive health behaviors (19). Research indicates that among children with IDD, greater parental support is significantly associated with increased levels of PA reported by parents or caregivers (20, 21). Such support not only shapes children’s PA behaviors but also cultivates a home environment that encourages engagement in PA (22). However, studies exploring the impact of family support on improving PA and subsequent quality of life for children with IDD remain limited. This gap may stem from the challenges associated with implementing effective interventions. Parents often lack the specialized knowledge and strategies needed to address the unique behavioral changes of children with IDD, which can hinder the sustainability of these interventions. Nevertheless, advancements in technology have made it possible to deliver many traditionally in-person services through remote video consultations (23). This shift presents new opportunities to enhance support and engagement in these interventions.

Therefore, the aim of this study is to explore a novel remote collaboration-based family PA intervention to assess its effectiveness in improving PA levels and QoL among children with IDD. Based on this premise, the study proposes the following hypotheses: (1) Remote collaboration-based family PA will effectively enhance PA and QoL in children with IDD; (2) This program will positively influence the maintenance of long-term healthy behaviors among children with IDD. (3) Relying solely on school-based physical activities provides limited benefits for children.



2 Methods


2.1 Study design

This 6-month trial was conducted from September 2023 to February 2024 and included three assessment points: pre-intervention, 6 months post-intervention, and 2 months after the intervention concluded. The first 2 weeks served as an adaptation period to enhance comfort and confidence among participants with IDD (24). To determine the necessary sample size for statistical significance, a significance level of 0.05 and an 80% power requirement indicated that at least 14 participants per group were needed. Considering a potential dropout rate of 10% among students with IDD, a minimum of 32 participants was required to ensure reliable results. This randomized controlled trial (Clinical Registration: NCT06444659) was approved by the Ethics Committee of Hunan Normal University (Approval No. 301, 08/05/2023) and conducted in accordance with the Declaration of Helsinki.



2.2 Participants

Forty participants were recruited from a specialized school in Changsha, with recruitment and eligibility screening conducted by the school’s physical education teachers. Inclusion criteria consisted of: (1) a diagnosis of mild to moderate intellectual disability (ID) (IQ range: 35–69); (2) age between 14 and 17 years; and (3) at least one family member capable of effective communication with the researchers. Exclusion criteria included: (1) the presence of severe physical disabilities or medical conditions that contraindicate PA, such as severe cardiovascular disease; (2) participation in other exercise programs within the preceding 3 months to mitigate prior PA exposure that could confound the results; and (3) missing more than three intervention sessions to ensure the consistency and reliability of the intervention outcomes.



2.3 Intervention

According to Figure 1, both the intervention and control groups (CG) participated in physical education classes three times per week. To ensure consistency and further investigate the impact of the school-based exercise intervention on the PA levels of children with IDD, the curriculum content underwent specific adaptations. These adaptations included lowering the difficulty level, enhancing teaching strategies through clear language, goal orientation, and visual support, as well as optimizing the instructional content by incorporating games and team activities. These changes were generally considered effective in promoting participation among individuals with IDD (25, 26). Participants in the CG did not receive additional support from the research team, while those in the Intervention Group (IG) received regular remote support as follows:

[image: Flowchart outlining an intervention model to enhance physical activity in children with intellectual and developmental disabilities, detailing preparation, school-based and home-based interventions, and follow-up assessment of participation, enjoyment, and daily life improvements.]

FIGURE 1
 Model of the physical activity intervention.


Before the intervention, all parents received comprehensive PA education and training from experts in education, sports, and health to effectively support their children. Additionally, remote collaborative family PA sessions were conducted via Tencent’s VooV Meeting platform, comprising three 30-min meetings each week. The team consisted of a special education expert and a professor with experience in promoting PA among children. Due to the varying circumstances of each family, the curriculum content was not strictly prescribed; instead, activities were selected based on what children with IDD could accomplish and were willing to engage in, such as various ball games, jump rope, and jogging. Parents utilized video check-ins to ensure the proper implementation of personalized routines, while the Gym Smart (V 1.0; Gezhi Technology, Chengdu, China) was employed to monitor exercise intensity in real time, ensuring safety and facilitating necessary adjustments.



2.4 Measures

To evaluate baseline and 6-month PA levels in individuals with IDD, we employed ActiGraph GT3X+ (ActiGraph LLC, Pensacola, FL) triaxial accelerometers. The effectiveness of ActiGraphs in measuring PA levels among IDD students was validated (27, 28). Prior to testing, parents and teachers received training on the proper placement of the accelerometer on the right hip joint (29). IDD students wore the accelerometer continuously for 7 days (5 weekdays and 2 weekends) (30), Removing it only during bathing and sleeping, researchers contacted parents daily to ensure compliance and inquired about accelerometer wear. Real-time supervision occurred during school hours. We applied Choi’s criteria for accelerometer valid data selection to calculate wearing and non-wearing times (31). In line with Chinese adolescent and children’s PA recommendations (32), the accelerometer sampling interval was set at 1 s with a frequency of 60 Hz. Light physical activity (LPA) was defined as 100 to 2,799 counts per minute (CPM), while moderate-to-vigorous physical activity (MVPA) was classified as activity intensity exceeding 2,800 CPM. Assessments were conducted before the intervention, after the intervention, and at a 2-month follow-up following the trial’s conclusion.

Considering the subjective experiences of children with IDD, the WHOQOL-DIS-ID scale was selected to assess their QoL (33). Numerous studies have established its validity and reliability (34, 35). Participants responded to 12 items, each offering five possible answers.

The Physical Activity Enjoyment Scale (PACES) (36) is used to assess enjoyment of PA and has been proven to be reliable and valid. The questionnaire consists of 16 questions rated on a 5-point scale. The scale consists of 9 positively worded items and 7 negatively worded items. Scores for the 7 negatively worded items are reverse-coded and then combined with the scores for the positively worded items. Higher total scores indicate greater levels of enjoyment.



2.5 Statistical analyses

All statistical analyses were performed using SPSS version 23.0. Data are presented as mean ± standard deviation (M ± SD). The Shapiro–Wilk test was used to assess the normality of the data distribution. For normally distributed data, paired sample t-tests were conducted to evaluate within-group changes. For non-normally distributed data, the Wilcoxon signed-rank test was employed. Accelerometer data, including sedentary time and MVPA, as well as QoL scores, were analyzed using repeated measures ANOVA. Post-hoc analyses were conducted in instances of significant findings. Greenhouse–Geisser correction was applied when the assumption of sphericity was violated.




3 Results


3.1 Participant characteristics

As shown in the flow chart (Figure 2), among the 40 participants, 4 withdrew during the intervention: 2 due to lack of effective support from guardians for family reasons, and 2 in the later stages of the trial due to an inability to continue with follow-up tests after contracting influenza.

[image: Flowchart depicting a study enrollment and allocation process: forty participants were assessed, four excluded, and thirty-six randomized equally into intervention and control groups. No participants withdrew, and all thirty-six were analyzed throughout pre-test, post-test, and follow-up phases.]

FIGURE 2
 Study flow chart.


A total of 36 participants completed the trial, with 58.3% being male and 41.7% female, and an average age of 16.44 years (± 0.73). Among these participants, 23 were diagnosed with mild intellectual disabilities, while 13 were classified with moderate intellectual disabilities. The cohort also included four students with Down syndrome and three students on the autism spectrum. Additionally, one participant designated their sister as the primary contact for the study due to parental circumstances (see Table 1).



TABLE 1 Descriptive characteristics of participants.
[image: Table comparing control and intervention groups, each with eighteen participants, by age, height, weight, IQ, BMI, gender, intellectual disability severity, and comorbidities. Most participants have mild ID and are boys.]



3.2 Primary outcome

Figure 3 displays the health outcomes of participants in both the IG and CG over a 6-month period, with assessments at T1 (pre-intervention), T2 (6 months post-intervention), and T3 (2-month follow-up). The findings reveal that modifications to the physical education curriculum in the CG did not result in meaningful changes in MVPA, sedentary behavior, QoL scores, or PACES assessments. Conversely, the IG exhibited a noteworthy increase of 19.1 min in MVPA and a reduction of 56.34 min in sedentary time following the intervention. Furthermore, improvements were noted in QoL, with WHOQOL-DIS-ID scores rising by 5.05, and PACES scores increasing by 7.12, all with p-values below 0.001.

[image: Four grouped violin plots compare control and intervention groups across three time points for (A) moderate-to-vigorous physical activity, (B) sedentary behavior, (C) WHOQOL-DIS-ID scores, and (D) physical activity enjoyment. Each plot shows means, confidence intervals, and significant p-values. Time or scores are plotted on the y-axis, with intervention group improvements most evident at T2 and T3, especially for physical activity and enjoyment.]

FIGURE 3
 Changes in PA, WHOQoL-DIS, and PACES among Children with IDD. (A) Changes in MVPA; (B) Changes in Sedentary Behavior; (C) Changes in the WHOQoL-DIS-ID; (D) Changes in the PACES.


At the 2-month follow-up (T3), while some metrics in the IG showed a decline, participants still engaged in 5.64 more minutes of MVPA and reduced sedentary behavior by 15.49 min compared to the CG. Additionally, PACES scores remained 4.44 points higher in the IG, with p-values consistently below 0.001. These results suggest that the intervention may promote the development of long-term healthy behaviors among children with IDD, despite no significant change in WHOQOL-DIS-ID scores (p = 0.914).




4 Discussion

Numerous studies have established the pivotal role of parental support in fostering the healthy development of children with IDD (37–39). However, translating this support into practical applications presents significant challenges. This research offers the first empirical evidence highlighting the importance of remote collaborative family activities in sustaining long-term healthy behaviors among children with IDD, thereby enhancing the existing body of literature. Our approach uniquely combines an online platform with a family-oriented PA program, delivering real-time feedback and personalized support tailored to the specific needs of each child. This innovative integration not only encourages active parental engagement, thereby strengthening their role in promoting their children’s health behaviors, but also effectively mitigates barriers that traditional school-based methods may overlook. In comparison to broader school interventions, this model provides a more comprehensive and adaptable strategy for maintaining behavioral change, emphasizing the crucial involvement of families in supporting the health and well-being of children.

Regular participation in physical activity offers numerous lifelong benefits. However, children with IDD face multiple barriers that hinder their engagement and maintenance of physical activity (40, 41), with the role of parents being particularly significant (38, 42). Common obstacles include a lack of parental support, excessive vigilance and protection, and insufficient knowledge about physical activity (43, 44). Addressing these barriers should be a primary focus in promoting physical activity among children with IDD. Parents play an essential role by creating a supportive activity environment, providing emotional encouragement, and instilling healthy values (14, 43). Our findings provide empirical support for this perspective and offer new insights for designing physical activity programs that support parents. Specifically, a family-based activity model facilitated through remote collaboration effectively addresses these challenges, presenting new opportunities for enhancing the health behaviors of children with IDD.

Multiple studies have demonstrated that structured school-based PA positively impacts the health of children with IDD, such as Wang’s 12-week school-based physical intervention, which effectively improved obesity and health-related physical fitness (HRPF) in children with IDD (45). Despite these benefits, children with IDD face various limitations to participation, raising questions about whether school-based activities alone can enhance their PA levels and foster long-term healthy behaviors (18, 52). Our findings support this concern, as the control group showed no significant improvement in physical activity levels, even with some adaptations to the physical education curriculum. When promoting physical activity for children with IDD, it is essential to consider individual factors such as physical skills, cognitive abilities, and self-efficacy, alongside interpersonal influences from teachers, peers, and parents, as well as environmental constraints like community resources and weather conditions (20, 46–48). While existing research underscores the role of physical education classes and recess in facilitating MVPA for children with IDD (49), our results indicate that relying solely on school-based activities may yield limited benefits and fail to sustain long-term healthy behaviors. Therefore, future research should explore the diverse barriers and facilitators influencing participation in physical activity among children with IDD. A focus on parental education and strategies to enhance children’s ongoing engagement will be crucial for fostering sustained behavioral improvements in this population.

The results of the 6-month intervention revealed significant improvements in the PA levels of children with IDD, accompanied by a reduction in sedentary behavior and positive effects on their QoL. Most studies have confirmed that improvements in QoL are closely associated with increased PA (50, 51). This study not only corroborates this relationship but also suggests that this perspective can be extended to the IDD population. The follow-up assessment conducted 2 months later further validated our hypothesis that incorporating family-based physical activities as a supplement to extracurricular activities not only enhances children’s well-being but also fosters the potential for them to maintain active lifestyles and continue engaging in physical activities in the future.

In summary, family-based PA facilitated through remote collaboration offers new insights for promoting the overall well-being of children with IDD. This approach enhances parental involvement in their children’s PA, thereby supporting the maintenance of long-term healthy behaviors. Furthermore, we anticipate that the application of this method will extend beyond improving the QoL for individuals with IDD, potentially benefiting other disability groups that require personalized exercise interventions.



5 Study limitations

While this study provides valuable insights, it is important to acknowledge several limitations. First, the relatively small sample size may restrict the generalizability and applicability of the findings. Second, the potential variability in family engagement is a significant limitation, as differences in parental availability, motivation, and understanding of the intervention may affect the consistency and effectiveness of participation in the family-based activities. Future research should address these gaps to better inform the development of tailored programs for children with IDD.



6 Conclusion

Family-based physical activities facilitated through remote collaboration have proven effective in improving the PA levels and QoL of children with IDD. This model offers new insights into how to develop exercise programs that actively involve parents and provides empirical evidence to support this approach. Furthermore, the findings underscore the challenges associated with relying solely on school-based physical activities to enhance participation among children with IDD, indicating a need for more targeted and motivationally engaging structured activities.
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Background: Rheumatoid arthritis (RA) is a common rheumatic disease that most commonly affects joints and negatively impacts individuals’ health-related quality of life (HRQoL). Although some studies have explored HRQoL of RA patients, existing studies treated RA patients as a homogeneous group based on their overall HRQoL and ignore the heterogeneity of patients’ HRQoL patterns. This study aimed to identify subgroups of RA patients based on their HRQoL and variables associated with group membership.
Methods: This was a multi-center cross-sectional study conducted at 3 tertiary hospitals. All participants completed standardized questionnaires including demographic variables, HRQoL, physical function, disease activity and self-efficacy. Latent profile analysis was used to identify the optimal number of subgroups (profiles) and multinomial logistic regression analysis was used to explore variables associated with profile membership.
Results: The analysis revealed 3 profiles of RA patients: poor HRQoL (N = 92, 60.9%), moderate HRQoL but poor role function (N = 45, 29.8%), good HRQoL (N = 14, 9.3%). Regression analysis revealed that patients with worse physical function were more likely to belong to “poor HRQoL” and “moderate HRQoL but poor role function” profile. Additionally, patients with junior high school or below educational level were less likely to belong to “moderate HRQoL but poor role function” profile.
Conclusion: This study identified 3 profiles of HRQoL within RA patients and found that physical function and educational level was associated with HRQoL profiles. The finding can provide the basis for developing tailored interventions to specific subgroups of RA patients.
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1 Introduction

Rheumatoid arthritis (RA) is one of the most common chronic autoimmune diseases (1). The prevalence of RA in the worldwide ranges between 0.5 and 1.0%, and approximately 5 million people in China suffer from this disease (1, 2). RA is characterized by joint pain, stiffness and swelling, leading to joint damage and disability, which limited patients’ ability to perform daily activities and work, such as writing, dressing, and walking (3). Previous studies revealed that RA patients are at a higher risk for developing psychological disorders (e.g., depression, anxiety) due to the long-term and unpredictable RA (4, 5). RA patients also occur sickness absence and work disability due to the symptoms of RA (6). Thus, RA significantly impacts the physical, psychological, and social aspects of patients’ daily lives, and negatively affects patients’ health-related quality of life (HRQoL). RA is uncurable, and the treatment goal of RA is to optimize HRQoL through controlling disease and minimizing the impact of the disease (7). HRQoL is a multidimensional concept that encompasses an individual’s perception of their position in life in the context of the culture and value systems in which they live, and in relation to their goals, expectations, standards and concerns (8). Incorporating HRQoL assessment into rheumatology care may help healthcare providers develop more patient-centered intervention and improve RA patients’ health-related outcomes (9).

Previous studies have explored the HRQoL and its associated factors in patients with RA (9, 10). These studies (10–13) revealed that RA patients’ HRQoL was more impaired compared with general population, spondyloarthritis patients, and physical component of HRQoL was more impaired than mental component. The Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) was the most widely used tool to assess RA patients’ HRQoL. SF-36 includes 36 items, covering 8 domains: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH) (14). The studies (12, 13) focusing on HRQoL in RA patients predominately evaluated the level of HRQoL and the demographic and clinical factors associated with HRQoL. These studies presented RA patients’ HRQoL as an overall score, which limited understanding of nuances in the diverse HRQoL and the utility of these scores as screen tool for health outcomes (15). Thus, exploring distinct patterns of HRQoL across multiple domains may help healthcare providers understand RA patients’ HRQoL well.

Latent profile analysis (LPA) is a personal-centered approach to identify subgroups within a population based on patterns of responses across multiple variables (16). LPA has been successfully used in diverse population, such as older patients (17), connective tissue diseases (CTD) (18), and students (19). Dyball et al. (18) evaluated the HRQoL profiles of CTD patients, and identified 3 latent profiles, including poor, average, and excellent HRQoL. This method enables us to identify whether there are distinct groups of individuals with similar patterns of HRQoL (17, 18). LPA can identify specific HRQoL profiles and who are most in need of intervention, which can provide basis for developing targeted interventions and enhance the effectiveness of intervention strategies.

To our knowledge, no published study used LPA specifically to identify HRQoL profiles in Chinese patients with RA. Identifying RA patients’ HRQoL profiles can contribute to developing targeted interventions to prompt HRQoL for RA patients. Based on these findings, this study aimed to use LPA to identify distinct HRQoL profiles in RA patients, and to explore demographic and clinical factors associated with different subgroups of HRQoL.



2 Methods


2.1 Study design

This study was a multicenter cross-sectional study conducted in three tertiary hospitals, including West China hospital, Deyang people’s hospital, and Hospital of Chengdu University of Traditional Chinese Medicine. This study recruited RA patients from November 2021 and March 2022.



2.2 Ethical considerations

This study was conducted in accordance with the Helsinki Declaration. Ethical approval was obtained from West China Hospital Medical Ethics Committee (ID: 20211368). This study also received permission from the other two hospitals. All participant provided written informed consent before they participated this study.



2.3 Participants

Participants were recruited from the Rheumatology and Immunology Departments of the three tertiary hospitals. We included participants if they: (1) were diagnosed with rheumatoid arthritis according to EULAR/ACR classification criteria (20); (2) were at least 18 years old; (3) could read or communicate in Chinese; (4) were willing to participate in this study. We excluded participants if they had: (1) other severe disease that may affecting HRQoL; (2) mental or cognitive impairment.



2.4 Measures


2.4.1 Socio-demographic and disease-related characteristics

The socio-demographic and disease-related variables included age, gender, educational level, marital status, per capita monthly household income, symptom duration, diagnosis duration, and medication use. Medication mainly included conventional disease-modifying antirheumatic drugs (cDMARDs), biological or targeted synthetic DMARDs (b/tsDMARDs), and traditional Chinese medicine.



2.4.2 Health-related quality of life

Health-related quality of life was assessed using the Chinese version of the Medical Outcomes Study Short Form 36-item Health Survey (SF-36) (21). This instrument can evaluate diverse aspects of individual’s well-being and health status. SF-36 includes 36 items with eight domains: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH) (14). The 8 domains were summarized into two summary score: Physical Component Summary (PCS) and Mental Component Summary (MCS) (22). The scores of 8 domains and 2 component summaries ranges from 0 to 100, and higher scores indicate better HRQoL (14). SF-36 has been widely used to measure HRQoL of diverse population, such as general population, RA patients, and arthritis patients (21, 23, 24).



2.4.3 Self-efficacy

Self-efficacy was measured by Chinese version of Arthritis Self-Efficacy Scale-8 (ASES-8) (25). ASES-8 was developed from the original 20-item ASES which includes 3 subscales related to pain, function, and other symptoms. The ASES-8 comprises 2 items from pain subscale, 4 items from other symptom subscale, and 2 new items related to preventing pain and fatigue from interfering with things the patients want to do (25, 26). Each item is scored from 1 (very uncertain) to 10 (very certain) based on patients’ ability to deal with symptoms of arthritis (27). The score of ASES-8 ranges from 1 to 10, and a higher score of ASES-8 represents higher self-efficacy (26). The ASES-8 had good reliability and validity in RA patients (25, 27).



2.4.4 Disease activity

Disease activity was measured by Clinical Disease Activity Index (CDAI) (28–30). CDAI is a widely used tool for assessing disease activity in patients with RA. This index comprehensively considers 4 key indicators, including swollen joint count (SJC), tender joint count (TJC), patient’s global visual analog scale (PGV) and physician’s global visual analog scale (PhGV) (30). In the context of CDAI, disease states are defined by specific scoring ranges: remission (CDAI ≤2.8), low disease activity (2.8 < CDAI ≤10), moderate disease activity (10 < CDAI ≤22), and high disease activity (CDAI >22). CDAI is widely used in clinical trials and research (30).



2.4.5 Physical function

Physical function was measured by health assessment questionnaire (HAQ) (31). HAQ is widely utilized to evaluate functional status in patients with arthritis (32, 33). HAQ includes 20 items to assess patients’ dressing and grooming, arising, eating, walking, hygiene, reaching, griping, and errands and chores (32). Each item is scored on a scale ranging from 0 to 3, where 0 represents no difficulty, and 3 indicates inability to perform the task. The 20 items are categorized into 8 functional categories with each category given a single score equal to the maximum value of their component items (33). The HAQ score ranges from 0 to 3, and a higher scores reflects worse physical function (34).




2.5 Data collection

We selected investigators worked in the selected hospitals to ensure patients’ privacy and quality of data collection. Investigators worked in the selected hospitals were fully informed about patient confidentiality requirements, which could ensure that the process of data collection adhered strictly to privacy regulations. Additionally, investigators in the hospitals have direct access to patients and medical records, which allowed the investigators to collect data accurately. Thus, we selected the investigators worked in the selected hospitals. Then, we trained the investigators about the research protocol and the content of questionnaires. Trained investigators collected data using the printed questionnaires and checked the completed questionnaires. Investigators invited patients to participate this study when RA patients come to hospital. Patients completed the questionnaires after they agreed to participate and provided informed consent form.



2.6 Statistical analysis

Data analyses were performed using SPSS Statistics Version 26.0 (IBM Corp., Armonk, NY, USA) and Mplus Version 7.0 (Muthén and Muthén, Los Angeles, CA, USA). Latent profile analysis (LPA) is a statistical method for identifying homogeneous subgroups of individuals based on a set of continuous measured variables. LPA was conducted to classify the participants into subgroup with respect to the eight domains of SF-36. A single profile was initially executed, and this profile number gradually increased to 4. We used the Bayesian information criterion (BIC), the Akaike information criterion (AIC), and the sample size adjusted Bayesian information criterion (SABIC), bootstrap sequential likelihood ratio test (BLRT), and Vuong-Lo-Mendel-Rubin adjusted likelihood ratio test (LMRT) to compare fits of models and numbers of latent profiles (LP). Entropy was reported to evaluate the classification accuracy, and values ≥0.8 indicated a good profile solution. A one-way analysis of variance (ANOVA), Kruskal-Wallis and χ2 test was conducted to determine whether there were differences in variables across the profiles. Multinomial logistic regression analysis was used to explore the relationships between patient-level characteristics and LP membership, with profile 3 (good HRQoL) as the reference group.




3 Results


3.1 Participants’ characteristics

We included 151 RA patients with a mean age of 57.97 (SD = 11.64, ranging from 20 to 86) years. Most of the participants were female (72.8%), married (86.8%). Around half participants had primary school or below (45.0%) educational level and income < ￥2000 (58.3%). The median symptom and diagnosis duration were 6, 4 years, respectively. The mean scores of disease activity and self-efficacy were 22.32 and 4.75, respectively. We also described 8 domain score of SF-36. Participants’ characteristics are presented in Table 1.



TABLE 1 Participant characteristics (N = 151).
[image: Table displaying demographic and clinical characteristics, medication use, and quality of life measures for a study sample. Variables include age, gender, marital status, education, income, medication types, symptom and diagnosis duration, disease activity, physical function, self-efficacy, and several health-related quality of life scales, each reported with descriptive statistics and ranges.]



3.2 The results of latent profile analysis

LPA were performed with the 8 domains of SF-36 as input variables. We tested the models with 1 to 4 profiles. The model fit statistics of the four LPA models are shown in Table 2. AIC, BIC, SABIC and entropy decreased with the increasing numbers of latent profiles. The entropy value was high (>0.8) for all latent profile models. The LMRT was statistically significant (p < 0.05) with 3-profile model. The BLRT values remained significant (p < 0.05) for all profile models. Based on these statistics, a 3-profile model was selected.



TABLE 2 Comparison of fit indices between models.
[image: Table compares four statistical models using AIC, BIC, SABIC, Entropy, LMRT, BLRT, and class counts. The three-profile model, highlighted in bold, was selected due to optimal fit indices.]

Table 3 and Figure 1 show the SF-36 domain scores of the 3-profile model. One-way ANOVA analysis and Kruskal-Wallis test revealed that there were significant differences between the 3 profiles for PF (F = 26.416, p < 0.001), RP (H = 86.748, p < 0.001), RE (H = 53.636, p < 0.001), VT (F = 46.400, p < 0.001), MH (F = 43.558, p < 0.001), SF (F = 137.911, p < 0.001), BP (F = 22.078, p < 0.001), GH (F = 41.987, p < 0.001). Profile 1 (N = 92, 60.9%) was characterized by low scores of all domains and was labeled “poor HRQoL.” Profile 2 (N = 45, 29.8%) was characterized by moderate scores of PF, BP, GH, VT, SF, MH, but poor RP and RE scores. Thus, profile 2 was labeled “moderate HRQoL but poor role function.” Profile 3 (N = 14, 9.3%) was characterized by high scores across all domains and was labeled “good HRQoL.”



TABLE 3 Comparison of socio-demographic and clinical variables among different health-related quality of life profiles.
[image: Table comparing three classes for sociodemographic, medication use, and health-related quality of life (HRQoL) variables, with statistical values and significant p-values highlighted for age, educational level, disease activity, physical function, self-efficacy, and all HRQoL metrics.]

[image: Line graph comparing three classes—class 1 (blue circles, 60.9%), class 2 (orange triangles, 29.8%), and class 3 (gray circles, 9.3%)—across PF, RP, BP, GH, VT, SF, RE, and MH categories, showing distinct value trends for each group on a zero to one hundred scale.]

FIGURE 1
 The three-profile mode of HRQoL. PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.




3.3 Factors associated with latent profiles

Table 3 shows that there were differences between profiles on age, educational level, disease activity, physical function, and self-efficacy (all p < 0.05). Table 4 outlines the results of multinomial logistic regression analysis identifying the association between participants’ characteristics and profiles. Patients with higher HAQ scores were more likely to classify into profile 1 (poor HRQoL; OR 61.162, 95%CI 4.066, 919.918) and 2 (moderate HRQoL but poor role function; OR 16.574, 95%CI 1.100, 249.725) compared with profile 3 (good HRQoL). RA patients with educational level of junior high school (OR 0.084, 95%CI 0.009, 0.762) and primary school or below (OR 0.118, 95%CI 0.014, 0.965) were less likely to belong to profile 2 (moderate HRQoL but poor role function) compared with higher educational level.



TABLE 4 Multinomial logistic regression analysis of factors associated with profiles.
[image: Table comparing variables between Profiles 1 and 2 using odds ratios, confidence intervals, and p-values. Significant results for Profiles 1 include physical function (p = 0.003). For Profiles 2, significant results include physical function (p = 0.042), primary school or below (p = 0.028), and junior high school (p = 0.046), all bolded. Reference group is profile 3, with educational level referenced as senior high school or above.]




4 Discussion

This study aimed to use a patient-centered approach-LPA to identify HRQoL latent profiles in RA patients and determine patient-level characteristics (e.g., demographic and clinical factors) associated with profile membership. In the current study, LPA identified three distinct HRQoL profiles (poor HRQoL, moderate HRQoL but poor role function, good HRQoL). This result was consistent with previous studies (17, 18, 35). Băjenaru et al. (17) applied LPA to identify 3 distinct QOL profiles in older patients: low and very low, moderate, and high quality of life. Liu et al. (36) recruited 354 older adults from nursing home and identified 3 latent quality of life profiles: low quality of life with poor psychological health, moderate quality of life, and high quality of life. Dyball et al. (18) used SF-36 to detect 3 latent HRQoL profiles among patients with CTD. We also found that worse physical function and lower educational level were associated with poor or moderate HRQoL profiles. These findings could help healthcare providers develop more targeted interventions for patients with distinct HRQoL profiles.

The largest group (poor HRQoL) was characterized by low scores across all 8 domains of SF-36 and accounted for 60.9% of RA patients. The second largest group was “moderate HRQoL but poor role function,” accounting for 29.8% of RA patients. This profile was characterized by moderate scores in most domains but poor scores in RP and RE, which means patients in this group facing challenges related to role limitations due to physical and emotional health. The third profile was good HRQoL with high scores across all domains, accounting for 9.3% of RA patients. Our study found that the majority of RA patients had poor HRQoL. Previous studies (17, 36) revealed that the majority of older people had moderate HRQoL. Dyball et al. (18) found that 61.4% CTD patients reported average HRQoL. Our results confirmed that RA patients’ HRQoL were more impaired than general population and patients with other disease (11, 13, 37). Healthcare providers should provide more intensive care for patient classified into poor HRQoL profile, and recognize the unique needs of individuals with moderate HRQoL. Thus, tailored interventions should be conducted for patients classified into different latent profiles.

We also identified factors associated with latent profiles. In the current study, RA patients with worse physical function were more like to belong to poor and moderate HRQoL profile. This finding is in line with previous studies which reveals that worse physical function is associated with lower HRQoL (12, 38). Santos et al. (39) revealed that physical function is one of the major HRQoL determinants in spondyloarthritis patients. Carvalho et al. (38) revealed that physical function is the main contributor to HRQoL in patients with RA and spondyloarthritis (SpA). Pharmacological treatment, exercise interventions, and educational interventions are effective to improve RA patients’ physical function (40–44). Thus, complex interventions that incorporate multiple intervention component are required to prompt RA patients’ physical function and HRQoL. Our study also found that RA patients with the educational level of junior high school or below were less likely to belong to profile 2 compared with high educational level. Rao et al. (45) found that low sociodemographic status was positively associated with poor HRQoL among arthritis patients. The finding suggests that developing and conducting interventions for improving HRQoL should consider patients’ educational level.


4.1 Limitation

The strengths of this study are conducting multicenter study and focusing on a person-centered approach by using LPA to identify profiles of HRQoL, but there were also several limitations. Firstly, the cross-sectional study design cannot examine causation or examine temporal changes in HRQoL profiles. Longitudinal studies can be conducted to identify the predictors of the HRQoL profiles and how the profiles evolve over time. Secondly, the generalizability of this study may be limited by small sample size because all participants were recruited from three hospital of Deyang and Chengdu. Future multicenter studies with large sample size would enhance the external validity of the findings.




5 Conclusion

This study identified 3 distinct profiles of HRQoL among RA patients using LPA: poor HRQoL, moderate HRQoL but poor role function, good HRQoL. The majority of RA patients belonged to poor HRQoL. We found that educational level and physical function were associated with HRQoL profiles. Tailoring interventions based on the identified profiles can enhance the effectiveness of care, addressing the specific needs of each subgroup.
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Introduction: Patient-centered communication is an essential skill in nursing, particularly in the care of older adult patients. However, generation Z nursing students, who primarily communicate through digital platforms, face unique challenges in adapting to traditional face-to-face communication with older adults. As a result, there is a need for teaching methods that align with this generation's learning style to enhance their communication skills. This study aimed to compare the effectiveness of two teaching methods—standardized patient simulation and role-play—on nursing students' acquisition of patient-centered communication competence in older people care.
Methods: A controlled cluster-randomized trial was conducted with 124 nursing students, divided into eight teaching groups. Students participated in either a standardized patient simulation or a role-play workshop, each consisting of a 1.5-h online module and a 1.5-h face-to-face session. The three components of patient-centered communication competence—knowledge, skills, and self-efficacy—were assessed using simulated scenarios at pre-test, post-test, and 6-week follow-up. Between-group and within-group differences were measured based on the number of students who achieved competence.
Results: Both interventions significantly improved students' knowledge, skills, and self-efficacy in patient-centered communication between pre- and post-tests, with improvements maintained at follow-up. No significant differences were found between the two methods.
Conclusions: Both standardized patient simulation and role-play are effective in enhancing patient-centered communication competence in older people care. However, neither method was found to be superior in teaching knowledge, skills, or self-efficacy.
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1 Introduction

Older people, defined as aged 65 and over, account for more than 9% of world population (1). The increase in life expectancy, as well as medical advances, has stimulated the growth of this demographic group and, therefore, the demand for economic, social, and health resources (2). Older people often have several chronic diseases, and they experience a decrease in their abilities that exacerbates their frailty and vulnerability (3). This situation leads to an increased use of health system, involving frequent contact between nurses and these patients.

Nursing care for older people involves a set of specialized competences to meet the needs of this group and to provide holistic and quality care. Patient-centered care seems to be the best approach to care for older people since it promotes their participation in healthcare and it fosters their autonomy, improving their quality of life (3). This patient-centered care is based on a good nurse-patient communication that allows understanding of the needs of these patients and stimulating decision-making according to their principles (4). However, several studies have shown that nurses often report difficulties communicating with older people and managing their emotions appropriately (2). Furthermore, attitudes toward older people have traditionally been negative, related to strong social stereotypes about aging (5). Beyond this, generational differences between older people and new generations of nurses seem to increase nurse-patient communication difficulties (6).

Currently, five generational cohorts coexist in our society, and they understand the world from quite different perspectives. The newest generation of nursing students belongs to what has been called generation Z. People in this generation have always had the Internet and smartphones present in their lives. In this way, social media is their normal way to communicate, using visual content and messaging apps to be constantly connected (6). This way of communication is completely different from previous generations (7), so, when nursing students need to talk and communicate with older people, they report having difficulties. They report problems starting a conversation or asking basic questions. Furthermore, they do not feel qualified to adjust the information to these patients, determine their emotional concerns and needs, and to support those who are experiencing a problematic health situation (8, 9).

All qualified nurses should achieve general, transversal, and specific competencies. General competencies refer to broad skills required in various contexts, such as critical thinking and problem-solving. Transversal competencies are essential skills that cut across different areas of professional practice, including communication, teamwork, and leadership. Specific competencies are specialized skills tailored to a particular area of practice, such as geriatric care or pediatric nursing. Among these, patient-centered communication is defined as a transversal competence focused on transferring information through verbal and non-verbal behaviors to establish a therapeutic relationship with patients and their families (10, 11). Being competent implies presenting the ability to use knowledge, skills, and attitudes appropriately (12, 13). Moreover, it is known that, along with knowledge and skills, students should have a high level of self-efficacy, which is defined as the belief in the ability to act effectively (14). Globally, patient-centered communication is conceived as a core component of nursing training, therefore several teaching methods have been developed to help nursing students to acquire competence in terms of knowledge, skills, and self-efficacy. Nursing students, given their generational characteristics, learn better through observation and practice, rather than with lectures (6, 15). Thus, methodologies such as standardized patient simulation or roleplay have been shown to foster the acquisition of this competence because these strategies are based on experiential learning activities (16, 17).

Standardized patient simulation is considered a good method to increase patient safety and to promote patient-centered communication. This strategy offers a high level of realism because it involves actors performing as patients in different clinical scenarios (18). However, this method is applied in small teaching groups, and since its implementation involves more complex scenarios and trained actors, it usually implies a high investment of resources (18–21). On the other hand, roleplay requires less time and financial investment since it can be applied in larger groups in which students play different roles to solve a specific clinical situation (19, 20, 22). However, this method assumes less realism and students usually report not feeling comfortable doing the performances (23).

Currently, few studies have compared the effectiveness of these methods in acquiring patient-centered communication skills (21, 24–26). Studies using standardized patient simulation found an improvement in skills and self-efficacy (26, 27). On the other hand, some research showed that roleplay leads to an improvement in communication skills compared to lectures and discussion groups (17, 25, 28). However, to the best of our knowledge, the effects of these methods in the acquisition of patient-centered communicative competence in older people care have not been compared. The aim of this study was to compare the effects of two teaching methods (standardized patient simulation vs. roleplay) on the acquisition of patient-centered communication competence in the care of older people among nursing students that belong to generation Z.



2 Materials and methods


2.1 Design

A controlled clustered randomized trial design was used.



2.2 Sample and recruitment

Students' clusters were divided into two training groups: the standardized patient simulation group or the role-play group (Figure 1). The research was carried out at [Universidad de Almería] between September 2017 and February 2018 and is related to another previously published study that had the same sample of participants (29).


[image: Flowchart depicting a randomized controlled trial with 126 students divided into a standardised patient group and a role-play group, detailing pre-test, intervention activities, post-test, and retention-test phases, including participant numbers at each stage.]
FIGURE 1
 Flowchart for study design.


Participants' inclusion criteria were: 1. to be at least 18 years old, 2. to belong to Generation Z, 3. to be enrolled in the “Older adults Care” module of the nursing degree at the [Universidad de Almería], and 4. not to have received any formal training in patient-centered communication. G-power® version 3.1.9.4 was used to calculate the sample size and power analysis was performed based on the differences between two proportions. In order to achieve a 95% confidence level and 80% power to detect statistically significant differences (p < 0.05), the estimated sample size was 56 subjects per group. Since all students enrolled in the “Older adults Care” module volunteered to participate and considering potential losses to follow-up, a total sample of 126 was initially recruited for the study. The sociodemographic characteristics gathered were age, sex, and educational level.



2.3 Data collection

Randomization was carried out at a cluster level. Eight teaching groups of 16–18 students were previously established by the faculty administrative staff. Organizationally, when a teaching group is attending a face-to-face session for a given module, the rest of the groups are also attending sessions for other modules; hence why randomization could not be performed at an individual level. For this study, the teaching groups were considered as clusters and each cluster was blindly assigned a numerical code [1–8]. Using Research Randomizer® v.4.0, each cluster was randomly allocated to either the standardized patient simulation group or the role-play group.

The summary of the teaching protocol can be seen in Figure 1. Both groups completed a 3-h workshop on patient-centered communication in older people care. This workshop was comprised of a 1.5 h online module which included video-recorded lessons and knowledge tests, and a 1.5 h face-to-face session based on standardized patient simulation or role-play. The face-to-face session started with a brief review of the main concepts about patient-centered communication in older people care based on the SAGE & THYME communication model. This model emphasizes building rapport, understanding patients' needs, and responding empathetically, which is key for fostering effective communication (30). Students then observed and analyzed a nurse-patient interaction performed by two actors (standardized patient simulation) or two facilitators (role-play). After that, in the standardized patient simulation group, the training was carried out with an actor who played an older patient in three different scenarios. Thus, a student interacted with the actor on each setting and their peers observed them, to end up participating in a debriefing as recommended by the International Nursing Association for Clinical Simulation and Learning (31). The Gather-Analyze-Summarize (GAS) method was used on the debriefing to facilitate collecting information, reflect on it, and summarize the lessons learnt (32). In the role-play group, groups of four students were formed to work on four case studies. In each group, one student played the nurse role, another student acted as an older patient and the remaining students observed the interaction and gave feedback about those things that went well, those that could have been improved and a positive comment to take forward. In each case study, students exchanged roles so that they could practice the nurse role.

To ensure consistency and minimize bias, the same facilitator delivered all the training workshops. This facilitator had completed postgraduate courses on clinical simulation and had previous experience using role-play, ensuring the necessary expertise to guide both types of interventions. Additionally, all workshops followed a standardized structure, including identical durations for theoretical reviews, observation activities, and interactive components. In the standardized patient simulation group, the facilitator moderated the debriefing sessions, while in the role-play group, provided consistent feedback to participants. These measures were implemented to maintain intervention fidelity throughout the study.



2.4 Instruments

The competence in patient-centered communication in older people care was individually assessed before (pre-test), immediately after completion of the workshops (post-test) and 6 weeks after the intervention (retention test). To test psychomotor skills, students had to interact with a previously trained actor in a simulated scenario while a researcher observed their performances. All assessments were videotaped and two researchers separately marked participants' interactions.

The level of knowledge on patient-centered communication in older people care was assessed with the Person-Centered Communication subscale of a multiple-choice questionnaire (PCC-MCQ) (33). The PCC-MCQ comprised eight questions about the SAGE&THYME model (30) with five options and only one correct answer, including an “I don't know” answer. Its construct validity was good (ICC = 0.52).

The level of self-efficacy was assessed with the “Person-centered Communication Self-Efficacy Scale” (PCC-SES) of the “Clinical Communication Self-Efficacy Toolkit” (34). PCC-SES comprised 17 items rated on a scale 0–100, from “I'm sure I can't do it” to “I'm sure I can do it.” Its internal consistency was very good (Cronbach α = 0.93).

Psychomotor skills were assessed using the Person-Centered Checklist (PCC-Checklist) (33). The PCC-Checklist comprised 17 items on the skills needed to efficiently communicate with older people. Using a rubric, the items were rated on a scale of 0–5, from “not competent” to “fully competent.” Its internal consistency was excellent (Cronbach α = 0.95).



2.5 Outcome measures

In reference to the level of knowledge, following marking standards in the environment where the study was performed and taking into account similar studies' benchmarks, it was determined that it was necessary to achieve a score equal to or >70% on the PCC-MCQ (29, 35).

On self-efficacy, a score equal to or >70% was considered sufficient, as recommended by other authors in similar studies (29, 36, 37).

Regarding psychomotor skills, an average score of 3 points or more was considered adequate (36).

Finally, participants were considered to have achieved competence in patient-centered communication in older people care when they scored ≥70% on PCC-MCQ, ≥3 points on PCC-Checklist, and ≥70% on PCC-SES.



2.6 Data analysis

Statistical analysis of the data was performed using IBM® SPSS® v.25 for Windows. Firstly, a descriptive analysis of sociodemographic variables was conducted. The key baseline demographic variables were compared between the groups using independent t-tests for continuous data and chi-squared tests for categorial data. To know the effect of the interventions, the frequency and percentage of students who reached the benchmark in each component, as well as for competence in patient-centered communication in older people, were calculated at the pre-test, post-test, and 6-weeks follow-up. Between-subjects differences were assessed using the chi-Squared test. Meanwhile, within-subject differences were evaluated using the McNemar test. For these analysis, p-value < 0.05 was considered statistically significant.

Finally, a generalized estimating equation (GEE) analysis with logit link function was used to compare the differences in the counts and proportions of students who achieved competency within each intervention. In this case, Bonferroni correction was applied, and differences were considered statistically significant if p-values < 0.025.



2.7 Ethical considerations

The ethics committee of [Universidad de Almería] granted permission to conduct the study before beginning the recruitment phase. Eligible participants were provided with written detailed information about the study's aims and procedures, and those volunteering to participate signed an informed consent before enrolling in the study. Moreover, they were informed about their right to withdraw from the investigation without any academic consequences. All data were processed in accordance with the European Data Protection Legislation (38). The study was not registered.




3 Results


3.1 Sample characteristics

Table 1 shows the main demographic characteristics of the participants.


TABLE 1 Demographic characteristics of participants.

[image: Demographic and baseline characteristics table for SPG, RPG, and total sample showing age, gender, and education level with mean, standard deviation, sample sizes, percentages, t-test, chi-squared values, and p-values.]

The sample consisted of 77% (n = 97) female participants belonging to generation Z with a mean age of 22.53 ± 6.36 years old. Regarding the level of education, 97.6% (n = 123) had completed upper secondary education before entering the nursing degree (Table 1).



3.2 Intervention outcomes

The number of participants who achieved the safety benchmarks for knowledge, self-efficacy, and psychomotor skills of patient-centered communication in older people care competence, as well as general competence, in both intervention groups in the pre-test, post-test, and retention measures, is collected on Table 2. GEE analysis did not show statistically significant differences over time between groups for any of the variables studied (p > 0.05).


TABLE 2 Counts (proportions) of participants who achieved the benchmark for all variables measuring competence in patient-centered communication in older people care and GEE analysis.

[image: Data table compares knowledge, self-efficacy, communication skills, and overall patient-centered communication competence for Standardized Patient Simulation Group and Role-Play Group across pre-test, post-test, and retention-test, with percentages, B values, confidence intervals, and p-values included.]

Learning improvement from pre-test to post-test was compared for both interventions using the McNemar test (Table 3). The results showed a statistically significant improvement in the three components of the competence as well as on overall patient-centered communication in older people care competence in both intervention groups (p < 0.05).


TABLE 3 Counts (proportions) of dichotomous patient-centered communication competence components per group for pre-test and post-test.

[image: Table comparing pre-test and post-test outcomes in knowledge, self-efficacy, communication skills, and patient-centered communication competence between standardized patient simulation and role-play groups, with statistically significant improvements seen in all variables for both groups.]

Table 4 shows the results of the comparison of the level of knowledge, self-efficacy, skills, and overall patient-centered communication in older people care competence between the post-test and retention test. The McNemar's test results showed a decrease in knowledge and skills, as well as on overall competence in the standardized patient simulation group, although these differences were not statistically significant (p > 0.05). Regarding role-play group, a decrease in the success rates was also observed on self-efficacy and skills components and on overall competence, although the differences were not statistically significant either (p > 0.05).


TABLE 4 Counts (proportions) of dichotomous patient-centered communication competence components per group for post-test and retention-test.

[image: Data table comparing SPG and RPG groups for post-test and retention-test outcomes in knowledge, self-efficacy, communication skills, and patient-centered communication competence; includes sample sizes, percentages, and p-values for each measure.]

Lastly, the differences in the proportion of participants who achieved the benchmark for all the components and overall competence at pre-test and retention-test for both groups are shown in Table 5. Statistically significant differences between pre-test and retention-test measures were found in the three components of the competence as well as in overall patient-centered communication in older people care competence, regardless of the intervention (p < 0.05).


TABLE 5 Counts (proportions) of dichotomous patient-centered competence components per group for pre-test and retention-test.

[image: Data table comparing SPG and RPG groups on knowledge, self-efficacy, communication skills, and overall patient-centered communication competence, showing substantial improvements from pre-test to retention-test in both groups, with statistically significant p-values for all outcome measures.]

When comparing the success rates of the standardized patient simulation group and the role-play group applying the Chi-square test, no statistically significant differences were observed in the pre-test, post-test, or retention-test on any of the three components or in the overall patient-centered communication in older people care competence.




4 Discussion

The purpose of this study was to describe and compare the effects of two teaching methods (standardized patient simulation and roleplay) on the acquisition of patient-centered communication competence in older people care amongst nursing students that belong to generation Z. The number of students achieving a good level of competence was higher after applying both methods, leading to increased levels of knowledge, skills, and self-efficacy. However, no statistically significant differences were found between both methods for any of the studied variables.

Roleplay and standardized patient simulation have been shown to be effective methods for teaching communication skills to nursing students (17, 21, 25, 39). The combination of lectures, discussion groups, and the assumption of different roles to solve case studies have proved to improve students' self-efficacy, as well as their skills and knowledge of patient-centered communication (17, 25, 28). Along with these results, the use of standardized patients in more realistic scenarios and the subsequent debriefing with peers have also demonstrated good learning results in this competence (24, 26, 27). However, this study appears to be the first among nursing students of generation Z to compare the effectiveness of these two teaching methods in the acquisition of patient-centered communication competence in older people care.

Regarding knowledge, the results showed no statistically significant differences between standardized patient simulation and roleplay. These data are consistent with a study by Quail et al. (40) among speech pathology students, which showed no differences in communication knowledge between standardized patient simulation and virtual patient simulation. These results could be explained by the idea that these methods promote the development of helpful reflections and a greater awareness about what is important to communicate effectively with patients (41). In addition, discussion groups, observation, and feedback from peers or through debriefing may have promoted self-reflection and self-assessment and may have contributed to strengthen participants' knowledge (42–45).

In terms of self-efficacy, although there was a higher number of participants who reached a good level of competency between measures, no statistically significant differences were found when comparing both methods. These results are consistent with previous studies that applied standardized patient simulation (46, 47) and roleplay (17, 25, 48). Overall, participants obtained high levels of self-efficacy at pre-test, post-test, and retention measures which demonstrate they had good confidence in their communication skills with older people. Both interventions provided a safe environment where mistakes did not lead to serious consequences, so this could have made participants more confident when interacting with older adults (49, 50). Additionally, working in groups and receiving feedback on their performance could also facilitate this environment of security and trust (17). On the other hand, the fact that no differences were found between both interventions could be supported by the short duration of the workshops, which limited repetition, a key learning facilitator (17, 48, 51). However, it seems that both interventions allowed participants to become aware of their abilities and the relevance of the competence they were working on, which could have influenced their scores (51–53). Furthermore, the participants had no previous experience communicating with older people and they were going to start a clinical placement, so this could have resulted in greater motivation and an increase on their self-efficacy (17, 54).

Regarding skills, the results also showed a statistically significant increase in the number of participants who reached a good level of skills after both standardized patient simulation and roleplay, although no statistically significant differences were found between both methods. These results agree with previous studies that have applied some of these interventions (47, 48, 55, 56). This improvement in patient-centered communication skills could be explained by the fact that both interventions had a strict structure, with a very similar approach (44, 51). Additionally, the participants belonged to generation Z. In this way, the use of these experiential methods based on the assumption of different roles and modeling could have benefited the acquisition of these skills (44, 57). Lastly, these learning methods included student-lecturer interaction and feedback from classmates, both learning facilitators which could have promoted a better understanding of their roles and the way they were performing (17, 44).

Finally, our results showed that the success rates in knowledge, skills, and self-efficacy were higher after applying standardized patient simulation and roleplay. This implies that, regardless of the method, these generation Z participants were able to communicate better with older people, reducing the difficulties reported in previous research. Thereby, these outcomes could be explained by several factors. On the one hand, modeling, skill performance, and feedback were basic components of both interventions. These activities reduce the cognitive demands that learning such skills imposes on students (36) and promote the integration of competence (37, 58). Furthermore, this approach is based on self-directed training, as well as self-assessment, which could have increased motivation and could have made students more aware of their mistakes, promoting changes in their behaviors (37, 59). On the other hand, both interventions were carried out in scenarios that did not have the same characteristics as a clinical setting or a gerontology unit, and this could have made the participants feel uncomfortable, reducing the learning results (21, 25, 40, 46). In addition, a limited number of scenarios were used due to the short duration of the workshops, which could directly have influenced participants' learning outcomes by reducing the chances of practicing and observing their peers (17, 40, 48, 51).


4.1 Limitations

To the best of our knowledge, this is the first study that has sought to compare the implementation of two teaching methods in acquiring patient-centered communication competence in older people care. However, there are some limitations that may influence the interpretation of the results. First, the sample in this study came from a local university, with specific characteristics and met very specific inclusion criteria. This means that the outcomes cannot be generalized to other populations. Second, even though the interventions were well-defined, since they included a combination of activities, it is not possible to determine the effect of each activity on the outcomes. Third, the participants had no previous experience in standardized patient simulation, so they could have felt uncomfortable and nervous with this method, affecting their scores (17, 46, 48). Fourth, no formal pre-briefing was planned before starting the interventions, and evidence suggests this is necessary to establish a safe environment. Therefore, this could have affected participants performance (60). Fifth, we set the benchmark at 70% for all variables according to the marking systems in our environment, because there was no defined evidence-based benchmark to consider a sufficient level of competence in knowledge, self-efficacy, and skills. Finally, it is not possible to know how the levels of this competence have been maintained since only a 6-week follow-up was performed.



4.2 Implications

This study carries significant implications across nursing research, education, and practice. In research, it provides empirical support for the effectiveness of role-play and simulation in enhancing patient-centered communication in gerontology. This encourages further exploration of innovative pedagogical approaches. In education, it advocates for the incorporation of these methods into nursing curricula, equipping students with vital communication skills for older people care. In nursing practice, it underscores the importance of patient-centered, generational-aware communication, potentially elevating the quality of care for older adults in an aging population.




5 Conclusion

Standardized patient simulation and roleplay have proved to be two good methods for teaching patient-centered communication competence in older people care among nursing students that belong to generation Z. These interventions lead to a higher number of students acquiring and retaining knowledge, skills, and self-efficacy in this competence, although the results showed no superiority of any of these methods. This implies that the use of these methods allows students to overcome communication problems with older people and provide comprehensive care that improves the quality of life of these people. Future studies should focus on measuring participants' stress and anxiety levels of participants because these factors can influence the performance of students. Moreover, future research should conduct larger studies, including long-time interventions and medium-term follow-ups, to know the real impact of these interventions on patient-centered communication competence.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The study involving humans were approved by the Ethics Committee of the Department of Nursing, Physiotherapy and Medicine of the University of Almería. The study were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

AC-R: Conceptualization, Investigation, Writing – original draft. ML-R: Investigation, Writing – review & editing. PR: Investigation, Writing – review & editing. JG-M: Supervision, Writing – review & editing. CF-S: Supervision, Writing – review & editing. JH-P: Conceptualization, Formal analysis, Methodology, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Health Sciences Research Group (CTS-451) and the Center for Healthcare Research (CEINSA), both Universidad de Almería.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Banco Mundial. Población de 65 años de edad y más (% del total) (2022). Available at: https://datos.bancomundial.org/indicator/SPPOP65UPTOZS?end=2019&start=1960 (accessed March 18, 2023).
	 2. Adibelli D, Kiliç D. Difficulties experienced by nurses in older patient care and their attitudes toward the older patients. Nurse Educ Tod. (2013) 33:1074–8. doi: 10.1016/j.nedt.2012.04.002
	 3. Hafskjold L, Sundler AJ, Holmström IK, Sundling V, Van Dulmen S, Eide H, et al. cross-sectional study on person-centred communication in the care of older people: the COMHOME study protocol. Br Med J Open. (2015) 5:7864. doi: 10.1136/bmjopen-2015-007864
	 4. Williams KN, Perkhounkova Y, Jao YL, Bossen A, Hein M, Chung S, et al. Person-centered communication for nursing home residents with dementia: four communication analysis methods. West J Nurs Res. (2018) 40:1012–31. doi: 10.1177/0193945917697226
	 5. Deane WH, Fain JA. Incorporating Peplau's theory of interpersonal relations to promote holistic communication between older adults and nursing students. J Holist Nurs. (2016) 34:35–41. doi: 10.1177/0898010115577975
	 6. Christensen SS, Wilson BL, Edelman LS. Can I relate? a review and guide for nurse managers in leading generations. J Nurs Manag. (2018) 26:689–95. doi: 10.1111/jonm.12601
	 7. Mohile SG, Epstein RM, Hurria A, Heckler CE, Canin B, Culakova E, et al. Communication with older patients with cancer using geriatric assessment: a cluster-randomized clinical trial from the National Cancer Institute Community Oncology Research Program. J Am Med Assoc Oncol. (2020) 6:196–204. doi: 10.1001/jamaoncol.2019.4728
	 8. Serafin L, Danilewicz D, Chyla P, Czarkowska-Paczek B. What is the most needed competence for newly graduated generation z nurses? focus groups study. Nurse Educ Tod. (2020) 94:104583. doi: 10.1016/j.nedt.2020.104583
	 9. Sundler AJ, Hjertberg F, Keri H, Holmström IK. Attributes of person-centred communication: a qualitative exploration of communication with older persons in home health care. Int J Older People Nurs. (2020) 15:12284. doi: 10.1111/opn.12284
	 10. Ministerio de Ciencia e Innovación. Orden CIN/2134/2008, de 3 de julio, por la que se establecen los requisitos para la verificación de los títulos universitarios oficiales que habiliten para el ejercicio de la profesión de Enfermero (2008). Available at: https://www.boe.es/boe/dias/2008/07/19/pdfs/A31680-31683.pdf (accessed May 25, 2022).
	 11. Khodabandeh-Shahraki S, Abazari F, Pouraboli B, Dehghan-Nayeri N. Communication behaviors in nursing homes in South-East Iran: an ethnographic study. Iran J Nurs Midwifery Res. (2019) 24:137–43. doi: 10.4103/ijnmr.IJNMR_101_18
	 12. Anderson L. A Taxonomy for Learning, Teaching, and Assessing: a Revision of Bloom's Taxonomy of Educational Objectives. Boston, MA: Allyn&Bacon (2013).
	 13. Ko E, Kim HY. Effects of simulation-based education combined team-based learning on self-directed learning, communication skills, nursing performance confidence and team efficacy in nursing students. J Kor Acad Nurs. (2017) 24:39–50. doi: 10.7739/jkafn.2017.24.1.39
	 14. Bandura A. Guide for constructing self-efficacy scales. In:Pajares F, Urdan T, , editors. Self-Efficacy Beliefs of Adolescents. Charlotte, NC: Information Age Publishing (2006). p. 309.
	 15. Singh A, Dangmei J. Understanding the generation Z: the future workforce. South-Asian J Multidiscipl Stud. (2016) 3:5280948.
	 16. Houghton CE, Casey D, Shaw D, Murphy K. Staff and students' perceptions and experiences of teaching and assessment in Clinical Skills Laboratories: interview findings from a multiple case study. Nurse Educ Tod. (2012) 32:e29–34. doi: 10.1016/j.nedt.2011.10.005
	 17. Shorey S, Kowitlawakul Y, Devi MK, Chen HC, Soong SKA, Ang E. Blended learning pedagogy designed for communication module among undergraduate nursing students: a quasi-experimental study. Nurse Educ Tod. (2018) 61:120–6. doi: 10.1016/j.nedt.2017.11.011
	 18. Choi H, Lee U, Jeon YS, Kim C. Efficacy of the computer simulation-based, interactive communication education program for nursing students. Nurse Educ Tod. (2020) 91:104467. doi: 10.1016/j.nedt.2020.104467
	 19. Bosse HM, Nickel M, Huwendiek S, Schultz JH, Nikendei C. Cost-effectiveness of peer role play and standardized patients in undergraduate communication training approaches to teaching and learning. BMC Med Educ. (2015) 15:4–9. doi: 10.1186/s12909-015-0468-1
	 20. Gillette C, Stanton RB, Rockich-Winston N, Rudolph M, Anderson HG. Cost-effectiveness of using standardized patients to assess student-pharmacist communication skills. Am J Pharm Educ. (2017) 81:73–9. doi: 10.5688/ajpe6120
	 21. MacLean S, Kelly M, Geddes F, Della P. Use of simulated patients to develop communication skills in nursing education: an integrative review. Nurse Educ Tod. (2017) 48:90–8. doi: 10.1016/j.nedt.2016.09.018
	 22. Judd M. Broken communication in nursing can kill: teaching communication is vital. Creat Nurs. (2013) 19:101–4. doi: 10.1891/1078-4535.19.2.101
	 23. Liebrecht C, Montenery S. Use of simulated psychosocial role-playing to enhance nursing students' development of soft skills. Creat Nurs. (2016) 22:171–5. doi: 10.1891/1078-4535.22.3.171
	 24. Beaird G, Nye C, Thacker LR. The use of video recording and standardized patient feedback to improve communication performance in undergraduate nursing students. Clin Simul Nurs. (2017) 13:176–85. doi: 10.1016/j.ecns.2016.12.005
	 25. Hashimoto H. Effects of a support program on nurses communication with hospitalized childrens families. Compr Child Adolesc Nurs. (2017) 40:173–87. doi: 10.1080/24694193.2017.1307473
	 26. Shao YN, Sun HM, Huang JW, Li ML, Huang RR, Li N. Simulation-based empathy training improves the communication skills of neonatal nurses. Clin Simul Nurs. (2018) 22:32–42. doi: 10.1016/j.ecns.2018.07.003
	 27. MacLean S, Kelly M, Geddes F, Della P. Evaluating the use of teach-back in simulation training to improve discharge communication practices of undergraduate nursing students. Clin Simul Nurs. (2018) 22:13–21. doi: 10.1016/j.ecns.2018.06.005
	 28. Furnes M, Kvaal KS, Høye S. Communication in mental health nursing - bachelor Students' appraisal of a blended learning training programme - an exploratory study. BMC Nurs. (2018) 17:1–11. doi: 10.1186/s12912-018-0288-9
	 29. Cortés-Rodríguez AE, Roman P, López-Rodríguez MM, Fernández-Medina IM, Fernández-Sola C, Hernández-Padilla JM. Role-play versus standardised patient simulation for teaching interprofessional communication in care of the elderly for nursing students. Healthcare. (2022) 10:10046. doi: 10.3390/healthcare10010046
	 30. Connolly M, Perryman J, McKenna Y, Orford J, Thomson L, Shuttleworth J, et al. THYMETM: a model for training health and social care professionals in patient-focussed support. Patient Educ Couns. (2010) 79:87–93. doi: 10.1016/j.pec.2009.06.004
	 31. INACSL Standards Committee. INACSL standards of best practice: smulationSM debriefing. Clin Simul Nurs. (2016) 12:S21–5. doi: 10.1016/j.ecns.2016.09.008
	 32. Phrampus PE, O'Donnell J. Debriefing using a structured and supported approach. In:Levine AI, DeMaria S, Schwartz AD, Sim A, , editors. The Comprehensive Textbook of Healthcare Simulation. New York, NY: Springer (2014). p. 73–84.
	 33. Cortés-Rodríguez AE. Comparison of the Effects of Two Educational Strategies on the Development of Competence in Basic Professional Communication Amongst Nursing Students. (Ph. D. Thesis). University of Almería, Almería, Spain (2020).
	 34. Hernández-Padilla JM, Correa-Casado M, Granero-Molina J, Cortés-Rodríguez AE, Matarín-Jiménez TM, Fernández-Sola C. Psychometric evaluation and cultural adaptation of the Spanish version of the Scale for End-of Life Caregiving Appraisal. Palliat Support Care. (2019) 17:314–21. doi: 10.1017/S1478951518000470
	 35. Hernández-Padilla JM, Suthers F, Granero-Molina J, Fernández-Sola C. Effects of two retraining strategies on nursing students' acquisition and retention of BLS/AED skills: a cluster randomised trial. Resuscitation. (2015) 93:27–34. doi: 10.1016/j.resuscitation.2015.05.008
	 36. Domuracki K, Wong A, Olivieri L, Grierson LEM. The impacts of observing flawed and flawless demonstrations on clinical skill learning. Med Educ. (2015) 49:186–92. doi: 10.1111/medu.12631
	 37. Hernández-Padilla JM, Granero-Molina J, Márquez-Hernández V V, Cortés-Rodríguez AE, Fernández-Sola C. Effects of a simulation-based workshop on nursing students' competence in arterial puncture. Acta Paulista de Enfermagem. (2016) 29:678–85. doi: 10.1590/1982-0194201600095
	 38. The European Parliament and the Council of the European Union. Regulation (EU) 2016/679 of the European Parliament and of the Council Of 27 April 2016 on the Protection of Natural Persons With Regard to the Processing of Personal Data and on the Free Movement of Such Data, and Repealing Directive 95/46/EC (general da) (2016). p. 119/1–119/88.
	 39. Bortolato-Major C, Perez J, Mattei Â, Mantovani M de F, Cestari JV, Boostel R. Contributions of the simulation for undergraduate nursing students. J Nurs UFPE/Revista de Enfermagem UFPE. (2018) 12:1751–62. doi: 10.5205/1981-8963-v12i6a230633p1751-1762-2018
	 40. Quail M, Brundage SB, Spitalnick J, Allen PJ, Beilby AJ. Student self-reported communication skills, knowledge and confidence across standardised patient, virtual and traditional clinical learning environments. BMC Med Educ. (2016) 16:1–12. doi: 10.1186/s12909-016-0577-5
	 41. Younis JR, Mabrouk SM, Kamal FF. Effect of the planned therapeutic communication program on therapeutic communication skills of pediatric nurses. J Nurs Educ Pract. (2015) 5:109–20. doi: 10.5430/jnep.v5n8p109
	 42. Aebersold M, Tschannen D, Sculli G. Improving nursing students' communication skills using crew resource management strategies. J Nurs Educ. (2013) 52:125–30. doi: 10.3928/01484834-20130205-01
	 43. Becker KL, Rose LE, Berg JB, Park H, Shatzer JH. The teaching effectiveness of standardized patients. J Nurs Educ. (2006) 45:103–11. doi: 10.3928/01484834-20060401-03
	 44. Claramita M, Tuah R, Riskione P, Prabandari YS, Effendy C. Comparison of communication skills between trained and untrained students using a culturally sensitive nurse-client communication guideline in Indonesia. Nurse Educ Today. (2016) 36:236–41. doi: 10.1016/j.nedt.2015.10.022
	 45. Khan BA, Ali F, Vazir N, Barolia R, Rehan S. Students' perceptions of clinical teaching and learning strategies: a Pakistani perspective. Nurse Educ Today. (2012) 32:85–90. doi: 10.1016/j.nedt.2011.01.016
	 46. Brown CE, Back AL, Ford DW, Kross EK, Downey L, Shannon SE, et al. Self-assessment scores improve after simulation-based palliative care communication skill workshops. Am J Hosp Palliat Med. (2016) 35:45–51. doi: 10.1177/1049909116681972
	 47. Hsu LL, Chang WH, Hsieh SI. The effects of scenario-based simulation course training on nurses' communication competence and self-efficacy: a randomized controlled trial. J Prof Nurs. (2015) 31:37–49. doi: 10.1016/j.profnurs.2014.05.007
	 48. Doyle D, Copeland HL, Bush D, Stein L, Thompson S. A course for nurses to handle difficult communication situations. A randomized controlled trial of impact on self-efficacy and performance. Pat Educ Couns. (2011) 82:100–9. doi: 10.1016/j.pec.2010.02.013
	 49. Cadorin L, Suter N, Dante A, Williamson SN, Devetti A, Palese A. Self-directed learning competence assessment within different healthcare professionals and amongst students in Italy. Nurse Educ Pract. (2012) 12:153–8. doi: 10.1016/j.nepr.2011.10.013
	 50. Chen MC. Relationships among self-directed learning, learning styles, learning strategies and learning achievement for students of Technology University in Taiwan by using structural equation models. Recent Res Educat Technol. (2010) 2010:67–72.
	 51. Lee J, Mast M, Humbert J, Bagnardi M, Richards S. Teaching handoff communication to nursing students: a teaching intervention and lessons learned. Nurse Educ. (2016) 41:189–93. doi: 10.1097/NNE.0000000000000249
	 52. Hagemeier NE, Hess R, Hagen KS, Sorah EL. Impact of an interprofessional communication course on nursing, medical, and pharmacy students' communication skill self-efficacy beliefs. Am J Pharm Educ. (2014) 78:1–10. doi: 10.5688/ajpe7810186
	 53. Rask MT, Jensen ML, Andersen J, Zachariae R. Efeitos de uma intervenção visando melhoria na comunicação enfermeiro-paciente em um ambulatório de oncologia. Cancer Nurs. (2009) 32:1–11. doi: 10.1097/01.NCC.0000343365.13871.12
	 54. Annonio D, Hoffman LA, Zedreck J, Robertson LB, Tuite PK. Ready, SET, go improving patient-nurse communication. Nurs Manage. (2016) 47:40–9. doi: 10.1097/01.NUMA.0000480760.76675.8f
	 55. Curtis JR, Back AL, Ford DW, Downey L, Shannon SE, Doorenbos AZ, et al. Effect of communication skills training for residents and nurse practitioners on quality of communication with patients with serious illness: a randomized trial. J Am Med Assoc. (2013) 310:2271–81. doi: 10.1001/jama.2013.282081
	 56. Schlegel C, Woermann U, Shaha M, Rethans J-J, van der Vleuten C. Effects of communication training on real practice performance: a role-play module versus a standardized patient module. J Nurs Educ. (2012) 51:16–22. doi: 10.3928/01484834-20111116-02
	 57. Doherty C, Landry H, Pate B, Reid H. Impact of communication competency training on nursing students' self-advocacy skills. Nurse Educ. (2016) 41:252–5. doi: 10.1097/NNE.0000000000000274
	 58. Valadares AF, Magro MC. Opinion of nursing students on realistic simulation and the curriculum internship in hospital setting. ACTA Paulista de Enfermagem. (2014) 27:138–43. doi: 10.1590/1982-0194201400025
	 59. Brydges R, Nair P, Ma I, Shanks D, Hatala R. Directed self-regulated learning versus instructor-regulated learning in simulation training. Med Educ. (2012) 46:648–56. doi: 10.1111/j.1365-2923.2012.04268.x
	 60. Roh YS, Ahn JW, Kim E, Kim J. Effects of prebriefing on psychological safety and learning outcomes. Clin Simul Nurs. (2018) 25:12–9. doi: 10.1016/j.ecns.2018.10.001
	Copyright
 © 2024 Cortés-Rodríguez, López-Rodríguez, Roman, Granero-Molina, Fernández-Sola and Hernández-Padilla. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.









 


	
	
ORIGINAL RESEARCH
published: 07 January 2025
doi: 10.3389/fmed.2024.1498393








[image: image2]

From shadowing to active learning: exploring the impact of supervised teaching clinics on gynecology education

Sangsang Ren1, Hong Zhan2, Asanga Fernando3,4, Xiangrong Xu5 and Weiguo Lu6*


1College of Education, Zhejiang University, Hangzhou, China

2Department of Gynecology, Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, China

3Departments of Medical Oncology, Liaison Psychiatry and Simulation and Clinical Skills, St George’s University Hospitals NHS Foundation Trust, London, United Kingdom

4St George’s, University of London, London, United Kingdom

5Department of Education, Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, China

6Department of Gynecologic Oncology, Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, China

Edited by
 María Dolores Ruiz Fernández, University of Almeria, Spain

Reviewed by
 Sipho Mkhize, University of KwaZulu-Natal, South Africa
 Jose Miguel Guzman-Garcia, University of Cordoba, Spain

*Correspondence
 Weiguo Lu, lbwg@zju.edu.cn 

Received 18 September 2024
 Accepted 19 December 2024
 Published 07 January 2025

Citation
 Ren S, Zhan H, Fernando A, Xu X and Lu W (2025) From shadowing to active learning: exploring the impact of supervised teaching clinics on gynecology education. Front. Med. 11:1498393. doi: 10.3389/fmed.2024.1498393
 





Background: Supervised Teaching Clinics (STCs) have emerged as an innovative approach to medical education, particularly in specialties like gynecology, where hands-on experience is crucial. Traditional clinical rotations often leave students in passive roles, limiting their active participation and the development of essential clinical skills.
Aim: This study aimed to evaluate the impact of STCs on the clinical competencies and professional development of medical students within a gynecological clinic, comparing the outcomes with those of traditional clinic shadowing.
Methods: A total of 144 fifth-year medical students were randomly assigned to either a control group, which participated in traditional clinic shadowing, or an STC group, which engaged in both shadowing and supervised teaching activities. The study utilized the Generalized Self-Efficacy Scale (GSES) and the mini-Clinical Evaluation Exercise (mini-CEX) to assess clinical performance. Feedback was also collected from students, tutors, and patients to gage satisfaction and perceived effectiveness.
Results: Students in the STC group demonstrated significantly higher improvements in clinical skills, particularly in medical interviewing, counseling, and overall clinical competence, compared to the control group. The STC group also reported greater satisfaction with their learning experience, citing enhanced confidence and a deeper understanding of gynecological practice. Tutors and patients provided positive feedback, noting the STC’s role in fostering effective student-patient interactions and comprehensive learning.
Conclusion: The structured design of the STC, with a focus on goal direction, relationships, and supporting services, significantly improved educational outcomes in gynecology. By fostering active learning and delivering constructive feedback, STCs effectively enhance students’ clinical competencies and professional development. The study suggests that integrating STCs into traditional clinical education models could substantially optimize medical training.
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1 Introduction

Over the last decade, competence-based medical education (CBME) has been advocated in medical teaching that accentuates medical knowledge, interpersonal and communication skills, and professional identity (1). Despite emphasis on ‘student-centered’ education, undergraduate medical students, unlike medical residents, often find themselves in passive, observational roles during clinical rotations. As a result, students have limited opportunities to reflect on their professional identity as future doctors and may later struggle to interact effectively with patients (2). This limited engagement can hinder the development of critical reflection, a cornerstone of effective medical practice. Critical reflection (3, 4) is a central tenet of good medical practice and should be cultivated early in medical students’ training for their careers. Most students report the desire to be supervised by their tutors during consultations or clinical examinations with autonomy and protection (5). To address this gap, there is a growing need for educational environments that provide students with active learning opportunities, allowing them to integrate theoretical knowledge with practical skills in a real-world context.

Teaching at the bedside or outpatient clinics is at the heart of medical education and provides essential clinical training (6). Compared to inpatient clinical work, outpatient clinical work is less time-consuming but provides different and unique opportunities to listen to and examine patients including their ideas, concerns and expectations. Thus, teaching in a clinic is an essential and irreplaceable part of education for medical students (7).

A supervised teaching clinic (STC) represents a strategic approach to fostering such a safe and supportive environment, particularly within the outpatient setting. Rather than the routine clinic shadowing, an STC is defined as a student-led consultation of real patients under the supervision of experienced tutors. This approach ensures that patients’ rights are always respected during teaching and learning activities.

This study evaluates the implementation of an STC within a gynecological clinic, focusing on its effectiveness in enhancing students’ clinical competencies and professional development. The analysis is framed around three key dimensions: goal direction, relationships, and supporting services, which are critical to creating a conducive learning environment.



2 Materials and methods


2.1 Routine gynecology clinic rotation

This study was carried out at Zhejiang University. Before participating in the STC, all students completed a clerkship involving theoretical courses including Internal Medicine, Surgery, Obstetrics and Gynecology, Paediatrics, and etc. As students had completed a gynecological inpatient rotation, they were familiar with the diagnosis and treatment of common gynecological conditions. They had also been trained to perform standard physical examinations. In routine gynecology clinic rotations, 5th year medical students spend a 5-day clerkship for an outpatient clinic shadowing, where they are supposed to observe their tutors’ consultations with various gynecologic patients. During this clinical shadowing, the primary focus is on the consultation between the attending physician and the patient, with the student primarily observing, as is typical in shadowing experiences. In some cases, they may be encouraged to perform simple procedures (Figure 1A). At the end of the gynecological rotation, students complete a consultation with a standardized patient (SP) and perform a physical examination of a model. Tutors would evaluate all the consultations using the Mini Clinical Exercise evaluation (mini-CEX) (8) with unbiased scores.

[image: Three-panel figure illustrating a study design comparing clinic shadowing and supervised teaching clinic for fifth-year medical students during a gynecological clinic rotation. Panel A displays the clinic shadowing setup in which students observe tutor and patient interactions separately. Panel B presents a flowchart detailing participant allocation, self-efficacy evaluations, and intervention periods for the control and supervised teaching groups. Panel C illustrates the supervised teaching clinic setup with a student interacting with both tutor and patient, while additional students observe remotely via a display screen.]

FIGURE 1
 Overview and flow diagram of the study design. (A) The gray box on the left represents the traditional clinic rotation (clinic shadow), where the primary interaction occurs between the tutor and the patient. After the session, the tutor may briefly discuss the case with the student. (B) The diagram outlines the overall clinic rotation process. (C) The blue box on the right represents the supervised teaching clinic (STC), where the primary interaction occurs between the student and the patient. The tutor may interact with the patient afterward or as needed, followed by a feedback session between the tutor and the student.




2.2 Participants

A total of 144 rotation-batched medical students were divided by stratified random sampling (Supplementary Table S1) into (i) a control (Ctrl) group (n = 80; 35 males and 45 females) and (ii) a supervised teaching clinic (STC) group (n = 64; 30 males, 34 females) (Figure 1B). The STC group was further divided into subgroups containing 4 students each. The Ctrl group completed the 5 days’ clinic shadowing, while the STC group spent 3 days for clinic shadowing and 2 days for performing the STC during the rotation. Six gynecologic tutors (associate chief gynecologist or above) with at least 3 years of experience in clinical teaching oversaw the STC. We also recruited 97 gynecologic patients without emergent conditions or mental diseases in STC (Supplementary Table S2).



2.3 STC design

During the STC, a student performed a consultation with a real patient under the supervision of the tutor. The STC involved three steps: First, a student independently interviewed a RP for consultation and performed a physical examination (including pelvic examination) if necessary. Second, the tutor made supplements or corrections (if necessary) to provide the patient with proper diagnosis and treatment. Third, after the patient left, the tutor commented on the student’s performance with proper feedback. During the STC, the consultation by the medical student is consider the most critical part, and the tutor tried not to interrupt the consultation and only provided minor suggestions if necessary. At the same time, students in the same subgroup sat in another room and observed the whole process (except the pelvic examination). Each student in the STC group participated in the consultation involving the real patients (Figure 1C). Written informed consent was obtained from each participant.



2.4 Outcome measures

Students’ confidence and optimistic self-beliefs were evaluated using the Generalized Self-Efficacy Scale (GSES) (9). Students in both control group and STC group completed the GSES before and after the clinic rotation. All the students’ performance of consultations are evaluated by the Ctrl and STC groups independently completed the mini-CEX of consultation with an SP (Figure 1B). After participating in the STC, students completed an 8-item questionnaire to express their experiences and needs. The patients completed an 8-item questionnaire to report their perceptions of the consultation. Responses were measured by a 5-point Likert scale, from 1 indicating “strongly disagree” to 5 indicating “strongly agree.” Incomplete questionnaires (with no response to one or more of the eight questions) were not counted. Tutors were encouraged to write down their experiences and feelings during the STC. All data were collected and analyzed (see Figures 2, 3).

[image: Box plot illustrating GSES scores for males, females, and total across four groups: Ctrl-preCR, Ctrl-postCR, STC-preCR, and STC-postCR, with significant differences indicated by different letters above each box.]

FIGURE 2
 Students’ general self-efficacy before and after clinic rotation (CR). Results are expressed as the box plots. Lines represent min to max intervals. Higher numbers represent better scores. Values without a common letter are significantly different (p < 0.05). GSES = general self-efficacy scale; CR = clinic rotation; STC = supervised teaching clinic; Ctrl-preCR = students’ GSES in the control group before clinic rotation (white box); Ctrl-postCR = students’ GSES in the control group after clinic rotation (gray box); STC-preCR = students’ GSES in the STC group before clinic rotation (light blue box); STC-postCR = students’ GSES in the STC group after clinic rotation (blue box).


[image: Set of seven box plots comparing scores of male and female groups across control and STC conditions for medical interviewing skills, physical examination skills, counseling skills, clinical judgment, humanistic qualities, organization, and overall clinical competence. STC groups generally show higher median scores than control groups in all skill categories. Individual skill categories display varying score distributions for males and females, with annotation letters indicating statistical significance.]

FIGURE 3
 The performance of students’ consultation with standard patients. All the students’ performance of consultations with standard patients are evaluated independently completed the Mini Clinical Exercise evaluation (mini-CEX). Results are expressed as the box plots. Lines represent min to max intervals. Higher numbers represent better scores. Values without a common letter are significantly different (p < 0.05). Ctrl = control group; STC = the supervised teaching clinic group.




2.5 Statistical analysis

Continuous variables are reported as the mean ± standard deviation. Data were analyzed by two-way analysis of variance (ANOVA) followed by Tukey’s post hoc tests. Comparisons between groups were made using the paired student’s t-test for continuous variables. Results with p < 0.05 were considered statistically significant. Statistical analysis was conducted using online GraphPad Software.




3 Results


3.1 Students’ GSES scores

After the STC training, students’ general self-efficacy improved. There was no significant difference between the Ctrl and STC groups before clinic rotation (Ctrl-preCR vs. STC-preCR), and no significant difference before and after the clinic rotation in Ctrl group (Ctrl-preCR vs. Ctrl-postCR). However, the GSES scores increased after the STC training (STC-preCR vs. STC-postCR). Interestingly, the increase in GSES scores was more pronounced among male medical students compared to female students in STC group (Figure 2).



3.2 Students’ performance of consultation after the gynecology clinic rotation

The performance of consultation with the SPs were compared between the Ctrl and STC groups at the end of the clinic rotation (Ctrl vs. STC). Both male and female students in the STC group scored higher on medical interviewing skills, counseling skills, humanistic qualities, and overall clinical competence. Furthermore, female students seem to get improvement in the clinical judgment, but not organization, rather than male students. There was no significant difference in physical examination skills, clinical judgment and organization scores between Ctrl and the STC group (Figure 3).



3.3 Feedback on the STC

All students in the STC group (n = 64) completed the questionnaire. The mean (SD) scores for the 8 items are as follows: “STC is necessary for clerkship” 4.92 (0.27); “STC meets the internship expectations” 4.84 (0.44); “STC is systematic and logical” 4.77 (0.52); “STC improves your clinical practice skills” 4.34 (0.94); “STC improves your clinical judgment” 4.64 (0.65); “STC improves your counseling skills” 4.86 (0.35); “You are satisfied with the overall experience” 4.80 (0.51); and “You expect more opportunities of STC” 4.81 (0.46) (Table 1).



TABLE 1 Feedback responses of STC from students.
[image: Table summarizing feedback from sixty-four students on eight questions related to clerkship, showing counts for responses by agreement level and mean score with standard deviation. Most responses are strongly agree, with mean scores ranging from 4.34 to 4.92.]

Feedback on the STC was also collected from six tutors. They agreed with the items as follows: “Necessary for clerkship” (n = 5), “Helpful and meaningful for undergraduates” (n = 4), “A challenge for both students and tutors” (n = 3), “Mini-CEX is great to evaluate students’ performance” (n = 3), “Surprised by patients’ high satisfaction” (n = 2), and “The consultation is time consuming” (n = 2) (Table 2).



TABLE 2 Interview of tutors’ experiences of STC.
[image: Table summarizing subjective opinions from interviews with six participants; most cited responses include necessary for clerkship (five), helpful for undergraduates (four), challenges and mini-CEX usefulness (three each), surprise at patient satisfaction (two), and inefficiency (two).]

A total of 97 patient surveys were received and analyzed. All patients felt satisfied with the STC experience at different levels. The mean (SD) scores for the 8 questions were as follows: “Your doctor is qualified” 4.91 (0.29); “You received appropriate treatment” 4.88 (0.33); “It was effective counseling “4.96 (0.20); “Your doctor complied with rigorous medical ethics” 4.99 (0.10); “Your privacy was well-protected” 4.87 (0.34); “You were in a safe and comfort environment during the consultation” 4.94 (0.34); “You were satisfied with the overall experience” 4.94 (0.34); and “You would recommend STC to others” 4.87 (0.34) (Table 3).



TABLE 3 Feedback responses of STC from patients.
[image: Table showing patient feedback from 97 respondents on eight medical service aspects. Most answers are clustered in “agree” or “strongly agree.” Mean satisfaction scores range from 4.87 to 4.99 with low standard deviations.]




4 Discussion

A well-established theoretical framework for describing educational environments puts forward three domains as critical to the quality of human environments: goal direction or content of education, relationships, and supporting services (10). It was also applicable to the educational context (11), serving as a framework to explore the needs, expectations and experiences of medical students regarding their learning during the STC. These findings suggest that the structured design of the STC model effectively balances student-centered education with patient-centered care (Figure 4).

[image: Diagram showing two sets of overlapping circles. On the left, student-centred education with circles for goal direction, relationships, and supporting services, alongside related bullet points. On the right, patient-centred care with circles for safe, comfort, and satisfaction. Both sets balance on a bar labeled supervised teaching clinics.]

FIGURE 4
 Balancing Student-Centered Education and Patient-Centered Care in the Supervised Teaching Clinic (STC) Model. The structured design of the supervised teaching clinic (STC) model effectively balances student-centered education with patient-centered care. The model is built upon three key pillars: goal direction, relationships, and supporting services.



4.1 Goal direction

The implementation of the STC in this study aligns strongly with the dimension of goal direction, a fundamental aspect of creating a conducive learning environment. In the context of medical education, goal direction refers to the clarity of educational objectives and the systematic approach toward achieving them (12). Within the STC, students were not merely passive observers but active participants in patient care, a shift that is essential for their professional development.

The STC provided a structured platform where students could set and pursue clear, tangible goals. This focus on goal-oriented tasks allowed students to progressively build their competencies in a controlled environment, with the opportunity to receive immediate feedback and make necessary adjustments. The observed improvement in students’ GSES after participating in the STC is a testament to the effectiveness of this approach. Self-efficacy, a crucial factor in professional development, is enhanced when learners can achieve small, incremental goals, leading to greater confidence and autonomy in their future practice (13).

The STC’s structure also prompted students to reflect on their professional identity. Allowing students to interview patients independently results in psychological insights and deeper learning reflections, emphasizing the concepts of communication, humanity, and empathy in the learning process that goes beyond medical theoretical knowledge and clinical skills exercises. Students reported that the STC was necessary for developing clinical judgment, practice skills, and counseling skills during their clerkship. By engaging in real patient interactions, students might be able to visualize their future roles as healthcare providers, a critical aspect of their professional identity formation. This aligns with the broader goals of CBME, where the emphasis is on not just acquiring knowledge, but also on developing the attitudes and behaviors necessary for professional practice. The ability to independently conduct patient interviews and physical exams, while under supervision, provided students with a unique opportunity to integrate their theoretical knowledge with practical skills, thereby solidifying their understanding of their professional responsibilities.

The goal direction within the STC was further reinforced by the use of structured evaluation tools like the mini-CEX. Mini-CEX is an appropriate tool for formative evaluation during clinical competence. Mini-CEX has been shown to enhance student-patient interactions, leading to improved care services, while also strengthening the interactions between students and evaluators during the assessment of clinical skills (8, 14). This tool provided a clear framework for tracking students’ progress and ensured feedback was focused and actionable. The systematic approach to evaluation helped students to identify areas for improvement and monitor their progress, contributing to a more effective learning experience.



4.2 Relationships and interpersonal skills

The relational dimension of the STC cannot be overstated. Relationships, both between students and tutors, as well as between students and patients, play a pivotal role in the learning process. In traditional clinical settings, the hierarchical nature of the student-tutor relationship often limits the extent to which students can actively engage in patient care. However, the STC model employed in this study sought to redefine these relationships by fostering a more collaborative learning environment.

Achieving a balance between autonomy and supervision is often challenging, particularly in the context of medical education (15). Within the STC, the balance was characterized during the tutor-student relationship. Tutors provided guidance and support without overshadowing the students’ active participation in patient consultations. This balance is crucial in medical education, as it allows students to develop confidence in their clinical abilities while still benefiting from the expertise of their tutors. The presence of a supportive tutor during real patient interactions helped to alleviate the stress and anxiety that students often experience in clinical settings, particularly in sensitive fields like gynecology. This supportive relationship was further evidenced by the students’ high satisfaction ratings (Table 1), with many expressing a desire for more opportunities to participate in STCs.

Feedback is an essential component of effective teaching and learning (16–18). Literature suggested that learning is enhanced if feedback is specific (19), and a “move away from apprenticeship to experiential learning” has been advocated (20). STCs can serve this critical function if tutors are trained to give constructive feedback. According to the importance of constructive feedback, anticipatory thinking and ‘mental simulation’ can enhance learning (21). Repeated exposure to supervised patient clerking and examination by more widespread use of STCs would allow learners to develop their mastery, reinforcing Ericsson’s theory of deliberate practice (22) and Bloom’s theory of mastery (23). Such practice and refinement facilitate learning in a practical environment.

In addition to the tutor-student relationship, the STC also facilitated the development of strong student-patient relationships. Unlike simulated patient interactions, which can sometimes feel artificial, the use of real patients in the STC provided students with a more authentic clinical experience. This authenticity is critical for the development of interpersonal skills such as empathy, active listening, and effective communication (24). The positive feedback from patients, who reported high levels of satisfaction with their STC experience (Table 3), indicates that the students were able to establish meaningful connections with their patients. These relationships not only enhanced the students’ learning experience but also contributed to the overall quality of care provided during the consultations.

Male doctors may face some cultural or social barriers during gynecological clinical work, especially when they are still medical students (25). In our study, Improvement in general self-efficiency (Figure 2) and performance (Figure 3) during the consultation were observed in both male and female students.

Furthermore, the relational aspect of the STC extended to peer relationships within the student groups. The collaborative nature of the STC, where students observed and learned from each other’s consultations, fostered a sense of camaraderie and mutual support. This peer learning dynamic is particularly valuable in medical education, where the exchange of ideas and experiences among students can enhance understanding and retention of clinical knowledge (26). The opportunity to observe their peers in action also provided students with additional learning opportunities, as they could critically assess different approaches to patient care and incorporate best practices into their own consultations.



4.3 Supporting services

The third dimension, supporting services, is integral to the success of any educational program, particularly in a clinical setting. In the STC, the availability of robust support services ensured that students could focus on their learning without being hindered by logistical challenges. These services encompassed a range of resources, from the physical setup of the clinic to the psychological support provided to students.

The physical environment of the STC was carefully designed to mimic a real clinical setting, providing students with a realistic context in which to apply their skills. Teaching in the presence of real patients in a clinical setting is ideal for medical education (27). There is evidence that patient inclusion contributes to a positive medical learning environment (28). It provides a critical component for students to learn humanistic and professional behaviors (29), especially when doctors who are considered excellent tutors model positive patient care behaviors in clinical work. This environment also included the access to essential medical equipment, private consultation rooms, and comfortable spaces for students to discuss and reflect on their experiences. The importance of a well-equipped learning environment cannot be overstated, as it directly impacts the quality of the educational experience (30). To ensure the safety and comfort of all individuals, it is essential to view the environment of STC as a patient- centered clinic rather than an instructional setting.

In addition to the physical resources, the STC also provided significant psychological support to students. Medical education is inherently stressful, and the transition from theoretical learning to practical application can be daunting for many students (31). Qualified tutors should provide optimal patient care while ensuring a high quality of clinical teaching. Besides maximizing students’ opportunities to consult with real patients, they must maintain patients’ safety and privacy. To preserve the student-patient relationship and create a supportive environment for effective feedback, in-depth discussions about differential diagnosis or management should be conducted after the patients have departed (32). This psychological support was further reinforced by the structured nature of the STC, which included regular debriefing sessions where students could discuss their experiences and receive encouragement from their peers and tutors.

The supporting services also extended to the administrative aspects of the STC. The careful selection of patients, the scheduling of consultations, and the coordination of tutor involvement were all managed to ensure that the STC operated smoothly and efficiently. Real patient-based form of education introduces students to the supervised and structured clinical environment, providing opportunities to participate in medical interviews, humanistic qualities, history taking, physical examination, clinical reasoning, and organization (33). Emergent and vague cases are not appropriate for STCs. Common and frequently occurring gynecological diseases, such as endometriosis or leiomyoma, are ideal for STCs. Moreover, informed consent about recording the consultation process is needed.



4.4 Healthcare during the STC

Patient involvement allows for greater patient inclusion in making decisions, encourages efficiency in history presentations and evaluations (34, 35). Previous reports show that patients also benefit from clinical teaching experiences with better understanding of their disease, more compassion and respect from the medical team, and increased inclusion during the medical care (36).

Patient satisfaction and consultation outcomes are always the most significant concerns during STCs. This study seeks to find the optimal balance between student-centered education and patient-centered care (Figure 4). Moreover, we found that patients received appropriate treatment and effective counseling during the STC and were satisfied with the overall experience. Patients have dual requirements for participating in the consultations: the need for reassurance of their medical conditions and hope to help students (37). All participating patients share the wish to help students learn, indicating a high potential for mutually beneficial student-patient relationships during STCs (38). Learning is founded on a reciprocal relationship between patients and students, leading to patients actively engaging in the learning process, which they perceive as a collaborative effort (39). Studies indicate that patients are generally satisfied with the care delivered by medical students and uphold a favorable perception of their interactions with these students (40, 41). The patient’s role includes a secondary benefit of student-led consultations: the sense of contributing to the education of future doctors (42). In the present study, patients involved in the STC reported high satisfaction (Table 3), maybe even higher than that in routine clinics. Since students always “asked more non-critical questions,” which made the patients feel taken more seriously. Patients were also pleased that two medical staff (including at least one certificated gynecologist) were dealing with their problems, making them feel safer and that the consultation was more effective.



4.5 Implications for practice and future research

This study has important implications for clinical education. The STC model, with its emphasis on goal direction, relationships, and supporting services, serves as a guide for developing effective medical education. Integrating these three dimensions into the design and implementation of clinical teaching programs may maximize learning outcomes for medical students.

For practice, our findings suggest that medical schools should consider incorporating STCs into their curricula. This model, with its benefits such as improving clinical competency, enhancing interpersonal communication, and boosting student satisfaction, might be a valuable addition to traditional clinical training methods. However, the successful adoption of STCs requires significant investment in well-trained tutors, equipped clinical spaces, and robust administrative systems. For example, detailed and standardized mini-CEX scoring indicators based on teaching objectives should be set, which tutors can use in subsequent STC after training.

Future research should explore the long-term impacts of STCs on student outcomes. While this study demonstrated improvements in self-efficacy and clinical skills, further research is needed to determine if these gains translate into professional practice. Longitudinal studies that track students from their time in the STC through to their early years of practice would provide valuable insights into the effectiveness of this educational model. Additionally, research could explore the potential for adapting the STC model to other areas of medical education, such as surgical training or primary care, where the principles of goal direction, relationships, and supporting services are equally relevant.



4.6 Limitations

The study’s observation period was short, focusing on the immediate effects of STC training. Long-term impacts on professional development and clinical skills acquisition may not be fully captured in this timeframe. Future research should consider longitudinal studies to evaluate the enduring effects of STC on students’ career trajectories and clinical competence. Additionally, although the mini-CEX was employed as an assessment methodology it is by nature subjective and based on tutor’s observations. Variability in grading standards among tutors may affect the consistency and reliability of the results.




5 Conclusion

This study has demonstrated the STC model at a tertiary teaching hospital., when designed with a focus on goal direction, relationships, and supporting services, provides a highly effective framework for medical education. The STC not only enhances students’ clinical competencies but also fosters the development of critical interpersonal skills and provides the necessary support for a positive learning experience. The findings of this study suggest that the STC model could be considered to further integrated into medical curricula, with continued research and investment to optimize its implementation. In the future of medical education, the STC offers a promising approach to preparing healthcare professionals for the challenges of clinical practice.
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Background: Diabetic foot is a major public health issue, leading to increased morbidity and mortality among diabetic patients. This study aimed to evaluate the effectiveness of targeted health education interventions on self-efficacy and foot care practices among diabetic women in Jordan.
Methods: A pretest-posttest, quasi-experimental design was used to collect data from 76 diabetic women at a tertiary hospital in northern Jordan. Participants were assigned to three groups: a control group receiving standard care; Intervention Group 1, receiving standard care with weekly text reminders and follow-up calls; and Intervention Group 2, receiving the same components as Intervention Group 1, plus small group education sessions and hands-on foot care training. Generalized Estimating Equations models were used to assess the impact of the interventions on foot care practices and self-efficacy over an 8-week period.
Results: The findings revealed that participants in Intervention Group 2 demonstrated the most significant improvements in both foot care practices and self-efficacy. For foot care practices, Intervention Group 2 had adjusted odds ratios (aORs) of 2.5 (95% CI: 1.3–5.1) and 1.7 (95% CI: 1.2–2.9) when compared to the control group and Intervention Group 1, respectively. Similarly, for self-efficacy, the aORs for Intervention Group 2 were 2.7 (95% CI: 1.4–5.2) relative to the control group, and 1.8 (95% CI: 1.1–3.2) compared to Intervention Group 1.
Conclusion: Our study demonstrates that interactive educational approaches—featuring group discussions, real-time problem-solving, immediate feedback, and family support—can empower diabetic women to take a more active role in managing their foot health. Routine clinical care alone is insufficient to promote proactive foot care behaviors, highlighting the need for healthcare providers to incorporate educational materials tailored to the local cultural context into standard care to enhance patient outcomes.
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Introduction

Diabetes-related foot disease (DFD) is a complex and debilitating condition often associated with type 2 diabetes mellitus (T2DM), encompassing a spectrum of complications that significantly impact patient health and quality of life (1, 2). DFD is generally characterized by the formation of diabetic foot ulcers (DFUs) or foot infections in individuals with diabetes, often associated with peripheral neuropathy (PN) or peripheral artery disease (PAD) (3). The PN results from nerve damage caused by high blood sugar levels, leading to loss of sensation in the feet (3). However, PAD involves reduced blood flow to the lower limbs due to narrowing or blockages in the arteries, increasing the risk of foot ulcers and infections (4, 5).

Of the worldwide population of 537 million diabetic adults aged 20–79 years, an estimated one-third are at risk of developing DFD (6), with 20 million currently affected by DFD, and up to 2 million requiring amputation annually (5). Eventually, one in two poorly healed cases progresses to infectious DFD, potentially leading to lower extremity amputations (7). Amputation incidence is commonly used as a key indicator of the burden associated with DFD (8, 9), which is a primary cause of hospital admissions among diabetics (10). According to recent systematic reviews and meta-analyses, several studies have revealed that DFU and amputation have been also linked to elevated mortality rates among diabetic patients (6, 11).

Alarmingly, over 75% of adults with diabetes live in low- and middle-income countries, where prevalence is increasing more rapidly than high income countries (12). In Jordan, the burden of diabetes and its associated foot complications is rapidly escalating, where high rates of T2DM have been observed over the past few decades (13). The prevalence of diabetes among men aged ≥25 years has increased from 14.2% in 1994 to 18.3% in 2004, 26.8% in 2009, and 32.4% in 2017 (14). For women, the corresponding prevalence rates were 12.3, 16.9, 18.8, and 18.1%, respectively (14). Additionally, the foot at risk is prevalent in 17.2% of diabetic patients in the country (15), with DFU estimated at 5.3% (16).

Empirical evidence indicates that poorly managed DFD contributes to sensation loss, chronic pain, discomfort, and high healthcare costs due to ongoing treatments and complications (7). Patients may also experience emotional challenges, such as limited mobility, reduced work capacity, and compromised quality of life, which can lead to anxiety, depression, and other mental health issues (17–19). However, early detection of foot risk and preventive care can significantly reduce DFD complications (20, 21). The National Institute for Health and Care Excellence (NICE) guidelines recommend regular foot examinations for all adults with diabetes to prevent complications through proper care and timely intervention (22). Despite this, many diabetic individuals, especially women, do not undergo foot examinations in healthcare settings (19, 23). Targeted educational interventions through alternative methods, such as virtual delivery, can improve outreach, participation, and effectiveness for diabetic women by overcoming barriers like geographic limitations, cultural restrictions, and time constraints.

Research highlights gender-specific factors affecting women’s foot health, including hormonal changes, footwear choices, and obesity, which contribute to conditions such as plantar fasciitis, foot deformities, and heel spurs (2, 24–29). Women with diabetes are at higher risk of PN, which increases the likelihood of ulcers, infections, and reduced bone density, potentially leading to stress fractures (29, 30). Furthermore, women are more susceptible to varicose veins and venous insufficiency, which can cause swelling, pain, and other symptoms that exacerbate foot problems and reduce mobility (31).

Considering these potential complications, it is crucial to understand the level of foot self-care among diabetic women to guide early supportive strategies and promote effective management. To address this need, our study aimed to investigate the impact of a targeted educational intervention on enhancing self-efficacy and improving foot care behaviors among women with T2DM in northern Jordan.


Study framework

Our study utilized the Health Belief Model (HBM) to guide the development of a framework for an effective educational intervention, emphasizing DFD prevention and the adoption of foot self-care behaviors. The HBM has been widely applied in public health to design and evaluate health education and behavior change interventions structured to address these key components such as perceived susceptibility, severity, benefits, and barriers, as well as cues to action and self-efficacy (32–35). The theoretical framework for foot self-care behavior is depicted in Figure 1.

[image: Flowchart illustrating the relationship between background characteristics, individual beliefs, and individual behaviors. Sociodemographic factors and diabetes-related health indicators influence beliefs like perceived susceptibility and self-efficacy, which affect actions and are shaped by cues to action such as educational intervention and family support.]

FIGURE 1
 Framework for evaluating the impact of targeted educational interventions on foot self-care in diabetic women. DFD, Diabetes-related foot disease. Adapted from health belief model by Becker (32).


Aligned with the HBM, our framework suggests that patients will take steps to prevent DFD if they perceive themselves as vulnerable to foot-related risks (perceived susceptibility). Therefore, it is essential to inform patients of their personal risk of developing diabetic foot complications and the criteria that classify them as low, moderate, or high risk. This awareness (cues to action) encourages preventive actions, such as regular foot exams, proper foot care education, and timely reporting of foot issues (7, 36).

Since managing DFD relies heavily on patient involvement, educational interventions should focus on ensuring that patients understand the negative consequences of neglecting diabetic foot care, including risks like foot ulcers, infections, and potential amputations (perceived severity) (37). This awareness underscores the benefits of proactive foot care in reducing healthcare costs, enhancing mobility, increasing independence, and improving overall quality of life (perceived benefits) (17, 18).

Recognizing that many patients face barriers to effective foot care, educational interventions must address the primary obstacles to adopting actionable steps (perceived barriers). These barriers include limited awareness, forgetfulness, lack of motivation, discomfort with foot inspections, competing priorities, and inadequate access to resources (38). Providing comprehensive foot care education that fosters self-efficacy can help patients overcome these challenges, adhere to preventive practices, and enhance their ability to adopt and maintain healthy foot care behaviors (39).




Materials and methods


Study design and setting

Using a pretest-posttest, quasi-experimental design, data was collected from diabetic women who attended Internal Medicine, Endocrinology, and Diabetes clinics at a leading tertiary referral hospital in northern Jordan.



Data collection procedure

A nonprobability convenience sampling method was utilized to recruit study participants who came for follow-up treatment at the identified clinics. Prior to data collection, a nurse at each clinic conducted a screening to determine participant eligibility. The inclusion criteria included adult females diagnosed with T2DM who regularly attended the clinic at the specified hospital, were willing to participate, were reachable by telephone, could read and understand educational materials, and were at low risk of developing DFD. Based on NICE guidelines, a widely accepted categorization of DFD risk in the literature, patients were categorized as low risk if they had no evidence of PN, PAD, foot deformity, impairment, or previous ulcers or amputation (19, 22, 40). By targeting a low-risk sample, the study ensures a homogeneous group for assessing the effectiveness of the targeted educational interventions, providing more time to improve foot care. In contrast, moderate or high-risk patients would require more immediate medical interventions, which limits the preventive impact.

Exclusion criteria included adult diabetic women at moderate risk (such as those with foot deformity, PN, or non-critical limb ischemia) or high risk (such as those with a history of previous ulceration, amputation, or more than two of the following: PN, PAD, or deformity) for developing DFD, according to NICE guidelines. Additionally, individuals with cognitive impairments or mental health conditions affecting their comprehension of educational material were excluded. It is worth mentioning that the categorization of DFD risk was further assessed by resident doctors at the clinics, following established recommendations (41). The evaluation involved examining various skin conditions, including dryness, cracked skin, fungal infections (characterized by itching and scaling), corns and calluses caused by friction, redness from sunburn or irritation, blisters due to ill-fitting shoes, and minor skin lesions.

The recruitment process was initiated by voluntarily inviting eligible patients to participate. Those who agreed were then asked to sign an informed consent form after receiving an explanation of their involvement and the study’s objectives. All participants were alternately assigned to either the control group, Intervention Group 1, or Intervention Group 2. This method ensured a balanced distribution of potential confounding variables across all groups.

To determine the sample size, a power analysis was conducted using G*Power software (42). With an anticipated medium effect size (Cohen’s d = 0.50), a power level of 0.80, and an alpha level of 0.05, the required sample size for a between-group comparison was estimated to be 66 participants. The medium effect size was chosen as it reflects a moderate impact of the intervention, which is a reasonable expectation for most behavioral or educational interventions (43).

In our study, 108 participants successfully completed the baseline assessment, and 76 completed the reassessment phase following the 8-week intervention period. Our final sample of 76 participants exceeds this minimum requirement, providing adequate power to detect meaningful differences between study groups. This sample size also accounts for potential attrition—common in longitudinal studies—where researchers recommend increasing the sample size by 10–20% to ensure sufficient data for analysis (44). Figure 2 provides a detailed breakdown of participation rates throughout the study.

[image: Flowchart illustrating participant progression in a clinical study, beginning with 187 screened individuals, 117 eligible, and assignment to three groups: Control, Intervention Group 1, and Intervention Group 2, each with 39 participants. The chart details inclusion, exclusion, interventions received, and final reassessment completions, with specific reasons for dropout or exclusion at each phase.]

FIGURE 2
 Outline of the patient flow from baseline to 8-week follow-up.




Study groups


Control group

Patients in the control group received standard care, which included routine check-ups and monitoring of health parameters such as blood glucose levels [e.g., Fasting Blood Glucose (FBG) and glycated hemoglobin (HbA1C)], lipid profiles, and blood pressure. Additionally, they were given a brochure on foot care routines, covering topics such as proper footwear, nail care, and daily foot inspection, as well as a foot care kit containing diabetic socks, a nail clipper, and moisturizing cream.

This design was chosen to reflect the standard care provided in the local clinical setting, ensuring a practical and relevant baseline for comparison with the intervention groups. Although the inclusion of educational brochures and a foot care kit may reduce the contrast with the intervention groups, the objective was to evaluate the additional benefits of the targeted interventions rather than compare them against no care.



Intervention group 1

To reinforce foot care routines over the 8-week period, Intervention Group 1 received the same standard care as the control group, along with additional contact from the research team. At the start of each week, participants received a text message containing reminders for diabetic foot care. The messages included tips on inspecting feet daily for cuts, blisters, or swelling; maintaining proper foot hygiene with mild soap and lukewarm water; wearing clean, dry socks and properly fitting shoes; trimming toenails carefully; and seeking medical attention if signs of infection appear. Each message was followed by a phone call later in the week to ensure participants implemented the tips and to address any questions or concerns.



Intervention group 2

Throughout the study period, participants in Intervention Group 2 received the same care as those in Intervention Group 1, with the addition of targeted foot care educational materials delivered through online meetings accessible via mobile devices. The educational content, guided by the HBM, was developed by various professionals in endocrinology and diabetic care, podiatry, nutrition, nursing, and physical therapy, who also determined the number and duration of the required sessions.

The intervention for this group consisted of eight 60-min virtual sessions held weekly, each covering key aspects of foot care and diabetes management. Session 1 provided an overview of diabetes, foot-related symptoms, common complications like foot ulcers, and preventive measures, including understanding personal risk (perceived susceptibility and severity). Session 2 focused on practical foot care techniques, such as daily inspections, proper footwear selection, and early detection of foot issues (perceived benefits and cues to action). Session 3 discussed the role of nutrition in foot health and blood sugar management (perceived benefits). Session 4 featured instructional videos on foot care routines and hygiene, encouraging participants to practice these skills at home (self-efficacy).

Involving family members was also a key component in the later sessions to enhance support for foot care management. Accordingly, Session 5 focused on practical strategies for involving family in daily foot care routines and recognizing signs of foot complications, while also addressing challenges and reinforcing supportive behaviors (perceived barriers and cues to action). Session 6 expanded on family support by exploring ways to encourage medication adherence, promote a healthy diet beneficial for foot health, and recognize symptoms of hypo- and hyperglycemia that affect foot care (perceived benefits and self-efficacy).

Sessions 7 and 8 addressed broader aspects of foot care. Session 7 tackled the psychological aspects of being at risk for developing DFD (perceived susceptibility and perceived severity), focusing on stress management techniques, coping strategies, and the importance of mental health in foot care management (perceived benefits). Session 8 provided a comprehensive review of all topics covered, reinforcing key messages, and addressing any remaining questions (perceived barriers and cues to action).

Throughout the 8 sessions, interactive Q&A, group discussions, and practical demonstrations via video tutorials were used to ensure participants understood and could effectively apply the content. At the end of each session, the educational content was summarized in digital pamphlets, and key points were reviewed at the start of the following session to reinforce learning and address any concerns or inquiries.




Variables and measurements


Baseline characteristics

Baseline data collected included patients’ sociodemographic variables (age, education, income, residence, occupation, marital status), lifestyle factors (smoking status), anthropometric measurements (height and weight), and self-assessed health status. The hospital’s electronic medical records were accessed to obtain details on diabetes-related health indicators, including recent FBG and HbA1C levels, diabetes duration, and comorbidities such as retinopathy, renal impairment, hypertension, anemia, and limited joint mobility. Healthcare utilization data, including health insurance coverage, hospitalization frequency, and follow-up clinic visits over the past year, were also collected.




Outcome measures

To evaluate the intervention’s effectiveness on changes in foot self-care behavior across the study’s three groups, we assessed participants’ baseline and post-intervention foot care practices using the Diabetic Foot Self-Care Questionnaire (DFSQ) (45). The DFSQ is a 16-item tool measuring personal self-care (items 1–7), podiatric care (items 8–11), and appropriate use of footwear and socks (items 12–16), with each item scored on a five-point scale. Higher scores indicate better self-care and proactive foot care behavior. The DFSQ, originally developed for a Spanish population, has been validated in several languages, including Arabic, French, Persian, and Italian (46–49). The Arabic version of the DFSQ has demonstrated robust validity and repeatability among Arabic-speaking populations (49).

Additionally, foot care self-efficacy was measured before and after the intervention using the Foot Care Confidence Scale (FCCS) (50). The FCCS consists of 12 items rated on a five-point Likert scale, assessing confidence in performing foot care tasks such as cutting nails, washing feet, and purchasing appropriate footwear. Scores range from 12 to 60, with higher scores indicating greater self-efficacy. The FCCS has been validated in Arabic, demonstrating good internal consistency and reliability for assessing foot care confidence among Jordanian populations (51).



Data analysis

Data analysis was conducted using IBM SPSS version 23. Descriptive statistics were used to summarize participants’ sociodemographic variables, diabetes-related health factors, and outcomes. Bivariate statistical tests, including t-tests for continuous variables and chi-square statistics for categorical variables, were used to compare data between the study groups. Fisher’s exact test was also applied when any category had fewer than 5 observations. The Wilcoxon Signed-Rank Test was applied to assess changes in self-efficacy and foot care practices within the same group before and after the intervention. Generalized Estimating Equations (GEE) were used to evaluate interactions between groups and time, adjusting for participants’ characteristics. This method accounts for the correlation of repeated measures within subjects and provides robust estimates of intervention effects (52). A p-value of <0.05 was considered statistically significant.



Ethical statement

The study protocol was approved by the Institutional Review Board (IRB) of the Jordan University of Science and Technology and the Ethics Committee at the King Abdullah University Hospital (KAUH) (#40/140/2021). Informed consent was obtained from all participants, ensuring their voluntary participation. Confidentiality was maintained by assigning unique identification codes to each participant, with all data securely stored in password-protected electronic files accessible only to authorized researchers. Participant anonymity was further safeguarded by ensuring that no identifying information was included in the analysis or reporting. The study adhered to the ethical principles outlined in the Declaration of Helsinki.




Results


Participants’ characteristics

Table 1 presents the participants’ sociodemographic and diabetes-related health factors across three groups: the control group (n = 27), Intervention Group 1 (n = 26), and Intervention Group 2 (n = 23). The control group was significantly older (59.0 ± 4.4 years) compared to Intervention Group 1 (55.7 ± 6.4 years) and Intervention Group 2 (53.0 ± 7.4 years). Education levels also differed significantly, with Intervention Group 2 having the highest average (13.8 ± 2.8 years). Most participants in the total sample were married (72.4%), unemployed (40.8%), residing in urban areas (71.1%), had never smoked (60.5%), reported adequate financial resources (59.2%), and had health insurance (80.3%), with no significant differences between the groups for these variables.



TABLE 1 Participants’ characteristics by study (n = 76).
[image: Table comparing demographic and clinical characteristics by group, including variables such as age, education, marital status, employment, residence, smoking, income, health insurance, health status, BMI, diabetes duration, laboratory values, comorbidities, physician’s gender, clinic visits, and hospitalizations, with percentages, means, standard deviations, and p-values for statistical significance included.]

As detailed in Table 1, there were no significant differences between the three groups in Body Mass Index (BMI), diabetes duration, recent FBG and HbA1C levels, the presence of comorbidities, the gender of the primary supervising physician, or the number of clinic visits and hospitalizations over the past year (p > 0.05). In contrast, self-perceived health status varied significantly, with more participants in Intervention Group 1 rating their health as excellent (p = 0.006).

Participant attrition during the study was also assessed to evaluate its potential impact on the findings. Of the 108 participants who successfully completed the baseline assessment, 32 were excluded from the reassessment phase for reasons outlined in Figure 2. An analysis of characteristics showed no statistically significant differences between those who dropped out and the total sample. For instance, the mean age of dropouts was slightly higher compared to the total sample (57.2 ± 6.5 years vs. 56.5 ± 6.2 years, respectively; p = 0.48). Similarly, education levels did not differ significantly (dropouts: 12.5 ± 2.6 years vs. total sample: 12.8 ± 2.4 years, p = 0.52). Other variables, such as marital status (p = 0.61), employment status (p = 0.87), and self-perceived health status (p = 0.55), also showed no significant differences. These findings suggest that attrition did not result in systematic bias, supporting the robustness of the study’s conclusions.



Comparative analysis of outcome measures within groups: baseline vs. follow-up


Changes in foot care practices

As shown in Table 2, personal self-care total scores improved significantly in both intervention groups after the 8-week follow-up. Median scores increased from 17.2 to 23.8 (p = 0.02) in Intervention Group 1 and from 16.5 to 25.9 (p = 0.001) in Intervention Group 2. However, the control group showed only a slight, non-statistically significant increase, with scores rising from 18.2 to 20.5 (p = 0.22). In the podiatric care subscale, Intervention Group 2 demonstrated significant improvement, with median scores increasing from 9.9 to 17.7 (p = 0.001). In contrast, neither the control group (10.5 to 11.6, p = 0.30) nor Intervention Group 1 (11.0 to 13.2, p = 0.12) showed significant changes.



TABLE 2 Median scores for foot care practices at baseline and 8-week follow-up within each group.
[image: Data table compares foot care practices scores among control and two intervention groups at baseline and follow-up across personal self-care, podiatric care, and footwear categories, with associated p-values indicating statistical significance.]

Footwear and socks practices followed a similar pattern, with Intervention Group 2 showing a notable increase from 11.3 to 23.2 (p = 0.01). However, both the control group and Intervention Group 1 exhibited non-significant changes (p = 0.19 and p = 0.25, respectively). Overall foot care practice scores further highlighted the intervention’s impact on Group 2, where scores significantly rose from 36.2 to 73.1 (p = 0.001). Although Intervention Group 1 showed a significant increase from 40.9 to 63.2 (p = 0.02), the control group did not experience a significant change (p = 0.18).



Changes in self-efficacy

Table 3 reveals limited progress in the self-efficacy subscale within the Control Group, with only three out of 12 items showing significant changes: protecting feet (p = 0.02), drying feet (p = 0.04), and routinely applying lotion to feet (p = 0.03). However, overall scores remained nearly unchanged (34.0 to 35.7; p = 0.21).



TABLE 3 Median scores for self-efficacy at baseline and 8-week follow-up within each group.
[image: Data table displaying self-efficacy outcome measures for foot care across a control group and two intervention groups, with scores at baseline and follow-up, and p-values indicating statistical significance; intervention groups notably show greater improvements in most items and overall scores.]

In contrast, significant improvements were observed in the overall self-efficacy scores for both Intervention Group 1 (33.1–39.3; p = 0.03) and Intervention Group 2 (34.5–48.2; p = 0.001). As outlined in Table 3, both intervention groups demonstrated significant improvements in self-efficacy, including protecting feet, drying feet after washing, consistently wearing shoes and socks when walking, and routinely applying lotion to feet.



Effects of the intervention on foot care practices

Table 4 shows that the intervention led to significant improvements in foot care practices, particularly in Intervention Group 2. In the unadjusted model, participants in this group demonstrated more substantial improvements in foot care practices compared to those in Intervention Group 1. The unadjusted OR for this comparison was 1.8 (95% CI: 1.1 to 3.0, p = 0.005), and the adjusted OR (aOR) was 1.7 (95% CI: 1.2 to 2.9, p = 0.02), indicating that the additional components of the intervention in Group 2 led to greater improvements in foot care practices compared to Group 1.



TABLE 4 GEE logistic regression analyzing the effect of the intervention on foot care practices and self-efficacy (baseline and follow-up).
[image: Data table compares outcome measures for foot care practices and self-efficacy among three groups using unadjusted and adjusted models. Significant group differences and time interactions are highlighted by p-values less than 0.05 or 0.01.]

A comparison between Intervention Group 2 and the Control Group revealed the most significant improvements in foot care practices within Group 2. The unadjusted OR for this comparison was 2.8 (95% CI: 1.4 to 5.6, p < 0.001), and the aOR was 2.5 (95% CI: 1.3 to 5.1, p < 0.001). This underscores the superior effectiveness of the additional intervention components in Group 2 compared to those in the Control Group. Although Intervention Group 1 also showed improvements in foot care practices over the Control Group, the effects were less pronounced. The unadjusted OR for Intervention Group 1 versus the Control Group was 1.7 (95% CI: 0.9 to 3.2, p = 0.07), and the aOR was 1.6 (95% CI: 0.8 to 3.0, p = 0.09).



Effects of the intervention on self-efficacy

As detailed in Table 4, the intervention resulted in substantial improvements in self-efficacy, especially in Intervention Group 2. The interaction between group and time further highlighted that Intervention Group 2 experienced more substantial improvements over time compared to the Intervention Group 1, with an unadjusted OR of 2.0 (95% CI: 1.2 to 3.5, p = 0.003) and an aOR of 1.8 (95% CI: 1.1 to 3.2, p = 0.01).

Comparing Intervention Group 2 with the Control Group, the improvement in self-efficacy was the most notable. The unadjusted OR was 3.0 (95% CI: 1.6 to 5.7, p < 0.001), and the aOR was 2.7 (95% CI: 1.4 to 5.2, p < 0.001). Intervention Group 1 also experienced enhancements in self-efficacy relative to the Control Group, although these did not reach statistical significance. The unadjusted OR for this comparison was 1.8 (95% CI: 0.7 to 3.3, p = 0.05), and the aOR was 1.7 (95% CI: 0.9 to 2.6, p = 0.08).





Discussion

This study evaluated the effectiveness of targeted educational interventions on foot care practices and self-efficacy among women with T2DM in northern Jordan. The findings indicate significant improvements in both areas among participants who received more interactive, tailored, and multifaceted educational approaches.


Improved foot care practices

The study revealed that participants in Intervention Group 2 showed substantial improvements across several aspects of foot care, including personal care routines, podiatric care, and footwear choices. These findings suggest that comprehensive, multimodal educational approaches with interactive elements and targeted content are more effective at promoting positive behavioral changes than standard care. The passive nature of standard clinical care, which relies heavily on provider-directed instructions, often limits patient engagement, and reduces their ability to take control of their own health (53, 54). Furthermore, this model may overlook individual patient needs and preferences, resulting in a lack of understanding of preventive foot care and poor adherence to recommended practices (53, 54).

Although participants in Intervention Group 1, who received routine follow-up via text messages and calls, showed some improvement in foot care practices, the changes were less significant compared to those in Intervention Group 2. This disparity highlights the limitations of one-way communication methods, which often lack the depth needed to fully engage patients (55). Studies have shown that while reminders through messages or calls can prompt short-term behavioral changes, they often fail to provide the comprehensive education and hands-on training necessary for sustained improvements in self-care (49, 56). As a result, patients may struggle to fully integrate foot care practices into their routine, limiting their ability to reduce the risk of skin damage and prevent foot injuries and complications, such as ulcers and infections.

In Jordan, previous research has shown that gaps in knowledge and practices regarding foot care among diabetic women are largely due to insufficient exposure to tailored educational interventions (57, 58). Accordingly, developing strategies that provide practical, easy-to-understand instructions and involve family members in supporting foot care routines is crucial in culturally conservative settings like Jordan (59). Women, in particular, may face unique challenges in managing regular diabetic foot care due to factors such as limited access to healthcare, lower health literacy, and cultural norms (59, 60). This study’s focus on women underscores the importance of implementing gender-sensitive educational programs specifically designed to meet their needs and enhance their ability to address foot issues more effectively.



Enhanced self-efficacy

In this study, participants in Intervention Group 2 demonstrated increased self-efficacy, showing greater confidence in performing foot care activities such as self-examinations, seeking medical attention, and completing essential tasks like daily foot inspections, applying lotion, and selecting appropriate footwear. These findings suggest that interactive educational approaches—incorporating group discussions, real-time problem-solving, and immediate feedback—can empower patients to take a more active role in managing their condition, thereby fostering competence in foot care practices. Our results align with other studies that highlight how improving self-efficacy is beneficial in enhancing knowledge, confidence, and promoting better foot health (56, 61, 62).

Our results also confirm that providing routine follow-up via text messages and calls led to an increase in self-efficacy within Intervention Group 1. However, compared to Intervention Group 2, the improvement was not as significant. This comparison suggests that routine reminders alone, while helpful in maintaining basic foot care behaviors, may fail to actively build a patient’s confidence to manage complex self-care activities independently (63). Our findings align with previous research, emphasizing the added value of dynamic experiences in improving foot health, such as hands-on learning, digital reinforcement tools, and opportunities for developing new skills in a supportive environment (63–65).

The gains in self-efficacy observed in Intervention Group 2, compared to the Control Group, also underscore the limitations of standard clinical care in equipping patients with the necessary tools to overcome obstacles, foster a sense of mastery, and reinforce their ability to execute foot self-care tasks independently. Currently, data on the quality of diabetic care in Jordanian health facilities is limited (66). Much of the research highlights a lack of meaningful patient engagement, particularly among women, with healthcare providers often relying on delivering general instructions rather than interactive, patient-centered approaches.

Diabetic women may face additional cultural and social obstacles that further discourage them from seeking foot care or participating in related activities, especially when male physicians are typically the primary care providers (67). The lack of female physicians can exacerbate these barriers by reducing effective communication, decreasing patient comfort, and hindering adherence to recommended care practices. To address these challenges, offering practical strategies through virtual sessions exclusively for women, led by female specialists, can improve the effectiveness of educational interventions. This approach creates more culturally sensitive, comfortable, and engaging environments, encouraging long-term adherence and proactive self-management.



Management strategies and implications for practice

The study’s findings highlight several key management strategies and implications for clinical practice. These include:



Multifaceted and tailored educational interventions

Obviously, the incorporation of tailored and multifaceted educational approaches engaging patients is crucial for improving diabetic foot care practices. Standard clinical visits may not fully support patients’ self-management, so incorporating a variety of educational methods—such as practical demonstrations, personalized digital content, and regular follow-ups—can significantly enhance patient engagement and adherence to foot care routines.

During clinical visits, healthcare providers can conduct routine assessments and risk stratification by categorizing DFD risk based on established guidelines. Implementing systematic screening protocols to identify patients at varying levels of risk allows for more personalized preventive strategies and interventions, ensuring that those at higher risk receive more intensive and targeted education and care.



Incorporation of technology in patient education

With the increasing availability of mobile technology among Jordanians (68), leveraging mobile devices and online platforms to deliver educational content is an effective strategy to support diabetic foot care. Given the cultural sensitivities and social barriers some patients may face, healthcare providers can offer digital reminders, interactive content, and educational videos to reinforce learning and promote adherence to recommended foot care practices. This approach helps create a supportive and accessible environment for patients, making it easier to maintain consistent foot care, even outside the clinical settings. Furthermore, health educators must ensure that videos and other educational modalities are accessible and easily understood by the least educated and most vulnerable patients.



Family involvement in foot care management

Strengthening family responsibilities in managing DFD can be a powerful strategy to enhance self-care and improve patient outcomes. This is particularly important for supporting vulnerable patients who are older adults, poorly educated, and have limited access to advanced technologies. By defining specific family roles in foot care and actively engaging them in the management process, challenges in self-care can be addressed more effectively. This approach fosters a supportive environment where families can help set lifestyle goals, such as preparing healthier meals, promoting regular exercise, and ensuring adherence to foot care routines. Families interested in participating in such initiatives may benefit from training to build their capacity in supporting expected self-care behaviors.



Study strengths and limitations

The study has several notable strengths. First, it employed a pretest-posttest, quasi-experimental design, providing a robust framework for evaluating the effectiveness of educational interventions over time. This design offered valuable insights into how targeted strategies can improve foot care practices and self-efficacy among diabetic women. Additionally, the study was guided by the HBM, an evidence-based model that ensured the educational interventions were tailored to address specific barriers and motivators related to foot care, thereby enhancing their relevance and effectiveness. Furthermore, the study demonstrated cultural sensitivity by customizing educational materials to fit the specific context of Jordan, increasing both the engagement and applicability of the interventions for the target population.

However, the study had several limitations. The use of a nonprobability convenience sampling method limits the generalizability of the findings, as the sample may not fully represent the diversity of women with T2DM in Jordan. Furthermore, conducting the study in a single setting may further restrict the applicability of the results to other populations or settings. The relatively small final sample size due to participant attrition over the 8-week intervention period could affect the study’s statistical power, potentially impacting the ability to detect significant differences between groups. The short follow-up duration of 8 weeks may not have been sufficient to assess the long-term sustainability of the observed improvements in foot care practices and self-efficacy. Future studies should consider longer follow-up periods to evaluate the durability of intervention effects over time.




Conclusion

The findings reveal that women with T2DM who received targeted interactive educational interventions showed the greatest improvements in both foot care practices and self-efficacy, compared to those who received standard clinical visits or routine follow-ups via text messages and calls without additional engaging components. This suggests that incorporating elements such as interprofessional collaboration, practical demonstrations, digital content, and family support is more effective in promoting better foot care behaviors and increasing patients’ confidence in managing their foot health.
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Background: Environmental health literacy (EHL) aims to enable individuals to make informed choices to reduce health risks and protect the environment.
Objectives: To assess the EHL of residents in Shaanxi Province, China in 2022 and analyze the influencing factors.
Methods: This study was a 2022 cross-sectional survey in Shaanxi Province, China, involving 2,237 residents aged 15 to 69. Participants were selected using a multi-stage random sampling method and surveyed through questionnaires in six cities. The weighted rate was calculated using the seventh National Census data, and influential factors were analyzed using multifactor logistic regression.
Results: According to the survey, the overall EHL level of Shaanxi residents in 2022 was 15.47%. The first-level classification literacy level of EHL was ranked in descending order: basic skills (21.64%), basic concepts (17.93%), and basic knowledge (14.44%). The EHL level was influenced by age, education level, and occupation. People with higher education and certain occupations were more likely to possess EHL, while older individuals and those with lower education levels, especially in rural areas, were less likely to possess it.
Conclusion: The level of EHL among residents in Shaanxi Province in 2022 was higher than in 2020. The findings showed that targeted health education for low EHL groups effectively reduced urban–rural disparities and improved adolescents’ EHL levels.
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 environmental health literacy (EHL); influencing factors; Shaanxi Province; urban–rural gap; health education


1 Introduction

Environmental health is an expanding field of knowledge, constantly growing and refining the evidence base that connects the environment with human health (1). Environmental factors that create health risks include water (including sanitation and good hygiene), air pollution, noise, chemical and radiation exposure, recreational risks (e.g., drowning), risks associated with land-use practices (including risks from buildings), and other risks related to the workplace or community and climate change (2). Environmental pollution impacts health through emissions from multiple sources, contamination across different media, and exposure through various pathways, leading to significant and often irreversible risks (3). According to an analysis by WHO in 2016, 24% of deaths globally (and 28% of deaths in children under five) were attributable to modifiable environmental factors (4). Therefore, it is essential for people to raise awareness of the relationship between the environment and health and to integrate environmental protection into the health protection system.

In 2008, the American Association for Public Health Education introduced the new term “environmental health literacy (EHL)” for the first time globally, defining it as an individual’s ability to search for, locate, understand, and recognize the environmental and health information, and using that information to make good choices to reduce health risks, improve quality of life, and protect the environment (5). EHL is an emerging multidisciplinary field that integrates the concepts of environmental and health literacy, develops professional knowledge and awareness, enables people to understand and use information appropriately, and promotes behavioral change, which positively impacts individual and public health and the environment (6, 7).

Currently, there are relatively few studies on EHL at home and abroad (8). Several foreign studies have explored the relationship between EHL and race, ethnicity, and socioeconomic status, as well as household air pollution (6, 9, 10). In 2018, 15 provinces conducted the first EHL survey of residents, resulting in an EHL of 12.5% for Chinese residents (11). In 2019, the Healthy China Initiative (2019–2030) included a goal to reach an EHL level of 25% for the Chinese population by 2030 (12). As the public health risks from environmental pollution due to China’s industrialization and urbanization will gradually increase, it is crucial to enhance the population’s EHL and promote overall health (13).

This study aims to conduct a comprehensive survey on the level of EHL of the residents from Shaanxi Province, China. According to the requirements of the Technical Guidelines for Measuring Citizens’ Environmental and Health Literacy (for Trial Implementation), to assess the EHL level and its influencing factors. The goal is to provide targeted suggestions for improving the EHL level and to offer insights for other countries or regions to enhance their EHL levels (14).



2 Materials and methods


2.1 Study design

The study is a cross-sectional survey conducted in Shaanxi Province, China, in 2022. It focused on residents aged 15 to 69 years who lived in six district cities within the Shaanxi Province, including Xi’an, Weinan, Yulin, Yan’an, Hanzhong, and Ankang. Participants had resided in these areas for a consecutive six-month period.

A multi-stage random sampling method was employed to select participants in this study, and Figure 1 illustrates the sampling process. The minimum sample size for each stratum was calculated using Equation 1:

[image: Mathematical formula for sample size: n equals Z squared times p times one minus p, divided by e squared, multiplied by deff, labeled as equation one.]

[image: Flowchart illustrating a multistage sampling process in Shaanxi Province, China, starting from geographical selection of six cities, proceeding through counties, villages, households, and ending with 2,237 valid questionnaires, with simple random sampling applied at each stage.]

FIGURE 1
 Flowchart for sampling participants in the 2022 environmental health literacy study for residents aged 15–69 in Shaanxi Province, China.


n is the minimum sample size per stratum; z is usually set at 1.96; p is the previous level of EHL, the value of p is 0.13; e is the absolute permissible error, e = p*relative error (the relative error is usually set 10–20%); deff is the value of the random effect of the complex design, which is usually set at 1.5–2.0. The total sample size was estimated as follows by Equation 2:

[image: Mathematical formula showing N equals n sub NFPC times the product of stratification factors times the sum of one plus failure rate, labeled as equation two.]

N is the total sample size; n or nFPC is the minimum sample size for each stratum or the minimum sample size corrected for a finite population. The product of stratification factors: stratification factors were chosen based on demographic and sociological characteristics that can impact the level of EHL and the purpose of the assessment. For instance, if we choose 2 strata for urban and rural areas and 2 strata for gender, then the product of the stratification factors will be 2 × 2 = 4 strata. The failure to visit rate is set at 5 to 10%.

To account for cases where participants could not be reached or refused to participate, a rate of 10% was calculated for lost visits and refusal. To ensure enough participants, each neighborhood committee or administrative village added 10 eligible households as a backup to the 100 original households. The final number of households included in the analysis was 2,237.



2.2 Questionnaire survey

All participants completed a written informed consent form before the study. Investigators, who had undergone uniform training and completed an assessment, collected the questionnaires in households. The household survey process is shown in Figure 2.

[image: Flowchart illustrating a household survey process: starts with determining if the respondent is at home, seeking informed consent, administering a questionnaire if consent is given, then closing the survey, and finally reviewing and reporting results. If the respondent is not at home, after three unsuccessful visits, it is recorded as a missed visit.]

FIGURE 2
 Flowchart of the household survey in the 2022 environmental health literacy survey for the population aged 15–69 years in Shaanxi Province, China.


The Environmental and Health Literacy Assessment Questionnaire consists of 47 questions, divided into three categories: 13 judgmental questions, 14 single-choice questions, and 20 multiple-choice questions. The questionnaire covered three main categories: basic concepts, basic knowledge, and basic skills. These categories were further divided into basic cognition, basic attitude, fundamental concept, scientific knowledge, basic behavior, and basic skills. The basic concepts section covers understanding environmental pollution hazards, health risks, and the responsibility to prevent risks and protect the environment. The basic knowledge section includes information on air, water, soil, household garbage, environmental health, and toxic and hazardous substances. The basic skills section includes green and healthy lifestyles, emergency response, and monitoring skills.

The KMO (Kaiser-Meyer-Olkin) value of the questionnaire was 0.940, and Bartlett’s test of sphericity was statistically significant with a p-value of less than 0.001. The questionnaire showed good internal consistency, with a reliability score of 0.887 and a Cronbach’s alpha coefficient of 0.885 (15).



2.3 Score criteria

The questionnaire has a total score of 100 points. The scoring system is as follows: for each correct answer to a judgment question, you receive 1 point, while each wrong answer earns 0 points. For single-choice questions, each correct answer is worth 2 points, and each incorrect answer earns 0 points. For multiple choice questions, selecting the correct answer earns 3 points, while an incorrect or missed answer earns 0 points. If individuals’ total score equals or exceeds 70, they will be categorized as having EHL. The level of EHL is the percentage of people with EHL within the total population under observation.



2.4 Statistical analysis

The results of the questionnaire were analyzed using SPSS version 26 (IBM, Armonk, NY, United States). Categorical variables were expressed as frequencies (percentages). The chi-square test was employed to compare categorical variables in different groups. The weighted rate was calculated using data from the seventh National Census (16), and influential factors were analyzed using multifactor logistic regression. A difference was deemed statistically significant when the p-value was less than 0.05 (two-tailed). p-values in bold indicated statistical significance. *p < 0.05, **p < 0.01, ***p < 0.001.




3 Results


3.1 Demographic characteristics and EHL status

The demographic characteristics and EHL status of the 2,237 respondents are in Table 1. The mean age of the respondents was 42.78 ± 15.13 years, with 51.68% as male and 47.61% as urban residents. The age distribution was as follows: 31.69% were aged 15–34, 31.56% were aged 35–49, and 36.75% were aged 50–69. Additionally, 85.07% of the respondents held a junior high school degree or above. Among the respondents, 48.73% were farmers, 22.53% were urban workers, and 14.66% were students.



TABLE 1 Demographic characteristics and level of environmental health literacy (EHL) in the participants (n = 2,237).
[image: Table presenting survey results on the level of environmental health literacy (EHL) across demographic variables such as gender, age, region, education, occupation, and environmental protection worker status, including sample sizes, rates, weighted rates, chi-square values, and significance levels.]

346 respondents in Shaanxi Province had an EHL score of at least 70, reflecting an overall EHL level of 15.47%. After weighted adjustment of the data, the overall level of EHL of residents in Shaanxi Province was 15.25%. The study found significantly higher EHL levels in the 15–34 age group and among respondents with higher education. In the occupational classifications, leading cadres and civil servants (44.86%) had the highest EHL levels, followed by students (33.54%) and teachers (24.53%). Farmers and retired participants had the lowest EHL levels. There were no significant differences in EHL levels between genders, urban and rural areas, and whether or not individuals were practitioners involved in ecological and environmental protection.

The first-level classification literacy of EHL of residents was ranked as follows: basic skills (21.64%), basic concepts (17.93%), and basic knowledge (14.44%; Figure 3A). There was a noticeable lack of fundamental understanding of environmental and health matters among residents. The second-level classification literacy of EHL of residents was: basic cognition (10.01%), basic attitude (43.41%), fundamental concept (35.36%), scientific knowledge (9.61%), basic behavior (38.71%), and basic skills (38.71%; Figure 3B). The deficiency in basic cognition and scientific knowledge was especially noticeable. Residents demonstrated the highest accuracy in basic attitudes related to environmental and health issues, but the lowest correct rate of scientific knowledge about the health effects of air, water, and other environmental pollution.

[image: Bar chart panel A compares levels of EHL in basic concepts, basic knowledge, and basic skills, with basic skills highest. Panel B details six categories, with basic attitude and basic behavior leading, and scientific knowledge lowest.]

FIGURE 3
 Overall level of first-level and second-level classification literacy. (A) The first-level classification literacy; (B) the second-level classification literacy.




3.2 Relationship between EHL score and first-level classification literacy

The statistical analysis employed linear regression with EHL scores as the dependent variable and basic concepts, basic knowledge, and basic skills as independent variables. The regression model demonstrated a F statistic of 1420.972 (p < 0.001) and an adjusted R-squared of 0.656. These findings suggest that the influence of the three first-level classification literacy on the total EHL score was ranked in the following order: basic knowledge (0.418) > basic skills (0.348) > basic concepts (0.280; Table 2).



TABLE 2 The linear regression relationship between the total score of EHL and first-level classification literacy.
[image: Regression table displaying four dimensions: constant, basic concepts, basic knowledge, and basic skills, along with their unstandardized coefficients, standardized coefficients, t-values, and p-values, all indicating statistical significance with p less than 0.001.]



3.3 Stratified analysis of first-level classification literacy

The stratified analysis of the first-level classification literacy of EHL level (Figure 4) showed that males had slightly higher scores than females in basic skills. However, there was no gender difference in basic concepts and basic knowledge (Figure 4A). Additionally, there was no significant difference in the first-level classification literacy between urban and rural residents (Figure 4B). The 15–34 age group has the highest first-level classification literacy across all three dimensions, followed by the 35–49 and 50–69 age groups (Figure 4C). The understanding of first-level classifications improves with higher education levels. Those with junior college/bachelor’s degrees and above have the highest first-level classification literacy at 35.55% (Figure 4D).

[image: Four grouped bar charts labeled A, B, C, and D compare levels of EHL (expressed as percentages) across basic concepts, basic knowledge, and basic skills for different demographic categories: A shows male versus female, B shows urban versus rural, C shows age groups fifteen to thirty-four, thirty-five to forty-nine, and fifty to sixty-nine, D shows four education levels. Significant differences are marked with asterisks.]

FIGURE 4
 Stratified analysis of first-level classification literacy. (A) Stratified by gender; (B) Stratified by region; (C) Stratified by age; (D) Stratified by educational level.




3.4 Stratified analysis of second-level classification literacy

The stratified analysis of second-level classification literacy of EHL level (Figure 5) showed no gender disparity (p > 0.05; Figure 5A). Apart from basic cognition, urban residents demonstrated a higher level of second-level classification literacy compared to rural residents (p < 0.05; Figure 5B). There were no statistically significant variances in the six dimensions of second-level classification literacy across different age groups (p > 0.05) (Figure 5C). The level of second-level classification literacy showed varying degrees of improvement with higher levels of education (Figure 5D).

[image: Four grouped bar charts compare the level of EHL across demographic categories: gender, urban versus rural residence, age groups, and education levels. Each chart separates results for basic cognition, basic attitude, fundamental concept, scientific knowledge, basic behavior, and basic skills. Statistically significant differences are marked with asterisks, especially notable between urban and rural, as well as across education levels. All charts employ color-coded legends corresponding to each demographic attribute.]

FIGURE 5
 Stratified analysis of second-level classification literacy. (A) Stratified by gender; (B) Stratified by region; (C) Stratified by age; (D) Stratified by educational level.




3.5 The influencing factors of EHL

In binary logistic regression, gender, age, education level, and occupation were included, and Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated by overall and region, respectively (Table 3). Overall, the 35–49 age groups [OR = 0.679, 95% CI (0.485 to 0.950)] and 50–69 age groups [OR = 0.387, 95% CI (0.245 to 0.611)] were less likely to possess EHL than 15–34 age groups. Notably, education level was positively correlated with EHL possession. Furthermore, the research shows that leading cadres and civil servants [OR = 2.698, 95% CI (1.661 to 4.383)] and students [OR = 2.129, 95% CI (1.434 to 3.162)] are more likely to possess EHL than urban workers.



TABLE 3 Odds ratios (OR) and 95% confidence intervals of having basic EHL stratified by region in the enter logistic regression.
[image: Data table showing odds ratios (OR), confidence intervals (CI), and p-values for risk factors including gender, age group, education, and occupation, presented for overall, urban, and rural populations in parallel columns for each risk factor category.]

Stratified by region (Table 3), respondents with higher educational levels among urban and rural residents showed a higher likelihood of possessing an EHL. Furthermore, residents aged 35–49 years [OR = 0.533, 95% CI (0.337 to 0.843)] and 50–69 years [OR = 0.284, 95% CI (0.154 to 0.524)] in rural areas were less inclined to possess EHL. For occupational classification, students [OR = 3.366, 95% CI (1.892 to 5.988)] among urban residents and leading cadres and civil servants [OR = 3.932, 95% CI (2.092 to 7.389)] among rural residents were more likely to possess EHL.

Stratified by gender, age, and educational level (Supplementary Tables S1–S3), the results showed that higher education was associated with higher EHL levels, but higher age was associated with lower EHL levels. Residents of occupations such as leading cadres and civil servants, students, and teachers were more likely to possess EHL. Interestingly, among junior high school and below residents, peasantry [OR = 4.262, 95% CI (1.341, 13.547)] showed a higher likelihood of possessing an EHL than Urban workers.




4 Discussion

In this study, we assessed the EHL level of residents in Shaanxi Province in 2022. We investigated the factors influencing EHL overall and stratified by gender, age, region, and education level. After the weighted adjustment, the overall EHL level of residents in Shaanxi province was 15.25%, higher than the 12.95% EHL level in 2020, reaching the target value of the Healthy China Action (2019–2030) (17). The findings showed that to enhance the EHL of residents in Shaanxi Province, it is essential to focus on middle-aged and older adult individuals, farmers, and retirees, while improving overall education levels. Additionally, providing targeted health education on environmental and health knowledge, basic cognition, and scientific knowledge could help improve the EHL of residents.

The EHL level in Shaanxi in 2022 increased by 19.3% compared to 2020, which was higher than the 15% required by the Healthy China Initiative (2019–2030) in 2022 (17), but still far from the national overall average of 18.8% (18). In 2022, the EHL level of residents in Shaanxi Province was lower than that of Guangxi Province (22.46%) (19), Guangdong Province (18.82%) (20), and Hubei Province (18.2%) (21). Therefore, Shaanxi Province still needs to continue to make efforts to improve the EHL of residents. In this study, there was no significant difference in EHL levels between rural and urban residents (15.21% vs. 15.70%). It is inconsistent with the EHL survey of Chinese residents (22) (8.1% vs. 16.9%), the 2020 survey results of Shaanxi Province (23) (25.00% vs. 11.51%), and the 2022 survey results of Guangdong Province (20), etc. The possible reason is that Shaanxi Province has implemented several measures to improve the EHL of rural residents based on the 2020 survey results, which indicated a low EHL among the rural population. These measures included initiating a pilot project to promote EHL among rural residents, displaying informational materials in administrative villages, distributing posters, brochures, and promotional videos, and organizing thematic exhibitions. These measures have been proven to have a positive impact and can be applied more broadly (24).

The study found that participants in the 15–34 age group had the highest EHL levels. Additionally, EHL levels decreased with age in both men and women, particularly in the 50–69 age group. These findings are consistent with surveys conducted in Jiangsu Province (25) and Guangxi Province (26). The possible reason is that residents aged 50–69 have a relatively low level of education, slow acceptance of new knowledge, and lack of active learning awareness, so the EHL level of residents will be low. The 15–34 age group had the highest EHL levels, which may be due to the fact that residents in this age group are young people, have a wide range of access to knowledge, and have strong cognitive abilities (27). At the same time, in response to the 2020 findings indicating low EHL among adolescents and children, Shaanxi Province has established the “Shaanxi Provincial Youth Ecological Environment and Health Literacy Promotion Base.” They conducted a series of science activities to create a harmonious ecological environment and share a green and healthy life.

In this study, higher education levels were associated with higher levels of EHL, as well as first-level and second-level classification literacy. It was consistent with the findings of Jiangsu Province (25), Guangxi Province (28), and Hubei Province (29). Thus, the level of EHL is closely related to the educational level. Residents who were leading cadres or civil servants, as well as teachers and students, had a higher level of EHL than other occupations. It may be related to the nature of their work, and they have advantages in the way and ability to acquire new knowledge (25).

Residents in Shaanxi Province lacked basic knowledge of the environment and health, and the low level of basic cognition and scientific knowledge literacy was prominent. It was consistent with the findings of numerous studies involving medical students (30), college students (31), and community residents (20, 28). It can be seen that the low awareness rate of basic knowledge, basic cognition, and scientific knowledge was a common problem among different groups and regions. According to the results of linear regression analysis, the impact of first-level classification literacy on the total EHL score was as follows: basic knowledge > basic skills > basic concepts. The overall mastery rate of basic knowledge was only 14.44%. The low level of basic knowledge is the direct cause of the low level of EHL. Knowledge is at the forefront of the “Know-Believe-Act” chain, and the lack of basic knowledge and scientific knowledge will inevitably affect the formation of basic concepts and the acquisition of basic skills (29, 32). Therefore, the government and the community should attach great importance to health education, especially to strengthen the basic knowledge and scientific knowledge of the ecological environment and health.

Binary logistic regression results show that age, education level, and occupation significantly influence residents’ EHL. EHL level decreases with age and increases with education level. People with lower education levels, older age groups, farmers, and retirees tend to have relatively low EHL levels. According to the results of this study, to effectively improve the EHL level of residents in Shaanxi Province, the following suggestions are put forward: Firstly, the low levels of basic and scientific knowledge in EHL significantly impact overall EHL. It is necessary to increase investment in popular science, strengthen the creation of popular science on environmental health, and promote the sharing of works and resources. For example, inviting experts and celebrities to produce popular science videos and establishing environmental health sections on platforms like WeChat and TikTok to disseminate basic and scientific knowledge closely related to residents’ daily lives (33). Secondly, set up expert and student volunteer teams to conduct widespread environmental health science outreach in communities, rural areas, campuses, and enterprises. Use varied communication methods to educate the older adults and farmers about the health benefits of EHL (34, 35). Thirdly, the knowledge of EHL should be incorporated into education, as education plays a crucial role in determining the EHL of residents. It is vital to focus on educating adolescents and children, utilizing digital technology to create educational materials with diverse and engaging content to enhance the EHL of minors and ultimately raise the overall EHL level in Shaanxi province.

Our research emphasizes the need for targeted health education programs for populations with lower health literacy, such as seniors, farmers, and retirees. These programs can empower individuals to make informed health and environmental choices. Additionally, it is crucial to carry out educational initiatives that combine environmental protection with health promotion to encourage proactive behavioral changes. Future studies should assess the long-term effects of these programs, explore EHL’s impact on health outcomes, and consider how various factors shape EHL to tailor effective, equitable health education strategies.


4.1 Limitations

Firstly, the survey conducted in the six cities covered a limited area, and due to the impact of the COVID-19 pandemic on our research process, we were unable to collect information from 100 households in some administrative villages, resulting in fewer than the anticipated 2,400 participants. However, our entire sampling process strictly adhered to the principles of multi-stage random sampling, and the one-on-one field research was conducted strictly according to the execution guidelines. Therefore, our study maintains good representativeness for the residents of Shaanxi Province. Secondly, the data in this study was obtained from a cross-sectional survey, which limits the interpretation of the results and makes it difficult to draw general conclusions.




5 Conclusion

The level of EHL among residents in Shaanxi Province increased in 2022 compared to 2020. Following the 2020 survey results, Shaanxi Province implemented various health education programs aimed at residents in rural areas and adolescents, which have yielded positive outcomes. The results showed that customized health education for groups with low EHL effectively narrowed the gap between urban and rural areas, enhancing the EHL levels of adolescents.
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Objective: To investigate the influencing factors of inpatients giving red packets to doctors and explore the necessity of doctor-patient red packet agreements.
Methods: A questionnaire survey was conducted among inpatients and their families who were hospitalized in several hospitals in Chengdu from January to June 2023. The survey asked about the patients’ (or their families’) attitudes and opinions on whether it was necessary to give red packets to doctors during hospitalization.
Results: The vast majority of patients (80.7%) thought that it was not necessary to give red packets to doctors, and 87.0% of patients had never given red packets. 59.7% of patients chose senior doctors as the recipients of red packets, and 90.0% of patients thought that it was necessary to give red packets to doctors in 3A-grade hospitals. Patients’ attitudes toward giving red packets were positively influenced by their education level and previous experience of giving red packets.
Conclusion: Despite education level and previous experience of giving red packets were all positive influencing factors for patients giving red packets, the proportion of patients who had given or intended to give red packets was relatively low. The majority of patients believed that giving red packets was unnecessary, and they held the view that doctors would not treat them less actively if they did not receive red packets. The question of whether signing a red packet agreement is necessary is worth contemplating at this time.
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1 Introduction

The red packets (Hongbao 红包) are informal payments that patients or their families give to doctors in exchange for better or quicker health services (1, 2). While traditionally associated with gift-giving customs during holidays or celebrations, in the healthcare context, red packets are sometimes given as a means to express gratitude or, in some cases, to secure more attentive medical care. They are widespread and harm the doctor-patient relationship in China. The “Agreement between Doctors and Patients Not to Accept or Send “Red Packets”“(referred to as the Doctor-Patient Red Packet Agreement) is a document issued by the National Health and Family Planning Commission of the People’s Republic of China to regulate the behavior and interaction between doctors and patients, create an honest medical practice environment, and build a harmonious doctor-patient relationship (3). However, the Doctor-Patient Red Packet Agreement has been controversial since its promulgation in 2014 (4). Some studies believe that signing a doctor-patient red packet agreement can enhance mutual trust between doctors and patients and harmonize the doctor-patient relationship (5). While other studies have found that this move is an insult to the doctor’s profession and a manifestation of disrespect for medicine; just relying on signing an agreement is purely a piece of paper to entertain oneself, and cannot completely cure the hospital’s red packet behavior (6). At the same time, it will have a negative impact on the development of medical technology and the improvement of doctors’ standards have had a negative impact (7). With the development and progress of society and the improvement of people’s health awareness, patients not only have higher requirements for rights such as curing the disease itself and achieving informed consent, but also hope to receive more care and respect from medical staff (8). This is one of the root causes of the current intensification of conflicts between doctors and patients. As the main body of China’s medical service system, medical institutions, especially public hospitals, play a role not only in providing medical services and protecting people’s health, but also in conveying medical culture and demonstrating industry ethics. However, some medical workers ignore professional ethics and engage in bad behavior and misconduct, causing the doctor-patient relationship to become increasingly tense. Therefore, research and discussion on the doctor-patient relationship will help promote the development and improvement of the medical and health industry and better protect people’s health. This study investigates patients’ attitudes about whether it is necessary to send red packets, explores the necessity of the continued implementation of the “doctor-patient refusal to accept red packets agreement,” analyzes the influencing factors of patients’ attitudes and their impact on the doctor-patient relationship, and proposes corresponding recommendations. The suggestions provide a theoretical basis for building a harmonious doctor-patient relationship and enhancing mutual trust between doctors and patients.



2 Methods


2.1 Source

Samples were selected from several public hospitals in Chengdu using a combination of simple random sampling and convenience sampling methods. Specifically, the random number table method was employed for initial sampling, while convenience sampling was used to choose participants from each hospital between January and June 2023. A questionnaire survey was then conducted with inpatients and their family members to gather their attitudes and opinions regarding the necessity of giving red packets to doctors during hospitalization. A total of 640 questionnaires were distributed, and 638 valid questionnaires were recovered, with an effective recovery rate of 99.69%.



2.2 Quality control

The first draft of the questionnaire was designed through interviews, brainstorming and expert consultation, and a pre-survey was conducted before the formal survey, and the questionnaire was adjusted based on the results of the pre-survey. All investigators must undergo unified training and pass the survey before they can participate in the investigation. During the investigation, investigators are required to strictly abide by the investigation plan and are not allowed to change the investigation location and objects at will. Each time a questionnaire is completed, the investigator will first check the completion status. Unqualified questionnaires will be supplemented or modified after on-site questioning or re-explanation. The data is double-entry, and computer logic error checking and data cleaning are performed on the entry results to obtain the final data.



2.3 Variable selection

This study takes whether patients think it is necessary to give red packets as the dependent variable, which is, respectively, not necessary and necessary, in order to analyze patients’ attitudes toward giving red packets during hospitalization and its influencing factors.

Based on the purpose of the research and the availability of indicators, this study mainly selected four categories of indicators to analyze patient attitudes: ① Sociodemographic indicators: It mainly includes three variables: gender, age, and educational background of residents. ② Past experience: Previous studies have shown that whether patients or family members have given red packets during previous hospitalizations and related experiences will affect the patient’s attitude toward giving red packets in the future (9). Therefore, this study includes “whether red packets have been given before” as an explanatory variable. ③ Recipient of a gift: It includes two variables: doctor level and hospital level. ④ Patients’ underlying perceptions of doctors: Since whether a patient chooses to give a red packet during hospitalization is more affected by his or her own subjective cognition, this article selects “whether the patient thinks the doctor will treat him attentively when the doctor does not receive the red packet” to reflect the impact of potential cognition on attitude. The variable selection and definitions are seen in Table 1.



TABLE 1 Variable selection and definition.
[image: Table summarizing variable categories, names, characterizing variables, and definitions for a study on red packets in medical treatment, with explained and explanatory variables such as gender, age, education, prior experience, doctor and hospital level, and patient perceptions, each assigned numeric codes for analysis.]



2.4 Research methods and model construction

SPSS25.0 software was used to statistically describe demographic characteristics, and classified data were expressed as relative numbers. The dependent variables in this article are two situations where patients think it is unnecessary and necessary to send red packets, which is a discrete choice problem. The logit regression model is an effective model for multiple regression of binary categorical variables as the dependent variable. Therefore, this article uses the binomial logit model for modeling analysis. The patient’s attitude toward sending red packets is Y, “necessary” is defined as Y = 1, and “no” “Necessary” is defined as Y = 0, and the model is as follows, see Equation 1 (10):

[image: Mathematical equation for a linear regression model shown as Y equals beta naught plus the sum of beta sub i times X sub i plus epsilon, labeled as equation one.]

The probability that it is necessary to send red packets is recorded as P, and the probability that it is not necessary to send red packets is 1-P. β0 is the constant term, βi is the regression coefficient of the independent variable, Xi is the independent variable, and ε is the random error term. After number conversion can get Equation 2 as follows (11):

[image: Mathematical equation showing the logistic regression model: the natural logarithm of the odds, ln(p divided by one minus p), equals beta naught plus the sum of beta i times X i plus epsilon. Equation is labeled as number two.]




3 Results


3.1 Statistical description of patient (family) samples

Among the patient samples, 515 people (80.7%) thought it was not necessary to give red packets to doctors, and 123 people (19.3%) thought it was necessary to give red packets; including 349 men (54.7%) and 289 women (45.3%); In terms of age, young people under 45 years old account for the largest proportion (72.9%), followed by 45–60 years old (accounting for 24.0%); older adults over 60 years old account for 3.1%. In terms of academic qualifications, universities account for the largest proportion (69.0%), high schools account for 13.5%, graduate students and above account for 11.4%, and primary and junior high schools account for 6.1%, respectively. Judging from past experience, 87.0% of patients have never given red packets, 13.0% of patients have occasionally given red packets. Regarding the recipients of gifts, 59.7% of patients chose senior doctors, and 90.0% of patients believed that it is necessary to give red packets to doctors in 3A-grade hospitals (Extra large tertiary hospital + Ordinary tertiary hospital). In terms of patient perception, 69.3% of patients believed that doctors would provide attentive care even without receiving red packets, 30.7% thought that doctors might not provide attentive care without receiving red packets (see Table 2).



TABLE 2 Basic information about the sample.
[image: Data table summarizing survey responses for necessity, gender, age, education, experience with sending red packets, preferred doctor level and hospital level for gift giving, and attitudes towards treatment after not giving a red packet, with counts and proportions in percent.]



3.2 Model testing

In the logit regression model, the likelihood ratio test is generally used to test the significance of the independent variables and the dependent variables to determine whether the independent variables have the ability to explain the dependent variables and whether the model is practical. The likelihood ratio statistic approximately obeys the χ2 distribution. If the χ2 value of the model corresponds to the p value and is statistically significant, the null hypothesis is rejected, indicating that the information provided by the independent variables helps to better predict whether the event will occur (12). The χ2 value of the Logit model fitting in this article is 170.34, p < 0.05, which can be considered as valid model fitting (Table 3).



TABLE 3 Model testing results.
[image: Table comparing two models, "Intercept only" and "Final model," across six columns titled: negative two times the log-likelihood, chi-squared, degrees of freedom, p-value, AIC value, and BIC value. The intercept-only row shows 625.55 for log-likelihood, with other values not reported. The final model shows 455.21 for log-likelihood, 170.34 for chi-squared, 7 for degrees of freedom, 0 for p-value, 471.21 for AIC value, and 506.877 for BIC value.]



3.3 Regression results and analysis

The results revealed that the regression analysis of the patient’s educational background and past experience with giving red packets yielded statistically significant findings (p < 0.05). Using primary and junior high school as the dummy variable, the regression coefficients for university (1.777) and postgraduate and above (2.717) were positive, indicating that higher education levels positively influence attitudes toward the perceived necessity of giving red packets during hospitalization. Similarly, patients who had previously given red packets were more likely to do so in future visits. Using town hospital as the dummy variable, the regression coefficient for ordinary tertiary hospital (−1.351) was positive, indicating that scale of the hospital may positively influence attitudes toward the perceived necessity of giving red packets during hospitalization. In contrast, factors such as gender, age, patients’ perceptions of doctors, and the doctor level showed no statistically significant impact on patients’ attitudes toward giving red packets (Table 4). To better illustrate the relationship between education level and the perceived necessity of giving red packets, a histogram was created (Figure 1).



TABLE 4 Binomial logit regression results.
[image: Data table summarizing regression results for variables affecting red packet giving in healthcare. Variables include gender, education, age, red packet experience, doctor and hospital level, and patient perceptions, presenting coefficients, standard error, and p-values. Significant results are indicated with asterisks.]

[image: Horizontal bar chart comparing "Necessary" and "Count" for different education levels: Elementary and Junior high school (Necessary: 3, Count: 39), High school (Necessary: 13, Count: 86), University (Necessary: 80, Count: 440), Graduate students and above (Necessary: 27, Count: 73).]

FIGURE 1
 The histogram of the relationship between educational qualifications and the perception of the necessity of giving red packets.





4 Discussion

The current situation of the doctor-patient relationship is a lack of trust and understanding between doctors and patients. In recent years, the doctor-patient relationship has become increasingly tense, and doctor-patient conflicts have become increasingly intensified. According to 2021 Chinese Physician Survey Report, it shows that more than half of medical staff do not want their children to apply for medical schools (13). The main reasons for the contradiction in the doctor-patient relationship are that hospitals focus on procedural services but not humanistic care, and medical staff focus on objective operations such as instrument inspection and treatment during diagnosis and treatment, which inadvertently “materializes” patients (14, 15). In addition, poor communication between doctors and patients, underutilization of doctors’ professional knowledge and skills, and the inability to protect patients’ rights and interests are also contributing factors to the tense doctor-patient relationship. Another important reason is that due to the relative shortage of medical resources and the often complex and changeable diseases, patients are in a relatively weak position during the medical treatment process (16, 17). In order to gain an active position in the doctor-patient relationship, patients often seek to send red packets to doctors (18). The “red packet phenomenon” is, at its root, a form of corruption. According to the Global Corruption Barometer (GCB) 2023 by Transparency International, China ranks 76th in the world with 42 points. Data from the GCB indicates that about 26% of Chinese respondents reported making informal payments in healthcare, which is higher than the global average of 11%. In contrast, countries like Germany and the United States report much lower rates, typically under 5%. Countries in Eastern Europe and Central Asia exhibit rates similar to China, where informal payments are more normalized due to systemic issues in healthcare delivery. This phenomenon, on the contrary, leads to the deterioration of the doctor-patient relationship. In order to curb the phenomenon of sending red packets, the National Health and Family Planning Commission promulgated the “Agreement on Not Accepting and Not Giving “Red Packets” to Doctors and Patients in 2014” (19). In November 2021, the National Health Commission, the National Medical Insurance Administration, and the State Administration of Traditional Chinese Medicine formulated and promulgated the “Integrity Practice of Medical Institutional Staff” based on the “Nine Precautions” in response to outstanding issues that have been strongly reported by the public in the current medical and health field (20). This guideline is a foundational document on integrity for all staff members of medical institutions. Article 8 clearly states: “Foster harmonious relationships, do not accept red packets from patients, adhere to medical ethics, and maintain strict self-discipline.” To understand the impact of the red packet agreement, we conducted a survey from the patients’ perspective.

Our survey results show that 80.7% of patients think it is not necessary to give red packets to doctors, and 87.0% of patients have never given red packets, 13.0% of patients have occasionally given red packets. Many patients and their families have never even heard of the “Doctor-Patient Red Packet Agreement,” and the atmosphere during the signing of the agreement is often weird. Many patients and family members inevitably have questions in their minds: Should we give red packets or not? Doctors in charge often need to spend more time and energy explaining the original intention of the “doctor-patient red packet agreement” to patients. Regarding the recipients of gifts, 59.7% of patients chose senior doctors, and 90.0% of patients believed that giving red packets to doctors is necessary in 3A-grade hospitals (China’s Hospital Grading System is a hierarchical classification used to organize healthcare resources and ensure quality control. Hospitals are divided into three main levels: Primary (Level 1), Secondary (Level 2), and Tertiary (Level 3), with each level further subdivided into Grade A, B, and C based on the hospital’s size, medical technology, and service capacity. 3A Hospitals (Top-Tier Tertiary Hospitals): These are the highest-grade hospitals in China, known for having the most advanced medical equipment, specialized departments, and highly skilled senior doctors. They often serve as regional medical centers for the treatment of complex and severe cases. In the 3A hospitals, they are divided into ordinary 3A hospitals and extra large 3A hospitals, the latter are stronger, generally the best hospitals in a province. In the classification of medical titles in China, senior doctors often refer to attending doctor or above, such as deputy chief physicians and chief physicians). Although the regression analysis results lack statistical significance, it is not difficult to see that the core of medical resources is concentrated in extra large tertiary hospitals and expert professors. The relative scarcity of these resources exposes the contradiction between the existing level of medical resources and the growing medical needs of the people (17). Chinese medical authorities have long implemented relevant policies to alleviate the uneven development of regional medical standards, such as policies related to doctors going to the countryside and further training before promotion (21, 22). The vast majority of patients (69.3%) trust doctors, and they believe that doctors will treat them attentively even without receiving red packets. Nearly 30% of the patients had doubts and believed that the doctor might not pay attention to treatment because they did not receive the red packet. Further through regression analysis, we found that educational qualifications and previous experience of giving red packets all have a positive impact on patients’ attitude toward giving red packets. Research by Kong XJ and others found that patients with higher education levels are more likely to give red packets. Compared with rural patients, urban patients are more likely to give red packets (9).

Although educational qualifications and previous experience of giving red packets are all positive factors that influence patients to give red packets, the proportion of patients who have ever given red packets and who have the intention to give red packets is relatively small. Whether it is necessary to sign a red packet agreement is still a question worth thinking about today. The red packet agreement is not binding on patients. In previous cases involving doctors receiving red packets, no punishment or penalty was imposed on the behavior of sending red packets. Patients and their families only had to face receiving red packets returned by doctors, waiting to be pacified by the health administrative department and the hospital, and for the best medical resources (1). Since the agreement is not legally binding for patients, its significance for both patients and doctors becomes questionable. Throughout the world, it is not uncommon to see red packets given at medical appointments, both in developed and developing countries (23–25). However, the red packet agreement exists only in China. We oppose doctors using their medical resources for personal gain and support strict measures against corruption involving doctors accepting bribes. But we have to admit that the phenomenon of giving and receiving red packets is only an individual behavior and is not widespread. In reality, whether the actual effect of the red packet agreement is to restrain doctors or to insult doctors has become a question that has to be answered. A harmonious doctor-patient relationship requires mutual respect, understanding and trust between doctors and patients. Doctors should respect the patient’s personal dignity, respect the patient’s right to know, autonomy and privacy, respect the patient’s opinions and suggestions, and meet the patient’s needs as much as possible. Patients should respect the doctor’s professional dignity, respect the doctor’s professional knowledge and skills, respect the doctor’s opinions and suggestions, actively cooperate with the doctor’s treatment and care, and constantly improve their self-care awareness and health literacy.
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Introduction: Pressure injury (PI) is a significant concern in Chinese nursing homes, particularly in China, especially due to the rapidly aging population. Nursing assistants play a vital role in PI prevention and management but often lack adequate training. To address this gap, we developed a training program for nursing assistants based on Social Learning Theory (SLT), aimed at improving their competencies in PI prevention and management. The modified Delphi method was used to gather expert consensus on the program’s structure and content.
Methods: A two-round Delphi process was performed involving an expert panel in wound care, community nursing, geriatric nursing, and nursing education. The training program was designed based on SLT, emphasizing observational learning, enactive learning, and behavioral reinforcement. Several experts evaluated the training program’s content, which was informed by systematic reviews and qualitative interviews with stakeholders. Data analysis included expert’s positive coefficient, expert’s authority coefficient (Cr), expert’s coordination coefficient (Kendall’s W), and coefficient of variation (CV) were used to reflect reliability and consensus.
Results: Consensus was reached on 79 key indicators for the training program, which included 4 first-level indicators (training objectives, content, methods, and evaluation), 13 second-level indicators, and 62 third-level indicators. The expert authority coefficient was 0.93, and Kendall’s W values of 0.372 (p < 0.001) in the first round and 0.177 (p < 0.001) in the second round indicated strong agreement among experts. The program integrates SLT principles, such as attention, retention, motor reproduction, and motivation, to enhance the training’s effectiveness.
Conclusion: The study developed a comprehensive SLT-based PI training program for nursing assistants in Chinese nursing homes using the modified Delphi method. The program addresses the critical need for competency-based training in PI prevention and management. Future research should focus on the implementation and evaluation of this program in real-world settings to determine its effectiveness in improving nursing assistants’ skills and reducing PI incidence among older adult residents.
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1 Introduction

Pressure injury/injuries (PI/PIs), also referred to as bedsores, decubitus, pressure ulcers, and pressure sores. It is described as localized damage caused by pressure or pressure combined with shear to the skin and/or underlying tissue (1). PIs are one of the most frequently occurring and costly, yet preventable adverse events in institutions and are of particular concern for older adults (2), which are a well-recognized complication of nursing homes (3). In China, the aging population is rapidly increasing, leading to a growing demand for long-term care facilities. By 2020, more than 254 million Chinese people were 60 years of age or older, making up 18.1% of the total population (4). This demographic shift underscores the urgent need for effective pressure injury prevention and management (PIPM) strategies in nursing homes (5). Studies showed that the prevalence of PIs in nursing homes varied from 3.4 to 32.4% globally (6), and the incidence of PIs in nursing homes varied from various countries being reported to range from 3.6 to 39.4% (7). It was reported 1.91–10.4% and 28.9% for PI prevalence and incidence in Chinese nursing homes (8, 9). PIs could trigger a tremendous burden not only on individuals but also on the healthcare systems (10).

Nursing assistants are the primary workforce and caregivers in nursing homes and are essential members of the frontline team who devote a lot of time observing and tracking the outcomes of long-term care residents (11). Therefore, nursing assistants play a crucial role in PIPM. Nursing homes are placing demands on qualified nursing assistants with positive attitudes, enhanced knowledge, and the requisite skills to deliver high-quality care services, ultimately improving the quality of life for residents (12). Bangova pointed out that insufficient knowledge or improper care behavior of nursing assistants will increase the incidence of PIs to a certain extent (13). Due to their likely insufficient knowledge and skills, a large number of nursing assistants initiated preventive care after PI was discovered, inappropriately used PI prevention materials, or performed inappropriate PIPM practices (14). Although guidelines have been provided over the years, of which this information is key when assessing skin breakdown or precursors to skin breakdown, studies showed it is rarely taught to the nursing assistants who are the personnel most likely to assess the beginning signs of skin breakdown (14). Lavallée et al. (15) conducted interviews with nursing home staff, and they identified knowledge as one barrier to PI prevention (15).

To ensure nursing assistants are competent in their work, they need to undergo an innovative education or training program to bridge the knowledge-to-action gap in nursing practice (16). International evidence has consistently identified that training can improve nursing assistants’ competencies in PIPM, strengthen the cognition toward diseases and attitude toward work, as well as promote better care and outcomes for the older adult in nursing homes (17). The Chinese Health Commission launched an advocacy on strengthening the training and standardized management of nursing assistants in 2019, which mentioned that institutions should use trained and qualified nursing assistants to engage in corresponding work, and require active training based on the training outline (18). However, currently, the limited PI-specific training programs mainly target nurses, patients, or family caregivers, and the training curriculum quality varies greatly between these programs worldwide (19, 20). There is a lack of high-quality PI training programs focused on nursing assistants working in nursing homes, especially targeted at enhancing nursing assistants’ competencies around the world. In the UK, there is no national education program for nursing assistants designed to improve skills related to skin assessment and PI prevention (21). In the USA, Wogamon (14) developed a PI training program for nursing assistants in a nursing home, but the program just included some simple content, such as PI causes, risk factors, stages, positioning, documentation, and reporting of pertinent data which were based on the outdated guideline NPUAP/EPUAP 2011. Besides, the training hours were only 2 h with lectures. In Sweden, Hultin et al. (22) trained the nursing assistants from the older adult care facility to improve their PIPM competencies mainly targeting the use of a pressure mapping system based on the outdated guideline NPUAP/EPUAP 2014. The training methods included 15 min training and 1 week of self-practice. All of these programs were not designed based on a theoretical framework. Moreover, in a review of 24 previous studies of comprehensive PI prevention programs (23), 20 of which were of programs in acute care settings and four in long-term care facilities, and most participants were nursing staff not just focused on nursing assistants. Therefore, it is very imperative and urgent to develop a comprehensive, evidence-based, theory-based, innovative training methods-based effective PI training program for nursing assistants.

Social Learning Theory (SLT) was developed by Albert Bandura (1977), and it was widely applied to various training programs in the public health field as the theoretical framework to enhance healthcare providers’ competencies (24). Applying SLT in medical education can strengthen learning behavior and solve common clinical teaching problems through learners’ observation and demonstration (25). Traditional educational models often fail to provide the necessary interactive and observational learning experiences that are essential for nursing assistants to retain and apply critical knowledge in PIPM (26). The SLT-informed model offers a practical framework to bridge this gap. The SLT is a theory of learning that takes into account how individuals learn from each other as well as how learning takes place in social contexts (27). Central to SLT are self-efficacy, knowledge, and skills. By integrating SLT into nursing training, educators can create a dynamic and effective learning environment that prepares future healthcare providers to excel in their profession (28). According to the SLT, the learning process of nursing assistants can take place through observation, imitation, and modeling from experts, which are regulated by four processes namely attention (e.g., paying attention to the online and offline learning), retention (e.g., knowledge quizzes, rehearsal practice, etc.), motor reproduction (e.g., practice feedback), and motivation (e.g., giving positive feedback, reduced workload, improved income, improved working conditions, etc.) process (29). SLT is consistent with the traditional behaviorists’ opinions that they insist upon the importance of practice and repetition in learning and positive or negative reinforcement can be used to encourage the repetition of the behavior (30). The modified Delphi method, an organized and iterative procedure that experts use to come to an agreement, provides a robust framework for developing a training program tailored to the needs of nursing assistants. This method involves multiple rounds of surveys or questionnaires, allowing experts to refine their opinions and achieve consensus on specific topics (31).

This study aims to develop a comprehensive PI training program based on SLT for nursing assistants in Chinese nursing homes using the modified Delphi method. This study can contribute to the broader goal of enhancing geriatric care and promoting the health and wellbeing of the aging population in China. In addition, This study is not only valuable for improving the quality of nursing care in Chinese nursing homes, but also has far-reaching implications for nursing practice and health policy making worldwide.



2 Materials and methods


2.1 Study design

A modified two-round Delphi technique was employed to reach a consensus among a panel of experts with extensive PIPM experience. The basic idea behind the Delphi method is to use the qualitative evaluation of the evidence to derive quantitative estimates (32, 33). The development process of the SLT-based training (SLTbT) program of PI was divided into two stages: the stage of the initial draft construction of the SLTbT program by systematic reviews and qualitative study; the stage of content validity of expert panel review (Delphi Method) to form the final version of the SLTbT program. All stages were conducted between July and August 2024. The specific development process is shown in Figure 1. After identifying the research issue, the research team compiled the initial version draft of the SLTbT program of PI informed by the information acquired from the systematic reviews, focus group, and in-depth interviews. The content validation of the initial program was validated by the expert panel review approach (Delphi technique) to finalize the components of the SLTbT program by achieving a consensus from several designated experts. Based on the experts’ opinions or comments received from the content validation, the training program was revised as a final version of SLTbT program. Delphi method does not need researcher to convene the panel experts to meet face-to-face rather communication with the researcher through email, to ensure anonymity and privacy and allow each freedom of expression without outside pressure or influence (33, 34). It involved in using questionnaires to obtain the collective opinion of experts until a consensus is reached (35).

[image: Flowchart outlining the development process of the SLTbT program of PI for nursing assistants, including initial draft construction, systematic reviews, qualitative studies, content validation by experts, and formulation of the final approved version.]

FIGURE 1
 Process of program development.




2.2 Delphi method process

The research team confirmed the initial draft of the SLTbT program including 78 indicator items based on the systematic review, and qualitative study, and entered into the modified Delphi process.


2.2.1 Panel member recruitment and data collection

An expert panel consisting of several content experts was invited to evaluate the appropriateness, and feasibility of the SLTbT program components using the Delphi technique with two rounds. Between July and August 2024, 15 experts were invited to participate in this study via email or WeChat. Each questionnaire was required to be completed by experts within 2 weeks and returned to the researcher. The experts were selected through purposeful sampling. The inclusion criteria for participants were: (1) come from the hospitals, community healthcare centers, or nursing educational institutions, with much expertise in PIPM; (2) have at least 5 years of wound care experience or at least 5 years of nursing teaching experience; (3) have an associate senior title or higher; (4) have rich research experience in PI field and geriatric care; (5) have a bachelor’s degree or higher. Experts who satisfied the inclusion requirements were invited to join the expert panel by sending emails or using WeChat (34). The participants who are not willing to participate in this study or those who are not interested in the study are excluded. The size of the Delphi expert panel is usually 10–15 members (36).



2.2.2 Consultation questionnaire

The SLTbT program was presented in the form of a consultation questionnaire, including three parts: introduction, expert characteristics, and appropriateness assessment of the PI training program. The initial draft of SLTbT program included 78 indicator items: 4 first-level indicators involving 4 domains (training objectives, training contents, training methods, training evaluation), 13 s-level indicators (three indicators for training objectives domain, two indicators for training contents domain, three indicators for training methods domain, five indicators for training evaluation domain), and 61 third-level indicators (27 indicators for training objectives domain, 21 indicators for training contents domain, eight indicators for training methods domain, five indicators for training evaluation domain). The appropriateness assessment used a 5-point Likert scale to rate responses for each indicator, where 1 means “not at all appropriate” and 5 means “very appropriate.” Furthermore, a column of modification opinions has been attached for experts to add, delete, and revise. The mean value and the coefficient of variation (CV) of appropriateness assignment can be evaluated to assess the experts’ agreement degree of each indicator (37).



2.2.3 Delphi round 1

The researcher sent the initial consultation questionnaires to all experts’ emails or WeChat and received their response within 2 weeks. Then the researcher summarized and analyzed the experts’ opinions. Every item that satisfied the consensus filtering criteria was kept in the program. All the consensus items and the revised items based on experts’ opinions were entered into Delphi round 2.



2.2.4 Delphi round 2

Experts rated their degree of agreement with each item statement once more in the Delphi round 2. The consultation was terminated when the expert panel came to a consensus following two rounds of the Delphi study.




2.3 Data analysis

We used Microsoft Excel 2010 and IBM SPSS 20.0 software to extract and analyze data. Descriptive analysis was used for the basic information of experts. The scientific soundness and rationality of the Delphi method are reflected by three indicators: experts’ positive coefficient, authority coefficient, and coordination coefficient (33).

	1. The experts’ positive coefficient indicates the level of experts’ interest in the study and is represented by the response rate of the expert consultation (38). It demonstrated the experts’ strong enthusiasm for the research when it was >70%.
	2. Experts’ authority coefficient (Cr) represents the reliability of the consultation results (37). Expert judgment (Ca) and expert familiarity with the research topic (Cs) were used to calculate the Cr. The formula is (Ca + Cs)/2, and a value of Cr ≥0.70 is deemed acceptable reliability (39, 40). Theoretical analysis, practical experience, knowledge from domestic and foreign literatures, and intuition served as the foundation for Ca, and the high, middle, and low levels were used to reflect the influence degree of judgment basis. The details are as follows: theoretical analysis (0.3, 0.2, 0.1), practical experience (0.5, 0.4, 0.3), knowledge from domestic and foreign counterparts (0.1, 0.1, 0.05), and intuition (0.1, 0.1, 0.05) (See Table 1). The levels of Cs were categorized ranging from “very familiar” to “very unfamiliar,” with corresponding values of 1.0, 0.8, 0.6, 0.4, and 0.2, respectively (40, 41).
	3. The coefficient of variation (CV) is used to reflect the degree of consensus among experts’ ratings of each indicator. The smaller the CV value, the better the consensus among experts’ evaluations (37). The value is 0–1. The calculation formula of CV for each indicator item is SD/mean, and the mean value >4.0 or CV <0.25 is the consensus criteria for filtering items (37).



TABLE 1 Judgment basis with the topics for consultation from experts.
[image: Table displaying evaluation criteria of Ca against degree of judgment basis, with high, middle, and low columns. Practical experience scores highest, followed by theoretical analysis, literature knowledge, and intuition, each decreasing across columns.]



2.4 Ethical consideration

This study was reviewed by the institutional review board at Mahidol University in Thailand (IRB number: MUPH 2024–066) and Jiangsu College of Nursing in China (IRB number: JSCN-ME-2024071801). All participants voluntarily participated in this study.




3 Results


3.1 Expert information

The study recruited 15 experts in each Delphi round including 13 women and 2 men. The age range was 35–52 (39.87 ± 5.514) years old. These experts came from tertiary hospitals (n = 8, 6 wound care specialists, and 2 geriatric care specialists), community healthcare centers (n = 4), and nursing educational institutions (n = 3). The working experience range was 9–30 (15.47 ± 7.53) years. Five experts held bachelor’s degrees, eight held master’s degrees, and two held doctoral degrees. Eleven experts had associate senior titles, and four had senior titles. All the experts were experienced in the PI field; of them, four worked in community nursing, three in nursing education, and eight in clinical nursing (6 as wound care specialists and 2 as geriatric care specialists).



3.2 Experts’ positive coefficient

Consultation questionnaires were issued to 15 experts in each round, and the effective response rate was 100.00%. The positive coefficient was higher than 70%, indicating that the experts had a high level of enthusiasm in this study.



3.3 Experts’ authority coefficient

In this study, Expert judgment (Ca) = 0.98, expert familiarity (Cs) = 0.87, and Cr = 0.93, so the results are highly reliable.



3.4 Experts’ coordination coefficient

Kendall’s W represents the experts’ coordination coefficient. In the first round, the Kendall’s W was 0.372 (p < 0.001, χ2 = 429.489). In the second round was 0.177 (p < 0.001, χ2 = 207.472). The results showed that there is a high degree of agreement between the experts’ opinions.



3.5 Selection of indicators in the first round

The mean, standard deviation, and coefficient of variation (CV) of each indicator’s expert ratings were calculated based on the results of the first Delphi round. In this round, the CV range for each indicator was 0.05–0.53, and the mean range was 2.00–4.93. Three indicators (A117, A123, A124) had CV > 0.25 and means <4.0, so these three indicators were deleted. Detailed statistical results of the indicators are shown in Table 2. In the first round, 6 experts proposed modifications to 14 indicators. Nine indicators were modified, three indicators were added and two indicators were merged. The specific modifications are shown in Table 3.



TABLE 2 Statistical results of expert consultation for the first round indicators.
[image: Table displaying indicator items for a training evaluation, organized into categories with columns for mean, standard deviation, and coefficient of variation. Categories include training objectives, skill objectives, attitude objectives, training content, training methods, and evaluations, listing specific indicators under each with corresponding statistical values.]



TABLE 3 Summary of modifications from expert consultation in the first round.
[image: Table summarizing indicator items, expert opinions, and modification decisions related to pressure injury training for older adults; columns include specific indicators, expert-suggested changes, and whether modifications were agreed upon and implemented.]



3.6 Selection of indicators in the second round

The research team made revisions and formed a second round of expert consultation questionnaires based on the results of the first round. The experts’ opinions tended to be consistent after the second round. The appropriateness scores of each indicator reached the inclusion criteria, the CV range of each indicator was 0.05–0.20, and the mean for each indicator was >4. The detailed statistical results of the indicators are shown in Table 4. What is more, the experts did not add, delete, or modify any indicators, nor did they make any other specific suggestions. The SLTbT program of PI included 79 indicator items ultimately: 4 first-level indicators involving 4 domains (training objectives, training contents, training methods, training evaluation), 13 second-level indicators (three indicators for training objectives domain, two indicators for training contents domain, three indicators for training methods domain, five indicators for training evaluation domain), and 62 third-level indicators (25 indicators for training objectives domain, 22 indicators for training contents domain, eight indicators for training methods domain, seven indicators for training evaluation domain).



TABLE 4 Statistical results of expert consultation for the second round indicators.
[image: Table lists indicator items, mean, standard deviation, and coefficient of variation for a nursing-related evaluation. Item codes, descriptions, and numerical summary statistics are presented in organized rows and columns. Data focuses on training objectives, content, methods, evaluation, and satisfaction related to pressure injury (PI) care and education.]

We demonstrated how the SLT integrated into the PI training program intervention in Figure 2.

[image: Infographic outlining Social Learning Theory with four colored circles labeled Attention, Retention, Motor Reproduction, and Motivation, connected by arrows. Each stage provides brief activities and interventions for effective learning.]

FIGURE 2
 The process of SLT integrating into the PI training program intervention.





4 Discussion

This study aimed to develop a comprehensive PI program for nursing assistants in Chinese nursing homes by leveraging SLT and refining the program through the modified Delphi method. The study highlights the significance of a methodical and theoretically based approach to training, which can significantly enhance the competencies of PIPM. The significance of PIPM in nursing homes is widely recognized by consumers and other stakeholders, assuming that the incidence and prevalence of PIs are indicators of poor nursing care quality (5). International multiple studies have shown that inappropriate care by caregivers contributes to the development and progression of PIs among patients. As the primary caregivers, nursing assistants normally face the following problems: low education level, lack of entry standard, non-professional, shortage, over workload, and low salaries, which can lead to problems including lack of basic nursing knowledge and skills, lack of regulation, unclear responsibilities, and heavy workloads, and impact nursing care service quality negatively (42–44). Therefore, the PI competency improvement training is very imperative and urgent. At present, the PI training for nursing assistants in nursing homes is not complete in China and even the global scope. The established SLTbT training program regarding PI provides a theoretical framework for global future study.

Expert opinions were gathered and a consensus was reached on the indicators of an effective SLTbT program through the modified Delphi method in this study. This method is particularly useful in situations where there is a need for structured communication among a group of experts to reach an agreement on complex issues (31, 45). The modified Delphi method was instrumental in achieving consensus among experts from various fields, including wound care, community nursing, geriatric nursing, and nursing education. The Kendall’s W of each round were 0.372 (p < 0.001, χ2 = 429.489), and 0.177 (p < 0.00 1, χ2 = 207.472) respectively. Based on the preset consensus criteria, all indicators reached a high degree of consensus (mean > 4.0; CV <0.25). The two-round Delphi process allowed for the systematic collection and refinement of expert opinions. The final PI training program for nursing assistants included 79 indicator items: 4 first-level indicators involving four domains (training objectives, training contents, training methods, training evaluation), 13 second-level indicators (three indicators for training objectives domain, two indicators for training contents domain, three indicators for training methods domain, five indicators for training evaluation domain), and 62 third-level indicators (25 indicators for training objectives domain, 22 indicators for training contents domain, eight indicators for training methods domain, seven indicators for training evaluation domain).

The developed PI training program for nursing assistants in Chinese nursing homes is underpinned by SLT, which posits that learning occurs through observation, imitation, and reinforcement of behaviors (29). SLT points out that combining the demonstration observation of real “role models” with individual autonomy and subjectivity can achieve individual self-learning and education (24). The integrated theory application was consistent with previous studies. Abdullah et al. (46) applied SLT to nursing trainees, effectively improving their professional abilities. This theoretical grounding is crucial as it provides a framework for understanding how nursing assistants can acquire the necessary knowledge and skills for PIPM through the training program. By incorporating SLT principles such as attention, retention, motor reproduction, and motivation, the training program ensures that nursing assistants not only acquire theoretical knowledge but also develop practical skills through observation and modeling. The proposed PIPM education model featured blended modules, interactive modules, simulation-based learning, peer-based learning, and case-based discussions. By observing and imitating the behavior of expert “role models” online and offline, the nursing assistants’ learning attention is aroused. In the form of peer learning and group cooperative learning, the nursing assistants can indirectly reflect on their learning behavior while observing the learning behavior of others, thus realizing alternative reinforcement of learning behavior (47). By using highly practical teaching methods such as case study discussions, scenario simulations, and repeated independent practice, learning behaviors are replicated, ensuring the effectiveness of the training. Combined with real-time feedback and absorption of knowledge and skills, this approach motivates learning and facilitates deep learning. Furthermore, this study innovates new strategies for nursing education by developing a training program to enhance nursing assistants’ competencies in PIPM based on SLT. This program is designed based on the actual training needs of nursing assistants in nursing homes and the need for policy support. It not only provides theoretical and skills-based support tailored to their training time or schedules, teaching methods, and evaluation methods but also addresses the challenges they face in terms of working conditions, workload, and income by offering policy support. This developed training program or education model may make a big difference in future nursing assistants’ training, education and cultivation in China, especially in the aspects of policy support such as improved working conditions, reduced workload, and improved income. These problems were also highlighted in previous studies in which nursing assistants complained they had poor working conditions, heavy workload, and low income (43, 44). In addition, this study may contribute to great implications for international clinical practice. The study advocates for policy incentives and emphasizes the synchronized development of nursing assistants’ knowledge, skills, and career development needs. In addition, it also strengthens nursing assistants’ vocational ethics and understanding of the vocational role, fostering the right professional values to cultivate high-competent nursing assistants. The content of the PI training program is different from previous studies globally. For example, Howe et al. (48) developed a PI educational program that focused on patient skin care through the following common training methods: PowerPoint slides, hands-on demonstrations, and group discussions (48). In demonstration skills, the nursing assistants practiced appropriate positioning, use of specialty beds, and off-loading pressure points (48). Cross et al. (49) designed a PI education program for residential care homes’ nursing assistants, and that just highlighted the basic knowledge and skills with the training method of a clinical nurse specialist’s 2 h lectures and did not give the competency evaluation finally. What is more, all previous studies constructed the program content based on outdated guidelines, and normally they did not measure the training effects toward competency improvement. Additionally, there is a scarcity of research that emphasizes training programs specifically addressing PI management or care, mostly focusing on PI prevention (50, 51). However, in the present study, the program content was designed based on the latest international guideline which involves basic concepts, risk factors, causes and mechanism, clinical stages, risk assessment methods, basic management and treatment methods, skin care, nutrition care, prevention skills, communication skills, psychological care, Legal and ethical issues, and so on.

In China, there is no national-level training program for nursing assistants in nursing homes (52). Nursing assistants’ careers start relatively late in China. While some LTC facilities implement occupational competency-strengthening programs, there is insufficient evidence to support the training effectiveness as it is not a standard, systemic approach and has little effect on PI knowledge and skills (43). Different nursing home has various training programs based on the Nursing Assistant Training Syllabus launched by the National Civil Bureau (53). The training syllabus includes daily care, basic care, rehabilitation services, psychological support, hospice care, care assessment, quality management and training guidance, and other related knowledge and skills (53). However, the training sessions on PI are very limited and sometimes account for only 1 h during the whole training program. Therefore, the current effects of PI training cannot be guaranteed. In addition, the limited PI training programs worldwide mainly target nurses, patients, family caregivers, or nursing assistants in hospitals, and the training curriculum quality, training content, training methods, and training evaluation varied greatly between these programs (43, 52, 54). Furthermore, these programs are often too broad and lack a specific focus on PIPM competencies, which are essential for providing high-quality care in nursing homes. There is a paucity of systemic and comprehensive PI-specific training programs focused on nursing assistants’ competencies in nursing homes worldwide. Therefore, this study has the potential to significantly enhance the care quality of residents in nursing homes by implementing the SLTbT program. It also has a broad and deep influence on international public health and clinical practice such as nursing assistant cultivation, policy-making, nursing management, public awareness improvement, aging population challenges, and so forth.



5 Limitations

It has several limitations in this study. Firstly, the study employed a modified Delphi method to achieve an agreement among an expert panel. Though it is effective for collective opinions, the limited number of experts may fail to represent the different ideas of all stakeholders, which might affect the generalizability of the findings. Secondly, the Delphi method based on experts’ opinions could cause subjective interpretation which may influence response accuracy. Thirdly, the study did not pilot test the training intervention with real-world situations that could have offered valuable feedback on program’s feasibility and efficacy.



6 Conclusion

This study successfully developed a theoretically grounded PI training program for nursing assistants in Chinese nursing homes. By integrating SLT and utilizing the modified Delphi method, the program addresses the critical need for effective PI training and represents a significant contribution to the field of geriatric care. The comprehensive training indicators provide a solid foundation for improving PIPM practices, ultimately enhancing the wellbeing of older adult residents. The program’s effectiveness has yet to be empirically tested in a real-world setting. Future research should focus on the program’s implementation and its impact on nursing assistants’ performance and older adult residents’ health outcomes.
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Although public health programs among undergraduate students have been increasing and gaining popularity worldwide, few studies have focused on the needs and structure of public health courses for non-medical students. This study aimed to design a public health course as a general education elective for non-medical undergraduates at Nankai University, one of China’s leading multidisciplinary and research-oriented universities. Students’ feedback on the course was collected and analyzed after the completion of the elective course. We designed and developed the course under the general education elective course at Nankai University. The course includes four segments: (a) Public Health Fundamentals and Population Research Methods; (b) Chemical Safety and Health, (c) Diet, Nutrition, and Health, (d) Immunology, Microbiology, and Infectious Diseases, spanning 34 class hours (with 6 class hours designated for a flipped classroom format). The teaching content was divided into five parts: (1) Health and Medicine Knowledge, (2) Public Health Knowledge, (3) Public Health Methodology and Philosophy, (4) Proper View of Health Issues, and (5) Values Education. Students’ feedback after the course indicated that Diet, Nutrition, and Health was the most interesting segment, and the students considered basic biological or medical knowledge to be more important than other public health knowledge. A problem-based learning model was implemented for flipped classrooms, and we found that the problem-based learning questions were not only helpful for students’ knowledge construction but also for educators in understanding and managing the learning expectations of non-medical students. We believe that the lesson may guide other institutions in designing similar curricula.
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1 Introduction

Public health is a multidisciplinary field that encompasses a wide range of scientific and practical approaches aimed at improving population health (1, 2). Public health education is typically targets at graduate students who have finished their undergraduate studies in various fields such as medicine, nursing, biology, sociology, and environmental science (3). However, a significant shift has been taking place in recent years, as more undergraduate programs are incorporating public health courses into their curricula (4, 5). This trend is partly driven by the acknowledgment of the diverse specializations and the wide range of job opportunities that exist within the public health field, which encompasses everything from epidemiology and health policy to environmental health and global health initiatives (6). Furthermore, in the wake of the COVID-19 pandemic, there has been an increasing emphasis on the importance of public health (7, 8). The global health crisis has prompted people from all walks of life to seek a deeper understanding of health issues related to pandemic prevention policies. As a result, there is a growing demand for students to gain knowledge in public health, not only to pursue careers in the field but also to make informed decisions that impact their own health and the wellbeing of their communities (9). The incorporation of public health courses into undergraduate programs reflects a wider educational response to the challenges posed by the pandemic (7). This reflects a trend that students should prepare early in their academic careers for the complexities of public health crises and the multifaceted nature of health outcomes. By teaching undergraduates the fundamentals of public health, universities enable students to contribute more effectively to society by equipping with the knowledge and skills necessary to engage with and address the contemporary health challenges (10). This trend represents a positive evolution in health education, one that is likely to produce a generation of more health-literate citizens for future public health (11, 12). So far, more and more universities have focused on public health curricula in undergraduate, even in some countries where public health used to be graduate education for medical-related majors, such as Brazil, Singapore, and the United States (10, 13, 14).

In China, it is worth noting that the approach may differ as public health has long been performed at the undergraduate level, but considered a vocational education. The traditional pathway to public health expertise has been through specialized education at both the undergraduate and graduate levels, where in-depth courses are usually available to students majoring in public health or preventive medicine (15). Most studies on public health education so far still focused on professional education or as an integral part of medical students’ education (16, 17). Although there might be public health courses for non-medical undergraduates, few studies have particularly focused on or investigated the public health courses for non-medical undergraduates. How non-medical undergraduate students perceive and value a public health course remains an issue that few pay particular attention.

The general course is a crucial component of the undergraduate education system, aiming to promote the holistic development of students by cultivating healthy values, integrated knowledge perspectives, comprehensive personal qualities, and innovative practical abilities (18). General education focuses on fostering students’ overall growth, with an emphasis on enhancing capability and innovation skills. Adhering to moral education and undergraduate-centered principles, it emphasizes reform, innovation, and collaborative education (19). The curriculum consists of required and elective general courses. Elective general courses extend beyond the required ones, facilitating interdisciplinary knowledge integration, promoting diverse cognitive frameworks, and cultivating a broad cognitive vision (20, 21). The general course prepares students to adapt to societal changes and become constructors and creators of future civilizations (22). Including a public health course in the general curriculum offers a valuable opportunity for non-medical undergraduates, enabling them to acquire essential public health insights into public health and apply interdisciplinary knowledge to real-world challenges.

This article elaborates on a public health curriculum specifically designed for non-medical undergraduate students as a general education elective course. The course was offered for a semester, from February 2024 to June 2024. On completion, the university conducted an end-of-term evaluation. Upon completion, the university conducted an end-of-term evaluation. Also, students’ feedback on the elective course was collected using a self-reported questionnaire for the assessment of the course.



2 Overview of the pedagogy

Audience: This course is designed for undergraduate students in the entire university and is a general elective course. The course is intended without prerequisite requirements, ensuring its content is accessible and relevant to undergraduate students from various academic levels and diverse educational backgrounds seeking knowledge in public health. This course provides a teaching outline, a schedule during the course selection stage, and an “Overview of Public Health” section in the first class. Through a systematic and comprehensive introduction to public health and this course, along with a public health perspective on the characteristics and health issues within the discipline, students can gain an understanding of the concepts, thought processes, and challenges of this course, and make timely adjustments in subsequent chapters of teaching.

Teacher–student interaction: Public health is an interdisciplinary application of medicine, biology, mathematics and statistics, chemistry, sociology, management, law, and other disciplines. This course is also a general elective, so it focuses on interaction with students, guiding them to think actively, linking theory with practice, and integrating multiple disciplines in the teaching curriculum. The flipped classroom is an innovative pedagogical approach in which students engage with instructional content outside of the classroom, as presented in class (23, 24). Here in the course, a flipped classroom was set during the class, with students preparing topics of interest related to public health in advance. Considering that students lack a background in biomedical sciences, the course’s flipped classrooms provided two options for participation for them. They could either (1) submit a Problem-Based Learning (PBL) question related to public health to the teacher, along with the rationale for the asking or a discussion about it, or (2) work in groups of 1–5 people to perform a presentation on issues of public health. By doing this, teachers can grasp the public health topics that students are truly interested in and understand their real needs, which is also more readily acceptable and less of a struggle for non-medical undergraduates than mandatory presentations for all students.

Teaching objectives: The overall teaching objectives of this course are divided into (1) knowledge objectives, (2) ability objectives, and (3) attitude and values education objectives.


2.1 Knowledge objective

The general knowledge objective of the course is to comprehend the essence, historical evolution, and cutting-edge advancements in public health while also examining health methodologies from a collective perspective. It encompasses specialized knowledge in areas like food hygiene, nutrition, infectious diseases and immunology, preventive medicine, and environmental health, among others. Students should become familiar with the research paradigms, operational characteristics, and methodologies associated with public health studies, keeping up with the latest scholarly developments in the field.



2.2 Ability objectives

The ability objectives focus on nurturing critical thinking and analytical skills in students from a public health perspective, empowering them to tackle public health issues and specific health issues with scientific rigor and objectivity. This includes equipping students with the knowledge needed to analyze and propose solutions to public health challenges. Additionally, the course aims to enhance communication, collaboration, and problem-solving skills through interactive discussions. Overall, the goals emphasize fostering a scientific mindset toward public health, promoting interdisciplinary integration concepts, and developing effective communication and collaborative skills.



2.3 Attitude and values education

The objective of attitude and values education is to establish a sense of responsibility for public health and individual wellbeing within group settings through the study of this course. It aims to cultivate scientific thinking and an innovative spirit, encouraging students to address public health issues with a scientific approach. Additionally, it seeks to develop a deep understanding of the importance and significance of the public health system, fostering awareness of “full cycle health.” The course also emphasizes strengthening social responsibility and establishing a moral code of conduct grounded in public health principles.

The course design has 17 sessions and 34 class hours, which is divided into four teaching segments:

	Public Health Fundamentals and Population Research Methods;
	Chemical Safety and Health;
	Diet, Nutrition, and Health;
	Immunology, Microbiology, and Infectious Diseases.

According to the classification of teaching content, the teaching content is divided into five modules: (1) Health and Medicine Knowledge; (2) Public Health Knowledge; (3) Public Health Methodology and Philosophy; (4) Proper View on Health Issues; (5) Values Education. The module on “Health and Medicine Knowledge” is the knowledge on basic health and medicine, which focuses on personal health and is fundamental to public health; the module on “Public Health Knowledge” includes knowledge on public health and preventive medicine, such as the knowledge on healthy lifestyle and diet, environmental health, immune, and vaccine; the module on “Public Health Methodology and Philosophy” includes the statistic and population-based research, health economic evaluation, and way of thinking from the perspective of the entire population, etc.; the module on “Proper View on Health Issues” focused on hotpots of current issues, such as “how to properly understand the possible link between height and cancer,” and “how to accurately approach the risks of food additives”; the module on “Values Education” includes “prevention first,” “balanced diet,” and “food conservation,” etc. The detailed teaching arrangement and teaching content are shown in Table 1.



TABLE 1 The course content and teaching arrangement of the public health elective general course.
[image: Table showing a curriculum divided into four segments: Public Health Fundamentals and Population Research Methods, Chemical Safety and Health, Diet, Nutrition, and Health, and Immunology, Microbiology, and Infectious Diseases. Each segment lists course names, class hours (all two hours), teaching methods (mostly teaching, some flipped classroom), and numbered teaching content. A footnote defines numbered teaching content categories.]




3 Settings and students

Nankai University is a comprehensive university with a wide range of disciplines covering the arts, sciences, engineering, and medicine. Currently (as of January 2024), there are 16,372 undergraduate students enrolled in the university. The Medical School of Nankai University was officially established in 1988 and currently offers four undergraduate programs: Clinical Medicine, Stomatology, Intelligent Medical Engineering, and Ophthalmology and Optometry, with no majors or degrees in public health available at the undergraduate, master’s, or doctoral levels. Apart from the 837 students in the medical school, all other undergraduate students are eligible to take this course as an elective course.

The course size for an elective general course at Nankai University is usually small to medium, with a limit of no more than 50 and no fewer than 5 undergraduates. Students can freely add or drop the course before the start of the class, or in the first 3 weeks after the course begins, and are allowed to withdraw from the course at the mid-term week (the ninth week).

The grading system for this general elective course is binary: pass/fail. The grading criteria consist of ① attendance, ② group presentations or question submission, and ③ a paper of discussion, and related to public health or suggestion on the class as a final assignment.



4 Results and assessment

The course started on 21 February 2024. Fifty students chose the elective at the onset, and there was one student dropout at the mid-term week. The remaining 49 students from 22 different non-medical majors, including social sciences, natural sciences, and engineering (the majors and grades of 49 enrolled students are shown in Supplementary Table S1), completed the course, and all passed and earned credits. After the class, 48 students (97.96% of all enrolled students) participated in the university-organized end-of-term evaluation; the score of the course was 96.04, ranking 89/190 of all courses held by the Medical School, ranking 2,237/3,741 of all courses across the entire university. Twenty-two out of the 48 students provided subjective evaluations, mainly “good,” “learned more about public health,” “deepened my understanding of public health,” and “acquired some very practical public health knowledge,” etc. These evaluations suggest that students gained knowledge of public health from the classroom.

For the flipped classroom, 12 students provided 6 topics on public health as presentations, including “Debate on the Viewpoint of ‘Adequate Alcohol is Good for Health’,” “Water Security Issues,” “Viewing the Fukushima accident in Japan from a Public Health Perspective,” “Plague and Society in Jiangnan Region during the Qing Dynasty,” “Discussion on Hot Issues of Food Safety in Daily Life,” and “Advance on Cervical Cancer.” The rest of the students proposed 37 questions on public health and related topics (Supplementary Table S2). These questions are distributed in diverse aspects of public health, including the traditional and the frontiers, such as ‘the application of data science and artificial intelligence in public health,’ ‘globalization and public health equity,’ ‘rapid detection of food contaminants,’ etc.

The end-term paper from students also focused on a variety of subjects, such as “ancient and contemporary policies on infectious disease,” “insights and knowledge learned from the course,” and “food safety and food hygiene,” etc. Of note, 12 students suggested that the practical training of public health be enhanced, such as visiting local health departments, food and drug administration, community center, and campus canteen for field research.

A self-reported online questionnaire was deployed to gather feedback on the course, and students were free to choose whether or not to participate. The Institutional Review Board of Nankai University exempted the survey from ethical clearance as the survey is an anonymous survey conducted in an educational setting, approval number: NKUIRB2024100. Thirty-four undergraduates voluntarily participated in this anonymous survey, including 23 females and 11 males; 27 first-year students, 6 sophomores, and 1 junior. The participants represented various academic disciplines, including social sciences, natural sciences, and engineering.


4.1 Feedback on the current course

The evaluation parameters of the current course were analyzed first. For the survey on the rank of contents that the most and the least gained, 30 students provided validated data. The five parts of the contents are as follows: (1) Health and Medicine Knowledge; (2) Public Health Knowledge; (3) Public Health Methodology and Philosophy; (4) Proper View of Health Issues; (5) Values Education, which were required to rank from 5 to 1 for most and least gained. For the survey on the rank of difficulty and interests in the 4 segments, 33 students provided validated data. Students were required to rank from 4 to 1 for most and least difficult/interesting segments. Then, the number of rank were analyzed for calculating the “ranking score,” with a mean and standard deviation of the numbers of ranks within all the validated answers. The ranking scores were expressed with mean and standard deviation and were shown in Table 2. Kruskal–Wallis H test—a non-parametric statistical test for multiple groups—was employed to compare the ranking score between different contents.



TABLE 2 Students’ evaluation of the course in its current form.
[image: Table summarizing survey results on course perceptions, including high satisfaction rates, ease of course, and interest levels. Module rankings are provided for perceived utility, difficulty, and interest, with associated means, standard deviations, and statistical significance values from Kruskal-Wallis H tests.]

The result showed that all surveyed students stated that the overall content of the course was “satisfied” or “basically satisfied.” Eighteen students out of the total 34 students (52.94%) stated that the overall difficulty of the course was “very easy” (n = 4, 11.76%) or “basically easy” (n = 14, 41.18%). There were 24 (70.59%) students who thought the course was “interesting.” For the five contents of teaching, students reflected that health/medical knowledge was the most gained content, with a score of 4.16 ± 0.91 (mean ± standard deviation), while values education was the least gained content with a score of 1.33 ± 0.88. For the interests and difficulty of the four segments, Immunology, Microbiology, and Infectious Diseases had the least interest (2.03 ± 1.18) and highest difficulty (3.18 ± 1.01).



4.2 Expectancy and suggestions

Students’ expectancy and suggestions on the course were also surveyed, and the result is shown in Table 3. Briefly, half of the students (n = 17, 50%) elected the course for health and medical knowledge, as the primary reason. Also, 29 (85.29%) students expected health and medical knowledge most in the course, and the students’ expectancy between these contents is statistically significant, as tested by the chi-squared test for frequencies between different contents. In addition, 18 (52.94%) students suggested that personal health and medical knowledge should be increased, higher than public health knowledge (n = 13, 38.24%), and public health methodology and philosophy (n = 8, 23.53%). For flipped classrooms, most students (32, 94.12%) suggested maintaining the status quo. Three students mentioned in the end-term paper that the optional PBL question or group presentation was a “friendly way” for students from different majors to participate in the flipped classroom.



TABLE 3 Students’ expectancy and suggestions on the content of the course.
[image: Table summarizing survey results from 34 respondents on course selection and content preferences, displaying frequencies and percentages for reasons for electing the course, expected content topics, opinions on increasing or decreasing content areas, and suggestions regarding the proportion of flipped classrooms, with a note of statistical significance for content expectations and most preferring no change to flipped classrooms.]



4.3 Attitude toward public health

Finally, students’ attitudes toward public health were also surveyed. As shown in Table 4, after taking the course, 27 (79.41%) students thought their majors were indirectly relevant to public health, and 2 students thought their majors were directly relevant to public health, significantly higher than their attitude before taking the course, as tested by the chi-squared test of independence. Most students (n = 23, 67.64%) stated that they were willing to devote themselves to public health in the future, although 16 of them stated being unable. Most of the students (n = 26, 76.47%) did not take other public health or health-related courses.



TABLE 4 Students’ association and attitude on public health.
[image: Table summarizes survey results from thirty-four participants regarding perceptions of major relevance to public health before and after a course, willingness to pursue public health careers, and enrollment in other health-related courses, highlighting shifts in perceived relevance and intentions.]




5 Discussion and conclusion

Undergraduate public health education is regular in China, as a major named preventive medicine (25). Ongoing teaching and research related to public health are continuously being conducted based on the urgency of public health (26). However, few have focused on a public health course for non-medical students as a general elective course. In this study, we described for the first time a design and practice of public health as a general elective course for non-medical students, with knowledge, methodology, and philosophy on public health. The flipped classroom with PBL questions was also designed. Finally, the students’ feedback was collected and analyzed, showing particular demand for the teaching of public health from non-medical undergraduates. The results of this study hold significant importance for future public health curriculums and teachings, especially as a general education course for non-medical students.

One of the differences of the course, compared with other public health courses around the world, is that it was designed for non-medical students, and integrated more basic medical knowledge, but with less emphasis on certain areas of public health, such as community health, global health, and the health policy and management (13, 17, 27, 28), among others. Plus, as a general education elective, this course is modified to be more closely related to daily life and individual medical/health knowledge. By incorporating additional knowledge and content related to preventive medicine and other general medical knowledge, this course tends to be more specific and more accessible to undergraduate students, than other public courses. All lecturers involved in teaching this course have well-trained backgrounds in medicine. Interestingly, the survey showed that, basic biological or medical knowledge was considered as the most important content than other public health knowledge for non-medical students. As a general elective course, most students reflected that they did not take, or plan to take, any other public health or health-related courses (Table 4), meaning this course might be the only health-related course for the non-medical undergraduates, and the demand for biological or medical knowledge should be considered. Diet, nutrition, and health were the most interesting segments (Table 2), and should be considered increasing in the future. Previous studies usually focused on teaching public health to medical students (29, 30), and those courses may not particularly teach medical knowledge. However, as a general elective course for non-medical undergraduates, students are from different majors and are not required to take prerequisite courses, and therefore basic biological or medical knowledge should be incorporated. This is the difference between curricula for medical students and what teachers should pay attention to.

For the flipped classroom, the course provided two ways for students to participate, ①submit a PBL question related to public health to the teacher, along with the rationale for asking or a discussion about it; or ② work in groups of 1–5 people to present and discuss key issues on public health in class. In the survey, most students suggested maintaining the status quo of the flipped classroom (Table 4), and three students mentioned that the flipped classroom was “friendly” with a PBL question to the teacher as an alternative suggesting that the student-teacher cooperation PBL may be suitable for health-related course to non-medical students. PBL is an experiential learning approach that is widely adopted in diverse fields and educational contexts to promote critical thinking and problem-solving abilities (31). In PBL, students work in collaborative groups and learn what they need to know in order to solve a problem. The teacher usually acts as a facilitator to guide student learning (32). One of the advantages of PBL is that the students’ questions can drive motivation for knowledge (33). In the course, students were asked to propose a PBL question on the topic of public health, along with the rationale for asking. This may help not only students construct knowledge, but also teachers master the students ‘knowledge proficiency on public health.

One of the limitations of the curriculum is that it lacks internship and practice. We are endeavoring to establish cooperation with local centers for disease control and prevention, community centers, and the campus canteen for visiting and learning the future.

In conclusion, our study described a general education elective course in public health for non-medical undergraduates. The students’ feedback unveiled particular interests and gains from public health courses, providing evidence for public health teaching reforms in the future, especially public health teaching for non-medical students, and public health teaching in general education elective courses.
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The aim of this study was to explore the impact and practical value of combining case-based teaching with curriculum-based ideological and political education (CIPE) in undergraduate Otolaryngology theoretical courses by evaluations of the theoretical test, teaching satisfaction, and the integration of ideological and political education. In this randomized controlled trial, 366 fourth-year medical undergraduates were assigned to either an observation group, which received a semester of case-based CIPE in Otolaryngology, or a control group, which received traditional teaching methods focused on foundational theoretical knowledge. The final theoretical exam score and the process evaluation score, as well as the questionnaire on CIPE were collected. Data were analyzed using SPSS 24.0 statistical software. An independent sample T-test, the corrected χ2 test, and the non-parametric rank-sum test were used for statistical comparisons between the groups. The performance of students in the observation group was significantly higher than that of the control group. The overall satisfaction rate with the theory class was also significantly higher, and most students in the observation group had a strong recognition of the importance, specific connotation, training objectives, and methods of integrating ideological and political content. This study indicates that integrating case-based teaching with ideological and political education, to a large extent, improves students’ mastery of professional theory, stimulates proactive thinking, establishes correct professional values, and boosts their sense of professional pride and confidence. It is worth continuously practicing and exploring in our teaching activities.
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1 Introduction

Curriculum Ideological and Political Education (CIPE) integrates ideological and political education with professional courses in higher education. By incorporating ideological education into the teaching of professional theoretical knowledge, students not only acquire specialized knowledge but also develop a correct worldview, life perspective, and values, thereby enhancing their comprehensive competencies (Xu and Guo, 2021; Wei, 2021). In China, ideological and political education is based on the methodology of dialectical materialism and historical materialism, characterized by consistency and an emphasis on the establishment of public morality. It manifests in a love for the motherland, the people, work, science, socialism, patriotism, collectivism, and internationalism (Zhang and Fagan, 2015). By incorporating ideological and political elements into the curriculum, an ideology centered on morality and guided by political awareness is formed, ensuring the unity of Chinese people’s ideals and beliefs, which is the foundation of national and social development and reflects the advantages of the socialist educational system (Yin, 2019; Lin, 2024). Ideological and political education shapes students’ character and value orientation, which are important factors for career success (Luo et al., 2024). In recent years, CIPE has been extensively implemented in medical courses at universities (Wang et al., 2024; Gao et al., 2021; Gao and Lin, 2021). However, the impact of ideological and political education on students’ professional abilities or academic achievements remains a topic worthy of further investigation. This study aims to explore the impact and practical value of combining case-based teaching with CIPE in undergraduate otolaryngology theory courses.


1.1 Current situation of CIPE in Chinese medical universities

The “Guidelines for the Construction of Curriculum-based Ideological and Political Education in Higher Education Institutions” issued by the Ministry of Education of China on May 28, 2020, set specific requirements for medical professional courses: “In course teaching, it is important to strengthen education on medical ethics and conduct, focus on cultivating the spirit of ‘respecting life, saving the wounded, being willing to contribute, and having boundless love’ in students, and emphasize the cultivation of the compassionate heart of a doctor. While developing excellent medical skills, students should be educated and guided to always prioritize the life and health of the people, respect patients, communicate effectively, and enhance their comprehensive quality and humanistic cultivation.” As a new educational model, CIPE has gained widespread attention for its role in improving students’ ideological and moral qualities, promoting a sense of social responsibility, and fostering innovative spirit. Many medical universities have focused on CIPE, using Marxist methodology to integrate professional theory and core values into their teaching design (Chen, 2020; Xu, 2021; Xu, 2021).

However, there are still many problems in the implementation of CIPE in medical universities. Historically, most medical universities in China have adopted traditional teaching models, which often neglect ideological and political education and emphasize the transmission of medical knowledge and practical skills. This has led to a lack of professional ethics in some medical students once they enter society (Liao and Huang, 2024). In terms of teaching arrangements, both educators and students tend to prioritize professional knowledge and overlook moral education (Sun et al., 2023). Medical students face heavy study loads and significant academic pressure, which weakens their focus on ideological and political education. Research by Su et al. (2024) found that in curriculum design, professional teaching and ideological-political courses are often separated. Most teachers and students prefer to focus on professional knowledge, treating political and ideological education as an optional subject. From the perspective of the course’s inherent characteristics, educational content that is highly theoretical but weak in practical application fails to engage students’ interest, and there are also certain issues in the construction of ideological and political courses. Although there are unified textbooks and standardized teaching curricula, the textbook content tends to be outdated, theoretical, and overly narrative, making it difficult for students to accept the traditional, purely theoretical teaching model. Furthermore, ideological and political courses do not provide immediate guidance for medical students’ work, lacking short-term effectiveness, which makes it hard to see long-term benefits (Ma et al., 2023).



1.2 Necessity of CIPE in Chinese medical universities

Currently, under the ideological framework of fostering moral character and educating people in medical universities, the goal of all-around education can only be achieved by organically integrating the teaching of medical professional knowledge with CIPE. In practice, medical students need to have strong ideological and moral qualities in order to better apply what they have learned in clinical practice and contribute to society. In their studies, medical students must possess strong logical and systematic thinking skills, be able to analyze diagnostic and treatment methods objectively and dialectically, and integrate knowledge in order to achieve the teaching objectives. With the continuous expansion of university enrollment, the number of graduates increases each year, but employment positions are scarce, leading to a severe oversupply of graduates. The mismatch between the supply structure and the social demand structure for university graduates has led to difficulties such as high unemployment rates and low-level job placements for graduates. Therefore, the implementation of career guidance courses in universities is essential. These courses should be integrated with ideological and political education to fundamentally change students’ employment outlook, helping them establish correct career views and professional qualities (He et al., 2024; Lu and Xu, 2022).

In addition, the modern medical model requires medical students to not only possess rich medical knowledge and skills but also demonstrate a spirit of humanistic care. Students should understand that humanistic care can, to some extent, resolve conflicts between doctors and patients, encourage patients to face their illnesses bravely, and thus reflect respect for life and compassion for patients. Therefore, whether it is medical education reform, addressing employment issues, or fostering a spirit of humanistic care, all these factors present new demands for future medical curricula. In addition to refining professional courses, the implementation of CIPE is urgent.



1.3 Feasibility of integrating case-based teaching with CIPE

The structure of the Chinese education system integrates ideological and political education throughout the entire educational process, influencing individuals’ values, beliefs, and civic consciousness. CIPE has a multidimensional impact on students’ overall development. On one hand, it indirectly promotes the enhancement of students’ professional abilities by strengthening their sense of social responsibility, collective spirit, and innovation capabilities. On the other hand, ideological and political education also promotes future academic achievements by optimizing students’ learning attitudes and values (Sha et al., 2024). Professor Zhang Bowei’s research (Zhang, 2024) found that ideological and political education effectively enhances students’ sense of collective awareness and teamwork, which plays a positive role in team collaboration and academic research. Furthermore, many studies (Luo et al., 2024; Tian et al., 2024; Ye et al., 2024; Liu et al., 2023) have shown that the self-management and self-improvement concepts advocated by ideological and political education help students develop good study habits, thereby improving their academic performance. For example, the diagnostic process for many diseases requires dialectical exclusion diagnosis, the multiple effects of corticosteroids, and the duality of immunosuppressant use, all of which can be integrated into the content of dialectical materialism and dialectical materialist philosophy. It is evident that medical education contains rich ideological and political elements, which can fully meet the intrinsic demands of medical curriculum teaching.

Case-based teaching has increasingly been used as a teaching method in medical education. Recent studies (Cen et al., 2021; Maia et al., 2023) have reported that case-based learning is an effective teaching method that helps improve students’ academic performance. Furthermore, case-based teaching helps cultivate students’ critical thinking and innovation capabilities, which are crucial for enhancing the professional abilities of medical students. In recent years, many scholars have explored the relationship between case-based teaching and students’ innovative thinking. Studies have shown that case-based teaching, through the design of course content and innovative teaching methods, can stimulate students’ creative thinking, thereby promoting the improvement of their academic level. This shift in thinking not only helps students achieve better results in classroom learning but also has a profound impact on their future academic success (Rubino and Freshman, 2005; Ibrahim and Lukman, 2025). We conducted searches in multiple databases, including “Web of Science” “Taylor & Francis Online” “ERIC” “Education Abstract” “ProQuest(r) Education Journals” and “EBSCO” using “ideological and political education” and “case-based teaching” as keywords, and found that research combining “ideological and political education” with “case-based teaching” is limited in existing studies. At the same time, based on the issues currently faced in the implementation of CIPE in medical universities, as well as the necessity and feasibility of CIPE mentioned earlier, we propose an innovative approach of integrating case-based teaching with CIPE in otolaryngology courses.

Otolaryngology, one of the core disciplines of clinical medicine characterized by its strong specialization, equips students with both theoretical knowledge and practical skills. This enables them to understand the common causes, pathogenesis, clinical features, and treatment principles of various diseases. The field has rapidly advanced with the advent of new diagnostic and treatment technologies and the application of advanced medical equipment. Integrating CIPE into Otolaryngology courses is essential for fostering students’ medical ethics and humanistic care, while developing high-caliber medical professionals with both moral and professional qualities. Since 2021, our university’s undergraduate Otolaryngology courses have incorporated ideological and political content and implemented related activities using case studies as instructional tools (Liu, 2024). In this study, we focused on undergraduate clinical medicine students from the class of 2020 at Chongqing Medical University, evaluating the quality of Otolaryngology instruction, student satisfaction, and the effectiveness of CIPE.




2 Methods


2.1 Research sample

We enrolled a total of 366 fourth-year undergraduates majoring in clinical medicine from Chongqing Medical University, who took the “Sensory system disorders” course between February and June 2023. Of these, 180 students from class 1 of the clinical medicine department followed the traditional teaching approach, serving as the control group. Meanwhile, 186 students from class 2 participated in a case-based teaching with integrating CIPE, serving as the observation group. The control group consisted of 92 males and 88 females, aged between 21 and 22, with an average age of 21.5 years. The observation group consisted of 96 males and 90 females, aged between 21 and 22, with an average age of 21.3 years. There were no statistically significant differences in gender or age between the two groups (p > 0.05).



2.2 Research design


2.2.1 Group division

For the control group students, a traditional teaching model was used to deliver fundamental theoretical lessons in otorhinolaryngology, totaling 36 class hours. In this approach, teachers conducted lectures using slides, multimedia animations, audio, and images to deliver content in a conventional explanatory manner. Additionally, students were provided with in-class or post-class quizzes for further reflection. The students in the observation group received a total of 36 class hours of basic theoretical coursework in otorhinolaryngology. According to the course content schedule, teachers incorporated CIPE into theoretical instruction by using specific Otolaryngology knowledge as the entry point and medical cases as the carrier. This approach promoted the collaborative model of professional education and ideological education.



2.2.2 Ideological and political elements

The ideological and political elements include Chinese civilization, professional ethics, patriotism, dedication, a sense of responsibility, scientific literacy, teamwork, the principle of seeking truth from facts, safety awareness, humanitarian spirit, cherishing life, caring for patients, communication skills, adherence to integrity and innovation, craftsmanship spirit, anti-epidemic spirit, dialectical thinking, innovative thinking, and lifelong learning ability. These elements aim to promote the establishment and implementation of the collaborative education between professional courses and ideological and political education.



2.2.3 Case-based teaching

Using the teaching of “acute and chronic sinusitis” as an example, the specific method is as follows:

Before the lecture, the teacher focused on the teaching points on “acute and chronic sinusitis” from the syllabus and prepares clinical materials by selecting typical cases from hospital patients.

During the lesson, the case was introduced. In class, the case was presented as follows: “A 28-year-old female patient with a 4-month history of recurrent nasal congestion, purulent discharge, and loss of smell, occasionally accompanied by headaches. The patient initially had symptoms similar to a common cold, such as nasal congestion and sneezing.” This scenario simulated the clinical reception process, prompting the question: what might be the diagnosis—rhinitis or sinusitis? Is it acute or chronic? The case study encouraged students to think.

The teacher should keep detailed records of students’ classroom participation, evaluating them from multiple dimensions such as professional competence, clinical thinking, interpersonal communication, and teamwork. After the class, a questionnaire should be distributed to students to assess the actual effectiveness of the course implementation and provide timely feedback for improvement.



2.2.4 Integrating ideological and political education into case-based teaching

To cultivate students’ spirit of exploration. Combining with reviewing the anatomical structure of the nasal cavity and sinuses with color illustrations, the teacher guided students to analyze the clinical features of the patient introduced, which cultivated students to integrate basic anatomy with clinical knowledge and to develop a kind of systematical thinking and a scientific spirit of exploration.

To establish a spirit of humanistic medicine. In the explanation of clinical manifestations of “acute and chronic sinusitis,” we demonstrated the history-taking and physical examination to reflect the care for patients, encouraged students to master the effective doctor-patient communication skills, and cultivated a concept of humanistic medical care.

To strengthen professional identity and a sense of belonging. Through the formulation of a treatment plan, we explained the renewal and change for decades of surgery techniques of chronic sinusitis and introduced the westward migration history of the Otolaryngology department of our hospital, which nurtured students’ pride in their alma mater and respect for their predecessors, and established a sense of honor and responsibility in pursuing a medical career.




2.3 Methods for evaluating teaching quality


2.3.1 Theoretical testing

A quiz about the lesson content was conducted, with a comprehensive exam at the end of the term to assess students’ mastery of the theoretical knowledge. The final course grade was 100 points, with the theoretical exam accounting for 70% and process evaluation accounting for 30%.



2.3.2 Teaching satisfaction evaluation

A paper questionnaire, regarding the effectiveness of theoretical teaching, was used to evaluate the satisfaction levels of both the control group and observation group. The satisfaction ratings were divided into 4 levels: “Very Satisfied,” “Satisfied,” “Neutral,” and “Dissatisfied.”



2.3.3 CIPE valuation

Using the online platform Questionnaire Star (wjx.cn), a survey was distributed through the QR code and a web link after the completion of Otolaryngology course this semester. This survey evaluated the observation group students’ recognition of incorporating CIPE into case-based theoretical teaching activities.

The questionnaire consisted of 17 questions, including 2 personal information questions and 15 core questions. Among the core questions, 13 were single-choice questions that used a five-point Likert scale (from 1 strongly disagree to 5 strongly agree). Higher scores indicated higher levels of recognition and satisfaction. Additionally, there were 2 multiple-choice questions (Cheng et al., 2023).

The core questions of the survey included three aspects:

	(1) “Students’ recognition and attitude towards CIPE” (questions 3–6). To understand the extent of students’ awareness of the importance, specific connotation, training objectives of CIPE.
	(2) “Students’ evaluation of integrating ideological content into case-based professional courses” (questions 7–11). To understand the extent of students’ recognition of ideological and political content and integration methods, and their suggestions for teaching approaches.
	(3) “Students’ feeling of the integration of ideological education in professional courses” (questions 12–17). To understand the extent of students’ recognition of the effectiveness of CIPE.

See Table 1 for details.



TABLE 1 Survey on the effectiveness of integrating ideological and political content into the Otolaryngology.
[image: Table showing a questionnaire on integrating ideological and political education (CIPE) into Otolaryngology courses, with sections on personal information, recognition and evaluation of CIPE, recommended teaching methods, and perceived impacts on motivation, ethics, perspective, and self-improvement.]




2.4 Data analysis

Data were analyzed using SPSS 24.0 statistical software. Measurement data were presented as (x ± s), and an independent sample T-test was used. Count data were presented as cases and percentages, and the corrected χ2 test was used. For non-normally distributed data, a non-parametric rank-sum test was used. A p-value of <0.05 was considered statistically significant.




3 Results


3.1 Comparison of academic performance between the two groups

This study employed a T-test to compare the final theoretical exam scores and process evaluation scores of 186 students in the control and observation groups. All scores showed no significant outliers, and each group’s data was normally distributed. The total score for students in the control group was (86.8 ± 6.7), with a final theoretical exam score of (85.5 ± 6.7) and a process evaluation score of (88.9 ± 8.2). The total score for students in the observation group was (87.3 ± 7.2), with a final theoretical exam score of (86.1 ± 8.0) and a process evaluation score of (91.5 ± 5.4). In terms of overall scores, the observation group slightly outperformed the control group, but this difference was not statistically significant (t = 1.372, p = 0.142). Additionally, the observation group’s final theoretical exam scores showed no statistically significant difference compared to the control group (t = 2.416, p > 0.05). However, the observation group’s process evaluation scores were significantly higher than those of the control group, with a statistically significant difference (t = 5.990, p = 0.003). As shown in Table 2.



TABLE 2 Student scores in the two groups (score, x ± s).
[image: Data table comparing control and observation groups across final theoretical exam score, process evaluation score, and total score. Observation group outperforms control in all categories. Significant difference in process evaluation score only, with p-value of 0.03.]



3.2 Comparison of teaching satisfaction

The overall satisfaction rate (including both “very satisfied” and “satisfied”) for the students in the control group and the observation group regarding the theoretical lectures in Otolaryngology was 75 and 93%, respectively, with a statistically significant difference (χ2 = 4.38, p = 0.024). Notably, the “very satisfied” rate for the theoretical lectures in the observation group (72.0%) was significantly higher than that in the control group (50%), with a statistically significant difference (χ2 = 3.6, p = 0.03), as shown in Table 3.



TABLE 3 Satisfaction with theoretical lectures among students in the two groups (n, %).
[image: Table comparing satisfaction levels between a control group and an observation group. The observation group reports higher overall satisfaction at ninety-three percent compared to seventy-five percent in the control group. The p-value for overall satisfaction is zero point zero two four, indicating statistical significance.]



3.3 An analysis of the teaching effectiveness of integrating CIPE with case-based teaching

A survey was conducted via Questionnaire Star at the end of the Otolaryngology theoretical course for Class 2 of the clinical medicine department (total of 186 students). All 186 questionnaires were distributed and collected, achieving a 100% response rate.


3.3.1 Students’ understanding of CIPE

Approximately 92% of students considered it necessary to incorporate ideological and political education into the theoretical course of Otolaryngology, with about 45% finding it extremely necessary. Around 96% of students were relatively knowledgeable about the spiritual beliefs, moral qualities, and professionalism that medical students need to have. However, only 23% were very familiar with the specific content of ideological and political education in the theoretical course, while 57% were somewhat familiar, indicating that medical students’ understanding of the CIPE needs improvement. Students from the Clinical medicine department identified professional competence, ethics, respect for life, humanistic care, and craftsmanship as the most important qualities, reflecting the emphasis for both technical skills and humanistic values in medicine.



3.3.2 Students’ evaluation of integrating ideological content with case-based teaching in professional courses

Over 70% of the students reported that they perceived the integration of ideological and political content in the theoretical courses of Otolaryngology and expressed a relatively strong interest in it. They also showed approval of the teaching method. Approximately 28% of students regard the ideological and political content as rich and were very interested in it. Clinical case analysis, group discussions, and video resources were the top three recommended methods for CIPE.



3.3.3 Students’ perceptions of ideological and political education within professional courses

More than 80% of students reported that ideological and political education within professional courses increased their learning motivation and interest, enhanced their professional competence and ethics, and helped solidify their commitment to the medical profession while fostering a correct life perspective and values. Over 30% expressed strong agreement with this view. However, fewer than 40% felt that ideological and political education helped them identify their own weaknesses and unleash their potential, with most indicating a moderate effect. Taken together, approximately 92% of students believed that the integration of ideological and political education with case-based teaching in the theoretical course of Otolaryngology was more effective than traditional teaching methods and should be promoted and explored further in educational practice.





4 Discussion

Medical universities serve as crucial platforms for cultivating healthcare professionals. Beyond imparting medical knowledge, there is a greater need to foster moral integrity and character development, with the goal of establishing an educational curriculum system that integrates ideological and political education, professional education, and personal development education. The implementation of CIPE influences students through specific ideologies, political viewpoints, and moral norms, ultimately achieving the important objectives of moral cultivation, political education, and comprehensive quality education (Zou et al., 2019; Wang et al., 2024; Lu, 2018).

Medical theory courses are characterized by a high degree of specialization, extensive content, and considerable difficulty. Teachers are encouraged not only to convey medical knowledge but also to help students build a correct worldview, life perspective, and values. Thus, integrating ideological and political education into these courses presents a new challenge for medical educators.

Through continuous exploration and reflection, we adopted the case-based teaching method, which is generally of greater interest to students (Wang et al., 2024) in the theoretical teaching practice of Otolaryngology. Classic cases from this discipline were selected, and the ideological and political elements within their clinical features, applied anatomy, and treatment principles were thoroughly explored to identify the content and optimal integration points for incorporating ideological and political education into the course. During the process of case analysis, discussion, and interaction, while abstract professional knowledge is being taught to students, ideological and political content was also subtly conveyed. This included how to protect patient privacy during diagnosis and treatment, how to communicate effectively with patients, and the cultivation of a rigorous, truth-seeking, and progressive scientific spirit, along with good medical ethics and a sense of humanistic care.

The teaching model that integrates case-based teaching with ideological and political education has been gradually applied to various courses in undergraduate medical education. Recent studies in internal medicine (Chen et al., 2024), medical information retrieval courses (Du et al., 2023), pediatric nursing teaching (Yang et al., 2023), and pharmacology courses (Jiang et al., 2025) have all found that the integration of CIPE with case analysis methods not only improved student engagement and enthusiasm but also enhanced students’ problem-solving, innovative thinking abilities, and the effectiveness of ideological and political education. This significantly improved student performance. The specific details of these studies are shown in the Table 4. These studies indicate that the case-based, ideologically integrated teaching model provides students with a comprehensive, in-depth, and practical learning experience, laying a solid foundation for their future medical practice and professional development. From the results of the overall performance of students, satisfaction with the teaching, and responses to the survey in this study, the integration of case-based teaching with ideological and political education in Otolaryngology theoretical courses has proven highly feasible. Presenting classic cases can quickly capture students’ attention, encourage active thinking and interactions with the teacher. Throughout this process, ideological and political contents are conveyed at each step, which readily accepted by students. This integration helps achieve the goals of ideological and political education more effectively, increases students’ interest and enthusiasm for clinical discipline, and aids in establishing correct professional values, enhancing professional pride and confidence.



TABLE 4 The cases and ideological and political elements used in the four studies.
[image: Table listing four research articles with columns for course, research sample, teaching objectives, case content, and ideological and political elements. Topics include internal medicine, medical information retrieval, pediatric nursing, and pharmacology, each with specific student groups, educational goals, real clinical or theoretical cases, and associated ideological or ethical themes.]

This study also confirmed that the combination of case-based teaching and ideological and political education can significantly enhance students’ learning interest and classroom satisfaction. Furthermore, the questionnaire analysis in this study revealed that professional competence, professional ethics, respect for life, humanistic care, and craftsmanship were regarded by clinical medicine students as the most essential spiritual qualities. This reflects the importance medical students place on both technical expertise and humanistic medicine. Clinical case analysis, group discussions, and video materials were identified as the three most recommended methods for integrating ideological and political education into teaching.

As the continuous implementation of ideological and political education in Otolaryngology theoretical teaching for undergraduate stage, some challenges have surfaced that need to be addressed (Cai and Qian, 2021). Firstly, as medical professionals, teachers may face limitations in accessing ideological and political resources and may lack teaching experience, potentially leading to unclear understanding of the content and scope of ideological and political education. This requires additional training to strengthen teachers’ awareness of considering ideological and political content as a core component of education and improve their ability to tap into ideological resources within professional courses. Secondly, medical theory courses cover extensive material within limited classroom time, which may result in insufficient time allocation or content coverage for ideological and political education. Therefore, teachers should plan the overall content for each lesson in advance, clearly defining the specific content and the timing of its integration, and strive to implement this effectively and systematically during teaching activities. Lastly, due to the lack of a more comprehensive evaluation system, there is currently no evaluation system in place to systematically assess the effectiveness of ideological and political education, including whether students have effectively mastered the core content of CIPE, whether CIPE impacts the effectiveness of theoretical teaching, and whether it provides proper guidance for shaping students’ values.

In future otorhinolaryngology theoretical teaching, how to better integrate IPE remains a challenge. It raises questions such as whether a comprehensive CIPE syllabus can be developed, closely aligned with national policies and guidelines, to include clear teaching objectives, formats, and content for CIPE activities. Additionally, the establishment of a bilingual CIPE resource library on sensory system diseases could provide students with materials for repeated study. Incorporating appropriate assessment of CIPE content in students’ final exams, evaluating the inclusion of CIPE in teacher performance reviews, and implementing two-way evaluations between teachers and students to enhance the effectiveness of CIPE in medical courses are areas that require further exploration and refinement.



5 Conclusion

This article takes the course of “Otorhinolaryngology” as a platform, introduces classic cases as the foundation, and uses ideological and political education (referred to as “curriculum ideology”) as an entry point. It elaborates on the implementation methods of integrating case-based teaching with curriculum ideology in medical professional courses and explores the teaching effects of this integration. The present study contributes to the literature on the effects of integrating case-based teaching with ideological and political education in medical courses. In general, the combination of the two has proven to be highly feasible in teaching, enhancing students’ engagement and recognition in professional course learning. It also facilitates the better incorporation of ideological content into medical courses. This integration helps improve students’ mastery of professional theory, stimulates proactive thinking, fosters the establishment of correct professional values, and boosts their professional pride and self-confidence. Therefore, it is worth continually practicing and exploring in teaching activities.
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1 Introduction

As we are rapidly moving toward a predominantly digital age, the health sector faces unprecedented challenges in ensuring that healthcare and other care providers possess at least the necessary digital health literacy (DHL) skills to be in line with the ever-evolving techniques and approaches, as well as the constantly updated clients. To better understand this complex DHL concept, it is important to try dissecting it accordingly. First and foremost, even though being shown to be a complex and contested concept (1), literacy has been described as one's ability to understand, evaluate, use, and engage with written texts to participate in society, achieve one's goals, and develop one's knowledge and potential (2). Literacy has typically two distinctive domains (3): task-based literacy and skill-based literacy.

Furthermore, the individual's literacy in a health-related context is called health literacy, while being closely related to social determinants of health (education, income, language barriers, and other physical, cultural, and environmental factors) building knowledge and skills related to self-care can mitigate the health impact of low health literacy (4). Then logically DHL derives as the degree to which individuals can obtain, process, and understand basic health information and services needed to make appropriate health decisions. In other means, DHL encompasses the ability to effectively find, interpret, and utilize health-related information from digital sources. The best practices for digital health literacy are more personalized, relevant, interactive, and action-oriented experiences while involving modern measures like artificial intelligence and machine learning, virtual and augmented reality, and blockchain. In a rather systemic context, DHL can move the role of technology beyond data collection to a more integrated system, whereas in a social context, it can help individuals to be transformed from passive to active participants in their own health by being equipped with digital solutions. Lately, DHL has been tipped to be a super determinant of health rather than just the sum of its parts (5), whereas in association with internet connectivity has been also acknowledged as a “super social determinant of health” (6).

In a wide public health context, the failure to equip future professionals with such skills (not just healthcare workers but other care providers like social workers) will most probably facilitate health, social, and economic disparities, undermine patient engagement, and compromise public health initiatives to the core.

Therefore, this article argues for the necessity to integrate DHL courses in every health-related and care-providing profession's curriculum, as a measure to be in line with the ever-evolving global needs.



2 DHL education


2.1 Digitizing education

If there is one single word that can best describe the modern human it's “digitalization.” The speed of change and evolution observed are without precedent in our thousands of years of history. In a mere 66 years, we have progressed from a prototyped airplane's first flight to a sophisticated spaceship's moon landing. From a 2-song vinyl disc, which served as the primary source of discretionary music until 1962, we have now reached a point where an entire singer‘s oeuvre can be stored on a millimetric thumb drive. Therefore, technology has significantly enriched human life, enhanced the quality, and even increased expected life expectancy at birth. These outcomes are hugely significant, notwithstanding the lack of specific official regulations and recommendations often discarding many novel approaches and digital health technologies (7). Somehow, everything has to keep up with the ever-evolving digitalization of technology. Older generations must adjust to rapid changes, whereas younger generations keep pushing toward novelties. The workforce's time has been significantly shortened and their productivity increased due to the introduction of new technologies. In healthcare, the applications of digital technologies are helping to optimize the diagnosis, consulting, and treatment of patients (7). Healthcare professionals now have more resources to provide in addition to their continual evolution of skills. On the other hand, their valued time could be easily preserved if using technology appropriately to disseminate health-related information. Nowadays, healthcare experts do not necessarily need to be present to provide professional information and can be replaced by recorded videos and other user-friendly tools to guide the end-users.

However, the accelerated pace of technological advancement necessitates that students cultivate the ability to utilize technology in an efficacious manner within their prospective professions. As future experts, their academic training must integrate technology and digital literacy across disciplines. The absence of regulatory frameworks governing emerging technologies underscores the necessity for curricula to adapt in parallel with these innovations.



2.2 Curriculum development

The idea of providing the much-needed DHL courses in different educational settings has been emphasized previously (8–11). The COVID-19 pandemic was one of the catalysts of this idea, showing all of us how important this topic is. Utukuri and colleagues (11) argued in their article how health literacy is a neglected part of health curricula. Nonetheless, pervasive inertia appears to persist in addressing this critical deficiency.

The course curriculum would be developed using a systematic approach, including curriculum mapping, stakeholder involvement, and instructional design principles while ensuring alignment with the competencies required by students. This course should have a core concept stratified into 5 main pillars:

	1. Governance of health and well-being;
	2. Evolution of industrial revolutions;
	3. Soft skills in health literacy;
	4. Methodologies, strategies, and techniques in health literacy education;
	5. Community approach and coaching:

Furthermore, the course needs to be focused on content alignment, student engagement, and practical integration. The content would be developed around these five core pillars, with a specific focus depending on the particular program. The course itself should be introduced, although not exclusively, to students from a variety of academic backgrounds, including medical sciences, allied medical sciences, social workers, and education programs (primary, preschool, or special education). Furthermore, teaching material should take into consideration not only the student's influence on academic performance but also the important inputs of the academic staff that are coherent with the latest developments in the technological sphere. This is because new measurement tools have been developed and used to generate initial data on digital health literacy in educational settings. These tools assess not only the personal capacities of learners and teachers but also of learning opportunities and instructions regarding the teaching and learning of DHL (12). This produces positive effects related to teacher-student communication, course functioning, the development of critical thinking, and the transactional aspect of the curriculum itself.

DHL can play an important role in human well-being and even lifespan. Previous research has indicated that DHL is dependent on several sociodemographic, economic, psychological, and cultural factors (13). Indeed, the benefits of DHL are multidimensional, with the potential to contribute to societal development. Table 1 lists some of the benefits deriving from the increase of DHL.


TABLE 1 The influence of DHL on health.

[image: Table summarizing the influence of DHL, showing increases in prepared workforce, control over chronic health conditions, and overall health and wellbeing, while morbidity, mortality, hospitalization time, chronic health conditions, polypharmacy, emergency medicine use, and extensive health-spendings decrease.]



2.3 Challenges and barriers

Integration of the DHL as a mandatory course in university entry-level programs within health and care-related disciplines will undoubtedly encounter significant challenges, with resource disparities and technological access being among the most prominent. Perhaps the greatest obstacle in the development of these courses within higher education institutions is the struggle to secure funding for both the development and maintenance of DHL courses, let alone for the needed infrastructure. In such cases, strategic investments from educational and government entities are crucial for the provision and assurance of the essential digital tools and other related resources that are necessary for the implementation of the course. The needed infrastructure and other related means should be provided prior to the course presentation, otherwise, there is a serious risk of the course becoming ineffectual and overly abstract. Then, to ensure a smooth process, the course could be piloted as an elective one in the first year of each program, and then be further integrated as a mandatory course amongst other core subjects.

The lack of skilled experts amongst the faculty on the specific topic represents another significant barrier that necessitates meticulous consideration. Martinez-Ulloa (10) described the risk that the transition to digital health platforms poses for health professionals in their ability to master the use of digital tools. It is important to note that many educators lack professional expertise in digital literacy topics. The absence of qualified or even interested educators to teach such topics not only risks undermining DHL's integration but also might provide resistance among them as they (to some extent understandingly!) could perceive this as a burdensome imposition. The volatile nature of this subject with the rapid technological advancements continuously threatening to outdate knowledge and course material is evident and undeniable. Nevertheless, the modern world is rapidly being digitized and modern infrastructure is continuously being integrated, whereas teaching methods have changed significantly compared to the past. It is imperative that this evolution is followed, or the prospect of perishing looms large. Therefore, educators and institutions must take the initiative to develop their professional skills, expertise, and qualifications in order to equip faculty with the relevant skills and qualifications. This would demonstrate the DHL's integral role within core healthcare and care-providing competencies, which would further advocate for its embedded inclusion across existing curricula.

The emergence of artificial intelligence (AI) and the technologies that facilitate its deployment represents a further transformative factor in the evolution of DHL. AI has the great potential to significantly impact DHL by offering innovative platforms and tools for pedagogical purposes. Such developments could facilitate the creation of novel educational experiences tailored to individual needs. Additionally, AI-powered tools like machine learning and natural language processing can further simplify complex health-related concepts for the end-users. Nonetheless, there are also uncertainties about AI's influence on DHL teaching in health curricula and a close observation needs to be given. This includes the ethical implications of using AI like data privacy, algorithmic bias, or even an ever-increasing reliance on such automated systems.




3 Discussion—A call for educational reform

Integration of DHL into curricula of health care and other care-related education is not merely an academic enhancement, but a fundamental necessity in preparing a future-ready care-providing workforce. The incorporation of such courses into the curricula of other educational-related programs, including primary, preschool, and even special education, would undoubtedly equip future educators with the necessary skills and expertise to disseminate knowledge and guidance to the next generation. This approach could potentially serve as a crucial step toward establishing a more secure future, by minimizing the potential impact of misinformation and harmful propaganda.

The widespread implementation of digital literacy competencies in healthcare settings has the potential to empower patients and promote equitable health outcomes. Conversely, failure to act promptly could result in the widening of existing disparities, undermining patient care by exposing an unprepared workforce to the state-of-the-art demands of modern health.

As healthcare continues to undergo significant transformation due to rapid digital advancements, the importance of addressing the associated challenges has never been greater. DHL represents a crucial instrument for bridging knowledge gaps, empowering individuals, and promoting equitable health outcomes. Without immediate integration of DHL into professional training, there is a risk of producing generations of care providers unprepared for the digital demands of modern healthcare, potentially widening existing disparities and undermining the quality and accessibility of patient care.

This article has highlighted the urgent need for comprehensive reforms, with DHL identified as a vital competency for health and other care-related professionals, just as much as for school educators and others alike. By employing targeted curriculum design, optimizing resource allocation, and implementing faculty training, educational institutions can take concrete steps to overcome current barriers and fully actualize the potential of digital health education. Integrating DHL as a staple of health education, not only will practitioners' technical capabilities be enhanced, but also a culture of lifelong learning, adaptability, and ethical responsibility will be fostered, which is vital in our evolving healthcare landscape.

Looking forward, the healthcare sector must adopt the use of DHL as a cornerstone of professional competence, one that not only empowers providers but also actively engages and educates patients. By embedding DHL into health and care curricula, we can shape a new paradigm, one where health professionals and patients alike are equipped with the digital skills to navigate, interpret, and act upon health information with confidence and efficacy. Such a future holds the promise of a more inclusive, informed, and resilient healthcare system, attuned to the needs of a digital age.
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Background: Practical teaching is vital for preparing public health students to address real-world challenges. This study evaluates the impact of open collaborative practical teaching reforms on student satisfaction compared to traditional approaches.
Methods: A validated Likert scale-based questionnaire assessed satisfaction among 188 public health students (96 Reform Group; 92 Traditional Group). Reliability (Cronbach's α = 0.987) and validity (KMO = 0.948; p < 0.001) tests confirmed the instrument's robustness. Comparative analyses examined satisfaction across teaching methods, course content, and teaching effectiveness.
Results: The Reform Group reported significantly higher satisfaction, particularly in Health Statistics, Instrumental Analysis, and Water Quality Inspection courses. Reforms enhanced student engagement, teaching methods, and collaboration between universities and public health institutions.
Conclusions: This study demonstrates the effectiveness of open collaborative teaching reforms in improving public health education, emphasizing their potential to foster innovation and align education with modern public health demands.
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1 Introduction

The COVID-19 pandemic represents the most significant global health crisis since the 1918 influenza outbreak, profoundly reshaping public health systems worldwide and exposing critical vulnerabilities in existing public health infrastructure (1). This unprecedented challenge has highlighted the pressing need for a highly skilled public health workforce capable of addressing emerging and complex health crises. Public health education, as a foundational pillar in preparing this workforce, has encountered significant disruptions, necessitating a reimagined approach to training future professionals that aligns with evolving societal demands (2, 3).

Traditional practical teaching methods in public health education, which often rely heavily on confirmatory experiments conducted post-theoretical instruction, have shown several limitations. These methods emphasize rote memorization over critical analysis, restrict hands-on learning opportunities, and fragment the teaching content. Moreover evaluation strategies-commonly reliant on experimental reports-have been linked to declining student enthusiasm, diminished critical thinking skills, and ethical issues such as plagiarism (4, 5). While existing reforms in public health education have attempted to address these issues, many fail to fully integrate practical application with theoretical instruction or to foster interdisciplinary collaboration. This gap highlights the urgent need for innovative, dynamic, and integrative teaching methods that actively engage students and effectively bridge the gap between theory and practice.

To address these challenges, this study examines the implementation of an open collaborative practical teaching reform that integrates medical education and research, adopts a student-centered approach, and aligns with the needs of contemporary public health systems. The reform emphasizes active participation, interdisciplinary collaboration, and the practical application of theoretical knowledge to real-world public health challenges. By leveraging resources from universities, disease control centers, and public health practice bases, it aims to enhance students' practical skills, foster innovation, and cultivate a sense of social responsibility.

The core research question guiding this study is: “To what extent does the open collaborative practical teaching reform improve student satisfaction in public health education?” This research hypothesizes that integrating collaborative and practice-oriented approaches into public health education will significantly enhance students' satisfaction with their learning experiences by addressing limitations in traditional teaching methods. Specifically, it is proposed that such reforms will improve student engagement, critical thinking, and practical application of knowledge, thereby better preparing them to address complex public health challenges.

The significance of this reform lies in its alignment with contemporary educational and societal needs. By embedding innovation and collaboration into the curriculum, it enhances the educational experience while preparing students to tackle public health challenges with accountability and community engagement. This study evaluates the impact of these reform through an analysis of public health students' satisfaction levels with their practical teaching courses at Kunming Medical University. Using a validated Likert scale-based questionnaire, the research provides evidence-based insights into the effectiveness of these reforms and offers actionable recommendations for the continuous improvement of practical teaching in public health education.



2 Methods


2.1 Participants

This study included a total of 188 students from the public health program at Kunming Medical University, comprising 96 current students and 92 graduates. The current students underwent the open collaborative practical teaching reform integrating medical education and research, while the graduates received instruction using traditional practical teaching methods. All participants were selected voluntarily and anonymously for this survey.



2.2 Reform content
 
2.2.1 Modular design of practical teaching content

The reform moved beyond merely aligning practical teaching with theoretical coursework. Instead, it adopted a curriculum-wide modular approach, consolidating various practical teaching topics into cohesive, interdisciplinary projects. For example, modules such as foundational public health experiments, environmental health risk assessments, food safety evaluations, and emergency response drills for public health crises were integrated into distinct practice units. This design fosters public health thinking, practical skills, and innovation by breaking down traditional disciplinary boundaries and encouraging interdisciplinary integration.



2.2.2 Open collaborative practical teaching model

The open collaborative teaching model leveraged resources from universities and public health practice bases to enhance laboratory teaching. Under this model, students were organized into small groups and allowed to independently design and complete experiments after receiving an overview of the experimental objectives from instructors. Teachers acted as facilitators, guiding students to refine their experimental designs, assess feasibility, and cultivate creative thinking.

This student-centered approach enhanced students' enthusiasm for learning while developing their innovation, problem-solving, and teamwork skills. For instance, as part of the 36-week professional internship and graduation practicum, students were mentored by both university faculty and public health base professionals. They undertook open practical projects focused on real-world themes such as “Environment (Air, Water Quality) and Health.” This dual-mentor system ensured a balanced integration of theoretical knowledge and practical application, equipping students with comprehensive professional competencies. A detailed framework of the open collaborative teaching model is illustrated in Figure 1.


[image: Organizational chart illustrating open collaborative practical teaching reforms in public health, outlining four main categories: practical module, practical topic, implementation by teachers and students, and feedback, each with bullet-pointed subtopics pertaining to public health education.]
FIGURE 1
 Framework of open collaborative practical teaching in public health.





2.3 Investigation methods

A self-designed satisfaction survey questionnaire based on the Likert scale was developed to assess the practical teaching of the public health major. The design of the questionnaire was informed by established frameworks for evaluating teaching effectiveness and satisfaction, such as constructivist learning theory and collaborative learning principles. These theoretical bases guided the selection of dimensions and items to ensure that the questionnaire aligned with the goals of the teaching reform.

The questionnaire focused on respondents' basic information, teaching content, teaching methods, teaching effectiveness, and overall evaluation. The students completed the questionnaire independently via mobile terminals. The satisfaction scale covered five main aspects: basic information, teaching content, teaching methods, teaching effectiveness, and overall evaluation. Each satisfaction metric was scored on a five-point scale: 5 points indicating very satisfied, 4 points relatively satisfied, 3 points average, 2 points dissatisfied, and 1 point very dissatisfied. After the survey was completed, the reliability and validity of the scale were tested (6, 7).

To assess the reliability and validity of the questionnaire, Cronbach's alpha was calculated for internal consistency, yielding a value of 0.89, which indicates excellent reliability. Construct validity was evaluated using exploratory factor analysis (EFA), which revealed a clear factor structure consistent with the theoretical framework, explaining 72% of the total variance. These results confirm the robustness of the questionnaire as a measurement tool.



2.4 Instrument quality

To ensure the appropriateness of the self-designed questionnaire for evaluating student satisfaction with practical teaching, its reliability and validity were thoroughly assessed. The results are as follows:

Cronbach's α Reliability Coefficient: The overall Cronbach's α value was 0.987, indicating excellent internal consistency across the questionnaire items.

Kaiser-Meyer-Olkin (KMO) Measure: The KMO value was 0.948, demonstrating that the data are highly suitable for factor analysis.

Bartlett's Test of Sphericity: Bartlett's test yielded a test statistic of 60.772 with a p < 0.001 (Table 1), confirming that the correlation matrix is not an identity matrix and is therefore appropriate for further analysis.


TABLE 1 Reliability and validity test results.

[image: Data table with three columns: Variable, Metric, and Value. Cronbach’s alpha is zero point nine eight seven, KMO value is zero point nine four eight, Bartlett’s test statistic is sixty point seven seven two, and Bartlett’s test p-value is zero point zero zero zero five, marked as statistically significant. Footnote explains significance is for p less than zero point zero five.]

These results confirm that the questionnaire is a robust instrument for assessing student satisfaction, directly supporting the evaluation of the effectiveness of the teaching reform.



2.5 Statistical processing

To ensure data quality, the survey was conducted using a mobile platform system that automatically corrected logical errors and validated the completeness of responses. This digital approach eliminated issues often associated with traditional paper-based surveys. Data integrity was maintained through automated data export from the platform's backend, followed by statistical analysis using SPSS software. Nonparametric tests were applied for non-normally distributed data, and χ2 tests were used for categorical variables. A p < 0.05 was considered statistically significant.




3 Results


3.1 Comparability of respondents

The demographic characteristics of the respondents were analyzed to ensure comparability between the Reform and Traditional Teaching groups. The results are summarized in Table 2.


TABLE 2 Basic characteristics of respondents.

[image: Data table comparing gender and origin for reform teaching group (96 participants) and traditional teaching group (92 participants), showing similar distributions and non-significant p-values for gender (0.651) and origin (1.000).]


3.1.1 Gender distribution

No significant difference was observed between the Reform Group (28.12% male, 71.88% female) and the Traditional Group (28.26% male, 71.74% female) (p = 0.651).

Region of Origin: Both groups predominantly comprised in-province students (Reform Group: 90.62%; Traditional Group: 93.48%), with no significant difference in regional distribution (p = 1.000).

These findings confirm that the two groups are comparable in terms of demographic characteristics, ensuring a solid basis for comparing satisfaction levels.




3.2 Satisfaction with core courses in practical teaching

The mean satisfaction scores of students across three key dimensions: Course Content, Teaching Methods, and Teaching Effectiveness–are presented in Table 3.


TABLE 3 Survey on satisfaction with the practical teaching of core courses in the major.

[image: Data table comparing mean scores for eight core courses across three dimensions—course content, teaching methods, and teaching effectiveness—between reform and traditional teaching groups, including corresponding p-values with asterisks indicating statistical significance for p-values less than 0.05.]

Higher Satisfaction Scores in Reform Group: students in the Reform Group consistently reported higher satisfaction across all evaluated dimensions compared to the Traditional Group.

Significant Improvements: The most significant improvements observed in core courses such as Health Statistics, Instrumental Analysis, Virology Testing, Physical and Chemical Inspections of Water Quality.

Key Dimensions: Among the three evaluated dimensions, Teaching Methods and Teaching Effectiveness showed the most notable gains, reflecting the success of the reform in enhancing course delivery and student engagement.

These results provide direct evidence of the reform's effectiveness in addressing the research question, demonstrating its ability to improve student satisfaction with practical teaching.



3.3 Overall evaluation of practical teaching

The overall satisfaction levels for practical between the Reform and Traditional Teaching groups were compared (Table 4).


TABLE 4 Overall evaluation of satisfaction with practical teaching.

[image: Data table comparing reform and traditional groups across practical teaching dimensions. Mean ratings for each group are shown, with p-values indicating statistical significance; only teaching staff quality shows a significant difference.]

Statistically Significant Improvements: Students in the Reform Group demonstrated higher satisfaction across all evaluated dimensions with a statistically significant improvement in teaching staff quality (4.64 vs. 4.43; p = 0.034).

Broad-Based Gains: The Reform Group outperformed the Traditional Group in nearly all aspects of practical teaching satisfaction, underscoring the success of the reform in meeting its objectives.




4 Discussion

Yunnan Province, located in the southwestern border region of China, plays a pivotal role in COVID-19 containment due to its extensive borders stretching over 4,000 kilometers. As the “frontline” of pandemic prevention, Yunnan's public health workforce, including students, has made significant contributions during the pandemic's “external prevention and importation” phase. Recognizing the vital role of public health professionals, this study aimed to evaluate the outcomes of open collaborative practical teaching reforms in public health education. The findings directly address the research question posed in the introduction: “To what extent does the open collaborative practical teaching reform improve student satisfaction in public health education?” Using a self-designed Likert scale-based questionnaire, we assessed the satisfaction levels of 188 students, comparing reformed teaching methods with traditional approaches to guide future reforms and improve practical teaching processes.


4.1 Summary of key findings

This study confirmed the high reliability and validity of the self-designed questionnaire as a tool for assessing student satisfaction. The findings indicate that the reform group reported significantly higher satisfaction levels compared to the traditional teaching group, particularly in teaching methods and teaching effectiveness. These findings support the hypothesis that collaborative and practice-oriented teaching reforms enhance student satisfaction by addressing limitations in traditional methods.



4.2 Theoretical support and reform achievements

The study findings align with constructivist learning theory, which emphasizes active engagement and the real-world application of knowledge. By incorporating modular teaching content and interdisciplinary collaboration, the reforms created a student-centered learning environment that enhanced both engagement and learning outcomes.


4.2.1 Enhanced teaching quality

Significant gains were observed in courses such as Health Statistics, Instrumental Analysis, Virology Testing, and Water Quality Inspections, reflecting improvements in both teaching methods and teaching effectiveness. These improvements align with Outcome-Based Education (OBE) principles, which focus on achieving specific learning outcomes through well-structured and practical teaching approaches.



4.2.2 Recognition of excellence

The Epidemiology course was recognized as a first-class course in Yunnan Province. Additionally, seven other core courses, including Water Quality Testing, achieved first-class status at the university level, demonstrating the tangible benefits of these reforms.



4.2.3 Student-centered approach

By enabling active participation and hands-on learning, the reforms promoted students' independent problem-solving skills, critical thinking, and the integration of theoretical knowledge with real-world applications. These findings align with collaborative learning principles, which highlight the benefits of teamwork and interdisciplinary problem-solving in educational settings.



4.2.4 Strengthened collaboration

Enhanced partnerships between universities, hospitals, and public health institutions facilitated shared resources and expertise, improving both teaching and learning outcomes. This aligns with previous studies emphasizing the importance of inter-institutional collaboration in enhancing public health education (8, 9).




4.3 Addressing limitation and areas for improvement

While students in the Reform Group expressed high overall satisfaction, they also identified areas for further improvement:

Innovation development: some students emphasized the need for greater cultivation of innovation skills in practical teaching.

Facilities and resources: concerns were raised regarding the availability and quality of teaching facilities and equipment.

Assessment methods: students noted a desire for more diverse and comprehensive assessment strategies to better reflect their practical competencies.

These findings align with previous research highlighting the professional and practical nature of public health education (10). Continuous research and iterative reforms are essential to address these challenges, including improving teaching resources, faculty development, and assessment frameworks (8, 9, 11).



4.4 Implications for public health education

This study provides actionable strategies for advancing public health education by addressing key areas requiring improvement.


4.4.1 Fostering innovation through active learning

Innovation is central to public health progress. Practical teaching should incorporate complex, real-world problem-solving tasks, such as case-based learning and crisis simulations, to cultivate students' creativity and critical thinking. These approaches are grounded in constructivist and collaborative learning theories, which emphasize active participation and peer interaction as essential to knowledge construction.



4.4.2 Enhancing infrastructure and resources

Upgrading laboratories with state-of-the-art equipment, including diagnostic tools, simulation platforms, and data analysis software, is critical. Establishing collaborations with hospitals, disease control centers, and community health organizations will further enhance students' exposure to real-world challenges, bridging the gap between theory and practice.



4.4.3 Refining assessment strategies

Competency-based evaluations, such as Objective Structured Practical Examinations (OSPEs) and performance-based assessments, should be integrated to comprehensively evaluate students' problem-solving, decision-making, and communication skills.



4.4.4 Integrating research and societal needs

Practical teaching reforms should address current public health priorities, such as pandemic response and environmental health. Encouraging participation in faculty-led research projects and community-based learning ensures that students develop skills aligned with societal demands.

By focusing on these areas, public health education can produce professionals who possess not only technical skills but also the adaptability, leadership, and innovation necessary to address evolving global health challenges.




4.5 Strengths and limitations

This study's strengths include its robust evaluation methods and comprehensive satisfaction analysis, which offer practical insights for improving public health education. However, the study has certain limitations:

Limited sample size: the sample was limited to students from a single institution, which may restrict the generalizability of the findings.

Future validation: broader regional and institutional contexts should be included in future studies to validate these results further.



4.6 Future directions

Building on the findings, future efforts should focus on expanding practical teaching opportunities, integrating innovative teaching tools, and fostering collaboration between institutions. Further research should evaluate the long-term impact of these initiatives on students' professional development and their ability to address complex public health challenges.




5 Conclusions

This study demonstrated that open practical teaching reforms significantly improved student satisfaction and educational outcomes in public health education. Key findings revealed substantial enhancements in teaching methods, course content, and effectiveness, with the reforms fostering student-centered learning, interdisciplinary collaboration, and practical skill development. These outcomes address traditional teaching deficiencies and align public health education with contemporary societal and professional needs.

The integration of innovative practices, such as modular teaching content and interdisciplinary projects, alongside strengthened institutional collaboration, has proven effective in bridging the gap between theory and practice. Furthermore, these reforms cultivated critical thinking, problem-solving abilities, and a sense of social responsibility among students, preparing them to address complex public health challenges.

However, the study's findings are limited to a single institution, and further research is needed to validate these results in diverse contexts. Future research directions should include the following:

	1) Long-term impact assessment: investigate the long-term effects of these teaching reforms on students' professional performance and career development in public health settings.
	2) Broader implementation: explore the applicability of these reforms across different regions and institutions to determine their scalability and generalizability.
	3) Integration of advanced tools: evaluate the effectiveness of incorporating advanced technologies, such as virtual reality simulations and AI-driven training modules, in enhancing engagement and skill acquisition in practical teaching.
	4) Enhanced focus on innovation: develop and test strategies for further cultivating innovation and creativity among students through real-world problem-solving tasks and case-based learning.
	5) Comprehensive assessment methods: design and implement competency-based evaluation frameworks to better capture the full scope of students' practical and professional competencies.

By addressing these areas, future research can build on the insights provided by this study, advancing public health education and ensuring it remains responsive to evolving societal and professional demands.
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Background: Service-learning (S-L) is an educational method that enhances social and civic engagement among health science students, addressing unmet community needs. Musculoskeletal disorders (MSKD) represent a public health issue with increasing prevalence among school-aged population as reported by at least 1 on 5 children. Prevention programs for MSKD in schools are scarce, although evidence supports the efficacy of health education provided by physical therapists. This study aimed to evaluate the impact of a musculoskeletal health promotion program through S-L on school students, teachers, and physical therapy students.
Methods: A mixed-methods approach was used. A quasi-experimental design assessed the learning and satisfaction of school students and teachers using pre-and post-intervention questionnaires. Additionally, qualitative data from reflective diaries of fourth-year physical therapy students were analyzed to capture their experiences. The intervention was conducted in 10 schools in Spain over two academic years, targeting children aged 10–14 and their teachers.
Results: A total of 1,051 school students and 32 teachers participated. Pre-post evaluations revealed significant learnings on MSKD prevention and body awareness in both groups (p < 0.05), highlighting the increase in knowledge about MSKD prevention and self-treatment for school students and on MSKD derived from inadequate postures for schoolteachers. Satisfaction was high, with students and teachers rating the program 4.4/5. Teachers highlighted the value of training for their professional practice, while students appreciated learning about self-care. Physical therapy students were 4 and reflected on their motivation for the project, learning experiences, as well as positive and negative aspects of the service.
Discussion: The S-L community-based intervention effectively increased awareness of musculoskeletal health and self-management skills. The peer learning environment and participatory approach encouraged engagement and knowledge retention in both students and teachers.
Conclusion: S-L is a valuable strategy for promoting musculoskeletal health in schools while improving health education skills among the future physical therapists through experiential learning.
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Introduction

Service-learning (S-L) is a valuable resource to promote public health education and social engagement among students in health sciences, as essential parts in the curriculum of future healthcare professionals (1, 2). Cooperation and civic competencies are conveyed through this learning methodology, whose principles are based on critical reflection, mutual benefit, and experiential learning (3, 4), while the service improves the health of the communities (5, 6). This service is particularly useful for covering disregarded needs in specific collectives, that can benefit from health initiatives with no economic cost (7, 8). Among others, S-L programs focused on health education have demonstrated their usefulness when developed within the school community (4, 9).

Musculoskeletal disorders (MSKD) represent a public health problem, as leading cause of chronic pain and disability worldwide (10, 11). During the last decades, MSKD are affecting a growing number of people and occurring at younger age (12, 13), with prevalence data ranging from 20 to 40% when assessing chronic musculoskeletal and back pain among school-aged children (14). Furthermore, children reporting musculoskeletal pain are also more likely to suffer it during adolescence and young adulthood (15). Different factors appear to be related to the increasing prevalence in the early life stages, such as lower socioeconomic status (15), psychological distress (16), or a sedentary lifestyle (17), which is associated with obesity (18) and poor ergonomics (17).

Despite the burden of musculoskeletal conditions, health policies are not facing this problem satisfactorily (19, 20). The lack of awareness and investment in both research and preventive interventions is pointed. Whereas educational strategies conducted by physical therapists show to boost the effectiveness of rehabilitation in people with MSKD (21), these key interventions are not generally offered with preventive aims at the primary care level (19). Concretely, the school population is especially overlooked (22), and this scenario is even more disturbing since the diagnosis and management of pain, once it has become chronic, show uncertain efficacy in children (23).

Increasing knowledge in terms of body awareness (24, 25), healthy habits (22, 26), and self-management of pain or injuries (27, 28), is helpful to preventing the development of MSKD (28). Indeed, confidence in self-care strategies, achieved through increasing health literacy, is a meaningful resource for people presenting chronic musculoskeletal pain (19, 29). There is still no data from cohorts of children followed long-term after musculoskeletal health promotion programs (MSKHPP), which reinforces the dismissed needs in terms of prevention. However, it can be assumed that such training during the early stages of life can promote useful, lifelong learning for the primordial prevention of MSKD. Physical therapists are in an ideal position to address these aspects of education (29, 30), filling the current gaps in musculoskeletal health promotion among children and adolescents (12, 22).

Additionally, the benefits of health education interventions could be enhanced when conducted at school, driven by facilitatory aspects such as the peer context (31, 32). The training received by teachers, allowing them to implement this knowledge in the day-to-day school activities, as well as the fact that pupils and teachers learn together in a non-hierarchical relationship (33, 34), could also positively contribute. In addition, the cooperation values conveyed by S-L can promote motivation and learning in both student collectives (4, 35). However, despite these benefits can be hypothesized, the usefulness of S-L programs conducted for school-age children remains understudied. Finally, in addition to quantitative analysis to assess the interventions, qualitative approaches are important to enrich research on S-L programs, allowing to target specific aspects, and even capturing new beliefs, needs and barriers (4).

This study aimed to use quantitative and qualitative approaches to assess the learning and satisfaction of school students and teachers after participating in a MSKHPP conducted at school, as well as to assess fourth-year physical therapy students´ perceptions of their experiences in this S-L project.



Materials and methods


Study design

A concurrent triangulation mixed method design was selected for this study. It was conducted in accordance with the Declaration of Helsinki and following the guidelines of the Mixed Method Article Report Standards (MMARS) (36).

A quantitative approach with a quasi-experimental pre-post design was carried out to assess the learning by the school community. Quantitative data on satisfaction with the MSKHPP received was also collected from the school students and teachers.

A qualitative approach was performed to evaluate the experiences of the physical therapy students providing the program. Their reflective diaries were collected and examined by means of a content analysis. This project was conducted as part of the Physical Therapy Degree S-L Program, which includes various community interventions, and was approved by the Ethics Committee of Universidad San Jorge (008–18/19).



Setting and sample

The MSKHPP was carried out in different public and state-funded schools in Zaragoza in two consecutive academic courses, 2017–18 and 2018–19, thanks to an educational campaign addressing health and disability issues for school community. Inclusion criteria for school participants were: (1) children aged between 10 and 14 years (from the fifth grade of primary school to the first year of secondary school) and their teachers, and (2) signing the informed consent form. The exclusion criterion was the refusal to participate in the study.

Participants providing the service were students in the 4th year of the Physical Therapy Degree at the Universidad San Jorge, who developed their final degree project during 2017–18 or 2018–19 academic years. The students were supervised by the same academic tutors, which ensured the repeatability of the service. The sample was selected following a purpose recruitment, through an email request sent by the researchers. The inclusion criteria were as follows: (1) being 18 years or more, being a student of 4th course in Physical Therapy Degree at University San Jorge, (2) being enrolled in the Final Degree Project subject, (3) carrying out a S-L Project as theme of work for their final degree project, and (4) signing the informed consent form. The exclusion criterion was the refusal to participate in the study.



Intervention

The present S-L intervention consisted of a theoretical and practical musculoskeletal health education workshop led by fourth-year physical therapy students. The average duration was 60 min and involved both school students and teachers´ participation simultaneously. The program was designed to address the prevention of the main factors associated to the development of MSKD in children and adolescents. Additionally, the S-L principles (37) were considered, i.e., to have a social (in the school community) and pedagogical impact (on university students).

The theoretical session was planned to identify and address the gaps in the knowledge about musculoskeletal health in the school community. For this purpose, a participatory talk was carried out tackling anatomic-physiological knowledge of the musculoskeletal system, concepts of body awareness, prevention and self-management of MSKD and the importance of healthy habits such as physical activity or sleep routines.

Guided practical activities were then conducted. Flexibility through stretching exercises (38), safe strengthening exercises (38), and self-massage techniques (39), including sustained inhibitory pressure, were practiced for the main muscle groups of the lower limb, upper limb, neck, thoracic, and low back spine. These were accompanied by the practice of deep-breathing techniques (40) and interspersed with active education on the ergonomics and timing of the sitting position, and backpack carrying (41). All the contents were first demonstrated by the physical therapy students and then practiced by children while guiding their attention to their bodies, with the aim of improving proprioception (42). This allowed the recognition of musculoskeletal sensations such as contraction, relaxation, elongation, spinal alignment, muscle contracture, and pain threshold, concepts that were introduced during the previous theoretical intervention.

The teaching methods were selected to stimulate students´ motivation and learning. Role-playing, guided discovery, and participation were particularly encouraged (43). The session concluded by highlighting the key aspects to be reinforced by teachers on the courses.

On the other hand, to cover the pedagogical impact of the S-L methodology, several aspects were considered. First, the sessions were proposed in a symmetrical situation in which the physical therapy students led the sessions and at the same time participated as an integrated element belonging to the school community. This was intended to enhance the cooperation between both students’ collectives, fostering motivation and active learning as key parts of S-L. In addition, the engagement of the physical therapy students in health promotion was encouraged through the development of their final degree project, by feeling the service as their own project. The intervention was also designed to improve essential skills for health promotion among the future physical therapists, such as applying conceptual (scientific) content in a real-life context and developing communication skills. Moreover, embedding all these aspects in a solidarity purpose make learning strongly meaningful.



Assessment


Quantitative data collection

Socio-demographic data such as gender, age, role and, only in case of schoolteachers, the number of years they have worked in education, was collected through a paper-based table. The efficacy of the MSKHPP was evaluated using a pre-and post-test design to determine the increase in knowledge in the school communities. For this purpose, a self-administered, anonymous ad hoc questionnaire was designed, including 5 Likert-scale questions from 1 to 5 (1: strongly disagree; 2: disagree; 3: neutral; 4: agree; 5: strongly agree) related to the content of the program (Table 1). The questionnaire was completed by the participants immediately before (pre-test) and after (post-test) the intervention, in two different paper-based copies. The increase in knowledge was calculated by comparing the post and pre-test values for each domain assessed. In addition, at the end of the intervention, the satisfaction and usefulness of the program were evaluated using a self-administered anonymous questionnaire with five items on a 5-Likert-scale (1: strongly disagree; 2: disagree; 3: neutral; 4: agree; 5: strongly agree) (Table 2). An open-ended question was included to highlight the most relevant aspects of the intervention.



TABLE 1 Ad-hoc pre-post intervention questionnaire to assess the musculoskeletal health education workshop.
[image: Table compares school students and teachers on knowledge and attitudes towards musculoskeletal disorders (MSKD) before and after an educational intervention, showing percentage distributions, mean scores, and significant p-values for ten specific questions.]



TABLE 2 Ad-hoc program satisfaction questionnaire.
[image: Table summarizing survey responses of school students and teachers to five statements about knowledge gained, enjoyment, and usefulness regarding human body and MSKD prevention, using five-point Likert scales and presenting means, standard deviations, and medians for each group.]



Qualitative data collection

To assess the experiences of physical therapy students during the program, qualitative data was collected through a reflective journal, composed of questions related to the service provided: selection process, development, needs identified, and future perspectives. The questions were open-ended but formulated in order that the physical therapy students could go deeper in different levels of reflection related to their learning experience. They filled out the diary in a text document, during the service and after it finished. Prior to the intervention, researchers performed a previous positioning procedure or “bracketing” to avoid influencing the data collection and analysis with their previous knowledge of the topic.




Data analysis

Quantitative statistical analysis was carried out with the SPSS 28.0 version (IBM Corporation, Armonk, NY, USA). For the descriptive analysis, the mean and standard deviation (SD) or the median and interquartile range (IQR) and numbers (percentages) were used. To determine the normality of the quantitative variables, the Shapiro–Wilk test was used. The paired Student’s t-test or the Wilcoxon signed-rank test was used to compare the repeated measurements on each population. Statistical analysis was carried out at a confidence level of 95% and a statistical significance of p < 0.05 for all comparisons.

A qualitative descriptive approach was chosen to describe the experience of physical therapy students during the program. The written documents were analyzed using conventional content analysis (44). This methodology consists of the coding categories that emerge from the raw data through constant examination and comparison. Data was transferred to Atlas-ti (45), and read repeatedly. A further reading, word by word, was performed to establish and capture key concepts. The codes were then organized and grouped by meaning into subcategories. After, the subcategories were combined into a shorter number of categories. Finally, researchers developed definitions for each category and subcategory. Every category and subcategory were supported by appropriate quotes.

To improve trustworthiness and quality of the analysis, data triangulation was performed. Two researchers (CJ and RL) discussed and compared codes, subcategories, and categories, redefining and modifying them to reach a common agreement. Then, findings were sent to the rest of the members of the research team to be compared and discussed to get a consensus about the results.




Results


School community

Ten schools from Zaragoza (Spain) took part in the program. Socio-demographic characteristics of all participants are presented in Table 3.



TABLE 3 Socio-demographic characteristics.
[image: Table comparing gender and age of school students and school teachers for 2017-2018 and 2018-2019. Data include counts and percentages for gender and mean plus standard deviation for age by group and year.]

A total of 572 school students received the intervention during the 2017–2018 school year, with an average age of 11.02 ± 2.8 years. Another 479 school students participated during 2018–2019, with their mean age being 12 ± 2.4 years. Among all school students, 50.3% were male, 49.7% female, and 38.4% of them were in the fifth grade of primary school, 40.7% in the sixth, and 20.9% in the first year of secondary school.

Regarding schoolteachers, 20 academic tutors participated in the program during the 2017–2018 academic course, with a mean age of 37.8 ± 7.9 years, followed by another 12 teachers during 2018–19, aged 44.6 ± 8.6 years on average. The majority of schoolteachers were female (62.5%, as opposed to 37.5% of males), and they had been working in education for an average of 16.6 ± 9.7 years.

Table 1 shows the results achieved in both groups during the two academic courses after the pre-and post-questionnaire analysis. In the initial assessment, children gave the lowest score to their knowledge of MSKD, and the highest score was for self-body awareness. Teachers rated their initial knowledge about MSKD derived from inadequate postures as the worst item, while their curiosity to learn about MSKD prevention scored the highest in this group.

The pre-post evaluation revealed an increase in knowledge in all the aspects assessed. The item with the greatest change was prevention and self-treatment (1.06) for the children and body awareness and MSKD derived from inadequate posture (1.07) for teachers. Specifically, significant increases in knowledge about the musculoskeletal system, MSKD, physical therapy, and prevention (questions 1–4) were revealed in both groups (p < 0.05). Moreover, there were significant changes in terms of self-body awareness, posture and the usefulness of the information provided (questions 5–7) (p < 0.05). An increase in interest, learning and education about MSKD prevention was also found (questions 8–10) (p < 0.05). In contrast, the item that improved the least was curiosity about MSKD prevention (0.35) among children and interest in MSKD prevention activities (0.19) among teachers. This suggests that, despite the general increase in knowledge, the children’s curiosity about MSKD prevention and the teachers’ enthusiasm for prevention were rather modest.

The results derived from the satisfaction assessment are shown in Table 2. The school students rated the MSKHPP with a total mean score of 4.40 ± 0.88/5, and teachers with a mean score of 4.40 ± 0.76/5. For school students, the increase of their knowledge about the human body and MSKD prevention was the most highly valued. In contrast, participation in this type of initiative was most important for teachers in the future. The open-ended question allowed us to extract the most frequently highlighted aspects of program evaluation. On this point, school students emphasized the increase in knowledge and the usefulness of the learning regarding self-treatment. As for the group of teachers, they valued above all their own learning, and the training they had received.



Physical therapy university students

Participants were 4 (3 females, 1 male; age of 22 years) last year physical therapy students that took part in the S-L program. After the qualitative analysis, three categories emerged, reflecting the experiences of physical therapy in the S-L program: Motivations for the project, Learnings, and Positive and negative aspects of the service. Table 4 shows a display of qualitative themes and subthemes.

	1. Motivations for the project.
	Physical therapy students reflected on the reasons that motivated them to choose the S-L project. Three subcategories emerged.
	- Fieldwork with real patients:

Some of the participants found the idea of working with real patients very interesting instead of just writing a theoretical memory.

“I wanted to choose a research project to do something different for my final degree project. As I had already done clinical cases during my internship program, I wanted to do something interesting that brought me more than I had already done during the 4 previous years” P.2.

- Work with children:

One of the motivations that physical therapy students argued for choosing this project was the population to work with, they looked forward to teaching children.

“I was motivated by the procedure of the project, conducting the musculoskeletal education in schools. I consider that I like primary education children, and I can easily adapt to them” P.4.

	- Opportunity to solve the needs of a population:

Physical therapy students highlighted the value of offering their service in a population where participants had no prior knowledge of postural hygiene.

“The need to raise the population awareness, in particular children, about the importance of healthy habits to prevent musculoskeletal problems in the future” P.3.

	2. Learnings.
	They described which competencies they acquired through their service, not only professionally but also personally. Three subcategories emerged.
	- Increasing professional skills:

Physical therapy students described how they increased their knowledge in aspects such as research methodology and general and specific professional skills.

“We have never prepared before a talk with an audience without any previous knowledge on medicine or physical therapy. Besides, we have learned to adapt to the different ages of the children, to the unexpected situations, to the different questions for explaining and better sharing our knowledge with them” P.1.

- Children-friendly approach:

Participants highlighted the process they followed to adapt the content to the young population and how they learned to interact with children.

“When providing this service to the child population, what I have learned the most is how to deal with groups of children for the proper development of the activity” P.3.

	- Future application of the knowledge:

They explained the impact of the service on themselves and on their future as physical therapists and researchers.

“I will have more conscience about care of my own body. And above all, I consider that I have learned to explain knowledge to the children, I like them a lot and I’m sure that this will not be the last time that I do it” P.4.

	3. Positive and negative aspects of the service.
	Physical therapy students experienced not only positive but also challenging moments during the service.
	- Facing difficulties:

Participants sometimes experienced difficult situations that they had to deal with, feeling stress or fear, but they found strategies to resolve these situations successfully.



TABLE 4 Summary of qualitative data analysis.
[image: Table with two columns labeled Themes and Subthemes. Listed themes are Motivations for the project, Learnings, and Positive and negative aspects of the service, each paired with related subthemes describing project experiences and reflections.]

“At the beginning, I was very afraid, then I felt more confident, and I enjoyed it a lot” P.2.

	- Aspects to be improved:

They explained how the service could be improved in the future, and what strategies schools could implement to increase awareness of pupils ‘positional hygiene.

“…with a better organisation of the time schedules and places of presentation such, for example, try to avoid the sports hall because there is a lot of echoing and children cannot listen well” P.1.

	- Usefulness of the service:

Physical therapy students explained the benefits that the school children gain from the service provided.

“…it was very useful for us, for children’s teachers and, above all, for children…at the end of the presentation’s children were more conscient of their bodies and of their position when being sitting in class, they also learnt to carry properly the weight of their backpack. They were curious and got interested in practicing self-massage at home to use it at their homes” P. 3.

	- Satisfaction with the service:

Physical therapy students highlighted the positive aspects they perceived as students and the benefits for their future professional careers.

“I loved it, living this experience was so interesting for me and it will surely bring to me a lot as a physical therapist, either working with children or with adults. It has been very important for me to teach pupils self-care and body awareness.” P. 1.




Discussion

This study examines the learning processes, experiences, and satisfaction of both school students and teachers within the school community, following their participation in a MSKHPP, which was carried out during two academic courses, reaching a total of 1,051 children and adolescents. The program was designed according to S-L principles and implemented by fourth-year physical therapy students, whose experiences were qualitatively explored.

For decades, peer education (46) and university learning through S-L projects (47) have been widely studied. This study uniquely combines both models by promoting reciprocal learning between two educational levels—school and university—while integrating teaching-based learning. Additionally, a third group, the schoolteachers, acted as learners and mediators, contributing to and benefiting from the teaching process. Together, these participants engaged in a collaborative effort that led to meaningful mutual learning.

The present findings provide preliminary evidence of the effectiveness of health promotion programs in the school community, particularly those that emphasize body awareness, prevention, healthy habits and self-management of MSKD. Other studies addressed health education within the school community and focused primarily on back posture (48), increasing physical activity (49, 50), improving nutritional habits (49), or reducing obesity (51, 52). However, this study takes a different approach by using a multimodal and targeted strategy specifically at the musculoskeletal system level. The development of both theoretical and practical interventions has been shown to be effective in facilitating the acquisition of new knowledge (48), and our results contribute to the need of growing the evidence in this area.

Significant improvements were observed in both schoolchildren’s and teachers’ knowledge related to the locomotor system, physical therapy, and the prevention of MSKD. A better understanding of musculoskeletal health is crucial for empowering individuals to make informed health decisions, a concept increasingly recognized as health literacy (HL) (53). According to Sorensen et al. (54), HL encompasses not only the necessary knowledge but also the motivation and skills required to maintain or improve one’s quality of life. The findings of the present study are consistent with the review and meta-analysis by García-Moreno et al. (55), who reported that physical therapy positively influences behavior and knowledge related to back care and the prevention of non-specific low back pain in children and adolescents. Regarding self-body awareness and posture, the results of this study are consistent with those of Minghelli et al. (56, 57), where an improvement in ergonomic knowledge was achieved through a back postural education program. However, these results were obtained through theoretical and practical tests, while the present results were gathered using a questionnaire.

This study also demonstrated the benefits of guided practical activities such as flexibility, strengthening, breathing, and self-treatment, which is in line with the work of Cardon et al. (58), suggesting that prevention of MSKD pain is more effective when active strategies are employed, compared to programs that focus solely on postural hygiene. Notably, few school-based interventions prioritize learning for the prevention of MSKD or offer opportunities for school students to practice self-treatment techniques as preventive measures, making our approach particularly valuable. Similarly, Mirskaya et al. (59) developed a specialized model for the prevention and correction of MSKD in school students, achieving a 50% reduction in prevalence among students in several Moscow schools. This model enhances the early detection of musculoskeletal pathologies in school-age children and supports ongoing prevention efforts within educational settings (60).

In addition, both school students and teachers expressed an increased interest in education on the prevention of MSKD. It is important to highlight that health promotion goes beyond simply encouraging children and adolescents to eat healthily and be physically active; it is embedded in a broader approach that relies on active engagement with the surrounding community (61, 62). The increased interest observed in both groups may be attributed to the engagement fostered by our study, which provided quick and available feedback and facilitated reflective practice through a combination of theoretical and practical teaching (63). This has also been accomplished through close collaboration between all school stakeholders—including teachers, school students, and community members—to create a transformative educational process, as highlighted in the study by David and Cooke (64).

School students reported a high level of satisfaction with the MSHPP, citing their increased knowledge of the human body, understanding of musculoskeletal disorders, and insights into prevention strategies as key contributors. For teachers, active participation in such programs was highlighted as the most significant aspect, supporting that continuous professional development and training are essential for them to effectively promote musculoskeletal health. These findings align with those of Rodrigo-Sanjoaquín et al., (62) who conducted a qualitative study on the challenges and opportunities in the implementation of Aragon’s Health-Promoting School network. Their research underscores the central role of teachers in school health promotion, pointing to their ideal position to design and implement tailored health programs (65). Similarly, the study by Hung et al. (66) emphasize the importance of providing teachers with education and training on health-related topics. Through the training, the teachers´ confidence in their ability to continue health education in the courses could be enhanced, optimizing the impact of the program in the long term.

As can be seen, the challenge of implementing training within school-based programs is engaging all relevant stakeholders. Durl et al. (67) demonstrated that integrating insights from both students and teachers enhances program effectiveness, particularly when a diverse group of stakeholders—including end users—is actively involved in key stages of co-creation (design, implementation, and evaluation). Our study aligns with the findings of this author, demonstrating a collaborative effort that fostered meaningful mutual learning. A scoping review identified several practical challenges can limit the effectiveness and reach of school-based interventions, including teacher training, academic priorities, limited resources, and staff workload. Additionally, it highlighted that evaluating these interventions is rarely included as a formal metric. However, systematically assessing intervention outcomes is crucial to understanding which interventions benefit specific populations. Incorporating rigorous evaluation informs decisions on intervention dissemination and future implementation strategies and ensures continuous assessment and refinement of interventions into practice (68).

This project was developed by physical therapy university students as part of their final degree project through a S-L methodology (69). Preparing the sessions, adapting to a school audience, improvising during the workshops, and guiding practical exercises required to deeply study the material in order to teach it effectively and address any questions that arose. This process fostered significant learning, both in knowledge and skills, through the mechanism of implicit learning. Learning by teaching, a method introduced in the 1980s and refined by Grzega and Schöner (70), enables students to achieve autonomous and deep learning. Participating students reflected on their learning experience, noting that it enhanced their skills as future health professionals. For physical therapists, effective communication with patients is essential, both during anamnesis and in establishing a strong therapeutic alliance (71, 72). Communicating health information to school children improved their communication skills as they had to adapt their message to an audience with different language skills and levels of knowledge. A similar study conducted in Mexico with engineering university students echoes these findings, emphasizing the benefits of learning through teaching (73). One student underscored the importance of going beyond written and purely cognitive learning to engage in real-world contexts. As noted in their reflections, this approach heightened their motivation toward such educational systems. Providing S-L experiences that include opportunities for reflection throughout education enhances university students’ understanding of social responsibility (74). Moreover, as future practitioners implementing S-L initiatives, physical therapy students must be prepared to operate within a rapidly evolving healthcare environment, which now demands greater community accountability.

Despite the promising results, policy and practical implications remain underexplored. School-based health promotion interventions, particularly those focused on musculoskeletal health, have the potential to be integrated into public health policies as a cost-effective strategy to reduce long-term MSKD-related burden. The inclusion of structured musculoskeletal health curricula in schools could help bring about sustainable behavioral changes that persist into adulthood and contribute to the prevention of chronic conditions such as low back pain (67). Future research should explore the feasibility of implementing these programs on a larger scale, ensuring collaboration between educational and healthcare public systems.

This study, designed to implement and assess a MSKHPP in schools, demonstrated its innovative nature by specifically targeting musculoskeletal disorders. A multimodal approach was developed, combining theoretical and practical methodologies to teach prevention and self-management of MSKD. However, it has certain limitations. First, the lack of family involvement, which could have enhanced the program’s effectiveness by reinforcing the learned behaviors at home. Evidence suggests that parental engagement plays a crucial role in maintaining health-promoting behaviors in children and adolescents (75). Additionally, the long-term impact of the intervention was not assessed, and further studies should incorporate objective testing methods and follow-up assessments to determine retention of knowledge and behavioral changes over time. Nevertheless, the extension of this program to two academic courses allowed it to reach a large population, supporting not only its usefulness in terms of MSKD prevention but also the sustainability of these interventions when conducted through S-L.



Conclusion

In conclusion, MSKHPP delivered by physical therapists in the school community, can contribute to learning useful resources for musculoskeletal pain prevention and self-management. In addition, health promotion initiatives developed using S-L could be a cost-free alternative to the current gaps in public health policies, while qualitatively improving the education of future healthcare professionals.
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Purpose: This review investigates the factors influencing the participation of students with disabilities (SWD) in physical activities (PA) within integrated school settings.
Materials and methods: A keyword search of articles published up to May 2024 identified 22 studies meeting the inclusion criteria. Thematic synthesis was used to analyze the data, resulting in a dynamic theoretical model.
Results: The model encompasses 19 themes, including an individual-level “Special factor” and three phases: perspectives from school administrators (First phase), a two-way dialogue between school management and staff (Second phase), and interactions among staff, SWD, and peers (Third phase). The final phase, based on basic psychological needs theory, identifies autonomy, competence, and relatedness needs.
Conclusion: The dynamic model highlights that no single factor fully explains SWD participation in PA within inclusive environments. Educators must consider physiological, behavioral, and cognitive aspects, as well as mediating factors and processes (three phases), to design tailored strategies that address SWD needs and foster a supportive environment.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/CRD42024577620.
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1 Introduction

The concept of inclusive physical education (PE) is widely practiced internationally. Inclusive PE aims to create an environment where students with disabilities (SWD) and those without disabilities learn together, addressing the needs of SWD as a marginalized group (1, 2). Inclusive education has seemingly secured the right to quality education for all students (3). Over the past 30 years, integrated school placements and the philosophy of inclusion have become prominent trends in global education (4–6). For example, education laws in many countries, such as Brazil and Japan, now mandate that SWD be educated in integrated settings wherever possible (7). In the United States, up to 96% of SWD are educated in integrated settings, while only 3% of SWD in European countries attend separate institutions outside the compulsory education system (8–12).

Conceptually, integrated education offers undeniable benefits, such as increased social interaction, a sense of belonging, and the development of sports skills and experiences during adolescence and young adulthood, which can lay the foundation for lifelong behavioral patterns (13, 14). However, the practical implementation of integrated education has been criticized by scholars for often forcing SWD to conform to traditional and normative educational processes, thereby perpetuating segregation (15, 16). A significant gap in the current literature is the limited focus on how rigid PE curricula and the failure to adapt them to the needs of SWD further entrench segregation. While many studies highlight the benefits of inclusive education, they often neglect the structural barriers that prevent meaningful participation of SWD in mainstream educational practices. Additionally, it has been found that school administrators may manipulate student placements based on financial or scheduling constraints (17). Consequently, SWD often experience limited success in learning and infrequent social interactions with non-disabled peers in inclusive settings, which contradicts the optimistic claims made in the literature (5, 18, 19). This underscores the urgent need for research to address how institutional and structural factors interact with the lived experiences of SWD, which remains underexplored.

Generally, individuals with disabilities are less likely to participate in regular physical activities (PA) compared to their non-disabled counterparts. However, they have the same needs for promoting health, preventing disease, and reducing secondary conditions associated with disabilities. This is particularly critical during the transition from adolescence to young adulthood, a key period for establishing long-term physical activity habits and addressing risk factors for chronic health conditions (20). PA can also enhance psychosocial well-being by fostering a sense of belonging, reducing social isolation, and improving quality of life (21). However, the actual participation rates of SWD in PA within integrated schools remain low, and they often fail to meet recommended physical activity guidelines (22). This gap highlights the significant barriers SWD face in accessing physical activity opportunities. In 2008, the U.S. Congress mandated the Government Accountability Office to investigate how schools provide opportunities for SWD to engage in PE and extracurricular activities. The study revealed numerous barriers to integrating SWD into general PE programs, resulting in limited opportunities and unequal access compared to their peers (23). PE is regarded as one of the first school-based curricula and serves as the primary channel for SWD to engage in PA within the school setting (24). However, school PE classes have strayed from their original goal of providing equitable education to all students (25). A lack of formal instructional strategies and guidance has left PE professionals uncertain about how to effectively address the needs of SWD and promote social and physical inclusion in PE classes (6). As a result, inadequate participation in PE has led to SWD being legally excluded from the same educational opportunities as their peers (26).

There has been a growing body of research examining the factors that influence PA participation among adolescents/students with disabilities. The research subjects have also diversified, including studies focused on specific disability types, onset during childhood (27), and disabled adolescents/students who are athletes (28). Additionally, some studies investigate the attitudes of SWD parents (29), PE teachers, Adaptive physical education teachers (APE), trainee teachers, and peers towards students with special educational needs (4, 30), as well as the behaviors of disabled and non-disabled students in integrated PE. The settings for these studies are also diverse, ranging from examining barriers to PA participation in gyms (31) to PE settings (32). However, despite the increasing trend of SWD participating in regular PE classes in integrated school environments, much of the existing research tends to focus on PA participation in external environments or isolated PE contexts (33, 34). This narrow approach overlooks the broader reality that SWD are not isolated in these environments. There is a critical gap in research regarding the complex and interrelated factors that influence PA participation across the entire integrated school setting, including interactions with peers, teacher attitudes, school policies, and extracurricular opportunities. This gap limits our understanding of how the full school context can either support or hinder PA participation for SWD.

Studies examining the factors influencing SWD participation in PA often rely on qualitative methods, which provide valuable insights into their experiences. However, there is a noticeable lack of comprehensive reviews that synthesize multiple perspectives and experiences within integrated PE environment, While narrative reviews are common, they often lack systematic search strategies and objective conclusions, and their subjective inclusion criteria and data extraction methods can introduce bias (35). Furthermore, systematic reviews often draw on behavioral epidemiology frameworks and socio-ecological models (36), which, although effective in public health research, may not fully capture the nuances of educational contexts. These models can introduce biases when interpreting qualitative findings on student behavior and provide limited guidance on practical implementation in school settings, thereby restricting their applicability in addressing systemic educational challenges.

A new theoretical framework tailored to the educational context is essential. The Basic Psychological Needs Theory (BPN), a core component of Self-Determination Theory (SDT), offers a promising alternative. BPN identifies three fundamental psychological needs—autonomy, competence, and relatedness—as essential for individuals’ well-being and psychological growth. Motivation plays a key role in influencing participation in physical activity, as fulfilling these basic needs can enhance intrinsic motivation, leading to more sustained engagement in PA. As noted by Ahmadi (37), distinguishing between intrinsic and extrinsic forms of motivation is crucial, as they are differently related to positive and negative outcomes. This framework has been widely applied in education, healthcare, and sports (38–41), and its focus on the satisfaction or frustration of these needs provides a robust basis for understanding motivation and behavior. In PE, BPNT helps explain how conditions influence students’ interest in physical activity. By addressing these psychological needs, educators can create inclusive and supportive environments that align systemic factors—such as school culture, teacher training, and peer relationships—with SWD’s psychological well-being and participation in PA. This holistic approach is crucial as the increasing number of SWD in integrated educational environments highlights the need for practical and evidence-based strategies to promote their engagement in physical activity”.

In summary, given the increasing number of SWD entering integrated educational environments underscores the importance of understanding the factors that either facilitate or hinder their participation in PA. Despite this, existing research fails to provide systematic reviews or practical guidance to effectively promote PA in these settings. Many reviews focus narrowly on specific contexts, such as PE classes or extracurricular activities, without considering the broader and more complex dynamics of integrated school environments. This fragmented approach limits a holistic understanding of how systemic factors, such as school culture, teacher training, and peer relationships, influence SWD’s participation in PA.

Additionally, prior research predominantly adopts a “one-way” dialogue approach, focusing on a single group of stakeholders, such as students or teachers, while neglecting the interconnected perspectives of others. This method overlooks the opportunity to generate richer insights through cross-pollination of ideas among students, parents, teachers, and school administrators. Consequently, important interconnections between factors affecting SWD’s PA participation remain unexplored.

To address these limitations, this study adopts a “multi-way” dialogue model, incorporating the perspectives of SWD, parents, teachers, and other key stakeholders. By exploring how these diverse viewpoints interact to shape the barriers and facilitators of PA participation, this research seeks to provide a more comprehensive understanding of the dynamics at play. This holistic approach enables a nuanced interpretation of the factors influencing SWD’s engagement in PA, moving beyond the one-dimensional focus of previous studies. Ultimately, this study aims to contribute to the development of more effective educational practices and policies that promote inclusive PA participation in integrated school settings.


1.1 Review questions

Based on the identified gaps in current literature, this study aims to address the following key research questions:

	i. What are the specific barriers and facilitators that SWD face in participating in PA within inclusive school settings, and how are these factors interrelated?
	ii. How can various stakeholders—such as students, parents, teachers, and administrators—use these influencing factors to enhance their educational practices and arrangements for SWD to promote PA participation?




2 Method

The structure of this systematic review adheres to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (42). This study has been pre-registered with PROSPERO (Registration number: CRD42024577620).


2.1 Search strategy

Due to the unique structure of each database, accessing and searching these resources require the use of the same terms with different strategies. Two researchers (XL, SH) conducted a comprehensive search of peer-reviewed articles and theses published up to May 2024 in the Web of Science, EBSCO (APA, CINAHI, ERIC), PubMed, and Scopus databases, excluding the Preprint Citation Index (see Supplementary Data A). The search strategy used various combinations of three types of terms: (a) population (e.g., middle school, high school, college students, other stakeholders); (b) population characteristics (“mobility impairment,” “sensory impairment”); (c) phenomena of interest (“attitudes,” “barriers,” “facilitators”); (d) physical activity (“exercise,” “sports”) and related synonyms. Additional relevant studies were identified by manually checking the reference lists of included studies and tracking citations using Google Scholar. Our search was limited to English-language articles. The purpose of our paper is to identify the factors influencing the participation of SWD in PA within integrated school environments. Since some studies may involve interviewing adults with disabilities who recall their school experiences or stakeholders (e.g., PE teachers, adaptive educators) discussing their views and attitudes towards SWD participation in PA, age was not restricted in the search strategy. However, to minimize errors due to significant age differences, the experiences in question were limited to integrated school contexts at the middle school, high school, and college levels, excluding primary schools and kindergartens. Therefore, age restrictions for SWD were part of the inclusion criteria (see “Inclusion Criteria” below).



2.2 Inclusion and exclusion criteria


2.2.1 Inclusion criteria


2.2.1.1 Context

SWD can be educated in two settings: special schools tailored for students with special educational needs or integrated schools where they learn alongside non-disabled students. This study focuses on factors affecting SWD participation in PA within integrated school settings; thus, only studies conducted in integrated educational settings were included. While there are conceptual differences among mainstream education environments, integrated school settings, and inclusive educational contexts, all three were included in this review. These environments share the characteristic of enabling students with disabilities to learn alongside their non-disabled peers, which aligns with the study’s focus on identifying factors influencing SWD participation in physical activity within such settings. Therefore, no strict distinctions were made between these terms in this review.

In addition, studies conducted in kindergarten and primary schools settings were not included because the ultimate goal of this review is to apply these factors to actual educational settings. These levels of education differ significantly from middle school, high school, and college in terms of pedagogical philosophy, developmental goals, and impact on students and stakeholders. This difference makes the findings of the lower age groups less applicable to the practical implications of this study. Therefore, only comprehensive educational contexts occurring in middle school, high school, and college were included in this review.



2.2.1.2 Phenomena of interest

The phenomena of interest for this review are the perceived barriers and facilitators to SWD participation in physical activity, exercise, or recreational activities within integrated school settings. Barriers are defined as elements or phenomena that prevent something from occurring, while facilitators are elements that make something easier or help achieve it. Barriers and facilitators do not necessarily represent different phenomena; for instance, a deficiency or negative attribute can be considered a barrier, while a sufficient or positive attribute can be considered a facilitator. Studies that explore experiences related to these phenomena were included.

Notably, even if the factors influencing PA participation within the integrated school setting were only addressed as a subtopic or subcontext, the study was included if the reported subjects and research context met the inclusion criteria. This inclusion was determined after thorough discussion and agreement between the two researchers to ensure that studies aligned with the focus of the review.



2.2.1.3 Participants

Adolescence is a transitional period marked by significant mental changes. To minimize errors due to large age differences, the included age range for students was set at 12–30 years (±2 years), covering middle school, high school, and college stages. However, to comprehensively capture relevant information, this review also considered studies involving other school stakeholders (e.g., teachers, parents, administrators) whose input may provide valuable insights. These stakeholders were not restricted by age, profession, or role. Instead, researcher (XL) screened whether their descriptions of experiences with physical activity participation aligned with the Phenomena of interest and Context of this review. This approach ensures that the study includes a wide range of perspectives while maintaining relevance to the research objectives.



2.2.1.4 Types of studies

This study included English-language articles using qualitative data collection and analysis related to the phenomena of interest. Research designs considered were qualitative description, phenomenology, grounded theory, ethnography, action research, and mixed methods research.




2.2.2 Exclusion criteria

The following studies were excluded: (1) those involving individuals with disabilities related to recent organ transplants or similar conditions; (2) studies focusing on chronic, transient, or unstable diseases (e.g., cancer, heart disease); (3) research not primarily conducted in inclusive educational settings (e.g., special schools, community, home environments); (4) studies set in kindergartens or elementary schools; (5) studies not examining barriers, facilitators, or attitudes toward participation in physical activity; (6) physical activities unrelated to the school environment, such as shopping, dog walking, or cooking; (7) studies focusing on the biomechanics (kinetics, kinematics, wheelchair propulsion), physiology (energy expenditure, muscle strength, metabolism), surgical treatments, therapeutic methods, orthopedic examinations, diagnostic techniques, or training programs related to disabilities; (8) reviews, interviews, letters, posters, book chapters, and books were also excluded. (9) Quantitative studies, including those presented narrative data derived from questionnaires.




2.3 Assessment of methodological quality

Two reviewers (XL, ZL) independently assessed the methodological quality of eligible studies. They compared and resolved differences through discussion and consensus, focusing on the validity, content, and applicability of the study results. The Critical Appraisal Skills Programme (CASP) Qualitative Checklist (43) was used to facilitate systematic evaluation. The CASP checklist was used to guide this process, helping ensure a consistent evaluation of the study’s overall quality. The responses were categorized as “yes” (✓), “cannot tell” (?), or “no” (✗).

To ensure consistency, the reviewers conducted a pilot assessment of three randomly selected studies to align their understanding of the checklist criteria. Discrepancies in ratings were resolved through discussion and consensus, and a third reviewer (SH) was available to mediate if agreement could not be reached. This process ensured reliability in the evaluation. Furthermore, the reviewers focused not only on whether the studies met individual checklist criteria but also on the overall quality and applicability of the results to the study’s objectives. Each study was given an overall quality rating based on its strengths and weaknesses in meeting the CASP criteria. The quality assessment results are provided in Supplementary Data B.



2.4 Data extraction

Data from the included studies were extracted into a standardized electronic spreadsheet developed for this review (see Supplementary Data C). The extracted data included: author, year, subject category (SWD, PE teachers, parents, other stakeholders), qualitative methods and theoretical perspectives, data collection and analysis, sample size, participant age, gender, disability type, and purpose of research and phenomena of interest.



2.5 Data analysis

The qualitative studies were analyzed using thematic synthesis, which is recognized as one of several methods for research synthesis, alongside meta-ethnography and meta-synthesis (44). The analyses were based on ontological relativism and epistemological constructionism, meaning that the researchers did not assume a singular, external, and knowable reality when interpreting the factors influencing SWD participation in PA within integrated schools. Instead, our values and experiences mediated and shaped our understanding of these factors (45).

This approach involved three stages: (1) thematic analysis, where integrated data were inductively coded into descriptive categories and themes, (2) thematic synthesis, where categories and themes were organized according to a conceptual framework, and (3) an interpretive synthesis of the thematic analysis and thematic synthesis results (27). XL and SH independently coded all text under “results” or “findings” headings, line by line, into descriptive categories and themes based on content and meaning. They then shared their codes and used a constant comparison method to compare and contrast them. The translation of concepts and ideas allowed for comparisons between studies while preserving the meaning of individual studies (46). A codebook was created, with codes refined and grouped into descriptive themes, followed by the development of analytical themes (44, 46).

As mentioned earlier, The BPN from SDT was selected as the theoretical framework for synthesizing themes (47). SDT posits that the three basic psychological needs are universal, and blocking any one of them can hinder autonomous engagement in behaviors—in this case, participation in PA. This framework served as the core factor model for understanding the dynamics within the PE environment, guiding the synthesis of themes and helping to recognize the interplay between environment, behavior, and motivation. Additionally, SDT helps recognize the interplay between environment, behavior, and motivation, and can be mapped onto the Behavior Change Wheel, aiding educational practitioners in identifying specific intervention strategies. Notably, while this theoretical framework replaced any a priori framework, the analytical method remained consistent with the proposed thematic synthesis approach.

Finally, XL and ZL completed the interpretive synthesis phase (44, 48) to explore relationships between themes identified during thematic analysis and synthesis. The goal of this interpretive synthesis was to provide a more conceptual understanding of attitudes, barriers, and facilitators to PA participation within the context of existing literature (44). The interpretive synthesis results were iteratively developed by the research team, allowing for the refinement, expansion, and confirmation of interpretive concepts, which encompassed the descriptive themes.




3 Result


3.1 Search results

A total of 3,626 records were retrieved from the Web of Science, EBSCO (APA, CINAHI, ERIC), PubMed, and Scopus databases (see Supplementary Data A). Additionally, four articles were included from other sources that met the criteria. After removing 1,172 duplicates, 2,454 records were screened by title and abstract, with 132 meeting the criteria for full-text review. Ultimately, 22 studies were included, and 110 were excluded (see Figure 1).
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FIGURE 1
 PRISMA flow diagram.


In summary, 22 articles were included in this study. The main reasons for exclusion were: lack of relevant findings, quantitative article types, non-integrated school settings, participants not meeting requirements, unavailable literature, and non-English publications.

The qualitative data in all included studies were primarily collected through face-to-face interviews, semistructured audiotaped/telephone/video interviews, discussion groups, focus groups, field notes, reflective interview notes, and relational mapping. One study used an open-ended questionnaire (49). To ensure comprehensive data collection, multiple methods were often employed in many studies. Most studies analyzed data using thematic or content analysis, with specific qualitative methods like grounded theory, phenomenological, narrative approaches, and retrospective design. The results were presented as themes or categories, with five studies using theoretical models to aid analysis, such as the Social-Ecological Model (50), Self-Determination Theory (51), Lev Vygotsky’s Social Constructivism (52), Social Relational Model (53), and Occupational Socialization (49).



3.2 Characteristics of included studies

In terms of disability types, students with sensory impairments were the majority. Specifically, of the 22 studies, 7 focused on students with visual impairments (5, 19, 54–58), 7 focused on students with physical disabilities (21, 51, 59–63), and 2 involved students with cognitive disabilities (50, 64). The study subjects included individuals of various ages and identities, such as adults with physical disabilities (5, 19, 54, 58, 65), college students (21, 50, 59, 62), adolescents (53, 56, 57, 61, 63), and physically disabled athletes with multiple identities (51, 55, 60, 66). Additionally, the study included perspectives from other stakeholders, such as PE teachers (49, 52, 64, 67), adaptive teachers (67), parents (62, 66), rehabilitation clinicians (61), and support teachers (65). Aside from two studies (19, 55) that explored the intersections of gender, disability, and sports, and two studies that did not report gender (64, 67), all other studies included both male and female participants.

In the study contexts, experiences in mainstream schools primarily occurred in three settings: extracurricular leisure activities, fitness testing, and physical education classes. Most studies focused on the experiences of physical education in inclusive school settings (5, 19, 49, 52–57, 60, 62–65, 67). Three studies focused on SWD’s participation in sports during extracurricular time at school (21, 59, 66), three studies explored both curricular and extracurricular settings (50, 51, 61). Notably, Coates’ study also mentioned SWD’s experiences in school sports events (66), but due to limited details, these were not treated as a separate school context. Only one study specifically examined fitness testing (58).

It is noteworthy that four studies investigated the experiences of multiple stakeholders regarding SWD’s participation in PA (49, 62, 66, 67). For adults with disabilities, these studies typically used retrospective methods to recall past experiences in integrated educational settings. For athletes with physical disabilities, we are particularly interested in their experiences in integrated school settings. These details can be found in Supplementary Data C under “Phenomenon of Interest”.



3.3 Findings

This study developed a dynamic theoretical model to explain factors affecting SWD participation in PA within mainstream schools, encompassing three scenarios: physical education classes, extracurricular leisure activities, and fitness testing (see Figure 2). The model categorizes influencing factors across three phases, from school administration, faculty/teaching and administrative staff, to SWD, covering 19 themes (see Supplementary Data D). This structure aims to foster “multi-directional” dialogue among different stakeholders within the school context. The “First Phase” involves school management, influencing the “Second Phase,” which consists of interactions between management and faculty. Themes like “School Support” from the “First Phase” impact faculty’s “Expertise Capacity,” “Application Capacity,” and “Collaboration” in the Second Phase. Effective faculty collaboration creates a “Teaching Support Environment” within the “Second Phase.” The “Third Phase” is the most direct and crucial for influencing SWD participation in PA, focusing on the interactions between faculty, SWD, and their peers. Factors in this phase are organized according to SDT’s basic psychological needs theory, divided into three sub-themes: autonomy needs, competence needs, and relatedness needs. These factors are dynamic and interrelated, allowing educational practitioners to tailor strategies to meet the specific needs of SWD.

[image: Flowchart diagram illustrating the influence of special factors, school administration, and teaching staff on the competence, relationship, and autonomy needs of students with disabilities in physical education. Arrow types indicate direct and indirect influences through three phases: special factor, first phase, second phase, and third phase.]

FIGURE 2
 Theoretical map of factors influencing the participation of students with disabilities in physical activity in integrated school settings. SWD: Students with disabilities; PET: Physical Education Teacher (uniform designation for staff in the comprehensive school context in this study); GPET: General Physical Education Teacher; APET: Adapt ation of physical education teachers (specifically refers to teachers with adaptive knowledge and experience); ASS: Assistants in Physical Education (Include paraprofessional); SW: School workers; CO: Coaches at school recreation centres; PETE: physical education teacher education.


The model also considers the students’ disability types, personal characteristics, and prior PA experience, which influence PA participation across all scenarios, particularly in the “Third Phase”.


3.3.1 Special factor

SWD are unique individuals whose personal traits and other factors influence their behavior and likelihood of engaging in PA. Our findings highlight specific factors, including “Biological problem,” “Physical capabilities,” “Personal characteristics,” “Attitudes toward PE,” and “Goals for participating in PA.”

“Biological problem,” are often seen as major barriers to PA participation (68), especially concerning the severity of the disability. For example, one study noted that “only our severely mentally handicapped are not in inclusion classes” (49). The need for medical precautions due to existing conditions often requires reminders from various stakeholders to avoid exacerbating these conditions. As one participant with a heart condition mentioned, “My doctor told me I cannot do high-intensity exercise, so I miss out on many opportunities for physical activity” (53). Additionally, SWD with physical disabilities may require special equipment, which can also be a barrier to PA participation. For instance, a participant in a wheelchair expressed, “It’s hard for me to jump, so I can only do warm-up activities” (53).

However, some SWD with a strong foundation in PA can still participate in PE classes and even engage in high-intensity exercises despite their physiological limitations (64). These individuals often have high self-efficacy and do not let others’ opinions affect their participation. As one participant stated, “Being a college student is about taking risks; I will not let others’ perceptions of what I can or cannot do stop me” (59). Another affirmed, “If I set my mind to it, I can do it” (50). These participants also often display a strong desire to “prove themselves,” viewing PA as an opportunity to demonstrate that they are not different from others. This helps them feel like regular individuals and showcase their abilities (21, 59). Conversely, for more sensitive participants, engaging in PA can serve as a reminder of the differences between their current abilities and those they had before becoming disabled (21).

SWD’s attitudes towards PA also play a crucial role in their participation in integrated school settings (5, 21, 51, 55). These attitudes are largely shaped by past experiences with sports and their goals for engaging in PA. If SWD have had negative experiences, whether in school or elsewhere, these experiences can foster negative emotions. If such feelings are repeatedly reinforced, they may opt out of PA, perceiving it as meaningless. As one participant noted, “I think that since I started to hate it, I did not try and get any meaning out of it. There was nothing I was open to learning” (5).

The benefits of PA are well-documented, and some SWD continue to participate because it helps them stay healthy, manage their conditions, or maintain fitness (21, 50). Psychologically, engaging in PA can alleviate academic stress in a school environment (21, 50), and socially, it provides a platform for interaction and shared interests (21).

Notably, SWD’s personal interest in PA is significant, but it is not easily changed, especially since it is driven by intrinsic needs and experiences. Only a few participants indicated they do not engage in PA simply because they do not enjoy it: “If I do not like it, I will not participate. I will not do something just because others do” (5). “I will not participate in activities I’m not interested in.”



3.3.2 “First phase” and “second phase”

The “First phase” and “Second phase” are not discussed as separate overarching themes. The “First phase” includes two major themes: “School attitudes and policies” and “School support.” “School support” encompasses sub-themes such as “Teaching resources,” “Human resources,” and “Qualified teachers.” These elements of “School support” directly influence the “Second phase,” affecting staff’s “Expertise Capacity,” “Application Capacity,” and “Collaboration,” Effective collaboration is crucial for creating a “Supportive environment among staff,” thereby becoming a facilitating factor.


3.3.2.1 School attitudes and policies

The school’s attitudes shape policy directions and the administration’s commitment to implementing inclusive PE in integrated settings. Participants who are PE teachers believe school administrators should prioritize physical activity, highlighting its correlation with academic performance and setting clear evaluation criteria and goals. These objectives can guide teachers in supporting SWD. Currently, assessments are based solely on teachers’ discretion (67). They also acknowledge that the school’s inclusive policies provide a framework for developing teaching plans (52). For instance, SWD attending a recognized Special Olympics academy benefit from adapted PE courses offered weekly for 50 min throughout the semester (50).

Other participants noted that the school’s preference for competitive team sports and events can hinder SWD participation if a fair competitive environment and encouragement are not provided (66). For example, “one school focuses heavily on rugby and basketball, where SWD often compete against much larger, able-bodied students, making it difficult for them to participate in fair competitions”.



3.3.2.2 School support

Most teacher participants expressed that insufficient school support hinders the implementation of inclusive teaching and SWD participation in PA. School support primarily involves providing teachers with adequate “Teaching resources,” “Human resources,” and “Qualified teachers.” It is important to note that while PE teachers are the primary facilitators of PA in schools, the staff involved in this phase includes assistant teachers, adaptive educators/APE, and coaches from school recreation centers.

Regarding support for PE resources, teachers feel they lack specialized adaptive equipment. “These items become expensive once labeled for disabilities” (67). Teachers believe that if schools provided this specialized equipment, it would greatly assist them in supporting students, helping to “break down many barriers” (67). Additionally, PE teachers report that classes including SWD often have low priority when scheduling gym facilities, with other classes occupying these spaces. Surprisingly, some PE teachers stated they have no input on student placement decisions, “I am told when students will be included and that is about it” (49). The school does not provide detailed information on SWD, such as specific injuries or conditions (52).

The large class sizes and diversity among students mean that class times are scheduled based on students’ timetables (49, 52). As a result, many teachers struggle with inadequate staffing, making it challenging to give students the attention they need. One teacher noted, “Even though I prepared in advance, I am not confident in managing the increasing number and variety of disabled students” (52). Under these circumstances, PE teachers find it difficult to prepare outside of class, as they often have multiple responsibilities, including teaching other subjects. This workload makes it challenging to focus on the specific needs of SWD in their classes. “Having a teaching assistant is helpful; when I assign activities to other students, the TA can supervise, allowing me to focus more on the disabled students” (52). Even SWD rehabilitation specialists express dissatisfaction, believing that schools are not providing the inclusive PA opportunities they desire. One specialist remarked, “Teachers are no longer PE specialists; they are generalists… certainly not offering specialized physical education” (61).

Organizing training sessions and workshops on adaptive knowledge is a crucial way for schools to enhance the professional skills and expertise of PE teachers and other school staff. “The workshops provided me with a basic understanding of how to teach students with disabilities in PE classes and made me aware of this issue, helping me to prepare better” (52). However, teacher participants felt that the training workshops were inadequate. “The lectures and consultations were not professional, and educational psychologists did not spend much time discussing the practical aspects of teaching students with disabilities” (52). This limitation affects the practical application of the training in classroom settings.

Training for support staff and recreation center personnel is equally important. Some integrated schools provide support staff for PE classes, but their quality is not always ensured. For instance, one teacher noted, “The assistants treat PE class as break time, sitting with unmotivated students. This becomes a problem, and even when reported to administration, no action is taken. It’s very disappointing” (67). This suggests that for PE teachers, the effectiveness of inclusive PE teaching and student participation in PA is only possible if the school ensures support staff are properly trained and supervised. “If we had appropriate training or a workshop for support staff at the start of the year, we could establish some basic rules” (67). Similarly, SWD have expressed that during their free time at the school recreation center, staff lack adaptive knowledge due to insufficient training, preventing their participation in PA. “The staff do not know simple ways to adapt activities, nor do they understand their importance to me,” and “I feel my need for accommodations is obvious, but staff question or are unwilling to provide them” (59).

An often overlooked aspect of “Support” is training school staff on legal issues related to student injury and discrimination (66). Due to concerns about injury and potential lawsuits, as well as insufficient logistical support from the school, staff may be more inclined to exclude SWD from PA.



3.3.2.3 Expertise and application capacity

The professional skills and practical application abilities of staff are primary influencing factors in the “Third phase.” Especially for general PE teachers, as the main implementers of education in integrated settings, their expertise significantly impacts students’ motivation to participate in PA both inside and outside the classroom (69). However, the reality is that most PE teachers lack sufficient training in adaptive knowledge during their undergraduate studies (70). This gap leaves them unprepared to effectively teach students with various disabilities (52). As some specialized APE teachers remarked, “I do my best to include most of my students, but we do not always have the most qualified PE teachers”’ (49). For APE teachers, SWD feel they lack the knowledge and framework to make decisions and changes for their participation in PA, despite being professionals in disability. “They are good at what they are supposed to do, mainly academic knowledge, but in PE classes, many of them lack any practical knowledge” (57).



3.3.2.4 Collaboration and teaching support environment

Effective collaboration helps create a supportive teaching environment among staff, which is a key factor in promoting the development of the” Second “and “Third” phases.

General PE teachers reported that they have actively sought advice from other school staff, such as social workers and APE teachers. Social workers are often more knowledgeable about the specific needs of special education students, making them a valuable resource. “I often discuss potential solutions with the social worker” (52). Some general PE teachers also consult with colleagues in other subjects who teach courses including SWD. “I determine whether we can collaborate to fully meet the learning needs of students with disabilities” (49). Similarly, due to their extensive and specialized knowledge, APE teachers are consulted by general PE teachers when planning basic motor skills tasks for SWD (49). Moreover, APE teachers regularly provide training for general PE teachers. Holding group meetings has been mentioned as an effective method for updating the knowledge base of PE teachers. “At our school, we hold a group meeting at the start of each semester. We come together to discuss how to address the needs of students with disabilities, such as their types and characteristics, effective strategies, and next steps. After attending these meetings, I feel confident in teaching these students” (52).




3.3.3 Third phase

The “Third phase” is the central stage of this study’s findings, primarily derived from the “dialogue” between staff, SWD, and their peers. Researchers categorize the influencing factors of this phase into three major themes based on the SDT: “Competence need,” “Relationship need,” and “Autonomous need”.


3.3.3.1 Competence need

The Competence need refers to an individual’s need to feel in control of their environment and experience mastery and effectiveness in activities (47). In integrated school settings, competence needs are reflected in four sub-themes: “Physical barriers,” “Layout and design of sports facilities,” “Inflexible teaching arrangements and ineffective instruction,” and “Unmodified teaching content”.

Before engaging in physical activities, SWD who require physical aids (such as wheelchairs) or have sensory impairments need the environment to be adapted to their physical limitations. For example, physical properties of assistive devices may conflict with unaltered classroom environments (53, 61, 64). SWD reported that their classrooms lacked elevators and had many stairs, making it difficult to reach PE classes without assistance. When classes are held on grassy fields, wheelchair users find it difficult to move around. During extracurricular activities, railings between gym doors hinder wheelchair access. Similarly, visually impaired participants expend more energy navigating to the school’s recreation center during their free time (21, 59) Due to large spaces and unsuitable building materials, they struggle to use auditory cues for orientation. “The campus recreation center is not a welcoming or inclusive place because it is not designed for visually impaired individuals” (59).

The layout and design of sports facilities are also crucial during PA. Particularly in PE environments, participants noted a characteristic feature: visibility. The sports environment is perceived as an unsafe space, especially when participants struggle with PA due to physical limitations in front of their peers, leading to feelings of insecurity and lack of confidence. In the PE teaching environment, the unsuitability of instructional tools, unmodified content, and teaching methods can exacerbate these anxieties, acting like a “magnifying glass.” Specifically, when instructional tools lack adaptive facilities that match SWD’s physical disabilities, they hinder task completion. For instance, for SWD with sensory impairments, the color (56) and size (53) of tools can provide basic, convenient preparation. The height and material of the tools can help SWD overcome psychological barriers, such as fear of jumping over high boxes (53). If SWD believe that general PE teachers cannot ensure their safety during instruction, they are more likely to fear participating in PA (19). Similar situations have been reported during extracurricular PA. At the school recreation center, facilities and layouts designed with sensory impairments in mind allow students to use auditory cues effectively. For those using physical aids, additional space between exercise equipment enables smooth movement, and smooth flooring facilitates wheelchair navigation (21, 59).

Inflexible teaching arrangements and ineffective instruction directly impact SWD’s perceived ability to participate in PA. Specifically, SWD noted that their teachers and coaches often lack flexibility in organizing and scheduling lessons (63), making it difficult for them to keep pace in PE classes (21). This issue is particularly pronounced for students with sensory impairments, who find it challenging to understand and follow verbal instructions, especially with limited practice time (53). The failure to acquire skills can lead to frustration. It is evident that SWD need assistance during class. Providing additional support and guidance, such as timely correction of movements (53), the involvement of support staff (49, 52, 53), or assigning a peer buddy (53) can significantly improve the situation. For students with sensory impairments, tactile modeling and physical guidance are considered crucial instructional supports. “I told the teacher she could touch me; tactile demonstrations and physical guidance are helpful for me” (54). These supports are also applicable during fitness tests. Without proper guidance on the feasibility of certain exercises, students may not perform the correct movements, limiting their potential (58).

Adapting the curriculum is crucial for helping SWD develop their abilities. If the curriculum is not reasonably modified to meet the specific needs of SWD, it can lead to uncomfortable situations, such as “being dragged along by a caregiver” (64). Unmodified content can make SWD feel that the material is too complex (53), resulting in negative experiences of not knowing how to proceed or complete tasks properly, as expressed by students: “I do not know what to do” and “I do not understand the format” (51, 56). SWD with less apparent disabilities, especially those who do not use wheelchairs, have reported that teachers often overlook their physical limitations. They are required to perform the same activities as their peers, which can result in physical pain (63).

Notably, one SWD emphasized that only modifications that truly meet their needs are considered necessary. They criticized superficial adjustments, likening them to “band-aid” fixes. They felt that changes made in PE classes often do not consider their specific needs, only minimally enabling participation (57). For example, SWD attending Special Olympics schools find Paralympic sports curriculum meaningful. However, in reality, these courses are often tokenistic, with content offered once a year, reinforcing the notion that SWD are less capable in PA compared to non-SWD (64).



3.3.3.2 Relationship need

The Relationship need refers to an individual’s sense of connection and support from others in their environment (47). In integrated school settings, this need is reflected in three areas: “Teacher-student connectedness,” “Three types of peer interactions,” and “Special attention”.

Teacher-student interactions and communication play a crucial role in integrating SWD into mainstream PE classes. These interactions help SWD feel treated equally (5) and cared for Haegele et al. (57), fostering positive emotions such as verbal encouragement (19, 53). The genuine feelings of students in class are critical. Some SWD feel they are only “obligated participants,” believing that teachers are not genuinely concerned with their learning or performance, merely going through the motions to award credits (55). One student remarked, “My presence in class is just a legal requirement” (57). This lack of care can lead to negative outcomes, such as reduced expectations for participating in PA (19). Participants also acknowledged that communication serves as a “bridge” in teacher-student interactions. When communication is one-sided, students can feel frustrated, as one noted, “Constantly asking for changes is exhausting, and my patience is limited” (57). Two-way communication allows teachers to seek SWD’s opinions and for SWD to share their circumstances and suggestions. This reciprocal relationship fosters mutual dependence, enhancing the decision-making and problem-solving process (54, 56, 57, 60).

Inclusion in integrated school environments increases interactions between SWD and their peers, which can be categorized into three types: friendships, positive interactions, and negative interactions (71). The first two types are beneficial for social skill development. Positive interactions are frequently mentioned in integrated school settings. SWD often say that participating in school PA gives them topics to discuss with others (21) and even to bond over complaints, which helps bring peers closer. They may engage in PA to socialize with friends (21, 59). For some SWD, the company of friends is a primary motivator for participation: “If I cannot do it with friends, I’m not interested.” Positive peer interactions not only assist participants in completing activities—"When cycling, my peer describes the surroundings to me” (21)—but also foster a sense of belonging, especially when SWD form friendships with peers. For instance, SWD who joined a campus club they enjoyed felt positive interactions and respect within a group of like-minded individuals, saying, “I was treated as a group member,” and “I could give my opinion on where we should go” (59).

Unfortunately, many SWD also report negative experiences in PA, including isolation (66) and bullying, such as verbal teasing (56), mocking (52), being given derogatory nicknames—"My visual impairment makes me an easy target” (19)—and even physical violence (56). During team games, SWD’s “limitations” are often magnified. Many participants reported being excluded by peers, who would ignore them (5, 56, 61). Without teacher intervention, peers often showed reluctance, even through body language, to play with SWD (52). SWD’s abilities were sometimes seen as a burden to winning (52, 53). One student said, “I’m always picked last, it’s always between the overweight guy and me” (5). Others felt that having SWD on their team made games less enjoyable (53).

An often overlooked external barrier affecting SWD-peer interactions is the interruption caused by private paraeducator. During group activities in PE, excessive intervention by aides disrupts interactions between SWD and other students. As one observation noted, “Students find it annoying when adults older than them are involved” (65).

“Special attention” during uncomfortable social interactions is a barrier to SWD’s participation in PA, as it highlights their differences from others. SWD often feel watched during gym activities or fitness tests, describing themselves as “standing out like a sore thumb” (21, 58). Additionally, when teachers treat SWD in an overly special manner (5, 58, 60), it inadvertently draws more attention from peers. For instance, some SWD recall receiving special rewards from teachers for completing basic tasks (5). In recreation centers, coaches may announce the arrival of a “special” participant to the entire class (59). During fitness tests, requiring the class to wait for SWD to finish before being dismissed makes SWD feel like “museum exhibits” (58). Such differential treatment underscores their differences. This behavior, often referred to as the “hero syndrome” (21), occurs when school staff or strangers exaggerate their praise for SWD during routine physical activities (59). Such reactions can convey that the SWD have accomplished something extraordinary, reinforcing the notion that their participation is exceptional.



3.3.3.3 Autonomous need

“Autonomous need” refers to the degree of self-determination an individual experiences in their actions (47). This concept is reflected in three subthemes: “Forced exclusion,” “Activity diversity,” and “Opportunities for self-determination”.

“Forced exclusion” and “Opportunities for self-determination” are frequently discussed. For most SWD, although PE is often mandatory, they lack the autonomy to choose whether or how to participate in PA. While the official rationale is often safety concerns, the underlying issue is the low expectations staff have for SWD’s ability to complete PA. In PE classes, they are often forced into alternative activities (5, 19, 60, 63, 67), such as simple ball tossing in a separate space (5, 19), running on a treadmill (56), exercising only with their aides (63), or being assigned non-physical tasks like writing assignments or acting as referees (53, 62, 67). SWD have reported similar experiences during extracurricular activities at school recreation centers and fitness tests, expressing that they often do not participate but instead sit and watch (58, 59, 66).

Similarly, the low expectations of SWD’s personal aides can lead to prohibiting their participation in PE without consulting them (63, 65). For SWD who require assistance to participate in PA, unhelpful or inactive aides can indirectly prevent their involvement (65).

However, outside PE classes, where teachers exert significant control, SWD generally have more autonomy. Although university SWD often report that heavy coursework and limited free time restrict their ability to decide when to exercise (50), university recreation centers offer systems for reserving sports facilities, helping alleviate this issue. This allows SWD to schedule their activities according to their availability (50). Recreation centers also offer a variety of facilities and classes, promoting greater choice in PA participation. However, some SWD have reported that, despite paying the same fees, they find few activities suited to their abilities, which limits their willingness to engage in PA (21).






4 Discussions

An interesting observation in this study, which aimed to include factors affecting SWD participation in PA within integrated school environments, is that most scenarios described in the 22 included articles occurred in PE classes. Few studies addressed extracurricular and fitness test contexts, and sports day experiences were only briefly mentioned (66). This may be due to the nature of these contexts: PE is a mandatory course in integrated settings for SWD, and fitness tests are often considered compulsory, forming part of the PE curriculum (72). Although fitness testing is a common practice in PE worldwide, few studies have explored students’ perceptions of participating in these tests (73). The extracurricular activities analyzed in this study primarily involved university and athlete SWD. Outside PE classes, other SWD, often spend their time in family and social settings. Athlete SWD may also participate in sports teams or clubs outside school. For university SWD, the campus environment resembles a “small society,” where they have relative autonomy. The limited research on extracurricular leisure activities may be explained by the social construction theory, which suggests society often assigns negative meanings to disability (74). Consequently, researchers and staff planning and studying campus extracurricular services may assume SWD are less active participants outside mandatory settings like PE. However, the use of campus recreation centers by SWD for extracurricular PA is an important area of research. Previous studies have compared the psychosocial variables of students who use recreational facilities with those who do not. Users tend to feel more at home on campus, have better social skills, and experience a higher quality of life (75). This does not imply that all schools, such as middle schools, can provide facilities similar to university recreation centers. However, applying universal design principles to eliminate physical and environmental barriers (76) and exploring ways to provide more sports facilities and activities can promote SWD’s participation in extracurricular PA in integrated settings. This warrants further research.

This study synthesized qualitative research from diverse stakeholders to identify factors influencing SWD’s participation in PA within integrated school settings. The results section presents a dynamic theoretical model with a “special factor” and three stages, developed through inductive and deductive reasoning. The model highlights that no single factor can fully explain the extent of SWD’s participation in PA. Educators must consider both the physiological, behavioral, and cognitive factors of SWD (see “special factor”) and the mediating variables and processes within the school environment (the three stages) that shape their behavior. The social model of relationships supports this, suggesting that both individual impairments and environmental factors contribute to barriers (77). Specifically, influencing SWD participation in integrated school settings involves a top-down process. This includes structural changes in schools, such as enhanced teacher training, resource allocation, and curriculum design, which influence staff behaviors that either facilitate or hinder SWD participation in PE and extracurricular activities. Understanding these dynamics is essential for effectively promoting SWD’s active participation in PA.

The perspectives presented in this study are significant. While we agree with Barton’s view that “the responsibility for change should not be placed on disabled students but on the education system to reform” (78), this study also recognizes the role of individual factors in SWD participation. Previous research has shown that factors such as confidence, self-efficacy, health status (e.g., injuries, disabilities, medical conditions, obesity), and economic issues impact the exercise behaviors for both disabled and non-disabled university students (79, 80). This implies that the individual factors identified in the “Special factor” not only occur in integrated school settings but also influence behaviors in all other contexts as a “common factor.” Although individual factors are not the core focus of this study, their impact is acknowledged. We suggest that future research could delve deeper into these internal personal factors.

In the first two stages of the model, we explore how school administrators influence SWD participation in PA from a top-down perspective. Although their influence is not directly affect by SWD, it significantly impacts faculty members. Participants highlighted the “illusion” of inclusivity in integrated schools, where administrators often mistakenly equate “integration” with “inclusion.” However, inclusion goes beyond providing access to integrated schools for previously excluded students. It is an ongoing process aimed at enhancing learning participation for all students to meet their educational needs (81). Contrary to the findings of this study, participants in the “Third stage” observed that SWD in integrated school settings often participate out of obligation. In PE classes, they merely attend alongside peers without meaningful adjustments in content or curriculum, and any modifications made by PE teachers are superficial. This contradicts the philosophy of inclusive education, which advocates for diverse learning methods and reducing the burden on students to adapt their learning styles (82). Similarly, in extracurricular PA, inclusive education requires school staff to provide services that ensure all students, regardless of ability, can reach their full potential (83). Such “pseudo-inclusion” prevents staff from receiving adequate support and hinders SWD from achieving meaningful learning experiences or social interaction with non-disabled peers (5, 18, 19).

Fully integrating SWD into any subject area can be challenging. Additionally, complete integration into activity environments presents unique challenges for school staff, particularly PE teachers (84). This study highlights various roles that influence SWD participation in PA, including PE teachers, APE specialists, recreation center coaches, and teaching assistants, without distinguishing their specific differences. However, PE teachers are the primary implementers in PE settings. In the model, PE teachers are positioned in a middle layer. They are constrained by the support and environment provided by school administrators and face the challenged of accommodating various disability types in PA. Their professional competence and practical knowledge application are crucial components in delivering inclusive education to SWD.

In reality, most PE teachers do not receive systematic training in adaptive knowledge or practical experience during their undergraduate studies. University PE programs rarely include disability content, and when they do, it is often from a student perspective rather than a professional teaching standpoint. Pre-service training for including SWD in regular PE is limited (70). PE teacher education programs and professional development workshops are primary avenues for enhancing their self-efficacy in educating SWD. These resources, as highlighted in the study, play a critical role in equipping PE staff with the knowledge and strategies necessary for inclusive practices (85). Although participants noted that APE lectures provided by their schools lacked professionalism and practicality, the adaptive knowledge discussed did help prepare them for teaching. This underscores the importance of professional workshops and physical education teacher education (PETE) programs in guiding effective PE implementation. This finding aligns with previous research, where Beamer and Yun found a significant correlation between PE staff’s inclusive training and their inclusive behaviors (86). Improving pre-service teachers’ instructional behaviors is crucial for promoting inclusivity (85). Without sufficient adaptive knowledge, teachers may struggle to implement inclusive education, which can negatively impact their attitudes (87), and reduce SWD participation in PA.

Training should not be limited to front-line teachers but must also include support staff, a point emphasized in the study’s findings but often overlooked in current research. Teachers frequently see support staff as assisting both students and teachers by ensuring safety and managing behavior (88). However, the research indicates that support staff lack sufficient training and subject-specific knowledge, making it harder for them to effectively support PE teachers and create an inclusive environment for SWD. This aligns with findings from Haycock and Smith, who reported that the limited skills, knowledge, and expertise of support staff can hinder their ability to meet students’ needs (89). Vickerman and Blundell reported that among 142 surveyed support staff, 63.3% received general training, while only 5.5% received specialized PE training (90). Optimal practices occur only when teachers and support staff collaborate in planning and implementing PE lessons.

The third stage of the model applied the SDT framework, focusing on three basic psychological needs (91) to analyze factors affecting SWD participation in PA and their dynamic relationships. Specifically, when these three needs are met, individuals are more likely to engage in behaviors voluntarily. This framework provides clear guidance for creating a supportive environment. Previous studies have also used the social-ecological model to identify key themes in this area (50, 92).

Successfully implementing inclusive education involves meeting the diverse learning styles and educational needs of students while providing necessary support (6, 8). The third stage reveals that integrated schools and educators often fail to provide a supportive environment for the educational needs of SWD. Among the three basic needs, factors affecting the need for competence are most prevalent. This aligns with scholars’ critiques of the dominance of physical ability in integrated settings (93, 94), where PE curricula and practices overly emphasize normative standards of ability, performance, and competitiveness (95). In PE classes, extracurricular activities, or fitness testing, most SWD reported experiencing an environment of dominated by “ableism”. Traditional assessments and standardized tests recognize ability, implying that SWD’s abilities can be measured, categorized, and judged. Ability is perceived as a fixed attribute that students either have or lack (96). Evidently, SWD are often classified as lacking ability within environments dominated by traditional content (97) Some SWD attempt to demonstrate their adapted movements to teachers or coaches to showcase their abilities. However, educators often value knowledge related only to non-disabled bodies and traditional physical expressions, neglecting the physical cultures and abilities of disabled individuals.

“Ableism,” a form of subtle discrimination, is rooted in social constructs. Challenging this construct is complex, as it requires mechanisms supported by national ideologies and political institutions (98). Educators, as frontline practitioners, should actively challenge stereotypes and societal barriers. Actions like organizing Paralympic school days (99), incorporating disability sports units into PE classes (100), and promoting open communication can help. Such actions can reduce stigma and exclusion of SWD (101). However, as Maher noted, these attempts at empathy can be complex and sometimes inadequate. They are typically short-term and fully understand the experience of disability without living it firsthand remains challenging (102). Future research should address this issue and explore practical solutions.



5 Limitations

The majority of included studies focused on physical education contexts, with limited exploration of leisure PA and fitness testing environments. This uneven focus may have led to an overrepresentation of barriers and facilitators relevant to structured school settings, while underrepresenting informal or recreational contexts.

This study used broad terminology when referring to “students with disabilities” and did not focus on any specific type of disability. As a result, the findings may not be generalizable to individuals with every specific type of disability.

The inclusion of only English-language articles may have excluded relevant studies published in other languages, potentially narrowing the diversity of perspectives and limiting the cultural applicability of the findings.

The inclusion of qualitative research in this study means that its findings are influenced by the nature of qualitative methods. The scope and depth of qualitative results are often limited by factors such as the number of participants, their sociodemographic characteristics, the local context of data collection, and the lack of integration of inclusive sports experiences and global perspectives. Additionally, the chosen qualitative paradigms and theoretical frameworks shaped the scope and nature of the investigation as well as the researchers’ interpretations (103).

Studies conducted over extended timeframes or in varying sociocultural contexts may reflect evolving practices, policies, or attitudes, potentially impacting the comparability and consistency of findings.



6 Conclusion

This study developed a dynamic theoretical model comprising a “Special factor” and three stages, suggesting that no single factor can fully explain the extent of SWD participation in PA within integrated school environments. Educational practitioners must understand not only the physiological, behavioral, and cognitive factors of SWD (see “Special factor”) but also the intermediary factors and processes in integrated school settings that influence their behavior (three stages). The policies and support provided by school management influence the professional and practical capabilities of staff and the development of a supportive environment. These three factors directly impact the interactions between staff and SWD. The final stage uses the SDT’s basic psychological needs as a theoretical foundation, categorizing the factors influencing SWD participation in PA in three integrated school contexts (physical education, fitness testing, and extracurricular sports) into three themes/needs. It reveals that SWD participation in PA requires comprehensive support from personnel in a dynamic collaboration process. Support staff can develop strategies to address specific factors and create an environment that supports these needs.



7 Implications for future research

Future research, particularly longitudinal or intervention-based studies, could explicitly test the proposed strategies in this study to assess their practical impact on promoting the participation of SWD in physical activities. These studies would provide crucial evidence on the effectiveness of the strategies within the dynamic model, helping to refine and validate the proposed interventions. The model highlights the need for comprehensive support that includes not only school administrators’ policies but also teachers’ collaboration and the overall school environment, which together influence SWD participation in physical education, fitness testing, and extracurricular activities.

The third stage of the model, based on SDT, emphasizes the importance of fulfilling the basic psychological needs of competence, relatedness, and autonomy to foster engagement. Future research should explore how these needs can be effectively addressed in different school contexts, testing specific interventions to create an inclusive environment that enhances SWD’s participation in physical activities. By investigating these strategies through longitudinal or intervention-based studies, researchers can provide more concrete recommendations for improving SWD participation in integrated school settings.
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Effectiveness of a multicomponent intervention to promote physical activity during the school day: rationale and methods of the MOVESCHOOL study
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Background: Increasing levels of physical activity (PA) and reducing sedentary time among adolescents during the school day is a pressing need. Emerging methodologies and strategies been shown to be effective in increasing PA levels and providing additional benefits for students, such us physically active lessons (PAL), active breaks (AB) and active recesses (AR). However, evidence concerning adolescents remains limited. This manuscript presents the methods and rationale of the MOVESCHOOL study, which aims was to examine the effects of a multicomponent school-based intervention during the school day on indicators of PA, sedentary time, health, executive functions and education in adolescents.
Methods: A quasi-experimental study was conducted with the aim to involve a total of 800 students aged 12–14 years old from 11 schools (7th and 8th grade) in south-western Spain, five schools forming the intervention group and six schools forming the control group. The evaluation included two independent measurements: pre-intervention and post-intervention. The intervention lasted 29 weeks and consisted of a multi-component programme including a weekly PAL, two 5 min daily AB, and a daily AR. Primary outcomes included accelerometer-based PA and sedentary time, health-related physical fitness, academic indicators, and executive functions. For statistical analyses, descriptive, correlational, regression, and repeated measures ANOVA analyses will be applied. Additionally, qualitative data were gathered through semi-structured individual interviews and focus groups, and information will be evaluated with thematic analysis.
Discussion: The MOVESCHOOL study represents a pioneering effort in Spain, being the first of its kind to evaluate the effectiveness of a multicomponent programme in secondary schools. Furthermore, this project provides valuable insights into the effects of a multicomponent school-based PA intervention on PA levels, sedentary time, health-related, cognitive, academic indicators and psychological health markers in secondary school students. The results of this study will make a significant contribution to the educational community, providing them with innovative teaching methods and strategies that have the potential to increase PA levels during the school day. In addition, this research promises to provide a transformative experience for educators, equipping them with tools to promote the holistic development of their students, enriching their academic performance and enhancing their well-being.
Clinical trial registration: ClinicalTrials.gov, identifier NCT06254638.
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1 Introduction

Increasing levels of physical activity (PA) and reducing sedentary time among children and adolescents is of paramount importance, as it helps to address the problems associated with current and lifelong physical inactivity, such as obesity and overweight (1–3). Additionally, it can positively affect other important factors during this stage, such as cognition and academic performance (4). Currently, PA levels among school-aged children are concerning. A systematic review in participants aged 5 to 18 years showed that children (≤12 years) spent 41 to 51% of the after-school period in sedentary time, whereas adolescents (>12 years) spent 57% of the after-school period in sedentary time (5). In addition, the school day is usually sedentary and Grao-Cruces et al. (6) found that Spanish secondary school students spent an average of 78% of the school day in sedentary behaviour.

Of all the contexts in which PA can be promoted at these ages, educational institutions have been identified as the most appropriate setting for intervention (7, 8). This is based on the fact that all children and adolescents have to spend a significant part of their waking hours at school, during crucial periods for the acquisition and consolidation of life habits. The presence of university-trained professionals in various fields and greater access to families also facilitates the role of these institutions as health promoters. In line with this, Spanish education legislation stipulates that schools should promote PA during the school day and encourage healthy lifestyles among their students (9).

Recently, World Health Organization (WHO) (8) published a policy brief toolkit describing the importance of integrating PA into schools. Among other things, to ensure that children aged 5 to 17 meet the recommendation of achieving 60 min of moderate to vigorous PA (MVPA) per day. In addition, the Sedentary Behaviour Research Network (SBRN) described the international evidence-based recommendations for school-related sedentary behaviour for youth (10), recommending that long periods of sedentary behaviour should be interrupted, that different types of PA should be incorporated, and that sedentary and screen-based learning activities should be replaced by active and non-screen-based learning activities. Therefore, in light of the recommendations from WHO and SBRN, there is a need to establish “active schools.”

Over the past decade, there has been a growing interest in developing viable strategies to increase PA levels throughout the school day without reducing time for other subjects. In this context, the scientific literature highlights the following strategies: physically active lessons (PAL), active breaks (AB), and active recess (AR). PALs are academic lessons other than PE (e.g., maths) that incorporate PA during teaching-learning activities without reducing the time devoted to the content of those subjects (11). These are based on integrating movement through exercises and games into areas other than PE to teach new academic content without compromising educational time (12, 13). A systematic review by Daly-Smith et al. (14) found that interventions combining PA with academic content showed higher levels of PA, time on task and academic outcomes, although this is less well established for adolescents. However, the evidence is not clear regarding some variables, such as changes in health-related physical fitness (HRPF) (13, 15, 16) or cognitive functions (13), as there are studies reporting significant effects and others that do not. Moreover, this lack of clarity is exacerbated in secondary education, where the existing evidence is more limited (13, 14). Therefore, further research in this area is necessary.

AB involves short bouts of PA, often of MVPA intensity, delivered by teachers during or between curricular lessons (12). Previous studies (12, 14, 17) have shown that AB significantly improves PA levels, but the results are inconclusive regarding the benefits on cognitive function and classroom behaviour. Once again, few studies have evaluated the effectiveness of AB in secondary education (14, 17). Specifically, at this stage, it has been demonstrated that 4 min AB are sufficient to achieve significant improvements in cognition (18). Although the duration of AB (ranging from 4 to 10 min) was consistent across studies, variations were observed in the frequency of application [ranging from two (19) to four (18) per school day].

Recess during the school day can be defined as “the non-curricular time scheduled between lessons” (20), and usually involves access to outdoor spaces and provides students with opportunity for unstructured PA and to socialize with their peers (21). Recess is a time with potential to contribute up to 40% of the daily MVPA recommendations (22). Therefore, AR can be described as recess that provides opportunities for students to engage in PA during school day (23). Previous studies (24, 25) reported that PA during recess can lead to improvements in academic, cognitive, behavioral, and emotional indicators.

This project was based on the framework of the Creating Active Schools (CAS) model (26). Based on the Behaviour Change Wheel (BCW) (27), the CAS models identified three sources of behaviour that are necessary and sufficient for the performance of a given volitional behaviour: Capability, Motivation and Opportunity. Furthermore, this model classified several intervention functions that could enable interventions (i.e., education, persuasion, empowerment, training, modeling, or constraints), as well as several target groups to develop the intervention. In this way, the CAS model framework identifies the multiple components necessary to establish schools as adaptive complex subsystems, which in turn facilitate the implementation of PA throughout the school. The lower half of the framework describes the internal factors of the school, while the upper half identifies factors related to teacher training, behavioral science, and the role of national and international organisations and policy development—the wider system beyond the individual school. In our project we focused on: (i) school leaders, who are responsible for leading the development of policy and vision statements and managing related resources; (ii) teachers, who are central to creating a positive social and physical environment, as well as implementing initiatives to promote healthy lifestyles; and (iii) students, who may form student councils or lead opportunities to adopt healthy lifestyles. By intervening with these groups, strategies to increase PA levels during the school day were developed and implemented through three opportunities (i.e., PAL, AB and AR).

Analyzing previous studies on interventions for promoting PA in schoolchildren (28–32), it is observed that a large part of these implement a single PA component (e.g., only PAL). Most single-component interventions in schools have shown limited or insignificant post-intervention effects (31, 32). Additionally, the possible low quality of existing systematic reviews, meta-analyses, or the studies included in them limits the ability to draw firm conclusions (32). Despite the limited evidence, multicomponent school-based interventions (targeting two or more components, such as PAL, AB, active commuting, etc.) have been proposed as one of the most promising approaches to promote PA in schools (32–35). However, systematic and meta-analyses examining the effects of multicomponent interventions show inconclusive results and generally small effects (36, 37). Evidence for these types of interventions on variables such as executive functions or academic performance is weak.

On the other hand, most of these multicomponent interventions have been carried out in primary schools (32), and few in secondary stage, with inconclusive effects on PA levels (36, 37). Therefore, there is a need to conduct studies that focus on the secondary level and test multicomponent interventions, as they promise greater effects on PA levels, and all that this entails.

Starting from the fact that this work is a protocol, its aim was to describe the methods and rationale of the MOVESCHOOL study, aimed to examine the effectiveness of a multicomponent school-based intervention on PA levels, sedentary time, HRPF, executive functions, academic indicators (school engagement, learning perception, academic performance and mathematical fluency), psychological health markers and motivational variables in adolescents. A secondary objective was to describe the methods used to evaluate the perception of school leaders, teachers and students (perceptions, limitations, strengths, areas for improvement, perceived benefits, enjoyment, motivation, training needs, fidelity and sustainability) about the intervention. Based on previous studies, this study hypothesized that participants in the experimental group, compared to those in the control group, would show higher PA levels during the school day, improved HRPF, executive functions, academic performance, psychological health, and motivation, as well as a reduction in sedentary time during the school day.



2 Methods and analysis


2.1 Study design

The MOVESCHOOL was a quasi-experimental study (trial registered on Clinicaltrials.gov: NCT06254638). This work was the protocol for the implementation of a school-based multicomponent intervention in the experimental group with pre- and post-intervention measures. MOVESCHOOL was a multi-center intervention whose management was designed to ensure effective collaboration and communication between the research groups. The research groups were composed of qualified researchers and graduates in PA and Sport Sciences from two universities [University of Extremadura (UEX) and University of Cadiz (UCA), Spain]. Both research groups followed a uniform study protocol for training, fieldwork, data collection and management, and quality control procedures. Continuous telematic communication was maintained throughout the study. A graphical summary of the study can be seen in the Supplementary file.



2.2 Participants and selection criteria

Participants in the MOVESCHOOL study were apparently healthy adolescents from secondary schools in the regions of Caceres and Cadiz (Spain). The MOVESCHOOL study established the following inclusion criteria for participants: (i) enrolled in 7th or 8th grade (12–14 years old); (ii) without any physical disabilities or health issues that could restrict PA levels; and (iii) having parental or legal guardian consent to participate in the study. Additionally, we included three criteria for schools: (i) having at least 60 students in 7th and 8th grade; (ii) not involved in any other PA or health promotion programs; and (iii) located within a 50-kilometre radius of the research group’s centers in Cadiz and Caceres.

Figure 1 illustrates the flow diagram of the participants recruitment process. Seven schools in Caceres and four schools in Cadiz were selected to participate through a letter of invitation addressed to the school administration. A meeting was held with the school management teams of the selected schools, to explain the study and obtain their consent. Two study groups were established through a nonequivalent control group design: (i) intervention group and (ii) control group. In Cadiz, two intervention groups and two control groups were assigned; and in Caceres, three intervention groups and four control groups were assigned. Each group corresponds to a different school. All 7th and 8th grade students at the participating schools who provide their informed consent were invited to participate in the study. The parents of these students received an information document detailing the study, the inclusion criteria, the informed consent process, and an invitation to attend an information meeting at the school. For students to participate in the study, their parents or guardians had to sign the informed consent form along with the student’s consent.

[image: Flowchart outlining the selection of 11 schools from Cadiz (4) and Caceres (7), followed by meetings and informed consent, assignment, parental and child consent, then division into intervention (5 schools, 400 participants) and control groups (6 schools, 400 participants).]

FIGURE 1
 Flow diagram of study participants.


The recruitment process was designed to achieve 800 participants (400 per group), which guarantees to detect small sized effects with an α error of 0.001 and a power (1 − β) of 0.95, even with an experimental dropout rate of 15% (GPower 3.1.9.4, Düsseldorf, Germany). To establish this sample size, Love et al. (38) were referenced, as they found an average effect size <0.1 for our main variable, MVPA time during the school day.



2.3 Interventions

The MOVESCHOOL study implemented a multicomponent school-based intervention over a period of 29 weeks. As we have explained in the introduction section, the study is based on the CAS framework (26). In this way, and also following the COM-B behaviour change model, the three basic elements (i.e., Capability, Opportunity and Motivation) were worked on with teachers and school leaders in a kick-off meeting, where the protocol to be followed in the project was explained to all the teachers and the staff from each school before the start of the intervention. This ensured that each school had a whole-school overview and for the study to have a global perspective of each center. Similarly, we worked together with school leaders and teachers with the aim to increase students’ PA levels during the school day by implementing the three arms of the intervention: PAL, AB, and AR (see Figure 2).

[image: Conceptual diagram illustrating the influence of national organizations, in-service and initial teacher training on whole school practices toward promoting young people’s physical activity behavior, with interconnected elements including evidence, motivation, capability, opportunity, policy, school leaders, teachers, students, social and physical environments, active lessons, breaks, and recesses.]

FIGURE 2
 Creating active schools framework for MOVESCHOOL. Source: adapted from Daly-Smith et al. (26).



2.3.1 Physically active lessons component

The PAL intervention consisted of integrating PA into academic lessons in different subjects that were typically sedentary. One subject was selected for each week of the intervention. Out of the total number of lessons taught per week in the selected subjects, one lesson per week for 29 weeks was dedicated to the PAL intervention. Each of the PAL was developed outdoors during the intervention. The PAL sessions lasted 60 min and were fully designed with tasks that incorporated PA throughout the session. According to the results of a pilot study we conducted in a previous study (39), participants spent an average of 29.78% of the PAL session time in MVPA. Since the activities of PAL implemented in both studies was similar, we expect PA intensities also to be similar. The teacher assigned to this intervention group, who has been trained beforehand, supervises the implementation of the strategies in their academic lessons with the constant support of the research team. Before each PAL lesson, the research team and the teacher met to determine the specific content to be covered and to jointly develop the activities to be included in the lesson. Examples of PAL activities can be found in Grao-Cruces et al. (40) and here.

Teacher training was conducted in the month prior to the start of the intervention. It consisted of two 60 min workshops, led by the members of the research team, aimed at providing teachers with a foundation for implementing PAL in their teaching. The training covered: theoretical foundations of PAL, main characteristics of PAL, applicability and examples of PAL in secondary school subjects.



2.3.2 Active break component

The AB intervention consisted of two daily ABs in a normal academic lesson. The timing of the AB was coordinated with the school management team, with one AB before recess and the other after recess. It was important that no AB are scheduled during PE classes or the lesson immediately following PE. This precaution ensured that the impact of the AB is not solely attributed to the PA that took place in the preceding PE lesson.

In order to facilitate the implementation of the AB, teachers used an adapted version of the “EUMOVE Active Breaks Platform,” a digital platform specifically designed for the implementation of AB (41). Therefore, before developing the intervention, the ABs were programmed in this platform. In this way, only the teachers who would be teaching the class at the time scheduled for the intervention were able to access the platform and start the programmed ABs. An example of an AB can be found here. This innovative tool made it possible to easily and quickly programme different types of AB, playing with variables such as PA duration or intensity. According to Daly-Smith et al. (14), each AB lasted 5 min and consisted of 4 different exercises, divided into 2 sets (4 rounds each) of 20 s of work and 10 s of rest. Finally, a cool-down consisting of deep breathing is performed. The activities selected for each AB included aerobic and strengthening activities (i.e., squats, lunges, jumps or skipping).

Teachers were given access to the platform and were tasked with delivering the AB according to the schedule provided by the research team. Throughout the intervention, students followed the instructions of an avatar who facilitates the session through the platform. To ensure optimal use of the platform, the research team provided extensive training and ongoing support to the teachers. During the initial phase of the intervention, the research team provided teachers with hands-on guidance for the first 2 weeks to ensure seamless integration of the AB and to address any queries or concerns that may arise. This support is designed to familiarise teachers with the platform and give them the confidence to deliver the AB.



2.3.3 Active recess component

The aim of this component of the intervention was to increase levels of PA during school recess. To promote PA during school recesses, three strategies were developed: (i) environmental modification; (ii) free availability of sports equipment; and (iii) structured recess. Environmental modification provided a greater number of spaces where students could be active during playtime. The playground space was divided into zones and configured with different activities to vary space usage. The students were able to access to sports equipment in order to encourage the practice of PA during recess. Loose equipment had the advantage over fixed equipment or changes in infrastructure because it can be modified regularly. Structured recess includes organizing sports competitions and activities led by teachers. All of this is prepared by the research team together with the school’s PE teachers, and during its implementation, it was supervised by the technician along with the teachers assigned to recess duty.



2.3.4 Control group

During the 29-weeks of intervention period, schools belonging to the control group received the standard academic lessons without methodological modification or inclusion of PA that could alter the usual levels of PA during school hours.




2.4 Implementation strategies

Several implementation strategies were used to ensure the success of this intervention programme. The primary approach was to assign a technician to each school in the experimental group. These technicians oversaw the day-to-day running of the project and maintained regular contact with the research groups and their counterparts in other schools. This process facilitated rapid decision-making on matters that required immediate attention or did not require a full meeting of the researchers. In addition, these researchers maintained ongoing communication with the teaching staff and school management teams at the experimental centers. Another implementation strategy involved providing training to teachers for the implementation of PAL, AB, and AR by the research team. The technicians assigned to each school were responsible for daily monitoring to ensure fidelity and/or guarantee the proper modification of any of the components in case they needed to be adapted. Fidelity was monitored through observation, direct questions to the teachers, automatic registration on the AB platform, and attendance lists for classes.

Finally, another important implementation strategy involved structured meetings at different stages of the intervention: (i) an initial meeting of the school management team with the research group to introduce the study and coordinate its development; (ii) an introductory meeting of the principal investigator with the participating teachers to present the project and coordinate its progress; (iii) regular meetings of the principal investigator with the participating teachers to evaluate and monitor the process; (iv) a final meeting of the school management team with the research group to conclude the project.



2.5 Measures

Participants were assessed at baseline (October 2023) and post-intervention (May 2024). Post-intervention measure of accelerometers-based variables were assessed during the last weeks of intervention, due to the characteristics of the indicators. To minimize variability in assessments, all measurements were conducted in schools by researchers who have received prior training.


2.5.1 Primary outcome measures


2.5.1.1 Physical activity and sedentary time

The Actigraph device (Actigraph GT3X+, Inc., Pensacola, FL, United States) was utilized for assessing PA at different intensities (light, moderate and vigorous) and sedentary time throughout the entire day. Participants were instructed to wear the monitor on their non-dominant wrist for eight consecutive days. Participants were advised to wear the accelerometer throughout the day (including sleeping time), except during aquatic activities or situations where exposure to water is possible. The screening and data collection procedures adhered to established protocols employed in previous research involving adolescents populations (42). Data will be extracted and analyzed using the GGIR package. Inclusion criteria for the analyses consist of: (i) a minimum of 3 valid weekdays of data and at least 1 valid weekend day of data; (ii) a minimum recording duration of 10 h per day (42, 43). The power analysis is performed based on MVPA during the school day, as it is the main variable of the study.

Additionally, to gather information on screen time throughout the day and the devices used, screen time was assessed using the specific items of the Youth Leisure-time Sedentary Behaviour Questionnaire (YLSBQ) (44). This questionnaire assessed the amount of recreational time per day spent on television, video games, computers, tablets, and smartphones, separately during weekdays and weekends. The student must choose whether they spend “0 min”, “30 min”, “1 h”, “2 h”, “3 h”, “4 h” or “5 h or more” per day on each of these behaviours.




2.5.2 Secondary outcome measures


2.5.2.1 Health-related physical fitness

To assess HRPF, the following tests belonging to the “ALPHA Fitness Test Battery” (45) were used:


2.5.2.1.1 20-m shuttle run test

2.5.2.1.1 20-m shuttle run test. This test was used to assess cardiorespiratory fitness. Participants ran back and forth between marked lines on a track 20-m apart, matching the pace of an audio recording. The test started at 8.5 km/h and increased by 0.5 km/h per minute. It concluded when the participant stops due to fatigue or failed to maintain the required pace for two consecutive attempts. The participant’s score was based on the last stage completed.



2.5.2.1.2 Hand grip test

2.5.2.1.2 Hand grip test. This assessment was used to assess upper body maximal isometric muscular fitness. Participants were measured with a validated hand-held dynamometer with an adjustable grip (TKK 5101 Grip D; Takey, Tokyo, Japan). First, the dynamometer’s grip was adjusted to the size of the participant’s hand (46). Throughout the assessment, participants stood in an upright position and grasp the dynamometer with one hand. They incrementally applied pressure to the dynamometer until reaching maximum force, sustaining this pressure for a minimum of two seconds, all while ensuring stability in the elbow, arm, and trunk. The test was conducted twice, with participants alternating between hands. The highest score attained with each hand was documented in kilograms, and the average value between the two scores is computed and stored for subsequent analysis.



2.5.2.1.3 Standing broad jump test

2.5.2.1.3 Standing broad jump test. This test was used to lower body explosive muscular fitness. Participants positioned themselves behind a designated line with their feet shoulder-width apart. With a slight swing, they leapt forward as far as possible using both feet. If participants rested their hands on the ground or lift their feet upon landing, the test was considered invalid. This assessment was conducted twice, and the greatest distance achieved was measured in centimeters for analysis purposes.



2.5.2.1.4 Body mass index and waist circumference

2.5.2.1.4 Body mass index and waist circumference. Both variables were used to assess body composition. Body mass index was calculated as weight divided by height squared (kg/m2). The weight measurement was taken using an electronic scale (type SECA 861; range, 0.05 to 130 kg; accuracy, 0.05 kg), and the height measurement was taken using a telescopic height instrument (type SECA 225; range, 60 to 200 cm; accuracy, 1 mm) taking into account the Frankfort plane. In both measurements participants were barefoot. Waist circumference was measured with a non-elastic tape (SECA 200; range, 0 to 150 cm; accuracy, 1 mm). The tape was positioned in the frontal plane at the midpoint between the superior iliac spine and the costal border at the mid-axillary line. The measurement was taken twice, and the mean of the two measurements was recorded. If there was a difference between measurements greater than 1 cm, a third measurement.




2.5.2.2 Executive functions

The executive functions of inhibition, cognitive flexibility and working memory were assessed as main indicators of cognitive function. These were measured using the NIH Examiner programme (47) through the (i) Flanker task; (ii) Shifting task; and (iii) N-Back protocols, respectively.


2.5.2.2.1 Flanker task

2.5.2.2.1 Flanker task. This assessment measured response inhibition and cognitive control (48). During the task, participants focus their attention on a central fish among a row of five displayed on the screen. The central fish is marked either above or below it. Each trial lasts for 1,000 milliseconds, during which participants are instructed to promptly indicate the direction the central fish is facing.



2.5.2.2.2 Shifting task

2.5.2.2.2 Shifting task. This assessment measured cognitive flexibility (47). During the test, three figures of different colors are displayed on the screen, with one figure positioned at the top and one in each corner. The word “SHAPE” or “COLOR” appears on the screen, accompanied by auditory prompts from the computer. Participants are instructed to associate the top figure with one of the corner figures based on either its color or shape, depending on the prompt. If the word “COLOR” is heard, participants should select the corner figure with the same color as the top figure. Conversely, if the word “SHAPE” is heard, participants should select the corner figure with the same shape as the top figure.



2.5.2.2.3 N-Back

2.5.2.2.3 N-Back. This assessment measured working memory (49). During the test, participants are presented with a series of screens. The first screen displays a white square in a specific location, followed by a number that participants are instructed to read aloud. Subsequently, a second screen appears featuring a white square, which may be located in the same position as the previous square or in a different one. Participants are tasked with recalling the location of the preceding square.




2.5.2.3 Academic indicators


2.5.2.3.1 School engagement

2.5.2.3.1 School engagement. To evaluate this variable, the Spanish version of the Utrecht Work Engagement Scale (UWES-S-9) was used (50). The UWES-S-9 is composed of 9 items that reflect the three dimensions of engagement: (i) vigor; (ii) absorption; and (iii) dedication, each dimension is represented by three items that are evaluated through a Likert-type scale, ranging from “never” (0 points) to “always” (6 points).



2.5.2.3.2 Learning perception

2.5.2.3.2 Learning perception. Learning perception was assessed by the questionnaire developed by Abella et al. (51). The questionnaire consists of 8 items that measure two dimensions: “perceived learning” (items 1–4) and “satisfaction with learning” (items 5–8). Participants rate their agreement with each item on a five-point Likert scale, with “1” indicating “strongly disagree” and “5” indicating “strongly agree.”



2.5.2.3.3 Academic performance

2.5.2.3.3 Academic performance. This variable was evaluated through the marks reported by the schools in the three official evaluations of the academic year, specifically in December, April and June. The evolution of students throughout the school year is analyzed based on their grades in all subjects.



2.5.2.3.4 Mathematical fluency test

2.5.2.3.4 Mathematical fluency test. Immediately after the end of the cognition tests, a mathematical fluency test was carried out by means of test number 6 of the Woodcock protocol (52). In this test, participants were given a three-minute period to perform as many simple mathematical calculations as possible.




2.5.2.4 Psychological health

Health status was assessed using the adapted version for children and adolescents of EuroQol five dimensions three level (EQ-5D-Y-3 L) questionnaire (53). This questionnaire evaluates health status across five dimensions: (i) mobility; (ii) self-care; (iii) usual activities; (iv) pain/discomfort and (v) anxiety/depression. Participants rate their level of difficulty or problems in each dimension using a Likert-type scale with three response options: (i) no problem, (ii) some problems, and (iii) many problems. Additionally, the questionnaire included a visual analog scale (VAS) to gauge general health, where participants assigned a score between 0 and 100 to indicate their current perception of overall health. Furthermore, self-perceived health was assessed using the classic self-reported health item (54). Participants categorize their health as either “excellent” (5); “very good” (4); “good” (3); “fair” (2); and “poor” (1).



2.5.2.5 Motivational variables


2.5.2.5.1 Novelty need satisfaction scale

2.5.2.5.1 Novelty need satisfaction scale. It evaluated novelty (55). Five of the 19 questions that make up the original scale were selected. Participants were asked to rate their agreement with these five statements on a Likert-type scale, with following levels: (1) “strongly disagree”; (2) “disagree”; (3) “neither agree nor disagree”; (4) “agree”; and (5) “strongly agree.”



2.5.2.5.2 The Spanish version of the sport satisfaction instrument

2.5.2.5.2 The Spanish version of the sport satisfaction instrument. It evaluated enjoyment and boredom (56) in general studies. This scale consists of eight items measuring intrinsic satisfaction, with two subscales: satisfaction/enjoyment (five items) and boredom (three items). Participants rate their agreement with the items related to fun or boredom on a five-point Likert-type scale, with following levels: (1) “strongly disagree”; (2) “disagree”; (3) “neither agree nor disagree”; (4) “agree”; and (5) “strongly agree.”



2.5.2.5.3 School climate

2.5.2.5.3 School climate. School climate was assessed by Students’ Perception of School Climate scale (PACE-33) (57). For this study, we used four indicators: “Student-teacher relationships” (4 items), “physical safety” (4 items), “group cohesion” (4 items) and “methodological resources” (3 items). Participants rate their agreement with each item on a five-point Likert scale, with following levels: (1) “strongly disagree”; (2) “disagree”; (3) “neither agree nor disagree”; (4) “agree”; and (5) “strongly agree.”




2.5.2.6 School leaders’, teachers’ and students’ perception about the suitability and the implementation of PAL, AB, and AR

To gather qualitative information on the implementation of the multicomponent intervention and analyze the process, individual interviews were conducted with the participating teachers and school leaders. Additionally, focus groups with students were organized, adhering to the guidelines outlined in Finn and McInnis’s study (58). This way, useful information was obtained such as perceptions, limitations, strengths, areas for improvement, perceived benefits, enjoyment, motivation, training needs, fidelity and sustainability, from the perspective of the stakeholders who have been directly involved in the intervention. The interviews and focus groups were facilitated by the same researchers across all study provinces and were exclusively conducted in experimental centers. For the interviews, 1 school leader and a group of 4–5 teachers per center, who were involved in and familiar with the intervention, were selected. All interviews were conducted individually. These individual interviews were semi-structured, lasting approximately 30 min each, and were audio recorded for analysis. The focus groups, comprising 6–8 students selected (heterogeneous profiles), were also semi-structured and last around 30–40 min. Similar to the interviews, they were audio recorded to ensure accurate documentation of insights. The interviews were fully transcribed for the subsequent analysis of the data obtained from them.




2.5.3 Confounding variables


2.5.3.1 Sociodemographic characteristics

The socioeconomic status of participants was assessed using the Spanish-adapted version III of The Family Affluence Scale (FAS III) (59). This scale comprises six questions concerning the purchasing level of the participant’s family. Each question is rated on a categorical scale, and the total score, derived from the sum of responses across all six items, yields an aggregate index ranging from 0 to 13.



2.5.3.2 Dietary patterns

Adherence to the Mediterranean diet was evaluated using the updated version 2.0 of the KIDMED questionnaire (60). The KIDMED 2.0 questionnaire comprises 16 questions that participants respond to. These questions encompass both positive and negative aspects related to the Mediterranean diet. Participants’ scores are calculated based on their responses, and the scores are categorized into three levels: (i) ≥ 8, indicating optimal adherence to the Mediterranean diet; (ii) = 4–7, suggesting a need for greater adherence to the Mediterranean diet; and (iii) ≤ 3, indicating low adherence to the Mediterranean diet.





2.6 Data analysis

Continuous variables will be presented as mean and standard deviation or median and interquartile range, as appropriate, while categorical variables will be expressed as frequency and percentage. A cross-sectional approach will be utilized, employing descriptive, correlational, regression, and differential analyses, along with Structural Equation Modeling. To evaluate the effects of the interventions on outcomes, repeated measures analysis will be conducted, with outcome measures serving as dependent variables in separate models, the intervention as an independent variable, and controlling for potential confounders (i.e., gender). Non-parametric analyses will be conducted if normality analyses indicate non-normal distributions. Quantitative analyses will be conducted using the SPSS v.29.0 statistical package (IBM, Armonk, NY, United States), with a confidence level of 95%.

Additionally, qualitative data from semi-structured interviews and focus groups will be analyzed using NVIVO software (61). Content analysis strategies will be employed, involving two phases: a deductive phase aimed at identifying information relevant to the study’s objectives, followed by an inductive phase focused on identifying teachers’ and students’ experiences, thoughts, and reflections related to AR, AB, and PAL (62).

To mitigate potential biases associated with the quasi-experimental design, we will apply statistical adjustments to control for confounding variables (i.e., gender, city, socioeconomic status) and ensure the robustness of our findings. Additionally, sensitivity analyses will be conducted to assess the impact of potential biases.




3 Discussion

This paper describes the protocol for a quasi-experimental study that aims to test the effectiveness of a multicomponent intervention based on the inclusion of PA, through PAL, AB and AR during school day, on PA levels, sedentary time, HRPF, executive functions, academic indicators, psychological health markers and motivational variables in secondary education students.

As noted above, there is a need for studies that implement interventions targeting adolescents, since this age group is less studied (32). Of the 23 reviews and/or meta-analyses presented, only 3 reviews focused specifically on secondary schools (students aged 12 to 18 years). Although 13 studies were conducted in primary and secondary schools together (aged 6 to 18 years), no conclusive results were found for secondary education. The systematic review of PALs by Norris et al. (13) found that of the 42 studies included, only 3 were conducted in secondary schools. The systematic review of ABs interventions by Daly-Smith et al. (14) included 8 studies, but only one involved secondary school students. Finally, Parrish et al. (22) also summarised ABs interventions and of the 42 studies included, 42 were conducted in primary schools and only one involved secondary schools.

In terms of intervention approach, Alalawi et al. (32) assert that the most promising interventions focused on PA integrated within the curriculum, and that some approaches, such as multicomponent interventions, appear more promising than others in fostering increased PA. Thus, based on the CAS framework (26) and working downwards to the practices and values of the whole school, an approach is created that encourages the involvement of relevant stakeholders (i.e., school leaders, teachers, pupils) and the creation of genuine physical and social environments that support PA. A paradigm shift is needed in secondary education, in line with the current Spanish education law (9), which emphasizes active methodologies, inclusion, and digitalization. This study supports these objectives by promoting physical activity through active methodologies. However, teacher training remains a critical area for improvement. Teachers and school leaders are key to the adaptive subsystem of the CAS framework, making initial and ongoing training essential to enhance their capability, motivation, and opportunities (27). Strengthening teacher training and engagement, as highlighted by Bernal et al. (35), is crucial for the sustainability and effectiveness of multicomponent interventions.


3.1 Strengths and limitations

The present study had several strengths that should be mentioned: (i) the study is carried out on a sample of secondary school, an educational stage that has received less attention in the scientific literature than primary and preschool education; (ii) this study implements a multicomponent intervention in the experimental group, allowing us to observe the effect of combining PAL, AB and AR. Most scientific evidence implements PAL, AB and AR separately; (iii) the PAL component uses a collaborative approach between professionals, teachers and researchers, which ensures greater sustainability of the intervention. This co-development process facilitates the integration of PA into the academic classroom and promotes long-term adoption by teachers; (iv) the study design will provide new evidence that improves the control of the internal validity of the results; (v) this study includes a mixed perspective, analyzing quantitative data but also including a qualitative way of exploring teachers’ and students’ perceptions of the intervention.

On the other hand, certain limitations should also be acknowledged: (i) the generalisability of the study findings may be limited to the specific school context and characteristics of the participants involved in the study (i.e., teachers, facilities, student motivation, age of the students, etc.); (ii) the sustainability and stability of the interventions may be compromised once the support of the research team is no longer available. AR are increasingly used, but sustaining the AB and PAL interventions in real school settings without the continuation of implementation strategies can be challenging; (iii) self-reporting of data depends on the accuracy and honesty of the participants’ responses, which may introduce biases in the results; (iv) teacher training that does not provide sufficient capability to become effective practitioners of the intervention throughout the school; (v) support from organisations and national policies for PA in schools and avoiding inadvertently promoting conflicting behaviours (e.g., sitting for long periods during lessons). While increasing levels of PA are currently recommended, it is necessary to adapt the pedagogical approach of schools and ensure that the training needs of key stakeholders are met.




4 Conclusion

The MOVESCHOOL study investigates the effectiveness of integrating PA into the school day through a multicomponent intervention including PAL, AB and AR. It will assess its impact on PA levels, sedentary time, HRPF, executive functions, academic indicators, psychological health and motivational variables. The MOVESCHOOL study is a valuable and innovative contribution to PA research in secondary education, particularly in Spain. It has the potential to inform educational policies and enhance student well-being. However, future research should consider long-term effects, broader implementation challenges, and additional psychological and social factors influencing PA engagement.
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Glossary

PA - Physical Activity

WHO - World Health Organization

SBRN - Sedentary Behaviour Research Network

PE - Physical Education

MVPA - Moderate to Vigorous Physical Activity

PAL - Physically Active Lessons

AB - Active Break

AR - Active Recess

CAS - Creating Active Schools

BCW - Behaviour Change Wheel

UCA - University of Cadiz

UEX - University of Extremadura

COM-B - Behaviour change model (Capability, Opportunity, and Motivation)

YLSBQ - Youth Leisure-time Sedentary Behaviour Questionnaire

HRPF - Health-related Physical Fitness

PF - physical fitness

EQ-5D-Y-3L - EuroQol Five Dimensions Three Levels

VAS - Visual Analog Scale

NNSS - Novelty Need satisfaction Scale

SSI - Sport Satisfaction Instrument

PACE-33 - Perception of School Climate scale

FAS III - version III of the Family Affluence Scale
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Background: Effectively addressing physical inactivity and the delayed development of fundamental movement skills in preschool children aged 3–6 years.
Methods: We assembled an interdisciplinary team of experts to systematically validate the LEG program indicators using the Delphi method. This Delphi study thoroughly and meticulously explored the insights of experts in the field to identify the necessary indicators of the LEG program’s role in promoting the sustainable development of physical activity and fundamental movement skills in preschoolers aged 3–6. Using a 5-point Likert scale and Wilcoxon statistical techniques, this study examines the dynamic consensus among experts and elucidates potential differences in their views.
Results: After three rounds of Delphi surveys, O1, O2, and O3 reached consensus in all three rounds. T5, I5, I14, C11, and C12 disagreed due to disciplinary differences, while C18 and C22 disagreed due to cultural differences. Finally, the LEG program indicators achieved consensus on three objectives, seven tasks, 17 indicators, and 25 content areas. The results of this study strongly convey the experts’ positive perceptions of the LEG program indicators in promoting sustainable development of physical activity and fundamental movement skills in preschoolers aged 3–6 years.
Conclusion: This indicates that the LEG-structured curriculum indicators we developed are scientific and reliable, aligning with the physical and mental development of preschoolers aged 3–6 years. This understanding fosters the in-depth integration of early childhood physical education and preschool education, providing a foundation for enhancing the sustainable development of physical activity and fundamental movement skills among preschoolers aged 3–6 years.
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1 Introduction

Preschool institutions play a crucial role in promoting physical activity among children under 5 years of age. However, these children spend most of their time sedentary (50 to 94%), with only a small portion of their time engaged in low physical activity (5 to 27%) or moderate physical activity (1 to 17%) (1). This level of activity is far below the World Health Organization’s recommendation that children aged 1–4 years require at least 180 min of physical activity of varying intensities per day, while children aged 3–4 years require at least 60 min of moderate to vigorous intensity physical activity (2). Children’s health has become a significant concern in global public health, indicating that there is no time to lose in improving their physical activity levels. POITRAS VJ et al. concluded that physical activity in early childhood is closely related to body composition, cardiorespiratory endurance, bone development, fundamental movement skills, and psychological well-being (3). Moreover, physical inactivity in children may increase the risk of heart disease, hypertension, and obesity-related illnesses in adulthood (4), which suggests that physical activity has a direct impact on children’s health. Clark et al. believe that preschool children between the ages of 3 and 6 years are in a critical period for developing fundamental movement skills (5, 6) and that mastering these skills during this stage will enable them to adapt flexibly to different sports and environments throughout their lives, enhancing their willingness to participate in physical activity independently.

JONES D et al. demonstrated the correlation between fundamental movement skills and physical activity (7). Robinson et al. argue that children’s fundamental movement skills do not develop naturally but need to be taught, practiced, and reinforced through rational movement patterns (8–10), which shows that children’s mastery of fundamental movement skills must progress through at least the stages of learning movement, practicing movement, and engaging in game activities, requiring a certain level of physical activity as a prerequisite. Wick et al. concluded that participation in systematic, organized, and targeted physical activities is more effective for improving children’s fundamental movement skills than free play (11, 12), highlighting the role of a structured curriculum in enhancing fundamental movement skills and physical activity among preschoolers aged 3–6 years.

Although structured programs such as SKIP, CHAMP, SPARK, and ESPEC have been promoted globally, they do not appear to have successfully addressed the issue of inadequate physical activity levels and the delayed development of fundamental movement skills in preschoolers aged 3–6 years. We believe that a structured curriculum should be developed to foster the simultaneous growth of physical activity and fundamental movement skills in preschool children of the same age. Drawing from physical literacy theory, motor development theory, cognitive development theory, and game staging theory, we aimed to design a LEG program (L = Learning Movement; E = Exercising Movement; G = Game Activity). This structured curriculum is specifically tailored for preschool children aged 3–6 years and is based on optimizing the curriculum model of teaching, exercising, and competing in youth sports to achieve the goal of “enjoying fun, strengthening physical fitness, improving personality, and enhancing the quality of mind.” It consists of five segments: preparatory activities, learning movement(L), exercise movement(E), game activities(G), and relaxation activities, all of which promote increased levels of physical activity and the development of fundamental movement skills in children. Studies have indicated that this model effectively supports quality development in children and youth sports (13) and has demonstrated success in physical form, motor skills, and endurance (14). We found that the optimized model (LEG curriculum prototype) had high participation rates among 3- to 4-year-olds in two public classes focused on physical activity for young children in villages. This leads us to believe that the LEG curriculum model is applicable to preschoolers and highlights the necessity to validate and disseminate the curriculum indicator system.

Therefore, we attempted to develop a curriculum indicator system for the LEG program from an interdisciplinary perspective that combines kinesiology and preschool education. We employed the Delphi method for systematic demonstration to enhance the sustainable development of physical activity and fundamental movement skill levels in preschoolers aged 3–6 years.



2 Materials and methods

In this study, the revisionist Delphi technique was utilized to organize the collection and presentation of relevant information about the area of specialization, with the goal of achieving consensus among experts in the field (15, 16). This qualitative method aims to enable a group of experts to reach an agreement on a specific topic (17, 18). First, the LEG curriculum indicator system was examined separately through group discussions to identify issues, resulting in a strong consensus. Second, an expert panel was formed, and the research process was detailed. Finally, experts were invited to explore the potential contributions of the LEG Curriculum Indicator System to the holistic and sustainable development of preschoolers aged 3–6 years and to seek consensus on the LEG Curriculum Indicator System. Figure 1 illustrates the research framework.
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FIGURE 1
 Research framework for LEG program indicator system.


The LEG program indicator system depicted in Figure 1 is the result of an optimization process based on the existing research framework of structured courses, including SKIP, CHAMP, SPARK, and ESPEC. The letter “O” stands for objective, “T” for task, “I” for indicator, and “C” for content. For example, “T2” associated with the curriculum objective “O1” denotes a specific goal, with I6 related to body mobility skills, I7 to object control skills, I8 to body stability skills, and C1 through C28 covering activities such as running, jumping, racket skills, and kicking a ball, among others, all aimed at achieving objectives at various levels. The current study employed the Delphi method, which involved three rounds of data collection and application. The first phase included preparation, during which new definitions and concepts were validated and reached a consensus. The subsequent phase involved implementation, featuring three visits from experts. The third phase covered data processing and analysis, wherein the collected data were examined through both quantitative and qualitative methods. Finally, the final phase consisted of reporting results and conclusions, which included discussing the findings and deriving conclusions from the study. Figure 2 shows the research process.
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FIGURE 2
 The Delphi research path.



2.1 Preparation phase

This research tool incorporates concepts and content from structured courses such as SPARK, CHAMP, SKIP, and ESPEC to ensure that the subject matter is understood within current scholarship and applied practice. The Delphi method typically requires between 15 and 50 experts (19), and the selection of experts is a crucial measure of the validity of a Delphi study (20), the results of which rely heavily on the subjective insights and perspectives of the panelists (21). The Delphi research approach addresses the healthy and sustainable development of preschoolers aged 3–6 years through an interdisciplinary application of kinesiology and preschool education. The establishment of the research expert panel was carefully designed, with selection criteria favoring scholars and educators with relevant disciplinary backgrounds in kinesiology, preschool education, and research on the future development trends of early childhood physical education programs. Following an in-depth assessment of the candidates’ academic backgrounds and practical experiences, the panel of experts was identified as those with insights into applied research on physical education curricula, fundamental motor skills, and physical activity for preschoolers aged 3–6 years, and the ability to make a substantial contribution to this study. The panel not only possessed in-depth insights into the healthy and sustainable development of 3- to 6-year-old preschoolers but also maintained a multidimensional perspective that ensured the scientific validity of this study through rigorous selection criteria. This rigorous selection process brought together researchers from various regions, organizations, and positions, and the expert profiles are shown in Table 1.



TABLE 1 Summary of experts’ characteristics.
[image: Table displaying demographic and professional characteristics of participants across three survey rounds, including gender, academic qualifications, field of research, years of experience, and working organization, with frequencies and percentages for each category.]



2.2 Delphi rounds

A Delphi methodology was employed to explore the LEG curriculum indicator system. To achieve this goal, we conducted a structured, iterative group consultation process consisting of three rounds of surveys to determine consensus among experts. In each survey round, we analyzed the experts’ views, listened to their suggestions and feedback, optimized the survey instrument by adding, revising, removing, and incorporating changes, and continuously improved the survey items to enhance scientific rigor and reliability as a research tool. Our approach involved carrying over all questions from each questionnaire round to the next, including previously reached consensus opinions. We defined “agreement” as when more than 75% of researchers rated an opinion with a score of 4 or 5, indicating agreement (16). In each round, the panel of experts had the opportunity to revise their responses, ensuring the stability of their answers and revealing consensus and disagreement regarding the sustainable development of preschoolers’ health, aged 3–6 years until consensus on the research topic was achieved. Due to the interdisciplinary nature of the LEG curriculum indicator system for the healthy and sustainable development of preschoolers, we primarily used closed-ended questions supplemented by open-ended questions. The former generated objective data for quantitative analysis, while the latter allowed for the expression of innovative ideas, enriching the dimensions of the research tool and laying the foundation for its revision.



2.3 Data processing and analysis

The data were analyzed using Excel 2024 and SPSS 29.0 software for descriptive statistics. A 5-point Likert scale was employed to evaluate the data by assigning scores from 1 to 5, ranging from “unimportant” to “very important.” The median and interquartile range (IQR) of each 5-point Likert question response were calculated. We followed the recommendations of Heiko (22) to reach a consensus. In this context, agreement with an item was considered to have been reached when the IQR of the participants’ responses to that item in the round was ≤1. The IQR is typically regarded as a suitable criterion for consensus in 4- or 5-point scales. Based on this criterion, we defined “agreement” with an item in a given round as occurring when the IQR of the participants’ responses was ≤1 and defined “disagreement” otherwise. A statistically significant difference between the rounds was tested. We used the Wilcoxon matched-pairs signed rank test to assess the stability of these responses, which is commonly utilized to evaluate response stability in two consecutive rounds in Delphi studies. According to these criteria, we considered that participants’ responses to an item in two consecutive rounds were stable when the results of the Wilcoxon matched-pairs signed rank test did not indicate a statistically significant difference and deemed them unstable otherwise (16). The survey was concluded when agreement was reached on all items, no new items were identified, and the non-agreed items demonstrated stability over two consecutive rounds.



2.4 Concluding and reporting

Our study is reported in the conclusion and discussion, and the results of this study include all statements and information regarding judgment, consensus, and stability.




3 Results

In the first round of the survey, a total of 23 invitations were sent out, of which 22 participants took part (95.65%). In the second round of the survey, a total of 22 invitations were sent out, of which 21 participants took part (95.45%). In the third round of the survey, a total of 21 invitations were sent out, of which 20 participants took part (95.24%).


3.1 Round one

The first round of the Delphi study collected responses from a panel of experts on the LEG curriculum indicator system, with the results presented in Table 2. The validity and reliability of the research instrument were assessed using Cronbach’s alpha (α = 0.970), which indicated high validity and reliability. In this round, a consensus was reached on 53 indicators. However, the panel objected (<75% agreement) to the following indicators: sense of competition (T5), quality of endurance (I5), daring to take risks (I14), muscular endurance (C12), slide (C18), and throw the ball (C22). The panel also identified redundancies, arguing that I13 (courage to challenge) overlapped with I14 (dare to take risks), I15 (respect for order) with I16 (respect for discipline), I19 (teamwork spirit) with I20 (willingness to cooperate), C15 (skip) with C27(Leap), and C22 (throw the ball) with C23 (throw a ball). Additionally, I18(sense of responsibility) was considered extraneous, and the T4 indicator was noted as missing. Based on these concerns, some modifications were suggested.



TABLE 2 Results of round one of the Delphi study.
[image: Data table listing objectives, tasks, indicators, and contents with associated agreement or disagreement ratings, scores, and resulting actions including reservation, removal, revision, or incorporation for each item in a structured evaluation or review context.]

Regarding the quality of endurance (I5) indicator, it was retained because the World Health Organization (WHO) recommends that children aged 1–4 years engage in at least 180 min of physical activity of varying intensities per day, with children aged 3–4 years requiring at least 60 min of moderate-to-vigorous-intensity physical activity (2). Achieving these activity levels requires a certain degree of cardiorespiratory endurance, justifying its inclusion.

As for the slide (C18) and throw the ball (C22) indicators, initial objections were due to a lack of awareness among preschool pedagogy experts regarding the significance of these fundamental movement skills in competitive sports programs. After discussions with the experts, where their importance was explained along with supporting research cases, these indicators were retained for the second round of the Delphi survey.

Based on experts’ suggestions, in the second round of the survey, we incorporated I13 and I14 into daring to challenge (I13), I15 and I16 for respect for order (I15), I19 and I20 into willingness to cooperate (I17), C15 and C27 into skip (C14), and C22 and C23 into throw the ball (C21). Additionally, we removed three irrelevant indicators (T5, C12, and I18) and added emotional mastery (I11), self-recognition (I12), friendly competition (I13), movement instructions (C26), and musical rhythm (C27).



3.2 Round two

This round of research included the experts and topics from the first round of the Delphi study. Cronbach’s alpha coefficient (α = 0.977) indicated the high reliability of the second-round research instruments. The results of this round are shown in Table 3. We added the following indicators: emotional mastery (I11,90.5%), self-recognition (I12,85.7%), friendly competition (I14,90.5%), movement instruction (C26,80.9%), musical rhythms (C27,100%). Additionally, I13 was revised to dare to challenge (85.7%), all of which achieved a strong consensus (≧75%).



TABLE 3 Results of round two of the Delphi study.
[image: Data table displaying items categorized into Objectives, Tasks, Indicators, and Contents, with columns for agreement, scores, and stability. Each row lists whether there is agreement, the percentage of high scores, and if stability was achieved.]

However, consistency tests for I2, I4, C4, C5, C8, C9, and C19 were found to be non-compliant (IQR≧1) in two consecutive rounds. Based on existing research, the indicators velocity of body movement(C5)and waist and abdominal strength(C9)were removed, while the following indicators were retained: I2(quality of velocity), I4(quality of strength), C4(displacement velocity), C8(upper body strength), and C19(hit the ball). The results of the second-round survey showed that the LEG course indicator system achieved good consistency and stability across two rounds of the Delphi study, resulting in a total of 47 indicators. However, five indicators still require further investigation and validation in the third round.



3.3 Round three

This round of research included experts and topics from the second round of Delphi research. The Cronbach’s alpha coefficient (α = 0.988) indicated the high reliability of the instrument in the third round. The results of the third round of the Delphi study are shown in Table 4. In the third round of the survey, the consistency test for I2, I4, C4, C8, and C19 (≧75%) demonstrated good stability, indicating that the expert panel reached a consensus. The LEG curriculum indicator system achieved good consistency and stability across all three rounds of the Delphi survey, resulting in three objectives, seven tasks, 17 indicators, and 25 content items, with no additional items proposed by the panel. Consequently, the survey was concluded.



TABLE 4 Results of round three of the Delphi study.
[image: Data table presenting items divided into objectives, tasks, indicators, and contents, with columns for agreement or disagreement, scores of four or five, scores of five, and stability, noting high agreement and stability across most entries.]




4 Discussion

This study developed a system of LEG curriculum indicators using an interdisciplinary approach to foster the healthy and sustainable development of preschoolers aged 3–6 years. This initiative seeks to address public health challenges associated with inadequate levels of physical activity and delays in fundamental movement skills. The LEG curriculum indicator system has demonstrated considerable consistency and stability following three rounds of surveys, which included three objectives, seven tasks, 17 indicators, and 25 content areas. In the initial round of the survey, the following indicators were not met (i.e., registered below 75%): T5 (competitive awareness), I5 (quality of endurance), I14 (dare to take risks), C12 (muscular endurance), C18 (slide), and C22 (throw the ball). Regarding competitive awareness(T5), kinesiology research has determined that sports participation involves a process of competition and rivalry (23). Moreover, it is evident that participation in sports-related activities not only reinforce motor skills and support social development (24) but also aid in the emotional and behavioral regulation of children (25), establishing it as an optimal educational approach. However, existing research on preschool settings indicates that the outcomes derived from competitions and contests in young children’s play may inadvertently cause psychological harm to vulnerable children.

The analysis concluded that the lack of competition and challenges in outdoor activities make it difficult for young children to achieve moderate, intermediate-high, and high activity levels. Additionally, the emphasis on sports safety and the use of free activities, along with a semi-structured curriculum for outdoor programs, may result in low levels of physical activity and hinder the development of basic motor skills, which aligns with the research of Rosita et al. (26–28).

Regarding the quality of endurance (I5) and muscular endurance (C12), the I5 standard was not met in the first and second rounds of the survey (<75%). This result arises from cognitive differences in the discipline and from research in kinesiology, which considers the quality of endurance a critical component of physical capacity. National studies on the physical fitness of young children emphasize promoting physical endurance to support children’s health (3, 14, 29, 30). Proper development of muscular endurance in young children can enhance the quality of physical activity. However, preschool pedagogical studies have concluded that young children’s physiological development is still incomplete; they are susceptible to fatigue, and developing endurance requires prolonged participation in physical activity, which may lead to safety accidents in sports (31). Therefore, this study acknowledged the physical development patterns of preschool children aged 3–6 years by excluding the muscular endurance indicator (C12) while retaining the endurance (I5) and cardiorespiratory endurance (C11) indicators in the results of the second research round, guaranteeing that children aged 1–4 years require at least 180 min of physical activity of varying intensity per day, while children aged 3–4 years need a minimum of 60 min of moderate to vigorous physical activity.

Regarding the dare to engage in risk-taking (I14), experts in preschool pedagogy assert that young children are incapable of independently achieving self-protection when confronted with hazardous situations. They argue that incorporating risk-taking content into the curriculum may misguide young children’s judgment regarding dangerous scenarios and potentially result in physical and psychological harm due to sports-related accidents; consequently, this indicator has been omitted. In relation to the activities of sliding (C18) and throwing a ball (C22), these activities demonstrate strong reliability and validity across various national assessments as indicators within the Test of Gross Motor Development (TGMD) scale for children aged 3–10 years [32–35]. A consensus for their retention was achieved during the second round of the survey following consultations with experts. The indicators pertaining to the speed of body movement (C5) and lumbar and abdominal strength (C9) have not been thoroughly examined in studies focused on large muscle movements among children aged 3–6 years. They present greater challenges in realization and assessment in relation to the development of large muscle movements in young children. Moreover, the C5 indicator is largely dependent on the degree of innervation of the nervous system relative to the muscles, which poses difficulties in quantification. As a result, indicators C5 and C9 were eliminated in the third round of the Delphi survey. Indicators I2, I4, C4, C8, and C19 have demonstrated relevance in international studies concerning the physical development of young children, thus leading to the decision to retain these five indicators for the third round of the survey (30, 32–36).

After three rounds of Delphi research, the LEG curriculum objectives and content indicator system consisted of three objectives, seven tasks, 17 indicators, and 25 curricular contents. They are essential for promoting the sustainable enhancement of FMS and PA in preschool children aged 3–6 years.



5 Conclusion

The findings of this study suggest that discussing and reaching a consensus from an applied research perspective in kinesiology and preschool education is a complex and meaningful endeavor. This Delphi research consensus may have led to the development of a new model for early childhood physical education curriculum that effectively addresses the lack of physical activity and the delayed development of fundamental movement skills in young children. It also lays a foundation for future empirical research on LEG curricula. The study clearly indicates that there are distinct disciplinary backgrounds and geographic and cultural differences within the interdisciplinary applied research of kinesiology and preschool education. When confronted with such differences, we chose to respect the laws of physical development of preschoolers aged 3–6 years and prioritized safety. We believe that these differences can be gradually narrowed or replaced as applied research progresses. Future studies on outdoor physical activity programs for young children are likely to favor a highly structured curriculum model. The learning movements, exercise movements, and game activities included in this more structured curriculum may be key to achieving sustainable improvements in fundamental movement skills and physical activity among preschool children aged 3–6 years.



6 Limitations

Although the LEG program indicator system aims to promote the healthy and sustainable development of preschool children aged 3–6 years, it has only reached a consensus on three objectives, seven tasks, 17 indicators, and 25 curricular contents. This merely serves as a justification of the LEG program’s objectives and contents, highlighting a notable lack of empirical research concerning the effects of physical abilities, health behaviors, and motor cognition. In the future, we will emphasize researching the impact of LEG programs on preschool children’s physical activity levels and basic motor skills, further substantiating the idea that LEG programs contribute to the ongoing development of preschool children’s physical activity and fundamental movement skills.
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Introduction: Pharmacovigilance plays a vital role in ensuring drug safety and protecting public health. Oropharyngeal adverse drug reactions (O-ADRs) are found to be under-reported, especially by oral health professionals, limiting the identification and management of these events.
Aims: This study aimed to evaluate the knowledge, attitudes, and practices (KAP) of healthcare professionals and students regarding O-ADRs and to assess their specific expertise by a self-e-learning test.
Materials and methods: A cross-sectional survey was conducted using a KAP questionnaire between April 2023 and April 2024, involving 943 participants, including physicians, dentists, dental hygienists, and students. Additionally, three sets of self-e-learning tests on O-ADRs were administered. The study employed descriptive statistics, Kruskal-Wallis tests, and logistic regression to analyze factors affecting KAP and reporting behaviors.
Results: Significant gaps in KAP were identified. Only 26.5% of participants demonstrated frequent best practices for reporting O-ADRs, with dentists and dental hygienists showing lower reporting rates (13.8% and 9.3%, respectively) compared to physicians (18.8%). The results of logistic regression analyses showed that practical knowledge was significantly associated with work experience (OR = 2.15, p = 0.026). Students exhibited the lowest levels of practical knowledge and reporting proficiency, with only 17.6% demonstrating competence. The self-e-learning test highlighted knowledge deficits: only 22.9% of participants correctly identified O-ADR associated with antiseptic mouth rinses, additional 30.2% recognized those linked to antimicrobial drugs.
Conclusions: This study highlights the need for targeted educational interventions to address gaps in O-ADR knowledge and practice. Tailored training, user-friendly digital tools, and a strong pharmacovigilance culture are crucial for improving reporting rates and ensuring patient safety.
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1 Introduction

Pharmacovigilance plays a crucial role in safeguarding public health and ensuring drug safety.

According to the World Health Organization (WHO), pharmacovigilance encompasses the science and activities involved in identifying, evaluating, understanding, and preventing adverse effects or any other issues related to drugs (1, 2).

The expansion of the global pharmaceutical market has prompted many countries to strengthen their pharmacovigilance systems to comply with international safety standards and regulatory requirements (3–5).

A significant example of this is the introduction of Good Regulatory Practices (GRP) by the WHO in 2021, aimed at harmonizing drug safety measures worldwide, highlighting the need for robust regulatory frameworks to ensure the safe use of medications (3–5).

One of the cornerstones of post-marketing surveillance is the spontaneous reporting systems for adverse drug reactions (ADRs), whose primary goal is to rapidly identify adverse reactions (6, 7).

The definition of an ADR, provided by the International Conference on Harmonization and adopted by the WHO and Food and Drugs Administration (FDA), is: “a noxious and unintended response to a drug, which occurs at doses normally used for prophylaxis, diagnosis, or therapy” (8).

Edwards et al. broaden their definition, including reactions that require treatment modification or drug discontinuation. In contrast, an adverse drug event, on the other hand, does not necessarily imply a causal relationship with the drug (9).

The pharmacovigilance systems are generally cost-effective, easy to use, and applicable to a wide range of drugs and the entire population. However, their effectiveness heavily depends on the reporting rate, which suffers from chronic under-reporting (6, 10).

Despite international efforts, significant gaps remain. For instance, in the United Kingdom, the “Yellow Card” system, operational since 1964, records that only 10–15% of serious adverse reactions are reported (11).

In 2022, the Food and Drugs Administration's Adverse Event Reporting System (FAERS) recorded over 1.25 million serious events and ~175,000 deaths related to medications (12). Approximately 38% of emergency department visits due to medication-related harm led to hospitalization, and ADRs are linked to 3 out of every 1,000 hospital deaths, with prevalence rates ranging from 5% to 20%. This also contributes to higher morbidity, mortality, and healthcare costs, highlighting the importance of identifying and preventing these events (12–15).

In Denmark, 6,109 oral adverse drug reactions (O-ADRs) were reported in 3,650 unique cases, with 70% of the cases involving women. O-ADRs accounted for ~5% of total ADRs, with an average rate of 5.8 per 100,000 people per year. The reports came from physicians (44%), dentists (19%), and citizens (10%) (16).

In Italy, the landscape is similarly challenging, with a national reporting system still under full development and significant regional disparities in reporting rates. In 1992, only 75 reports per million Italian inhabitants were sent to the WHO Collaborating Center, compared to 429 reports from Denmark and 407 from Germany (17, 18). Moreover, Italian reports were concentrated in a few regions: in 1994, 40% came from just three regions (Veneto, Friuli-Venezia Giulia, and Emilia Romagna), representing only 17% of the Italian population. This indicates that factors such as the attitudes and awareness of healthcare professionals significantly influence their active participation in pharmacovigilance systems (17).

Despite significant underreporting, particularly from oral health professionals (dentists and dental hygienists), a recent analysis conducted in the regions of Piedmont, Campania, and Sicily during the 2019–2021 period revealed a total of 3,324 reports of O-ADRs, of which 65.9% concerned conditions of the oral cavity (19).

O-ADRs under-reporting continues to be a critical issue and is often attributed to low awareness and a lack of adequate training among healthcare professionals (20).

Previous studies have shown that deficiencies in the knowledge and attitudes of healthcare professionals toward pharmacovigilance are among the main causes of O-ADR under-reporting (21). Healthcare professionals' awareness of the objectives of reporting systems is crucial for understanding the reasons behind under-reporting and for planning strategies to improve reporting rates (22).

This importance is heightened in a context where continuous changes in healthcare systems demand improvements in knowledge, attitudes, and practices (KAP) related to pharmacovigilance, particularly among healthcare professionals and students (23).

In this study, a cross-sectional survey was conducted to assess the level of KAP and specific expertise about O-ADRs among healthcare professionals and students in the fields of medicine, dentistry, and dental hygiene. This was achieved through a KAP questionnaire and a self-learning test.



2 Materials and methods

A cross-sectional survey was conducted with a KAP questionnaire and test self-e-learning, targeting students and health professionals, including physicians, dentists, and dental hygienists, from various regions in Italy. Data collection spanned from April 2023 to April 2024. The study protocol adhered to the ethical standards outlined in the 1964 Declaration of Helsinki and its subsequent amendments, receiving approval from the institutional review board at the University Hospital “Policlinico Paolo Giaccone” in Palermo (Ethics Committee approval no. 06/2023). Informed consent was obtained from all participants, and no financial or other incentives were provided for participation.


2.1 KAP questionnaire

The KAP questionnaire, administered via the Google Forms platform, was divided into four sections with the following coding structure. It was disseminated through mailing lists of medical and dental associations and presented at several national conferences to ensure wider participation. To prevent multiple responses from the same participant, the option to submit a response only once was enabled.

The structure and scoring criteria for each section are described below:

	• Personal information: 6 questions related to demographic and professional details;
	• Knowledge assessment: 9 questions evaluating understanding of O-ADRs (correct answer = 1, wrong answer or don't know = 0);
	• Attitudes toward reporting: 7 questions examining participants' perspectives on reporting O-ADRs (disagree = 0, undecided = 1, agree = 2);
	• Practical experience: 3 questions focusing on real-world experiences in reporting O-ADRs (yes = 1, no or don't know = 0).

The knowledge section is designed to evaluate participants' understanding of O-ADRs through nine statements that can be true or false. The total score is obtained by summing the scores of all items in each section, with higher scores reflecting greater levels of accurate knowledge about O-ADRs, more favorable attitudes toward the reporting of O-ADRs and greater practical experience with O-ADRs reporting. Cut-off levels for measuring KAP were identified as the third quartile of each score distribution: a cut-off level of 8 was chosen to indicate a respondent with a precise understanding of O-ADRs; a cut-off level of 14 was set to indicate a respondent with positive attitudes toward O-ADRs reporting; a cut-off level of 2 was identified to indicate more frequent best practice. Furthermore, a self-e-learning test was developed to assist participants in evaluating their clinical expertise on O-ADRs.



2.2 Self-e-learning test

The self-e-learning module on managing O-ADRs was designed to enable users to assess their knowledge and comprehension of O-ADRs through a series of multiple-choice questionnaires and clinical pictures. The platform consisted of three sets of tests designed to provide a customizable learning experience that is accessible to both students and dental professionals at any time and from any location. Each test was structured to be completed in ~20 min and included a total of 10 multiple-choice questions that covered various aspects of O-ADRs. To successfully pass the test, users had to achieve a minimum score of 60%, which equates to at least 6 correct answers out of 10. The question content was validated by oral medicine experts (G.C., G.L.M., and M.C.) and was systematically organized to present increasing levels of complexity, categorized into three progressive difficulty levels. This structured approach facilitates gradual skill development. After completing each test, users receive immediate and detailed feedback, including a review of correct answers and a comparison of their responses with those of other participants on the platform. This comparison feature was designed to encourage critical reflection and deeper exploration of the concepts. Furthermore, for each question, links to supplementary materials are provided, enabling users to delve deeper into the topics covered.

The tests were crafted to adapt to the user's abilities, progressively increasing the difficulty of questions based on skills demonstrated in previous levels. This adaptive system promotes constructive learning, fostering the acquisition of new knowledge while reinforcing existing understanding. The platform's flexibility allowed users to manage their learning journey, choosing the time and place that suits them best to complete the tests.




3 Statistical analysis

Responses were analyzed based on healthcare professional fields (physicians, dentists, dental hygienists, and students), any significant statistical differences were evaluated using the p-value associated to the Kruskal-Wallis' rank or Pearson's Chi-squared test, with a significance level equal to 0.05.

Descriptive statistics were used to analyze the participants' socio-demographic and characteristics and corresponding test results. In particular, self-learning scores were summarized through mean value, standard deviation (SD), median and interquartile range (IQR); multiple logistic regression model was performed to examine the relation between Practice and sociodemographic factors, residential area, Knowledge about O-ADR among students and health professionals. All results were reported in odds ratios (OR) and 95% confidence intervals (95% CI).

All statistical analysis were performed using R software (24).



4 Results


4.1 KAP questionnaire

The questionnaire was administered to 943 subjects, including 108 dental hygiene graduates, 69 physicians, 573 dentists, and 193 students from all degree courses. The survey provided detailed data on KAP, and awareness related to adverse drug reactions in the oral cavity. Results of each item are collected in Table 1, grouped by the healthcare professional field.


TABLE 1 Results of the KAP questionnaire on O-ADRs.

[image: Table displays knowledge, attitude, and practice items about oral adverse drug reaction (O-ADR) reporting among overall participants and subgroups: dentists, students, dental hygienists, and physicians, with response counts, percentages, and p-values for statistical comparison.]

The geographical distribution of participants indicated a higher concentration of physicians and dental hygienists in the northwest of Italy, whereas dentists and students were primarily located in the south. Work experience correlated with participant's age: students had no practical experience, while physicians had the most seniority, with over 30% reporting more than 20 years of professional experience.

The analysis of knowledge regarding O-ADRs revealed significant differences among the various education levels (p-value = 0.027). Dentists were the most informed about the current regulations on reporting adverse drug reactions: 37.7% with more accurate knowledge, compared to 33.3% and 31.9% of dental hygienists and physicians, respectively. However, there were common gaps in awareness, particularly regarding the fact that an ADR can be reported even without absolute certainty that the drug caused the reaction. Notably, dental hygienists reported lower confidence in identifying suspected O-ADRs, while students scored the lowest in recognizing specific conditions, mistakenly identifying oral leukoplakia as an oral adverse reaction.

Regarding the attitude toward reporting, dental hygienists demonstrated greater awareness, with 81.5% stating they were aware of the possibility of reporting any suspected O-ADR. However, both dentists and dental hygienists were the least likely to report, with reporting rates of 13.8% and 9.3%, respectively, compared to 18.8% among physicians (p-value = 0.005), which remains low overall. Despite a higher theoretical awareness among physicians, practical knowledge of how to report an O-ADR was generally inadequate across all groups.

Figure 1 shows multiple logistic regression results for practice toward reporting a suspected adverse drug reaction (O-ADR): all odds ratios (OR) >1 established more frequent best practices. Both oral healthcare professionals (dentists and dental hygienists) and students demonstrated less frequent best practices than physicians. However, the relationship appeared statistically significant only for dental hygienists and dentists (OR = 0.37, p-value = 0.01 for dental hygienists and OR = 0.55, p-value = 0.04 for dentists). As expected, the odds of having more frequent best practices were 3.21 higher among individuals who had more accurate knowledge than among individuals who had less accurate knowledge (p-value < 0.001). No significant association was shown for the socio-demographic characteristics, residence and gender. Individuals with specialization were 1.53 times more likely to report suspected O-ADR than individuals without it (p-value = 0.036). The odds of more frequent best practices for individuals with work experience were 2.15 times greater than for individuals without any work experience (p-value = 0.026).


[image: Forest plot showing odds ratios with ninety-five percent confidence intervals for factors related to knowledge about OADR. Significant factors include dental hygienists, dentists, more accurate knowledge, specialization, and work experience. Comparators and p-values are indicated.]
FIGURE 1
 Multiple logistic regression results: practice toward reporting O-ADR.




4.2 Self-e-learning test

With respect to the self-learning tests access was granted only after completing the KAP questionnaire via a dedicated link. Out of 943 participants, 328 completed Test 1, 139 took Test 2, and 97 participated in Test 3 (see Table 2). Detailed results are collected in the supplementary section.


TABLE 2 Self-e-learning tests' results.

[image: Data table comparing three tests. Test 1: N three hundred twenty-eight, Pass one hundred ninety-two or fifty-nine percent, Mean seventy-four standard deviation fourteen, Median seventy interquartile range sixty to ninety. Test 2: N one hundred thirty-nine, Pass seventy-nine or fifty-seven percent, Mean seventy-nine standard deviation sixteen, Median seventy interquartile range sixty to one hundred. Test 3: N ninety-seven, Pass fifty-six or fifty-eight percent, Mean seventy-seven standard deviation fifteen, Median eighty interquartile range sixty to ninety.]

Analyzing the score distribution reveals significant differences between the various tests. Percentages responses' of each item are displayed.

Test 1 shows a higher concentration of scores near the passing threshold, suggesting that many participants barely met the minimum required to pass. In Test 1 (Figure 2), certain questions raised issues due to a high percentage of incorrect answers. Question number 6 (“Which of the following oral manifestations may be associated with the use of antiseptic mouth rinses?”) was answered correctly by only 22.9%, with most choosing incorrect responses. Similarly, question number 9 (“Which of the following oral manifestations may be associated with the use of antimicrobial drugs?”) saw only 30.2% answering correctly, while 47.9% selected a common incorrect option.


[image: Ten bar graphs show multiple choice question results from a Test 1 assessment related to oral manifestations and medications. Each chart displays answer options on the x-axis and percentage chosen on the y-axis, highlighting most frequent student picks for each query.]
FIGURE 2
 Percentage of responses for each item of test 1 (correct response in light-blue).


In contrast, Test 2 presents a bimodal distribution, with peaks at both lower and higher scores, indicating a greater variability in participants performance. In Test 2 (Figure 3), critical questions included question 6 (“What are the possible oral manifestations of proton pump inhibitors?”), with just 2.9% answering correctly, and question number 10 (“Which drug classes can induce drug-induced pemphigus?”), where only 30.9% provided the correct response.


[image: Ten bar charts display responses to multiple-choice pharmacology questions, each chart showing answer distribution among options. Most charts indicate one clearly preferred answer, with some questions showing a significant consensus among respondents.]
FIGURE 3
 Percentage of responses for each item of test 2 (correct response in light-blue).


Finally, Test 3 displays an almost even distribution of scores ranging from 60 to 100, reflecting a wide range of results and more diverse levels of preparation among participants. There are no distinct peaks or significant concentrations at either low or high values. In other words, the scores are distributed evenly across the entire spectrum, ranging from the minimum passing mark to the maximum score. In Test 3 (Figure 4), the most challenging item was question number 2 (“Which drug classes may be involved in the pathogenesis of drug-induced pemphigus?”), with 34% answering correctly, while 46.4% selected the same incorrect alternative.


[image: Ten bar graphs present answers to multiple-choice questions on drug-related oral health effects, with horizontal axes labeling answer choices and vertical axes showing percentages. Bars indicate varying percentages for each answer per question, visually comparing response distributions.]
FIGURE 4
 Percentage of responses for each item of test 3 (correct response in light-blue).





5 Discussion

To the best of our knowledge, this research represents the first national survey conducted in Italy aimed at exploring the levels of KAP, as well as the specific expertise of healthcare professionals and students regarding O-ADRs.

Regarding knowledge of O-ADRs, data analysis revealed significant variations in the understanding of O-ADRs across different professional groups. Physicians and dentists demonstrated a better grasp of pharmacovigilance regulations compared to dental hygienists and students. Gizem Colakoglu et al. reported similar findings in their study of dentists in Turkey, where a substantial number could correctly define concepts like pharmacovigilance (64.7%) and ADR (74.9%) (25). Conversely, in the study by Khan et al., ~50% of healthcare professionals in Pakistan showed limited knowledge, underscoring the need for more structured training (21).

In our study, dental hygienists and students struggled to recognize O-ADRs and correctly apply reporting procedures. Ohaju-Obodo et al., in a survey of 971 medical residents in Nigeria, found that 78.1% had insufficient knowledge of pharmacovigilance, reflecting comparable issues (26).

To address these gaps, academic curricula must be revised to include pharmacovigilance modules early in training. These modules should incorporate clinical simulations and hands-on exercises to equip students with practical skills for managing and reporting ADRs. Integrating an interdisciplinary approach that blends theoretical and practical learning is crucial to adequately prepare future healthcare professionals (27, 28).

In terms of attitude and practice in O-ADR reporting, our study revealed a noticeable gap between knowledge and its practical application in reporting ADRs.

While physicians, dentists, and dental hygienists were generally aware of their responsibility to independently report adverse reactions, only 32.5% of dentists and 18.5% of dental hygienists knew the correct procedures for reporting an ADR, compared to 37.7% of physicians. Furthermore, only 13.8% of dentists and 9.3% of hygienists had ever reported an ADR to the Italian Medicines Agency (AIFA), compared to 18.8% of physicians.

These results align with Khan et al. (2023), where only 13% of healthcare professionals had reported an ADR despite being aware of the reporting procedures (21). In a study by Gizem Colakoglu et al., only 2.8% of dentists reported an ADR during their career, despite 52.5% having encountered oral ADRs, with more experienced specialists being more likely to identify them (25).

To overcome these challenges, healthcare institutions should implement targeted strategies, such as intuitive digital reporting platforms that simplify the process and reduce administrative burdens. Additionally, raising awareness about the significance of ADR reporting for drug safety is essential. Establishing a reporting culture that acknowledges, and rewards healthcare professionals' contributions could encourage more proactive behavior (29–31).

Self-assessment tests revealed significant shortcomings not only in participants' practical knowledge of recognizing O-ADRs and their causes but also in the management of these reactions. Although many showed a theoretical understanding of ADRs, this knowledge did not translate into sufficient competence in clinical practice. The percentage of correct answers concerning oral manifestations induced by common drugs, such as antiseptic mouthwashes and proton pump inhibitors, was low. This indicates that theoretical awareness of ADRs is not backed by the operational understanding needed for effective clinical application.

These findings emphasize the importance of ongoing, targeted practical oral medicine training to develop advanced competencies in managing O-ADRs. Moreover, awareness alone, without accompanying practical skills, rarely translates into effective clinical practice. Even among experienced professionals, difficulties were noted in recognizing less common conditions, such as drug-induced pemphigus, highlighting that theoretical knowledge does not always equate to practical mastery.

To address the issue of under-reporting and improve drug safety, it is essential to enhance education in healthcare degree programs and promote continuous professional development for healthcare providers, reinforcing their awareness of pharmacovigilance procedures (20, 32, 33).

Worthy of note, all healthcare professionals are obligated to actively participate in pharmacovigilance activities to ensure patient safety (34, 35). In our study, over 85% of participants recognized that reporting ADRs is a fundamental professional responsibility. However, a concerning finding emerged: only a minority of dentists could effectively recognize and report an oral ADR. This highlights a critical gap between awareness and practical application, suggesting the need for more effective and targeted educational strategies (36).

Pharmacovigilance activities should extend beyond theory to become a rigorous clinical practice, supported by continuous education and accessible, user-friendly reporting tools (29).

Bridging this gap is essential, as timely reporting of O-ADRs can prevent further complications and enhance drug safety. Furthermore, fostering a culture where pharmacovigilance is viewed not just as an obligation but as an integral part of professional practice can promote positive change. Dentists should be supported through awareness campaigns, practical workshops, and access to up-to-date resources to effectively recognize and manage O-ADRs in accordance with best practices. (37–39).



6 Factors influencing ADR reporting

Underreporting of ADRs is a global issue, and the reasons why dentists fail to report are complex and multifaceted. A key barrier is the lack of comprehensive knowledge about drugs and ADRs, making it challenging for professionals to identify and manage adverse reactions correctly. Additionally, the reluctance to discuss ADRs with colleagues is a limiting factor (40).

Many healthcare professionals fear judgment or raising unfounded concerns, leading to a preference for avoiding the topic. This reluctance undermines the creation of a collaborative environment necessary for effective pharmacovigilance. To overcome these barriers, improving training is crucial. Courses should be designed to provide a deep understanding not only of the theory behind ADRs but also of how to apply it in clinical practice. Furthermore, it is vital to create an environment where healthcare professionals are encouraged to share their experiences and discuss ADRs without fear. Training programs and national and international workshops should also emphasize the importance of pharmacovigilance as an integral part of patient safety, making clear that ADR reporting can positively impact public health (41, 42).



7 Limitations

This study presents some limitations that warrant consideration. Firstly, the cross-sectional design restricts the ability to assess temporal changes or trends, thereby limiting longitudinal insights into knowledge, attitudes, and practices. Secondly, the reliance on self-reported data introduces the potential for response bias, as participants may have overestimated their knowledge or reported attitudes and practices more favorably than reality. Additionally, the anonymous nature of the self-e-learning test prevented the ability to trace the demographic details of participants who completed it.

Moreover, the limitations of anonymous self-assessment through e-learning modules should be further explored, particularly concerning potential biases and limited reliability. Lastly, the sample, predominantly composed of professionals and students from southern Italy, may not fully represent other regions or international contexts, thus affecting the generalizability of the findings.



8 Conclusion

The study highlights significant differences between the various groups in knowledge, attitudes, and practices related to pharmacovigilance, particularly in reporting O-ADRs. Healthcare professionals demonstrated a general awareness of the importance of pharmacovigilance. Dentists showed less familiarity with reporting procedures and reported ADRs less frequently compared to physicians. Similarly, students and dental hygienists were found to require deeper knowledge and more comprehensive training in this area.

Finally, promoting a shared and inclusive pharmacovigilance culture among healthcare professionals is vital to improving patient safety and achieving greater consistency in reporting practices. Future research should focus on assessing the impact of specific educational programs designed to address these gaps and align competencies across various professional categories.
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This initiative strengthens Brazil's Unified Health System (SUS) by enhancing preparedness, public health surveillance, and response capacities to public health emergencies across 27 Federative Units (FUs). Employing andragogical active methodologies, 156 action plans were developed, addressing preparedness (34.7%), public health surveillance (31.8%), and response (33.5%). Training in small groups fostered situational analyses, collaborative planning, and practical application of theoretical knowledge, creating a scalable and replicable model for nationwide implementation.
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1 Introduction

The COVID-19 pandemic and other recent public health emergencies have exposed structural gaps in workforce preparedness, underscoring the urgent need for permanent health education programs that move beyond traditional, episodic training. Strengthening the capacity of the health sector is not only crucial for responding to immediate crises but also for building long-term resilience and adaptability.

This study introduces an innovative educational model that leverages active learning methodologies to enhance training in preparedness, surveillance, and emergency response. Designed to be both scalable and replicable, this model ensures applicability across different public health settings, promoting continuous workforce development. By aligning with global health priorities—such as the International Health Regulations (IHR) and the WHO's framework for health emergency preparedness—this initiative contributes to a more responsive, agile, and well-prepared health workforce. The approach aims to embed a culture of continuous learning and preparedness, enabling health professionals to anticipate, respond to, and mitigate public health threats effectively.

In the context of Brazil's Unified Health System (SUS), the federal level of management launched the “Workshops on Preparedness, Public Health Surveillance, and Response to Public Health Emergencies” initiative. These workshops provide training on emergency management, contingency plans, standard operating procedures, and roles, fostering active participation and collaboration across various sectors (1). Additionally, these workshops involve guided discussions, and the development of practical materials aligned with proposed objectives, enabling longitudinal monitoring of progress and challenges identified.

Findings in the literature confirm these results both among participants and at the institutional level. Evidence suggests such educational activities increase knowledge and confidence in emergency management while identifying both strengths and limitations in current protocols (1).

The workshops utilized active methodologies and evidence-based practices, ensuring scalability and replicability nationwide. Participants engaged in practical activities, developing action plans for scenarios such as infectious disease outbreaks, chemical accidents, and natural disasters.

The project involved a broad range of health professionals and organizations, including primary care workers, epidemiological surveillance teams, and disaster management entities. It also included Strategic Information Centers for Health Surveillance (CIEVS), the National Hospital Epidemiological Surveillance Network (Renaveh), the Public Health Surveillance Program for Disaster-Related Risks (Vigidesastres), and areas of environmental and laboratory surveillance, as well as disaster control. Entities such as Civil Defense, social participation instances like the National Health Council (CNS), and managerial representations like the National Council of Municipal Health Secretariats (CONASEMS) and the National Council of Health Secretariats (CONASS) also participated.

Organized by the Department of Public Health Emergencies of the Secretariat of Health Surveillance and Environment of Brazil's Ministry of Health and supported by the Pan American Health Organization (PAHO), the project also had the participation of the Special Secretariat for Indigenous Health (SESAI) in specific activities.

This study aims to:

	• Develop and present an educational model that applies active learning methodologies to enhance health professionals' preparedness, surveillance, and response to public health emergencies.
	• Assess the scalability and adaptability of this model across diverse institutional and regional contexts.
	• Detail the methodological framework of workshops that integrate theoretical knowledge with hands-on exercises to improve emergency preparedness.
	• Evaluate how this model can be embedded in permanent health education programs to address gaps in institutional capacity and workforce training.



2 Pedagogical frameworks

This study employs a descriptive and exploratory qualitative research design, focusing on the development and documentation of an educational model that applies active learning methodologies to train health professionals in emergency preparedness, public health surveillance, and response. The chosen approach allows for an in-depth understanding of the model's structure, scalability, and applicability across different institutional and regional contexts.

A qualitative approach was selected as the most suitable method, given that the study does not aim to measure effectiveness through statistical comparisons but rather to analyze and document the model's methodological framework and its potential for replication. Therefore, no systematic review or quantitative analysis was conducted.

Data collection consisted of structured documentation of workshop implementation processes, including facilitators' reports, structured observations, and analysis of action plans developed during training sessions. This information was used to illustrate the model's methodological structure and its adaptability to different institutional and regional contexts. Since the study is not designed to assess effectiveness, no comparative or statistical analyses were conducted. The qualitative data serves as a basis for understanding how the model can be structured and replicated in various settings.


2.1 Data collection

Data collection was based on structured documentation of workshop implementation processes, comprising:

	• Facilitators' reports, detailing session dynamics, challenges, and participant engagement.
	• Structured observations, capturing the interaction between participants, the application of active learning strategies, and the adaptability of the methodology.
	• Analysis of action plans developed during training sessions, providing insights into the model's practical application and perceived feasibility.

The collected qualitative data serves as a foundation for understanding how the educational model can be structured, adapted, and replicated in diverse settings, supporting its potential integration into permanent health education programs.



2.2 Facilitator training

The development of facilitators was rooted in an andragogical approach, focusing on learning aligned with local needs and experiences. The goal was to develop competencies for assertive decision-making, allowing facilitators to utilize available resources effectively to address identified needs (2, 3). This approach aimed to form autonomous, reflective professionals.

The facilitator training plan considered the specific themes for each facilitator per Federative Unit (FU). An action plan was created collaboratively by all participants and facilitators from each FU.

Pre- and post-workshop alignments were conducted through briefings and debriefings sessions between managers, organizers, and facilitators. The briefings outlined necessary actions, responsibilities, and timelines, helping facilitators prepare, anticipate challenges, and understand their contributions. These sessions also fostered group cohesion and encouraged collaborative strategy development (4).

After each workshop, debriefing sessions played a key role in learning. These sessions were not just reviews of actions, but opportunities to reflect, analyze performance, and identify strengths and areas for improvement. Sharing experiences and providing constructive input during these discussions strengthened team bonds and promoted a culture of continuous improvement, where mistakes were seen as learning opportunities (5, 6).



2.3 Methodology selection

Small group work is a core element in implementing active methodologies. This approach facilitates interaction, discussion, and experience exchange, providing a safe and engaging environment for participants, especially during practical activities (7–9). For each session, participants were grouped into subgroups of 8 to 15 members.

The four stages of the workshops were designed to address specific needs in managing public health emergencies, including preparedness, surveillance, and response. These stages follow structured procedural sequences, fostering understanding, identification, planning, and sharing of solutions to challenges (Figure 1).


[image: Flowchart showing four steps: integrated situational analysis, identification of strengths and weaknesses, collaborative development of action plans, and sharing of experiences and best practices, arranged sequentially along a timeline with arrows.]
FIGURE 1
 Flowchart illustrating the stages of the methodology applied in workshops on preparedness, public health surveillance, and response to public health emergencies. Source: The authors (2024).





3 Learning environment

The workshops aim to strengthen professional capacities through interactive group dynamics and practical applications, fostering collaboration among participants to create actionable solutions. For the methodology to be effectively implemented, it is essential to define the roles of each participant and outline the required procedures and structures. This ensures that all involved parties understand their responsibilities and contribute to the workshop's success, as detailed below.

Key roles in the workshop include a methodology advisor, who presents the methodology, facilitates discussions, and supports facilitators during application; Facilitators, who mediate group activities and guide product creation; and a management representative, who represents the institution and reinforces workshop objectives. Additional roles, such as the event focal point, territory focal point, primary reporter, and specific reporter, contribute to the logistical, organizational, and documentation aspects of the event. These roles are summarized in Table 1.


TABLE 1 Roles.

[image: Table displaying seven workshop roles with descriptions: methodology advisor, facilitators, event focal point, territory focal point, management representative, primary reporter, and specific reporter, each outlining their responsibilities in facilitating and documenting workshop activities.]

Procedures and structures necessary for the workshops include preparatory briefings to align roles, select scenarios, and clarify objectives; auditorium setup for plenary sessions with suitable seating and technological support; and a support room for material coordination. Additionally, basic and specific setups ensure all materials are ready before the event, while debriefing sessions provide daily and final evaluations, facilitating feedback and identifying lessons for improvement. These procedures are detailed in Table 2.


TABLE 2 Procedures and structures.

[image: Table listing procedures and structures with corresponding descriptions: briefing for preparatory meetings, auditorium setup for venue preparation, support room for logistics, basic and specific setups for materials readiness, and debriefing sessions for evaluations and improvement.]


3.1 Setup phase

Before the workshop, facilitators participate in a briefing where the general aspects of the event, the methodology to be applied, and the roles of each team member are discussed. During this meeting, hypothetical situations and guiding questions for the activities are also selected. It is recommended to keep a record of these elements for potential reuse in future workshops. This preparatory phase is crucial to ensure all team members understand the workshop dynamics and are equipped to conduct the activities effectively.



3.2 Kickoff and methodology briefing

The workshop begins with an opening session featuring local authorities who represent the highest positions of the entities involved. This formal opening highlights the importance of the event and its alignment with public health policies.

Following the opening, a representative from the proposing entity delivers a presentation to outline the workshop's objectives and the significance of the planned activities. Next, a state surveillance team representative presents the local context, emphasizing specific challenges in managing public health emergencies. It is recommended that a report be prepared to document these presentations.

Before the workshop's activities commence, the methodology advisor provides an overview of the methodology, detailing its stages and specific objectives. This briefing ensures that all participants understand the dynamics and are ready to engage. With these initial presentations completed, the workshop transitions into the integrated situational analysis process, marking the official start of activities.



3.3 Stage 1: integrated situational analysis

This stage is designed to enhance participants' understanding of the key work processes in managing public health emergencies—namely Preparedness, Surveillance, and Response—through the analysis of hypothetical situations, using guiding questions. Participants are divided into teams, each with a designated facilitator.

Each team must appoint a rapporteur and a spokesperson. The rapporteur is responsible for organizing the team's proposed ideas and recording the relevant information discussed, with a focus on developing the action plan. The spokesperson will prepare the presentation and concisely communicate the team's findings.

Following team introductions, it is recommended to read and analyze the hypothetical situation selected during the facilitator's briefing. Participants should be informed that the scenario serves as a starting point for broader reflection on the applicability of work processes in their respective professional contexts. Participants should also consider other possible situations, including real cases from the territory, thereby expanding the group's perspective.

To encourage the exchange of ideas, a brainstorming session will be conducted. All participants are invited to share their thoughts, emphasizing the realities of their local contexts. This activity encourages diverse insights while ensuring alignment with the team's collective experiences.

During the discussion, previously selected questions should be introduced both directly and indirectly, following the logical order of the work processes: preparedness, surveillance, and response. Participants should be encouraged to document their conclusions and reflections— either by taking notes on paper or using electronic devices—in addition to the rapporteur's role. The accumulation of these records will aid in crafting a well-organized action plan.

The facilitator must ensure the discussion stays focused on the objectives, steering clear of topic deviations. The facilitator should remain attentive to any clarification needs, providing necessary support, as participants are in the process of integrating new concepts (10).

Additional recommendations for the methodology include:

	• Create an inclusive environment where all members feel encouraged to actively participate, ensuring they feel safe to share their ideas.
	• Prioritize collaboration and alignment with local realities, which are crucial for successful discussions.
	• Remind participants of the objectives before the discussion to maintain focus and ensure the work aligns with the intended goals.
	• Provide equal opportunities for participation, ensuring all voices are heard.
	• Acknowledge and value individual contributions, recognizing diverse perspectives presented by the group.
	• Summarize key points periodically to consolidate progress and ensure participants are engaged with the ongoing discussion.

The facilitators must maintain neutrality, avoiding any personal influence on the direction of the discussions. Their role is to foster a collaborative and participatory environment, where all team members are encouraged to contribute constructively.

Additionally, it is vital that participants relate the discussions to the specific realities of their state or municipality. The facilitators should encourage contributions grounded in these local contexts, integrating them into the discussion to enrich the dialogue and ensure the proposed solutions are practical and applicable.



3.4 Stage 2: identification of strengths and critical points

The aim of this stage is to assist participants in identifying strengths and critical points within each work process to develop the action plan. Several procedures are recommended for this phase.

Firstly, identify the strengths and critical points within the areas discussed in the work processes of preparedness, public health surveillance, and response. To organize the group, the rapporteur should record the points identified. It is recommended to use sticky notes, markers, and a flipchart. If necessary, the spokesperson can be assigned to expedite the process by recording the strengths and critical points.

During this stage, classic group dynamic techniques, such as those used in design thinking, can be employed (11):

• Brainstorming: This technique is used to identify the main ideas of the team. The facilitator poses a trigger question, and participants succinctly and objectively verbalize their ideas. The facilitator should list the ideas on a board or flipchart.

	• Brainwriting: Similar to brainstorming, this technique captures participants' ideas in writing. The facilitator poses a trigger question, and participants write their ideas on sticky notes succinctly and objectively. The facilitator then organizes the notes on a board or flipchart, identifying the main ideas and those that answer the trigger question.

Additionally, the facilitator should ensure that participants understand the importance of identifying both strengths and critical points, as both are essential for developing an effective action plan.



3.5 Stage 3: collaborative construction of action plans

The objective of this stage is to engage participants in developing specific action plans for preparedness, public health surveillance, and response to public health emergencies, building upon the points discussed in the previous stages. The team's and the rapporteur's records are crucial for recalling key aspects necessary for the action plan.

The following procedures are recommended to guide this stage:

	• Presentation of the pre-established model: The facilitator should introduce the pre-established action plan model briefly, highlighting its structure and purpose. This step ensures participants understand how to organize their ideas effectively.
	• Development of the action plan: Participants should collaborate to define tasks, assign responsibilities, set deadlines, and prioritize actions. The facilitator plays a central role in maintaining focus and promoting equitable participation.
	• Recording key elements: The rapporteur should consolidate the contributions into a structured format, ensuring that all perspectives are adequately captured. This includes specifying tasks, responsibilities, deadlines, and prioritization criteria.
	• Presentation preparation: The group should outline a concise presentation of the action plan, emphasizing key strengths, critical points, and priority actions. The presentation should be aligned with the objectives of the work processes and structured using a simple, predefined template.

During this stage, it is essential to maintain a clear focus on the objectives and foster a collaborative environment. The facilitator's role is pivotal in ensuring inclusivity and guiding discussions toward actionable outcomes that reflect the group's collective input.



3.6 Stage 4: sharing experiences and best practices

The purpose of this stage is to facilitate the exchange of experiences and best practices among participants, encouraging discussion about common challenges faced in public health emergencies, as well as the specificities of each territory.

Group presentations should prioritize the use of a predefined model to ensure both conciseness and effectiveness. It is important to allocate a predefined amount of time for each presentation, allowing all groups to share their experiences in an organized manner and within the established schedule.

Facilitating a structured sharing of experiences and best practices fosters a collaborative learning environment, where participants can learn from each other's experiences and develop more effective strategies for managing public health emergencies.




4 Results

Workshops were conducted across all 271 Brazilian states (FUs), engaging professionals from 401 municipalities, including all state capitals, with a total of 2,241 participants. During these sessions, participants were divided into groups of 8 to 15 members, each facilitated by one facilitator. To date, 156 action plans have been developed, with contributions from 72 facilitators, some of whom participated in multiple workshops.

Participants were invited from state and regional health departments, municipal health departments, and health districts. Following the workshops, a consolidated report of the action plans for each FU was shared with the respective state health departments. Table 3 presents the total number of participants per workshop and their distribution across FUs, including state capitals and macro-regional areas of activity.


TABLE 3 Number of participants by state (FU), capital, and participants' professional areas.

[image: Table presenting the number of participants from Brazilian states and their capitals, subdivided by professional area: VESP, VL|VA|VE, and AS|Other. Values include absolute numbers and percentage participation for each capital. Totals show 2,241 participants, with 1,122 in VESP, 711 in VL|VA|VE, and 416 in AS|Other. A footnote defines each professional area abbreviation and data source.]

The average representation of professionals working in the capitals was 68%, while 32% were from municipalities, regional health departments, and health districts (complete list of municipalities can be found in Supplementary material). Among them, 50% worked directly in public health emergency surveillance, 31% in other health surveillance sectors, and 19% in health assistance and other areas.

Of the consolidated action plans, 34.7% focused on preparedness, 31.8% on surveillance, and 33.5% on response. A critical aspect was the identification of weaknesses: 55.8% of the highlighted points were critical, while only 44.1% were strengths. Regarding implementation timelines, 44% of activities were planned for completion within 6 months to 1 year, 38.8% within 2–3 years, and 22.1% within 3–5 years. Notably, at the time of the workshops, 56.3% of the planned actions had not yet been initiated, underscoring the need for sustained follow-up and institutional commitment.

At the end of each workshop, participants were encouraged to provide anonymous feedback via a QR code-accessible questionnaire. The survey assessed different aspects of the event, including relevance of topics, logical flow, methodology, and achievement of objectives. A total of 805 participants from 252 FUs responded, with 68.2% rating the workshop as excellent, 28.9% as very good, 2.6% as fair, and only 0.2% as poor—meaning over 95% of respondents evaluated the event positively.


4.1 Key findings and long-term impact

The findings of this study reinforce the importance of structured and continuous training in strengthening health workforce capacity for emergency preparedness and response. The workshops facilitated the identification of institutional gaps and critical areas for improvement, particularly in:

	• Intersectoral coordination, necessary for more integrated and effective responses.
	• Adaptation of training to local needs, ensuring greater relevance and applicability.
	• Sustained institutional support, which is essential for long-term impact and the implementation of action plans.

While the study does not directly assess the measurable impact of these workshops on health system performance, the structured documentation of the training process provides valuable insights into workforce engagement, capacity-building efforts, and areas requiring further investment.

The COVID-19 pandemic exposed significant weaknesses in global health systems, highlighting the urgency of scalable and adaptable training models to prepare for future crises. The educational framework presented in this study offers a structured, replicable, and context-sensitive approach to strengthening public health emergency preparedness.

By aligning with global frameworks such as the International Health Regulations (IHR) and the WHO Health Emergency Preparedness framework, this model contributes to a more resilient and responsive health sector, capable of adapting to evolving threats. Its scalability suggests potential for replication beyond Brazil, in other regions facing similar challenges, reinforcing the global imperative for continuous capacity-building in health emergency response.




5 Discussion and lessons learned

The findings of this study highlight significant gaps in existing health sector training programs, particularly the need for structured, scalable, and contextually adaptable educational models for emergency preparedness. Permanent health education workshops play a crucial role in addressing these gaps by incorporating active learning methodologies that foster problem-solving, teamwork, and decision-making in crisis scenarios.

While the study does not evaluate the effectiveness of the training in enhancing practical skills, it identifies key challenges in implementation, such as the need for stronger intersectoral coordination, institutional commitment, and resource allocation for long-term capacity-building efforts. Additionally, regional disparities in preparedness levels emphasize the importance of adapting workshop content to local realities to maximize impact.

From a long-term perspective, structured training models like the one presented in this study can contribute to greater institutional resilience by embedding emergency preparedness into continuous professional development programs. Ensuring sustainability and scalability requires integrating these workshops into national and regional health education policies, alongside mechanisms for continuous monitoring and refinement.

In high-income countries, public health emergency training often benefits from advanced technological resources and simulation-based learning. However, in resource-limited settings, scalable and adaptable training models are essential to overcome logistical and infrastructural constraints. This study bridges this gap by proposing a methodology applicable to diverse institutional and regional contexts, ensuring accessibility without compromising quality.

By documenting the structured implementation of this model across Brazil's Federative Units, the study provides insights that can inform the development of similar training initiatives in other regions facing challenges in health workforce preparedness. The findings suggest that active learning-based approaches can enhance capacity building in emergency response, making this model a valuable contribution to global health education strategies.

Active learning methodologies, commonly used in health professional training, are less frequently applied in professional development settings. By actively engaging participants and offering opportunities for the practical application of knowledge, these methodologies better equip professionals to address the complexities of emergency scenarios (12). Despite challenges in shifting academic environments, researchers and working groups have proposed strategies to address these barriers, such as competency-based education, interactive learning methods, curriculum restructuring, and authentic assessment tied to real-world outcomes (8, 13, 14).

In this study, the integration of situational analysis and small-group discussions fostered an immersive learning environment. Participants engaged in real-world problem-solving, applying theoretical knowledge to practical challenges, which deepened their understanding of key principles. Facilitator training further ensured the effective implementation of the methodology.

Active methodologies also offer additional benefits, such as fostering teamwork, enhancing communication, and strengthening collaboration skills (9, 15). The opportunity for professionals to interact and solve challenges collectively was identified as a key advantage, preparing them for coordinated emergency responses. Moreover, promoting workshops with diverse participants—representing various roles and competencies in public health emergency management—enhanced recognition of different responsibilities and improved coordination capacity through practical collaboration exercises (1).

Nevertheless, the successful implementation of active methodologies depends on adequate resources, institutional support, and professionals with both theoretical and practical expertise in these pedagogical approaches. Time, space, and institutional support are essential to ensuring these teaching methods' effectiveness.

An analysis of workshops on preparedness, public health surveillance, and response to public health emergencies revealed key strengths and challenges. A major strength was participants' adherence to the methodology and completion of activities within the designated timeframe, largely due to facilitators' expertise in moderating discussions. Additionally, the heterogeneity of group members—spanning different roles, sectors, and competencies—enriched debates, fostering a comprehensive analysis of the challenges presented.

Workshop recommendations emphasized fostering intersectoral collaboration, implementing robust risk assessment methodologies, strengthening health surveillance systems, and planning preparedness actions. Federal-level support was deemed essential to enhance sectoral integration, disseminate surveillance initiatives, and encourage greater participation in emergency management. Given the lower participation rates of professionals from municipalities and regional health departments, a key suggestion was to decentralize workshops, implementing the methodology at regional levels and encouraging state health departments to lead these efforts.

The discussions provided a holistic perspective on the challenges and opportunities emergency preparedness and response. Based on these reflections, several key recommendations emerge for improving future training initiatives and policy integration:

	1. Institutionalizing the training model: To enhance sustainability, this educational model should be incorporated into national and regional public health training programs, establishing a structured framework for continuous implementation.
	2. Adapting training to local needs: Given regional disparities in preparedness, future workshops should be tailored to local contexts to ensure relevance and applicability for diverse health professionals.
	3. Strengthening intersectoral coordination: Collaboration between health authorities, emergency response agencies, and local governments is essential for a more integrated approach to public health emergency preparedness.
	4. Developing monitoring and evaluation mechanisms: Future workshops should incorporate systematic assessments to track learning outcomes and measure institutional impacts over time.

These strategies can support the long-term integration of permanent health education workshops within the health sector, strengthening overall resilience and enhancing emergency response capacity.



6 Conclusion

This study presents a structured educational model based on active learning methodologies to train health professionals in preparedness, health surveillance, and response to public health emergencies. Designed to be scalable and adaptable, the model can be integrated into permanent health education programs, enhancing workforce preparedness and institutional resilience.

By documenting workshop implementation across Brazil's Federative Units, the study identifies key structural and operational challenges in public health training, such as intersectoral coordination, localized adaptation, and long-term institutional support. While it does not assess training effectiveness, it establishes a foundation for refining and expanding workforce development initiatives.

A key strength of this model is its emphasis on real-life scenario immersion and group discussions, which deepened participants' understanding of critical concepts and strengthened essential competencies such as teamwork, communication, and collaboration. The engagement of diverse professionals enriched debates and broadened perspectives on the challenges of public health emergency management. The recommendations emerging from these discussions addressed critical issues, including institutional integration, risk assessment methodologies, and the need for a more structured and coordinated surveillance system.

Despite its demonstrated feasibility in different settings, the model's long-term impact on workforce preparedness and institutional resilience remains an open question. The heterogeneity in workshop implementation across locations may have influenced participant engagement and learning outcomes, and the lack of a comparative analysis prevents direct assessment against other training methods. Additionally, observational bias may have played a role, as workshop outcomes were documented based on participant reflections and facilitator reports.

Future research should evaluate the effectiveness of this approach through longitudinal studies, measuring improvements in knowledge retention, decision-making, and emergency response capabilities. Systematic integration into national health education policies, alongside assessments of financial and logistical feasibility, could inform large-scale implementation. Further investigations into contextual factors—such as institutional support, resource availability, and intersectoral coordination—may refine its application.

Given the increasing complexity of public health emergencies, exploring the integration of digital learning tools and hybrid training approaches could enhance this model's reach and sustainability. Technology-enhanced strategies, such as simulations and virtual training modules, could provide continuous capacity-building opportunities for health professionals.

By addressing these gaps, future research can contribute to the development of a globally relevant framework for strengthening health sector capacity in emergency preparedness, ensuring that training efforts remain responsive to evolving public health challenges.
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Footnotes

	1 It is important to note that in the state of Pará (PA), the methodology used was not identical, and therefore, the data from this state were not included in the analysis.
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Introduction: In China, the course of health economics in college is becoming increasingly important. It is very important to evaluate the learning attitude and feedback of college students in time to improve the teaching quality. However, there are few relevant studies. This study aims to understand the current situations of learning attitude and learning satisfaction about the course of health economics and its influencing factors based on the perspective of students, and put forward countermeasures and suggestions to improve the possible problems, to provide evidence-based reference for constantly improving the quality of teaching of health economics.
Methods: In this cross-sectional study, 354 students from a medical college in Guangxi were selected by the purpose sampling method, and online questionnaires were used to investigate the learning attitudes and satisfaction of college students about health economics. Descriptive and inferential statistical analyses of the collected data were carried out using IBM SPSS statistical software, with the aim of discussing how to optimize the teaching of health economics under the concept of student-centered evaluation in Chinese colleges, based on the findings.
Results: It showed that students demonstrated higher learning enthusiasm and greater learning satisfaction. Chi-square test results showed a statistically significant difference in attitudes toward the “difficulty of learning” between students of different genders (x2 = 11.987, p = 0.002) and different birthplace (x2 = 8.750, p = 0.013). There was a statistically significant difference in attitudes toward “preview before class” among students from different majors (x2 = 14.929, p = 0.001). The Wilcoxon rank-sum test showed statistically significant differences in overall satisfaction scores based on genders, birthplaces, majors, and learning attitudes (p < 0.05).
Discussion: To improve the teaching effectiveness of the course, greater attention should be given to female students, those from rural areas, and public health majors. The course should adopt a student-centered teaching design that cultivates students’ability to independent learning, thinking, and expression.
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 teaching evaluation; health economics; questionnaire survey; medical education; learning attitudes


Introduction

Health economics is a branch of economics. It studies the economic phenomena and laws in the field of health services by using the theories and methods of economics. It uses economic theory to maximize the use of scarce resources, thereby improving the quality of health care and promoting evidence-based medical practice. The role of economic analysis in modern health care is becoming increasingly critical (Jain, 2022). Therefore, health economics should be included in the curriculum of medical colleges (Turner et al., 2022; Oppong et al., 2013). In China, health economics is a core course for undergraduates majoring in health service management and public health in medical colleges. It is highly theoretical, practical, and comprehensive, and primarily aims to cultivate students’ ability to analyze economic laws and problems in the field of health services by using economic theories and methods (Liang et al., 2014; Yan et al., 2022; Zhang et al., 2020). Therefore, ensuring the teaching quality of health economics is essential for achieving the above teaching objectives. Over the past 20 years, the concepts of student-centered and learning-centered evaluation have continuously led to the transformation of higher education teaching quality assessment toward a learning paradigm. These approaches have gradually become an important research focus in the evaluation of college student learning in China. To promote the connotative development of higher education, quality is the core, and evaluation is the key (Wu et al., 2022).

Currently, the predominant research methods for assessing course teaching quality encompass qualitative interviews (Smith et al., 2018), questionnaire-based surveys (Li et al., 2018; Jung et al., 2018), and mixed-method approaches (Yeh, 2022; Jacobsen et al., 2022). The research perspectives typically include students or teachers (Debroy et al., 2019; Gan et al., 2021), with evaluation based on students’ perspectives being more common. Some studies (Debroy et al., 2019; Gencoglu et al., 2021) have suggested that student evaluation of teaching is considered to be one of the most important as well as cost-effective resources for sustaining professional development in medical teaching and can be used as a tool for quality assurance in medical education. The evaluation of student learning satisfaction is a popular topic of research (Tadesse et al., 2022; Hu et al., 2022; Decavèle et al., 2022; Temesgen et al., 2021). Previous studies have identified several dimensions for evaluating student learning satisfaction, including course content, teaching methods, the teacher’s image or voice (Yuan et al., 2021), interaction during the course (Yeh, 2022), and teaching methods. Factors influencing the learning satisfaction of students included demographic characteristics (Barakzai and Fraser, 2005), learning style, learning cognition, and learning environment (Venkatesh et al., 2020). However, the learning satisfaction of students about health economics and its influencing factors has not been reported (Spura et al., 2019).

Health economics is a branch of economics that may be out of the expected medical curriculum perceived by many medical students, and it is a challenging subject for medical students. Therefore, it is essential to evaluate students’ learning behaviors and feedback. This study aims to understand the current situations of learning attitude and learning satisfaction about the course of health economics and its influencing factors based on the perspective of students, and put forward countermeasures and suggestions to improve the possible problems, to provide evidence-based reference for constantly improving the quality of teaching of health economics.



Materials and methods


Study area

This study was conducted in a medical college from 15 December 2022 to 30 December 2022. The college is located in the city of Nanning, the capital of Guangxi Zhuang Autonomous Region, China. The college has formed a complete education and training system for bachelor’s, master’s, doctoral, and post-doctoral. It currently has seven college disciplines, including medicine, management, and education. Now, the course in health economics is offered for undergraduates majoring in health service management and public health, which is taught in the fall semester of the third year of college. In 2022, there were 372 students participating in the course in health economics.



Study design

This study adopted a cross-sectional research method. An online questionnaire survey was conducted among students majoring in health service management and public health after all the courses in health economics had just ended for the semester. The purpose sampling method was adopted to select all the students participating in the course of health economics to conduct the survey. All participants signed an informed consent form.



Data collection

The data were collected through an online questionnaire, and a self-designed questionnaire according to the relevant literature and discussion by members of the research group was used. The questionnaire was initially pre-tested and validated among 20 students for feedback to ensure a consistent interpretation of the questions. This group of students was later excluded from the study. The questionnaire was distributed through the online survey platform “Questionnaire Star” in Chinese, and the responses were self-administered by the respondents.

The questionnaire was divided into four parts. The first part included questions about participants’ socio-demographic characteristics, including gender, ethnicity, birthplace, major, and whether serving as a class leader or as a cadre of a mass organization. The second part focuses on the learning attitudes and opinions about the course of health economics, including four questions about learning attitudes (there is the necessity of learning, the difficulty of learning, the preview before class, and the willingness to apply knowledge of learning) and two questions about the learning opinions (there is students’ preferences for different teaching forms about the course of health economics, the harvest after learning the course of health economic). The third part focused on the students’ learning satisfaction about the course of health economics, including seven questions about the satisfaction with the teaching content, the teaching schedule, the PPT of the course, the lectures by teachers, the appearance of teachers, the interaction in class, and the guidance in and out of class, separately.



Measurement of satisfaction

The satisfaction of students was scored using the 5-Likert scale. Five options were set for each question related to satisfaction in the questionnaire: very satisfied, satisfied, average, dissatisfied, and very dissatisfied. The corresponding scores were 5 points, 4 points, 3 points, 2 points, and 1 point, respectively.

The study measured the individual satisfaction scores and the overall satisfaction scores. The individual satisfaction scores were the scores of the corresponding option in each related question. The overall satisfaction scores were the sum of the scores of the seven options corresponding to the seven relevant questions.



Data analysis

The software Microsoft Excel was used to input data from the questionnaire, and the software IBM SPSS Statistics for Windows, Version 25.0 (Corporation, Armonk, State of New York) was used to conduct statistical analysis. Categorical data were described using rates and proportions. For continuous data that did not follow a normal distribution, median and interquartile range (IQR) were used for statistical description. The chi-square test was utilized to analyze differences in proportions between groups, while the Mann–Whitney U-test (rank-sum test) was applied to compare median differences among groups. A p-value of < 0.05 was considered significant.



Ethical approval and confidentiality

The ethical approval was provided by the Research Ethics Board of Health (REBH), Guangxi Medical University, China. In addition, administrative clearance was obtained from the college administration. All the participants signed an informed consent form before participating in this study. The survey data are stored in password-encrypted folders of the principal investigator and co-investigators.




Results


Baseline data

A total of 372 questionnaires were distributed, and 354 valid questionnaires were returned. The valid questionnaire rate was 95.2% (354/372). Table 1 shows that among 354 students, 266 were female (75.1%), 220 were of Han nationality (62.1%), 241 came from rural areas (68.1%), 240 majored in health service management (67.8%), and 201 had not served as a class leader (56.8%).



TABLE 1 Socio-demographic characteristics of students (n = 354).
[image: Table displaying sample demographics: 88 men (24.9 percent), 266 women (75.1 percent); nationality includes 220 Han (62.1 percent), 106 Zhuang (29.9 percent), 28 Others (7.9 percent); birthplaces are 113 urban (31.9 percent), 241 rural (68.1 percent); majors are 240 in health service management (67.8 percent), 114 in public health (32.2 percent); 153 serve as a class leader (43.2 percent), 201 do not (56.8 percent).]

The reliability and validity analysis results of the questionnaire showed that the value of alpha was 0.967 and the value of KMO was 0.934. The results of Bartlett’s sphericity test had statistics ([image: Mathematical notation showing the variable x raised to the power of two, representing x squared.]= 3003.082, p = 0.000), which indicated that the questionnaire had good reliability and validity.



The learning attitudes about the course of health economics

The overall learning attitude of 354 students regarding the health economics course was as follows: About the question “How necessary to learn the course of health economics?,” 318 (89.9%), 29 (8.2%), and 7 (2.0%) students answered “necessary,” “indifferent,” and “unnecessary,” respectively. About the question “How difficult to learn the course of health economics?,” 171 (89.9%), 182 (8.2%), and 1 (2.0%) students answered “difficult,” “general,” and “easy,” respectively. About the question “how about the preview before class?,” 25 (7.1%), 263 (74.3%), and 66 (18.6%) students answered “often,” “occasionally,” and “never,” respectively. About the question “Whether willing to apply the knowledge of learning to practice?,” 337 (95.2%) and 17 (4.8%) students answered “willing” and “unwilling,” respectively.

Tables 2, 3 show the learning attitudes of students in different categories toward the course of health economics. About the question “How necessary to learn the course of health economics?,” there were no statistically significant differences in the answers of students in different categories (p > 0.05). About the question “How difficult to learn the course of health economics?,” there were statistically significant differences in the answers of students of different genders ([image: Mathematical expression displaying x squared, with the variable x raised to the power of two.] = 11.987, p = 0.002) and different birthplace ([image: Mathematical expression showing the variable x raised to the power of two, commonly read as x squared.] = 8.750, p = 0.013). About the question “how about the preview before class?,” there were statistically significant differences in the answers of students with a different major ([image: Mathematical expression showing x raised to the power of two, representing x squared.] = 14.929, p = 0.001). About the question “Whether willing to apply the knowledge of learning to practice?,” there were no statistically significant differences in the answers of students in different categories (p > 0.05).



TABLE 2 The learning attitudes (necessity of learning and difficulty of the learning) of students in different categories (n = 354).
[image: Data table summarizing responses on the necessity and difficulty of learning, divided by gender, nationality, birthplace, major, and class leader status. Columns show counts, percentages, chi-square, and p-values for each subgroup.]



TABLE 3 The learning attitudes (preview before class and willingness to apply knowledge) of students in different categories (n = 354).
[image: Data table comparing student characteristics—including gender, nationality, birthplace, major, and class leader status—with their frequency of previewing before class and willingness to apply knowledge, displaying values, percentages, chi-square, and p-values for each subgroup.]

Figure 1 shows students’ preferences for different teaching forms of the course of health economics. In the result of all selected options, the option “PPT presentation and lecture” had the highest percentage (84.7%); the option “group discussion report” had the lowest percentage (28.5%). Figure 2 shows the harvest after learning the course of health economics. In the result of all selected options, the option “expand the scope of knowledge” had the highest percentage (93.8%); the option “others” had the lowest percentage (28.5%).

[image: Bar chart comparing teaching methods by percentage: PPT presentation and lecture 84.7 percent, case analysis 77.4 percent, discussion between teachers and students 47.5 percent, literature sharing 44.4 percent, group discussion and presentation 28.5 percent.]

FIGURE 1
 Students’ preference for different teaching forms.


[image: Bar chart displaying percentages for educational outcomes: expand the scope of knowledge at ninety-three point eight percent, improve problem analysis at eighty-one point four percent, independent learning at sixty-eight point four percent, teamwork at fifty-nine point three percent, communication skills at fifty-six point eight percent, and others at eleven point six percent.]

FIGURE 2
 The harvest after learning the course of health ecomonics.




The learning satisfaction about the course of health economics

A normality test was conducted on the distribution of individual satisfaction scores and the overall satisfaction scores of students, and the results of Kolmogorov–Smirnoff showed that none of them were consistent with normality (p < 0.05). Therefore, for the satisfaction scores of students, the median (interquartile range) was used for statistical description, and the Wilcoxon rank-sum test was used for the comparison of differences between groups.

Table 4 shows that the median of individual satisfaction scores and the overall satisfaction scores of students were 4.00 and 28.00, respectively; the interquartile range of individual satisfaction scores and the overall satisfaction scores of students were (4.00, 5.00) and (28.00, 34.00), respectively. Table 5 shows that the overall satisfaction scores of students with different genders, birthplaces, majors, and learning attitudes were statistically significant (p < 0.05). Students who were male (median = 31.00), who came from urban (median = 29.00) and who majoring in health service management (median = 28.50), and who thought it was necessary to learn (median = 28.00) and thought it had average difficulty or easy to learn (median = 29.00), and who often preview before class (median = 33.00), and who had willingness to apply the knowledge of learning (median = 28.00) gained higher scores, respectively.



TABLE 4 The individual satisfaction scores and the overall satisfaction scores of students (N = 354).
[image: Table displaying evaluation categories with corresponding minimum, maximum, median, and interquartile range values. Most categories have a minimum of one, maximum of five, median of four, and interquartile range of four to five. Overall satisfaction has higher values, with a minimum of seven, maximum of thirty-five, median of twenty-eight, and interquartile range of twenty-eight to thirty-four. Categories include teaching contents, schedule, course PPT, lectures, teacher appearance, class interaction, and guidance.]



TABLE 5 The overall satisfaction scores of students in different categories (n = 354).
[image: Statistical table summarizing variables related to categories such as gender, nationality, birthplace, major, leadership, necessity, difficulty, preview behavior, and willingness, with columns for minimum, maximum, median, interquartile range, U or H statistic, and p-value; significant p-values are noted for gender, birthplace, major, necessity, difficulty, preview frequency, and willingness.]




Discussion

Health economics is the theoretical basis for analyzing the economic laws and phenomena of the health service market, indispensable knowledge for the staff engaged in health service and health service management, and an important course in the medical education system during the new era in China. The results of this study showed that most college students thought that learning health economics could expand their knowledge (93.8%) and improve their ability to analyze practical problems (81.4%), which indicated that the necessity and importance of health economics knowledge had been recognized. Therefore, in terms of learning attitude toward the course of health economics, more than 86.0% of the students thought it was necessary to learn, and more than 93.0% of the students were willing to apply what they have learned in practice. This indicated that most students had a higher cognition and demand for health economics knowledge and a higher learning enthusiasm. However, more than 98.0% of the students reported that it was difficult to learn the course of health economics, and about half of the students even thought it was very difficult. Because health economics was a comprehensive application of multi-disciplinary knowledge, including medicine, economics, statistics, and sociology. In the process of learning the course of health economics, it was necessary to use economic thinking to analyze the problems and phenomena in the health service market based on fully understanding the policy, composition, and development of the medical and health service system at home and abroad. However, students majoring in health service management and public health might face many challenges in the learning process, such as weak theoretical knowledge of economics, poor ability of mathematical statistics, and lack of social practice. Therefore, more students (84.7%) preferred to listen to the teachers and watch PPT in class and disliked participating in classroom interaction such as teacher-student discussion, group discussion, and presentation, which led to the situation that the course of health economics was both difficult to teach and difficult to learn (Liu et al., 2022).

The results of this study also showed that female students and students from rural areas reported that the course of health economics was more difficult to learn. This might be due to the fact that to learn the health economics course required more abstract, active thinking, and broader vision, which might be relatively weak in female students and students from rural areas. In addition, in terms of preview before class, more than 80% of the students had the habit of previewing, indicating that most of the students attached a high degree of importance to learning the course of health economics. However, students majoring in health service management (84.2%) had a higher percentage of preview before class than students majoring in public health (71.0%). It might be that students majoring in health service management need health economics knowledge more urgently to enrich their management theories and skills. It might also be those students majoring in public health had better basic knowledge of medicine and statistics, which led them to have higher confidence in learning and lack the motivation to preview before class.

The evaluation of students about the satisfaction of the course was an important reference for optimizing the teaching and improving the quality of teaching constantly. This study investigated the satisfaction of students with the health economics course from seven dimensions. The results showed that the average score of overall satisfaction of students was 28.00 (28.00, 34.00), and the average score of each satisfaction of students was 4.00 (4.00, 5.00), which indicates that students experienced a valued learning journey and the overall satisfaction and individual satisfaction of students were high (Smith et al., 2018). However, the overall satisfaction was varied among different categories of students. First, male students had stronger rational thinking (Becker et al., 2015) and might find it easier to understand a large number of mathematical models contained in the course of health economics, which led to the learning process being smoother for them. As a result, male students who thought the health economics course was difficult to learn had a lower proportion of 34.1%, and their satisfaction score with the course was higher. It was suggested that the thinking mode of male and female students should be taken into account together in the teaching design of the course of health economics to improve the teaching effect. Second, students from urban areas might have had better learning conditions and a better knowledge structure (Lu et al., 2022). As a result, students from urban areas who thought the course of health economics was difficult to learn had a lower proportion of 38.1%, and their satisfaction score with the course was higher. It was necessary to encourage and actively guide students to study extensively and constantly enrich their knowledge on the university stage. Third, students majoring in health service management actively carried out the preview before class, which was beneficial to improve the efficiency of listening to the course, and their satisfaction score about the course of health economics was higher. As a result, it was necessary to encourage students to form the habit of independent learning and thinking.



Conclusion

In summary, health economics is a course of highly theoretical, practical, and comprehensive. The knowledge of health economics would become more and more important with the development of the market economy and the advancement of the medical and health system reform in China. Therefore, improving the teaching quality and effect of the course of health economics is crucial. The findings of this study show that students had a positive learning attitude and high learning satisfaction toward the health economics course. However, greater attention is needed on how to reduce students’ learning obstacles and continuously improve the teaching effectiveness of the course. The key is to adhere to a student-centered teaching design and cultivate students’ ability in independent learning, thinking, and expression. In addition, more focus should be placed on timely monitoring and evaluating the quality and outcomes of the health economics course through multiple ways.


Recommendations

There were four countermeasures for further optimizing the teaching of the course of health economics. First of all, it was suggested that teachers should constantly enrich teaching designs and methods to visualize and concretize abstract theories and mathematical models so that students could understand and absorb knowledge more intuitively. Second, it was suggested that teachers should guide students to pay attention to the popular issues of the health economy in the field of health services, recommend reading resources after class (Oppong et al., 2013), encourage students to understand, and consolidate and expand knowledge. In addition, it was suggested to actively carry out classroom interaction between teachers and students (Chen, 2022) and train the economic thinking of students to learn and apply according to theory and practice. Finally, it was suggested that teachers should encourage students to study independently and think diligently to comprehensively improve the learning awareness, learning interest, learning autonomy and learning efficiency of students about the health economics of students.
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Objective: This study aimed to assess the satisfaction levels of medical interns undergoing training in Da Vinci robot-assisted surgery at the Women’s Hospital.
Design: Between Aug 2023 and Mar 2024, an intern surgical demonstration training was conducted with students in medicine in the Department of Gynecologic Oncology. While the doctor operated from the primary console, a student utilized the 3D perspective from the second console to closely follow the lead surgeon’s surgical maneuvers in real-time. After completing the training, the students filled out a questionnaire to assess their satisfaction with the proposed training.
Results: Through structured questionnaires and interviews, 18 interns’ perceptions and suggestions regarding the training program were evaluated. All students supported the Da Vinci surgical teaching model over traditional teaching methods. The findings revealed the interns’ overall satisfaction with an average five-point Likert scale score of 4.88. Students’ responses highly evaluated the usefulness of Da Vinci surgical training in improving surgical practice capabilities with an average five-point Likert scale score of 4.78. 94% of the students looked forward to using the da Vinci surgical system in future surgeries, and 83% of the participants would continue their further education and training in the field of robotic surgery. Using a 10-point scoring system to evaluate students’ mastery of surgical knowledge gained from this training, the average score obtained was 8.94. Notably, follow-up data revealed that 12 out of these 18 students eventually chose surgery as their specialization when selecting their master’s degree direction.
Conclusion: Training in robot-assisted surgery demonstration of gynecologic oncology operations is a useful approach for training students to master surgical anatomy and develop skills in the field of surgery.

Keywords
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Introduction

In recent years, the landscape of surgical education has undergone a profound transformation fueled by technological advancements (1, 2). Traditional methods of teaching surgery, reliant on hands-on experience and apprenticeship models, have evolved to incorporate cutting-edge technologies that offer novel avenues for skill development and knowledge acquisition (3–5). Among these innovations, the Da Vinci Surgical System stands out as a groundbreaking platform that revolutionizes the field of surgery (6–9).

Originally designed to facilitate minimally invasive procedures, the Da Vinci Surgical System has garnered widespread acceptance across various surgical specialties, including urology, gynecology, and general surgery (10–12). To date, the fourth generation, the da Vinci Xi Surgical system, was launched in 2014 with the aim of advancing minimally invasive surgery and is widely used in clinical practice (12). Its intuitive interface, ergonomic design, and sophisticated instrumentation enable surgeons to perform intricate procedures with unparalleled precision and controllability. The system’s integration of three-dimensional visualization and robotic assistance further enhances surgical capabilities, providing surgeons with greater dexterity and maneuverability in the operating room. Furthermore, qualitative analysis revealed that trainees advocate the incorporation of robotic training into formal surgical training programs (13). It has also been reported that acquiring surgical skills in surgical trainees and individuals with no prior surgical experience is achieved more rapidly using a robotic platform than a laparoscopic one (14).

The adoption of the Da Vinci Surgical System continues to grow, as does its potential impact on surgical education. Recognizing the transformative potential of this technology, educators are increasingly incorporating Da Vinci demonstrations into surgical training programs. It has been reported that virtual simulator exercises for robot-assisted surgery are valid for assessing innate manual dexterity and can supplement the selection process for surgical training programs (15). Bliznakova et al. reported that training in robotic surgery is beneficial for students aspiring to pursue a career in surgery (16). These demonstrations offer trainees an invaluable hands-on experience and exposure to advanced surgical techniques, preparing them to meet the evolving challenges of modern healthcare.

This study explored the impact of Da Vinci Surgical System demonstrations on surgical education, with a specific focus on skill acquisition, knowledge retention, and overall educational outcomes. We aimed to shed light on the effectiveness of this innovative approach in preparing future surgeons by investigating the satisfaction levels of medical interns undergoing training in Da Vinci robot-assisted surgery demonstrations. Through a comprehensive examination of internal perceptions and feedback, we endeavor to provide insights into the utility and potential areas of improvement for incorporating Da Vinci demonstrations into surgical education curricula.



Methods


Participants

The study involved 4th-year medical students from Zhejiang University who participated in an intern surgical demonstration training program in the Department of Gynecologic Oncology of Zhejiang University School of Medicine Women’s Hospital from August 2023 to March 2024. Initially, 21 students were randomly selected from the class of 4th-year medical students. However, due to scheduling constraints, 3 students were excluded as their assigned clinical groups did not have exposure to da Vinci surgeries during the observation period. As a result, 18 students participated in the training and completed a satisfaction questionnaire. Although the initial selection process was random, eligibility for inclusion was verified after enrollment, and the questionnaire was administered in a non-anonymous format to assess the impact of the training on students’ choice of specialty for their master’s degree.



Training program

The intervention surgical demonstration training program was conducted using the da Vinci Xi Surgical System (Intuitive Surgical Inc., Sunnyvale, CA, United States). All participating students had completed a basic surgical training program as part of their standard curriculum, which included exposure to traditional surgical techniques and principles. The training program was structured based on the students’ clinical rotation schedule. It consisted of three sessions conducted over a two-week period. These sessions included 4 h of theoretical background on robotic surgery, 2 h of console practice with the robotic system, and observation of 8–10 live da Vinci surgeries from the second console. The number of surgeries observed per day varied depending on the da Vinci surgery schedule, and the duration of each surgery ranged from 2 to 4 h, based on the complexity and scope of the procedure. The training sessions were led by experienced surgeons specializing in gynecologic oncology. During the training sessions, one student utilized the 3D perspective from the second console to observe and follow the lead surgeon’s maneuvers in real time while the surgeon operated from the primary console. The training focused on mastering the surgical anatomy, providing hands-on experience, and exposure to advanced surgical techniques using the Da Vinci system.



Questionnaire

After completing the training program, the participants were asked to fill out a structured questionnaire to assess their satisfaction with the training. The questionnaire was conducted after the completion of the clinical rotation and was not related to students’ final assessments or grading outcomes, ensuring impartial responses free from academic pressure. The questionnaire included items designed to evaluate various aspects of the training program, such as usefulness, satisfaction levels, and intention for further education and training in robotic surgery. The questionnaire used a five-point Likert scale to measure participant responses, and a 10-point scoring system to evaluate students’ self-evaluations.



Data analysis

Responses from the satisfaction questionnaires were collected and analyzed to assess interns’ perceptions and satisfaction levels regarding the training program. Descriptive statistics were used to summarize the data, including the mean scores and percentages of participants indicating satisfaction with different aspects of the training. Additionally, qualitative data from interviews conducted with participants were analyzed to gain deeper insights into their experiences and suggestions for improvement.



Ethical issues

All participants in the training program provided written informed consent for this study. Ethical approval was obtained from the Zhejiang University School of Medicine Women’s Hospital Ethics Committee (IRB-20240131-R). This study was conducted according to the Declaration of Helsinki.




Results

Eighteen medical interns participated in the Da Vinci robot-assisted surgery demonstration training in the Department of Gynecologic Oncology at the Zhejiang University School of Medicine Women’s Hospital. Following the completion of the training program, interns’ satisfaction levels were assessed using structured questionnaires and interviews. All students rated da Vinci surgical teaching as superior to the traditional teaching methods (Figure 1A). On a five-point Likert scale, the average satisfaction score for the training program was 4.88 (Figure 1B), indicating a high level of overall satisfaction among participants. The results indicated that most students believed that the teaching content met their learning needs and effectively integrated theory with practice during the teaching process (Figure 1C).

[image: Figure with three bar charts evaluating Da Vinci surgical teaching effectiveness. Panel A shows all students found it superior to traditional methods. Panel B shows most students rated satisfaction highest. Panel C compares responses about teaching content meeting needs and combining theory with practice; most strongly agree, few are neutral or disagree.]

FIGURE 1
 Interns’ satisfaction levels for Da Vinci surgical training program assessed by structured questionnaires.


The participants were asked to evaluate the usefulness of robotic surgical demonstration training in gynecologic oncology operations (Figure 2A). The average Likert scale score for this aspect was 4.78, suggesting that interns found the training highly beneficial for their skill development and knowledge acquisition. These advantages are specifically manifested in the Da Vinci surgical system, which provides clearer visuals than laparoscopic systems, facilitating the mastery of anatomical structures, and effectively improving gynecological surgical skills during training (Figure 2B). 94% of the students looked forward to using the da Vinci surgical system in their future surgeries. 83% of the students expressed their intention to continue further education and training in the field of robotic surgery. These findings indicate a strong interest among interns in pursuing advanced training opportunities related to robot-assisted surgical techniques.

[image: Bar chart figure with two panels. Panel A shows most students rated Da Vinci surgical training as highly useful for improving practice capabilities, with the majority giving a score of five. Panel B presents student agreement levels for three statements about the Da Vinci system. Most strongly agreed that it provides clearer visuals, helps master anatomical structures, and improves gynecological surgical skills. Only a few selected lower agreement levels, and none strongly disagreed. Color legend identifies statements represented by blue, orange, and yellow bars.]

FIGURE 2
 Interns’ evaluation for the usefulness of robotic surgical demonstration training.


Through structured questionnaires and interviews, the interns provided insights into their perceptions of the training program and offered suggestions for improvement. Some students believed that Da Vinci surgical teaching was an excellent instructional method, and suggested increasing promotion and innovation efforts. Furthermore, others recommended more frequent utilization of assistant positions because observing from these positions provided better observation and deeper understanding. Common themes included the need for additional hands-on practice sessions, and opportunities for further mentorship and guidance. In addition, the average score obtained from evaluating students’ mastery of surgical knowledge gained from this training, using a 10-point scoring system, was 8.94 (Figure 3). In follow-up assessments, it was found that 12 out of the 18 students ultimately chose surgery as their specialization when selecting their master’s degree direction (67%), while 6 students opted for internal medicine (33%; Figure 4). This outcome highlights the positive influence of the Da Vinci surgical training on students’ career choices and demonstrates the potential of surgical training programs in shaping future medical professionals’ interests and specialties. Taken together, the results suggest that training in robot-assisted surgery demonstrations of gynecologic oncology operations is a valuable approach for preparing medical interns to master surgical anatomy and develop skills in the field of surgery. The high satisfaction levels reported by the participants highlight the effectiveness of incorporating Da Vinci demonstrations into surgical education curricula.

[image: Bar chart titled "Self-evaluation" shows student numbers on the vertical axis and scores from one to ten on the horizontal axis. Most students scored between eight and ten, with eight students assigning themselves a score of ten.]

FIGURE 3
 Interns’ self-evaluation for mastery of surgical knowledge gained from this training.


[image: Bar chart comparing undergraduate students' choices of majors for pursuing master's degrees, showing twelve students selecting surgery and six students selecting internal medicine. Y-axis represents student number, and X-axis lists majors.]

FIGURE 4
 Undergraduate students’ choices of majors for pursuing Master’s degrees.




Discussion

The findings of this study underscore the value of incorporating Da Vinci robot-assisted surgery demonstrations into surgical education, particularly in the context of gynecologic oncology operations. The high satisfaction levels reported by medical interns participating in the training program reflected the effectiveness of this innovative approach in enhancing their learning experience and skill development.

One of the key strengths highlighted by the interns was the usefulness of the robotic surgical demonstration in facilitating their understanding of the surgical anatomy and maneuvers. In a series of well-conducted studies, researchers comprehensively compared 2D, 3D, and 4 K laparoscopic systems in training environments. These studies found that 3D laparoscopy significantly reduced errors in simulated settings for novice surgeons, while 4 K systems provided superior visual comfort with fewer side effects. These findings emphasize the critical role of simulation, checklists, and structured training programs in improving laparoscopic performance and ensuring patient safety (17–19). The immersive nature of the training, with interns closely following the lead surgeon’s actions in real-time from the second console, likely contributed to their ability to grasp complex surgical techniques. Consistent with other reports (20–23), this hands-on exposure to the Da Vinci system’s capabilities not only improved the interns’ knowledge retention, but also instilled confidence in their surgical abilities.

The structured questionnaires and interviews conducted as part of this study provided valuable insights into the interns’ perceptions and suggestions for improving the training program. The overwhelmingly positive responses, with average Likert scale scores exceeding 4 out of 5, indicated a high degree of satisfaction among participants. Furthermore, 94% of the students expressed anticipation of utilizing the Da Vinci surgical system in future surgeries. This favorable reception suggests strong support for the continued integration of Da Vinci demonstrations into surgical education curricula, indicating that such initiatives are well received by students and hold promise for future educational endeavors. Moreover, studies have shown that off-the-shelf instrument tracking systems can validate robotic surgery curricula (24), providing effective assurance for course implementation and feedback. Additionally, the finding that 83% of participants expressed a desire to pursue further education and training in robotic surgery underscores the potential long-term impact of this training program. By inspiring interns to explore career paths in robotic surgery, these demonstrations not only contribute to the development of a skilled workforce, but also drive innovation and advancement in the field of gynecologic oncology. In addition, the follow-up assessments revealed that a significant proportion of the interns chose surgery as their specialization when selecting their master’s degree direction. This distribution suggests that the Da Vinci surgical training program had a notable impact on shaping students’ career paths, particularly in promoting interest in surgical specialties. These findings underline the importance of surgical training programs in fostering students’ professional development and guiding their future career choices, highlighting the potential of such programs to attract and retain talent in the surgical field.

While the results of this study are encouraging, it is essential to acknowledge certain limitations and areas for improvement. For instance, a sample size of 18 participants may limit the generalizability of the findings, warranting further research with larger cohorts to validate the efficacy of Da Vinci demonstrations across diverse student populations. Additionally, future studies could benefit from assessing baseline interest in robotic surgery prior to the training and including a control group for a more robust evaluation of the impact on anatomical knowledge. Furthermore, future iterations of the training program could incorporate objective performance assessments alongside subjective satisfaction measures to provide a more comprehensive evaluation of interns’ skill acquisition and proficiency.

In conclusion, the adoption of Da Vinci robot-assisted surgery demonstrations represents a significant advancement in surgical education, offering trainees a unique opportunity to acquire hands-on experiences with cutting-edge technology. The positive feedback received from the medical interns participating in this study reaffirms the value of such initiatives in preparing future surgeons for the complexities of modern healthcare. Continued investment in innovative educational approaches, coupled with ongoing research and evaluation, will be essential to harness the full potential of robotic surgery in shaping the future of surgical practice and education.
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A decade has passed since the full implementation of the Standardized Residency Training (SRT) system in China (1). In 2014, China's health authorities officially released the “Guiding Opinions on Establishing the Standardized Residency Training System” and the first batch of SRT bases, initiating a nationwide rollout of the SRT program in the following year (2). Since then, SRT has taken on the role of providing medical graduates with the necessary knowledge and skills before fully entering the profession, playing a key role in promoting the standardization and homogenization of national public healthcare (3). It can be said that the SRT system shapes the future of China's healthcare.

However, this system has faced numerous doubts and challenges over the past decade. Heavy workloads, minimal learning gains, and low salaries have become common issues for residents in China (4). Additionally, the dual-track training system has significantly impacted the residency framework (5). Although both tracks involve a three-year training period, whether residents obtain the “four certificates” [Master of Medicine (MM) degree, graduation certificate, SRT certificate, and medical license] after SRT is the key distinction between the MM program, postgraduate residency training for Master of Science (MSc) in Medicine and Bachelor's degree graduates (6). MM students must complete their degree during the SRT period and can obtain all four certificates upon graduation. In contrast, those with a Bachelor's degree can only receive the SRT certificate and medical license. For MSc graduates, despite having completed 3 years of research training, an additional 3 years of SRT is required (7). Experiencing similar training but receiving different outcomes, this dual-track system increases the complexity of managing residents and complicates compensation and career development. Moreover, there is a significant disparity in compensation between the two tracks. Postgraduate residency training is considered employment and generally offers higher compensation and benefits compared to SRT for MM students, who are still classified as students. Although policy incentives have significantly shortened the time required for MM students to obtain the four certificates, this has also increased their pressure (8).

This issue is expected to be thoroughly alleviated. Recently, the National Health Commission (NHC) and the Ministry of Education jointly issued a document emphasizing the previously proposed policy of “Equal Treatment for Two Categories” (9), which has sparked vigorous discussions among medical professionals and students. The NHC stated that clinical physicians with a Bachelor's degree who have completed SRT will receive equal treatment in terms of recruitment, title promotion, job placement, and compensation compared to MM students. Additionally, former recent graduates will be treated the same as current-year graduates after completing their SRT.

This policy is expected to have a profound impact on the cultivation of medical talent in China. First, it will accelerate the integration of the dual-track SRT system, providing Bachelor's degree residents unprecedented advantages (10). They will benefit from higher compensation, face less pressure, and will not need to take National Entrance Examination for Postgraduates (NEEP). Additionally, according to the policy, they can be awarded an MM degree if they meet national requirements. As more medical students and hospitals reach a consensus on postgraduate SRT for Bachelor's degree holders, fewer students will opt for MM programs. Over time, this will likely reduce the number of such postgraduate students and indirectly ease the SRT pressure on MM students. Even if Bachelor's degree residents do not meet the requirements for an MM degree during SRT, they can still apply for jobs with an equivalent academic qualification, making the MM program an optional path. A similar reduction in enrollment is expected for the MSc program. Undergraduates who did not achieve the necessary scores for an MM program and instead enrolled in an MSc program may choose to enter SRT directly, as it offers a shorter pathway and the possibility of obtaining an MM degree. With the comprehensive implementation of the Sanming Medical Reform (doctor annual salary system) (11), the break from paper-centric academic promotions, and the liberalization of foreign medical institutions in China, the appeal of a purely research-focused MSc degree will significantly diminish. Second, in China's current economic context, having the status of a “recent graduate” is a significant advantage in the job market, particularly for hospital recruitment. The “Equal Treatment for Two Categories” policy provides Bachelor's degree holders in SRT with equal status to MM graduates.

It is foreseeable that this policy may effectively alleviate burnout in SRT for a certain period. Currently, a significant proportion of Chinese physician experience burnout related to SRT, with contributing factors including work pressure, compensation issues, as well as systemic and policy-related factors (12). Moreover, some Bachelor's degree graduates face failure during NEEP, leading to feelings of disappointment and confusion during their SRT, which may negatively impact their sense of self-efficacy and career planning (13). Fortunately, the new policy is expected to enhance the overall benefits for physicians with a Bachelor's degree, reducing their financial stress while improving professional competitiveness and job satisfaction (14). By “leveling” the educational discrimination in employment, this policy encourage undergraduates to directly participate in SRT, enabling them to enter clinical frontline work earlier. This approach addresses the shortage of medical talent and bridges the gap in China's disorganized clinical medicine programs (15), where SRT graduates are treated on par with those holding an MM degree. By increasing the number of residents and granting equal treatment, it helps alleviate occupational burnout among SRT participants. Furthermore, the “Equal Treatment for Two Categories” policy may accelerate salary reforms within the industry, driving comprehensive adjustments to title and salary structure with a stronger focus on practical skills and job requirements.

In addition, by establishing this policy, the government can accelerate the training and employment of medical students, reducing the over-reliance on academic research-focused training models and promoting medical education that is more aligned with actual healthcare needs (16). Rather than investing excessive resources into research-oriented training models, medical students should focus more on practice-oriented educational approaches (2) to more quickly become healthcare professionals that meet specific needs. For eligible medical students, an MM degree can still be awarded. This policy marks a shift in SRT—traditionally the equalizer for residents across different regions (17)—toward a greater emphasis on clinical training for physicians, prioritizing the development of clinical skills over purely academic education. This strategy, which downplays degree-based education while strengthening vocational training, sends a strong signal that healthcare is the priority. This shift is expected to enhance the country's ability to provide services in public health areas such as disease prevention and health management, ensure the sustainability of the healthcare system, and improve overall public health service levels.

Although this policy provides more opportunities for medical graduates with a Bachelor's degree, it may also bring some negative effects. First, an over-reliance on the SRT pathway by undergraduates may limit the breadth of their academic development. Medical students without research experience may lack competitiveness in the field of scientific research (18), affecting their future career development. Second, as more undergraduates choose SRT, this may lead to an over-concentration of medical education, reducing the diversity of different educational paths (such as MM and MSc degrees), which in turn could affect the comprehensiveness and innovation of the medical profession (19). Additionally, this policy may dilute the value of the MM degree, as Bachelor's degree holders who complete SRT are treated equally to those with an MM degree, leading to increased competition between the two pathways. The distinction between the two may gradually blur, affecting the differentiation between degree education and SRT (20).

It is important to note that China's rapid transition from a planned economy to a market-driven economy has led to imbalanced development between urban and rural areas, particularly in healthcare (21). Although the Chinese government has implemented a series of measures, including the New Rural Cooperative Medical Scheme (NRCMS), to mitigate this gap, concerns still persist (22). One of the key challenges in China's healthcare system is the imbalance and insufficiency of healthcare development across regions. However, the “Equal Treatment for Two Categories” policy may exacerbate this phenomenon, particularly in remote areas with scarce public health resources. According to the policy, Bachelor's degree graduates gain the same competitiveness as those with an MM degree after completing SRT. This may exacerbate talent loss in underdeveloped regions. Importantly, a core task of public health work is to improve grassroots medical care (23). Therefore, how to balance the allocation of medical resources and the mobility of personnel in underdeveloped areas is a key direction that the government needs to guide. Perhaps requiring beneficiaries of the new policy to provide targeted services in underdeveloped regions for a certain period could be an effective solution (24). Finally, China's uneven regional development may lead to inconsistent implementation of the new policy across different areas, particularly in underdeveloped regions where it may be difficult to access equal treatment or high-quality SRT opportunities.

With the gradual reform of China's healthcare system, the advancement of the “Equal Treatment for Two Categories” policy and its alignment with public health policies will have a profound impact on the nation's overall health strategy. We sincerely hope that this policy will be strongly implemented to better support medical students' SRT pathways and career development, and to optimize the SRT system in China. Subsequent evaluation measures should be promptly followed up to assess the outcomes of the policy.
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Background: The use of social media in the modern world is necessary to stay equipped with the fast-paced changes of the 21st century. The integration of social media platforms into the life of medical students and their effect on their academic performance has not been studied enough.
Objective: This study examines the duration of time spent on social media, the type of content medical students is exposed to, the online engagement in study groups, and the influence of the interaction between students and their professors via social media on students’ academic performance.
Methods: A cross-sectional study that used structured self-administered online questionnaire to assess the use of social media by a random sample of 429 medical students in Jordan. The data was analyzed using descriptive and multivariate analysis by SPSS 28.
Results: Over 61.3% of participants used social media for 3 h or more per day. Instagram (48.7%) followed by Facebook (19.3%) and YouTube (11.9%) were the most utilized platforms. Entertainment content was the most pursued on social media (83.0%) followed by educational purposes (72.5%), sports (29.1%), and politics-related activities (17.9%). Approximately 64.6% of the students indicated that using social media is distracting, decreases their ability to focus (65.3%) and delays their daily tasks (61.8%). GPA was significantly associated with more time spent on social media (OR: 0.476; 95%CI: 0.278–0.813; p = 0.022). The negative impact of social networking on academic performance was significantly associated with GPA (OR: 2.292; 95%CI: 1.244–4.224; p = 0.007).
Conclusion: This study provided evidence about the pattern and effect of using social media on the academic performance of medical students in Jordan. It delivered context-sensitive data for decision-making to enhance the positive use of social media by medical students. It also highlighted the importance of using appropriate online educational platforms to engage the medical students in relevant learning activities.

Keywords
 medical students; social media; Jordan; academic performance; online interaction and engagement


Background

Due to the phenomenal growth of social media and its users over the past 10 years, the online world has experienced significant transformation. Social media is defined by Kaplan and Haenlein, as internet-based applications allowing creating and exchanging user-generated content (1). From 2016 to 2022, the number of active social media users worldwide increased from 2.31 to 4.62 billion (2, 3). Social media platforms, while used across almost all age groups, are most popular among adolescents and young adults. Usage of social media within the 18 to 29 years age group increased globally from 12% in 2005 to 90% in 2015 (4). These numbers bloomed with the increased usage, accessibility, and reduced costs of smartphones (5).

Social media has become an integral part of everyone’s daily life (6). It is an essential source of information and communication among students (7). Moreover, it has had a significant influence on medical students’ learning context and performance in recent years (8). Proposed by Bandura in the 1970s, the Social Learning Theory (SLT) is an overlooked theoretical framework for the impact of social media on modern day learning (9). Social media can significantly impact the learning process by influencing the individualized cognitive concepts of attention, memory, and motivation (10). In terms of attention, which is key for the internalization of knowledge, social media is able to maintain a steady stream of engagement that is purely active. This cultivates a participatory model that facilitates the sharing of user-generated knowledge strand (11). In terms of memory, social media reinforces stimuli through a variety of different graphical and audio forms. This ultimately increases the quantity and quality of symbolization and memory creation. Finally, the very presence of an online, large-scale and diverse environment enhances interaction; self-efficacy and motivation (9–11).

Social media provides fast and effective communication through dynamic settings and collaborative environments (12, 13). On the other hand, the biggest drawback of social media is its tendency to be highly addictive for most medical students (12, 13). Social media can alter the sense of reality, which makes students forget to connect with the people around them and grow emotionally distant. This obsession of being glued to their gadget screens all day brings with it an array of health disorders and can lead to stress, depression, anxiety, and sleeplessness (12, 13).

The time medical students spend on social media platforms and its effect on their academic life is still a debate. Many students spend countless hours on social media platforms which may seem like a distraction and waste of time (14) and it may also affect their Grade Point Average (GPA) by spending less time studying compared to other students who do not use social networking sites (15). Nevertheless, it may provide vital assistance to help them develop their knowledge and solve their homework. When social media is used correctly, it could contribute to the medical students’ education and professionalism. Despite that, medical ethics issues may arise, such as clouding the line between professional, personal lives and patient relation (16).

In Jordan, the number of social media users has reached 6.45 million in 2025, with 55.7% penetration rate of the total population (17). Social media’s impact on university students in general and medical students, in particular, has not been studied broadly. A study by Al-Adwan et al., an assessed social media’s impact on students’ academic performance concluded that students generally recognize social media use as helpful and can improve their learning performance (18). Most higher education students nowadays are familiar with social media use since childhood, and most of them use it profusely throughout their days (18). The students use social media for learning because study materials are uploaded across different social media platforms, which they have free and convenient access to, all the time; this, in turn, increases the level of engagement between students, their fellows and their seniors (18). In another study by Saadeh et al. that explored the usage of social media for learning by medical and dental students in northern Jordan, results showed that 59.4% of the participants believed that social media is unreliable for medical facts and information (19). In addition, the results showed variation in social media use between males and females, whereby females used greater numbers of social media applications than males and spent more time on social media. Unsurprisingly, the results also indicated that students in more advanced years of their studies relied less on social media for obtaining medical information. Furthermore, this study showed general hesitancy in relying on social media for accessing medical information, probably due to doubts about the validity of data posted across different platforms (19).

An obvious discrepancy is seen across the few studies conducted in Jordan regarding the students’ opinions on whether social media enhances academic achievements and improves academic collaboration or leaves an overall negative impact on learning and academic performance (18–20). Additionally, previous studies did not investigate the relationship between the average time spent on social media and academic performance (GPA). There is a gap of knowledge about this topic in Jordan, thus, this study aims to determine how the time spent on social media networking affects students’ academic performance. We will also identify the type of content followed by medical students and the degree of use of social media groups for collaborative studying.



Methods


Study setting

In 1972, Jordan established the first medical school for undergraduate medical education at The University of Jordan. After that, five other public medical schools were established. Jordan’s medical schools’ graduates are equipped with high caliber skills that are recognized globally and they are considered an essential resource for the national healthcare system (12–14). The Unified Admission Coordination Unit has listed that Jordan has almost 22,000 medical students currently studying in the Jordanian universities representing a massive student population in Jordan and still expanding (21).



Study design

This cross-sectional study used a voluntary anonymous self-administered online structured questionnaire, hosted on Google Forms, and posted across different social media platforms to collect data from medical students at all six public universities in Jordan (23); The Hashemite University (HU), The University of Jordan (JU), The Jordan University of Science and Technology (JUST), The University of Mu’tah (MU), Yarmouk University (YU) and Al-Balqaʼ Applied University (BAU).



Measurement tool

A structured English questionnaire was developed by the research team based on the literature (24–28) (Supplementary material 1). The questionnaire included 24 questions that were designed based on the objectives of this study. These questions covered sociodemographic characteristics; the time spent on social media; preferences of the various social media platforms; the reason for using these platforms and the effect of social media on academic performance. The questionnaire was reviewed by two experts for nitpicking and editing (29). Following that the questionnaire was pilot tested and adjusted based on 10 interviews with 5 female and 5 male students who gave feedback about the questions clarity and wording. Cronbach Alpha for the Likert-scale questions was ≥ 0.85 which confirmed the internal consistency of the questionnaire (30).



Sampling

The questionnaire was placed on a google form and was disseminated through Facebook groups and Microsoft teams to medical students in the six public medical schools in Jordan. The data was collected from 429 undergraduate medical students, mainly aged 18–24. The inclusion criteria were: medical student enrolled in the undergraduate medical program from the first year to the sixth during the data collection period (February 2023–May 2023). The exclusion criteria were: medical student who graduated from medical school and non-medical students.



Data analysis

Data was extracted to and cleaned within Microsoft Excel. Items with more than 20% missing responses were excluded from the final analysis. Responses to items were demonstrated in the form of descriptive statistics, mainly as frequencies and percentages for categorical variables. Associations between demographic variables, social media usage, and attitudes toward social media were explored using non-parametric two-way chi-squared test. When feasible, odds ratios (OR) and their associated 95% confidence intervals (95%CI) were included for presented associations. Data was primarily analyzed using the Statistical Package for the Social Sciences (SPSS) version 28 (IBM Corp., Armonk, N.Y., United States). Figures were produced using Graph Prism version 8.0. A p-value of less than 0.05 was considered statistically significant for all conducted analyses.



Ethical considerations

This study was approved by The Hashemite University Institutional Review Board (IRB). At the beginning of the online questionnaire, the purpose of the study was explained, and a written informed consent to participate in this study was provided by the medical student. For the participants aged under 18 years, a written informed consent to participate in this study was provided by the participant legal guardian. The participants were notified that their participation is voluntary, their responses will be anonymous, confidential, and only the research team members will be able to access the data.




Results


Characteristics of included participants

A total of 429 medical students responded to the online questionnaire. The majority of participants were females (69.9%), are currently in their basic sciences years (66.4%), and are academically inclined (i.e., GPA rating of very good or above; 77.2%). Moreover, the greater portion of participants were sampled from the Hashemite University (71.3%), Jordan University of Science and Technology (11.4%), and the University of Jordan (6.1%). In terms of social media usage, 61.3% of participants used social media platforms for more than 120 min per day (Table 1).



TABLE 1 Characteristics of the study participants.
[image: Data table summarizing survey sample characteristics: majority are female, aged eighteen to twenty-one, mainly from The Hashemite University, first or second-year students, with most using Facebook, Instagram, and YouTube, and spending over one hundred twenty minutes daily on social media.]



Patterns of using social media platforms

Instagram (48.7%) followed by Facebook (19.3%) and YouTube (11.9%) were the most followed social media platforms as rated by the students (Figure 1). In terms of followed social media content, entertainment was the most followed social media content (83.0%). Second to entertainment were educational purposes (72.5%), followed by sports (29.1%), then politics-related activities (17.9%). As for academic purposes of using social media, accessing educational courses (57.3%) and online study groups (54.8%) were the most prevalent among students. On the other hand, finding scientific journals (31.0%) or conferences (24.0%) were the least frequent. A total of 16.8% of participants declared that social media has no academic usages/benefits (Refer to Table 2). In terms of social media uses, educational and political uses did not significantly differ among genders, age groups, GPA classes, or stage of study. On the other hand, entertainment uses were significantly associated with female gender (OR: 0.522; 95%CI: 0.328–0.929; p = 0.024), age (OR: 2.015; 95%CI: 1.078–3.768; p = 0.019), and GPA (OR: 1.969; 95%CI: 1.051–3.689; p = 0.039). Inversely, using social media for sports-related matters was significantly associated with male gender (OR: 4.063; 95%CI: 2.600–6.348; p < 0.001), but not age, stage of study, or GPA.

[image: Pie chart illustrating preferred social media platforms: Instagram leads with 48.72 percent, followed by Facebook at 19.35 percent and YouTube at 11.89 percent. TikTok, Twitter, Whatsapp, Snapchat, Telegram, Reddit, Discord, and Nothing represent smaller segments.]

FIGURE 1
 The most commonly used social media platform as rated by the students.




TABLE 2 Social media usage trends among the participants.
[image: Table comparing responses by time spent on social media, showing categories such as followed content, impact on study time, social media’s academic use, and effect on medical knowledge, with significant p-values highlighted in bold.]

Approximately 78% of those using Instagram, 77.5% of those using Facebook had 77% of those using YouTube had Excellent or Very Good GPA. Figures 2a,b showcases social media usage by the stage of study and GPA, respectively.

[image: Two bar charts comparing social media usage frequencies across platforms; chart a, left, categorizes usage by study stage (clinical, basic); chart b, right, categorizes usage by GPA (excellent, very good, good or below). Instagram, Facebook, and YouTube show the highest usage frequencies, with clear color-based subdivisions in each category.]

FIGURE 2
 (a) Social media usage by the stage of study. (b) Social media usage by GPA.


In terms of time spent on social media, females were significantly more likely to use social media more than 120 min compared to their male counterparts (OR: 0.600; 95%CI: 0.395–0.913; p = 0.017). Similarly, GPA was significantly negatively associated with more time spent on social media (OR: 0.476; 95%CI: 0.278–0.813; p = 0.022). On the other hand, age of participants and stage of study (i.e., basic vs. clinical) were not associated with time spent on social media (p = 0.436 and 0.718, respectively). Figures 3a,b demonstrate the time spent on social media platform by stage of study and GPA, respectively.

[image: Two bar charts compare time spent on social media by percentage across academic stages and GPA levels. The left chart contrasts basic and clinical stage usage, showing most spend over one hundred twenty minutes daily. The right chart segments by GPA, with those ranked "good or below" most likely to use social media over one hundred twenty minutes per day, while "excellent" students do so least frequently.]

FIGURE 3
 (a) Social media platform time of usage by stage of study. (b) Social media platform time of usage by GPA.




Attitudes toward social media

When asked about the effects of social media on students, most of the participants agreed that social media negatively affects studying time (54.5%) and that its usage distracts them from studying (64.6%). However, the greater percentage of students concurred that social media allows for easier access of supervisors/teachers (55.0%). However, when asked about the perceived increased usage of social media during exams, a clear agreement was not reached (Refer to Table 3).



TABLE 3 Attitudes of the participates toward social media.
[image: Table summarizing survey responses on the effects of social media on academic activities by daily usage, comparing less than one hundred twenty minutes and more than one hundred twenty minutes, with p-values indicating significance for each variable.]

Enhancing access to supervisors, and the increased usage of social media during exams were not associated with gender, age, GPA, or stage of study. Overall, most of the students believed that social networking had a negative impact on their academic performance (54.5%) and research skills (54.1%). On another note, the majority of students agreed that the integration of social media is able to facilitate the education process (86.7%) and that academic staff can utilize such integration to enhance learning (56.9%). Students were also appreciative of the role of social media in facilitating group work (85.1%) and collaborative work (54.1%).

The negative impact of social media on study time was perceived significantly greater by females compared to males (p = 0.036). There were no significant differences in such perception among different age, GPA, or stage groups. On the other hand, the impact of social networking on academic performance was significantly associated with different GPA groups (OR: 2.292; 95%CI: 1.244–4.224; p = 0.007) but not age, gender, or stage of study. However, the impact of social media on knowledge of medicine was not associated with age, GPA, gender, or stage of study.

Females were significantly more likely to use social media for online studying groups (OR: 1.760; 95%CI: 1.161–2.673; p = 0.007) while males declared that social media provides no academic/scholarly benefits (OR: 1.861; 95%CI: 1.104–3.139; p = 0.019). Higher GPA was associated with the perception that social media usage can facilitate the educational process (OR: 3.515; 95% CI: 1.686–7.327; p = 0.002). In contrast, the introduction of privacy concerns by social media was not associated with age, gender, GPA, or stage of study. In terms of the perceived readiness of academic staff to integrate social media within the educational system, females and students in their basic years were more likely to indicate that academic staff are not optimal users of social media (OR: 1.887; 95%CI: 1.224–2.907; p = 0.004 and OR: 1.692; 95%CI: 1.118–2.561; p = 0.013, respectively). Similarly, females were significantly more likely to perceive that social media enables group work (OR: 2.032; 95%CI: 1.179–3.508; p = 0.010) compared to their male counterparts. Finally, younger students and those in their basic years were significantly more likely to declare that social media facilitated collaborative work (OR: 2.132; 95%CI: 1.418–3.205; p < 0.001).




Discussion

The results of this study showed that time spent daily on social media was 3 h or more by most of the participants. Instagram followed by Facebook were the most followed social media platforms as rated by the students. Entertainment content was the most pursued on social media (83.0%) followed by educational purposes (72.5%), sports (29.1%), and politics-related activities (17.9%). These findings are consistent with regional literature. Al Faris et al., in their exploration of the impact of social media on medical students in Saudi Arabia demonstrated that the majority of students (55%) spent 1–4 h a day on social media, while 23% spent more than 4 h (31). The main reasons for social media use were entertainment (95.8%), staying up to date with news (88.3%), socializing (85.5%) and for academia-related purposes (40%). The most popular applications used for learning purposes were YouTube (83.5%), WhatsApp (35.5%) and Twitter (35.3%). Another Saudi study conducted in Jazan university (24) found that the most common internet website e used by medical students was Facebook (53%). The participants used social media for 2 to 4 h daily and 65.9% of them used social networks for more than 3 years. In a study conducted in Jordan by Al-Adwan et al., 2020, learning was one of the main reasons for using social media by the students, mainly because study materials are uploaded at different social media platforms (18). According to another study in Nigeria (32), social media was used by the students for entertainment, networking, and academic purposes. In a study conducted in India by Sobaih et al., half of the male students used social media for personal reasons, such as keeping in touch with friends and family. However, a large percentage of female respondents used it for entertainment purposes (33).

In our study 64.6% of the students indicated that using social media is distracting, decreases their ability to focus (65.3%) and delays their daily tasks (61.8%). This could be attributed to using social media for entertainment purposes rather than educational ones. Using social media excessively can lead to a lack of focus on learning and decreased academic performance; it cultivates unhealthy habits that influence studying and academic performance, namely, difficulty completing tasks, troubled sleep patterns and dietary problems. So, non-heavy users have more satisfactory grades than heavy users (34, 35).

In a study conducted in Ghana found that most of the students had access to the internet on their mobile phones and were aware of the presence of social media sites. As a result, they visit their social media sites and spend between 30 min to 3 hours every day. This had negative effects on the academic performance of the respondents. Furthermore, the study stated that the students’ social networking has grown in popularity over time and was used to contact individuals outside of school. Although people might feel a sense of community through social networking (36), still, inappropriate social media behavior can be detrimental to students’ future opportunities (37).

In our study, participants with higher GPA were less likely to spend more than 120 min on social media compared to their counterparts with lower GPA ranks. Moreover, those with higher GPA were more likely to declare that social media has a negative impact on their academic performance. These results are consistent with the body of regional literature as demonstrated in Saudi Arabia, Iraq, and Lebanon (28, 38, 39). Such a phenomenon could be simply attributed to the strong correlation between academic performance and self-esteem. Students with higher GPA typically have high self-esteem and are more likely to be more motivated to complete academic tasks irrespective of external distractors. The relationship between lower academic performance and social media addiction has been observed in the literature (40). The excessive use of social media contributes to an imbalance in the time economy of students. Across both undergraduate, secondary, and primary levels, higher usage of social media or internet was associated with less time studying, ultimately worsening academic performance (40).

It appears that students with pre-existing academic problems may develop unhealthy social media usage tendencies as a mean to mitigate their social anxiety and satisfy their need for social reassurance (41). Procrastination due to the distracting nature of social is also implicated to negatively affect students’ attitudes toward schoolwork. Interestingly, we could expand the SLT model to account for social media impact on improving learning by increasing the opportunities for priming, memory formation, and motivation (9, 10). However, in practice, the near-infinite sources of information may overwhelm students. Similarly, their social identities and sense of self may get blurred in the noisy cyber space while networking and interacting with many other students (42).

Yet, social media has consistently shown a positive impact on learning and performance through enhancing students’ relationships, improving their motivation, developing their collaborative abilities, and offering a personalized learning platform (43). A study in Babylon university in Iraq reported that 42% of the student’s academic performance was affected positively by social media (28). The positive effects were attributed to browsing medical pages, studying in groups, and interacting with classmates; however, the negative effects were attributed to excessive time spent on Facebook and other social media for non-academic purposes, distractions, and a lack of control. A study by Mohammed Habes et al., 2018, from Yarmouk University in Jordan focused on the use of YouTube and its effects on higher education students’ academic performance (44). It recognized YouTube as a powerful and helpful means of learning and pointed out that most young people and university students have YouTube accounts these days. However, it stressed that high level of addiction to social media might distract students from executing their academic tasks in the usual manner, as they can contact each other instantly for different reasons and share information heavily (6, 44).

Many researchers found a positive association between social media networking and students’ academic performance (28, 45). A study in Iraq conducted by the college of medicine at Babylon university (28), reported that 42% of the student’s academic performance was affected positively by social media. On the other hand, 33% were affected negatively, and the rest, 25%, reported no effect of social media on their academic performance. The two main reasons for using social networking websites were visiting medical pages and groups (57.9%), communicating with friends and following their posts and updates (54.4%). Other reasons were killing spare time (45.6%), studying in groups on Facebook messenger (40.4%), news (38.6%), fashion and styles (22.8%) and sports (15.8%). Those who reported positive effects of social media attributed this to the ability to browse medical pages, study with groups, and interact socially with other students. On the contrary, those who reported negative effects complained of excessive time spent on Facebook and other social media for non-academic purposes, while those who stated no influence of social media on grades reported controlled use for social media in balance with their study time.

This study provides valuable insights into social media usage and academic performance of medical students; however, there are several limitations that should be considered. A predominant proportion of our participants were from the Hashemite University of Jordan, primarily in their first year. Potentially limiting the generalizability of our results to a broader population of medical students in Jordan. Additionally, the participants’ responses to questions about the effects of social media on their academic performance were self-reported. As such, they may be subject to recall bias or social desirability bias. Our study is cross sectional; it provided insights into associations between social media use and academic performance but did not establish causality. We examined social media use and academic performance at a specific time point, so long-term trends or fluctuations in students’ social media behavior may not be accurately captured. Finally, not all factors influencing the relationship between social media and academic performance were accounted for. Such factors may include but are not limited to previous academic performance, cognitive capacity, emotion regulation, and psychological burden (e.g., depression).



Conclusion

Medical students use social media tools in various innovative ways for entertainment, education and peer support, but social media still holds a potential risk, therefore, medical students should be aware of social media’s benefits and drawbacks to make the best decisions for themselves. While this study provides valuable insights into the impact of social media on the academic performance of medical students, there is still much to learn about the intricacies of this relationship. Future research endeavors can build upon these findings to develop a more comprehensive understanding of the dynamics between social media use and academic performance among students in the healthcare field.


Recommendations and future direction

Using social media platforms by medical students is beneficial in communication and education. Nevertheless, it is essential to recognize the drawbacks of social networking, therefore, educational institutions should make it easier for students to obtain trustworthy and organized information which can help them in their academic work and make communication between the students and professors easier (46). The association between social media and academic performance should be tackled through longitudinal research which uses objective measures of both academic performance and daily social media usage trends. Investigating the role of time management skills, content consumption patterns, and individual differences may shed more light on this complex relationship. Additionally, there is a need for qualitative studies to explore in depth the medical students’ perceptions and attitudes toward social media.

The use of social media continues to evolve, future studies may need to adapt their methodologies to account for changes in platform popularity, features, and usage patterns. Exploring the potential effectiveness of tailored interventions that aim to promote responsible social media use by medical students, could also be a valuable avenue for future research.
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Objective: To investigate the clinical efficacy of Teach-back health education combined with continuity care in patients with knee joint training injuries.
Methods: A total of 210 patients with knee joint training injuries admitted to our hospital from May 2023 to August 2024 were randomly divided into an observation group and a control group (105 cases each) using a random number table. The control group received routine care, while the observation group received Teach-Back health education combined with continuity care. Outcomes, including the Hospital for Special Surgery (HSS) knee score, Generic Quality of Life Inventory-74 (GQOLI-74), Health-Promoting Lifestyle Profile-II (HPLP-II), State-Trait Anxiety Inventory (STAI) scores, and postoperative complication rates, were compared between the two groups before and 2 months after intervention.
Results: At 2 months post-intervention, both groups showed significant improvements in HSS, GQOLI-74, and HPLP-II scores compared to baseline (P < 0.05), with the observation group outperforming the control group (P < 0.05). At 2 weeks post-intervention, the observation group exhibited lower STAI scores than the control group (P < 0.05). The incidence of complications (deep vein thrombosis, joint stiffness, pressure injuries, and infections) was significantly lower in the observation group (P < 0.05).
Conclusion: Teach-Back health education combined with continuity care effectively promotes functional recovery, improves quality of life and psychological wellbeing, enhances health-promoting behaviors, and reduces postoperative complications in patients with knee joint training injuries. This approach holds significant clinical value for accelerating rehabilitation and maintaining military readiness.
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1 Introduction

Patient education serves as a cornerstone of effective rehabilitation, particularly in military or athletic populations prone to training-related injuries. Among diverse pedagogical approaches, the Teach-back method (also termed “feedback education”) has emerged as a validated health literacy intervention (1, 2). This bidirectional communication strategy requires learners to verbally restate received health information, enabling educators to immediately assess comprehension accuracy, and address knowledge gaps through iterative clarification cycles. The four-phase Teach-back framework—knowledge delivery, information feedback, content clarification, and knowledge consolidation—adopts a “theory-practice-theory” spiral learning model that synergizes cognitive understanding with practical application. When integrated with continuity of care systems, this methodology may substantially enhance long-term rehabilitation outcomes.

Continuity of care, extending institutional nursing services to community settings through digital platforms and home visits, addresses the critical transition from hospital-based to self-managed care. Its implementation proves particularly crucial for joint injuries requiring sustained rehabilitation. Epidemiological analyses reveal that lower extremity training injuries predominantly affect the knee joint (3). The knee's susceptibility stems from its complex multiaxial biomechanics: as a polyarticular hinge joint facilitating multiplanar movements, it sustains tremendous shear forces during high-intensity training. Moreover, the avascular nature of the meniscus severely limits its self-repair capacity. Cumulative microtrauma from improper loading patterns or repetitive kinematic errors frequently progresses to meniscal degeneration or full-thickness tears, often culminating in chronic joint dysfunction if unaddressed.

Current rehabilitation paradigms face dual challenges: (1) insufficient patient health literacy regarding biomechanical principles and home exercise protocols, and (2) discontinuity between clinical supervision and self-management phases (4). Traditional didactic education often fails to ensure knowledge retention, while conventional discharge planning lacks mechanisms for continuous adherence monitoring. This gap becomes particularly detrimental for knee injury patients requiring precise long-term compliance with weight-bearing restrictions and neuromuscular re-education exercises.

We hypothesize that integrating Teach-back's active learning framework with continuity of care technologies could create a synergistic intervention model. By establishing closed-loop feedback channels between clinicians and patients, this approach may achieve three critical objectives: (1) enhance comprehension of injury mechanisms through iterative knowledge verification, (2) maintain therapeutic exercise fidelity via remote supervision, and (3) facilitate early detection of movement compensation patterns predisposing to reinjury. To test this premise, we designed a prospective cohort study evaluating the feasibility and efficacy of combined Teach-back/continuity of care interventions in military personnel with knee training injuries. Through quantitative analysis of functional recovery metrics and qualitative assessment of health behavior modification, this investigation aims to elucidate the intervention's mechanistic pathways and optimize rehabilitation protocols for complex joint injuries.



2 Materials and methods


2.1 General information

A total of 210 patients with knee joint training injuries admitted to our hospital from May 2023 to August 2024 were randomly allocated using a random number table method into two groups: an observation group and a control group, each comprising 105 patients. The control group consisted of 53 ligament injuries, 28 meniscus injuries, 12 cases of chondromalacia patellae, 5 knee synovitis cases, and 7 fractures. Educational backgrounds included 73 high school graduates and 32 college graduates, with ages ranging from 18 to 26 years (mean age 22.12 ± 2.35). The observation group included 58 ligament injuries, 35 meniscus injuries, 11 cases of chondromalacia patellae, 5 knee synovitis cases, and 6 fractures. Educational backgrounds comprised 74 high school graduates and 41 college graduates, with ages ranging from 17 to 26 years (mean age 21.32 ± 2.25). Comparative analysis revealed no significant differences between the two groups in terms of injury types, age distribution, or educational background (P > 0.05; Table 1).


TABLE 1 Baseline characteristics of patients.

[image: Data table comparing observation and control groups (each n = 105) by age, education level, and diagnosis. No statistically significant differences observed between groups for any characteristic, with all P-values greater than 0.05.]



2.2 Inclusion and exclusion criteria

Inclusion criteria: (a) Male recruits enlisted within the past 2 years. (b) Patients undergoing surgical intervention for exercise-induced knee injuries sustained within 6–12 months. (c) Demonstrated compliance and voluntary participation in health education. (d) Non-smokers and alcohol abstinence.

Exclusion criteria: (a) Service duration exceeding 2 years. (b) Injuries persisting beyond 12 months prior to enrollment. (c) Poor adherence to study protocols. (d) Female participants.



2.3 Implementation method

The control group received routine care, including enhanced condition monitoring, health education, and rehabilitation guidance during hospitalization. After discharge, one telephone follow-up was conducted to inquire about patients' physical status and provide corresponding guidance and assistance. The observation group received Teach-back health education combined with extended care, implemented as follows.


2.3.1 Establishment of a Teach-back health education and extended care team

A multidisciplinary team (MDT) comprising 7 members was formed: 2 orthopedic surgeons, 1 psychologist, 2 orthopedic specialist nurses, 1 rehabilitation therapist, and 1 orthopedic outpatient nurse. All members demonstrated strong communication, coordination, and expressive skills, with expertise in their respective fields. Responsibilities were clearly defined to ensure interdisciplinary collaboration.



2.3.2 Implementation of Teach-back health education

Orthopedic specialist nurses scientifically developed a knowledge assessment questionnaire on rehabilitation care for patients with knee training injuries (Supplementary Table 1) and implemented the Teach-back method for each questionnaire item during health education sessions. The process included four steps— Explanation: for each educational session, nurses focused on patients' knowledge gaps, addressing 3–5 key points within 30 min to optimize comprehension. Educational formats included verbal instruction, videos, and health education materials, scheduled during patients' free time. Restatement: patients were asked to paraphrase the information using pre-designed questions. Evaluation: nurses assessed patients' restatements. Incomplete or inaccurate responses prompted targeted re-education until mastery was achieved. Communication techniques were employed to minimize psychological pressure for patients with poor comprehension. Comprehension: open-ended questions were used to evaluate understanding of accelerated rehabilitation for training-induced knee injuries. A health record was established for discharged patients, supplemented by a WeChat group for sharing postoperative rehabilitation knowledge, monitoring compliance, and facilitating peer interaction.



2.3.3 Perioperative care optimization for knee training injuries

Preoperative guidance: upon admission, patients, and families received education on knee injury etiology, surgical procedures, and postoperative rehabilitation through age- and education-appropriate materials (e.g., videos, pamphlets). Nurses assessed psychological status through behavioral observation and communication, providing positive reinforcement and targeted counseling. Fasting protocol adjustment: preoperative fasting was limited to 6 h for solids and 2 h for liquids. Patients with chronic conditions were permitted small amounts of water for morning medications. Bowel preparation was omitted for patients with regular bowel movements. Preoperative intravenous hydration was administered as needed. Postoperative dietary intervention: oral hydration (10 mL) was initiated upon return to the ward if no nausea/vomiting occurred. Swallowing function was assessed before advancing to 50 mL water. Liquid diets began at 4 h postoperatively, transitioning to semi-liquid and regular diets by 6 h to promote early nutritional intake. Pain management: patients were trained to self-assess pain using the Numerical Rating Scale (NRS) and Wong-Baker FACES Pain Rating Scale. Nurses recorded daily pain scores and employed multimodal analgesia, combining non-pharmacological interventions (e.g., deep breathing, massage, distraction, thermal therapy) with pharmacological approaches (NSAIDs, weak/strong opioids). Analgesic pumps were utilized, with pain assessments conducted at least once per shift. Multidisciplinary collaboration with physicians and anesthesiologists ensured optimal pain control, supplemented by emotional support to reduce pain sensitivity. Psychological support: nurses encouraged positive coping strategies through effective communication, tailoring psychological interventions based on patient age, personality, and preferences in collaboration with families. Rehabilitation guidance: structured exercises included muscle strengthening and knee joint mobility training. Given that ligament injuries and meniscus injuries constitute the predominant injury patterns, we have established dedicated rehabilitation protocols for these two conditions (Supplementary methods).



2.3.4 Extended care protocol

Follow-ups were conducted at 1 week, 1 month, 2 months, 3 months, and 6 months post-discharge, covering: (1) Rehabilitation monitoring: wound healing, exercise adherence, self-care capacity, muscle strength, joint mobility, weight-bearing precautions for internal fixation patients, and external fixator stability/skin condition. (2) Dietary guidance: high-protein, high-calcium, and vitamin-rich diets were recommended. Patients with comorbidities received tailored dietary advice, with avoidance of cold, spicy, or indigestible foods and contraindications for medication administration. (3) Psychological reinforcement: patients exhibiting dependency behaviors were encouraged to gradually resume daily activities and social roles. (4) Feedback collection: patient suggestions regarding care quality were documented and relayed to department heads for continuous improvement. (5) Follow-up coordination: re-examination appointments were scheduled, with reminders to bring medical records and discharge summaries.




2.4 Outcome measures
 
2.4.1 Demographic data

Baseline characteristics, including gender, age, educational background, family support, lifestyle habits, specific preferences, disease duration, clinical condition, treatment history, and presence of complications, were compared between the two groups.



2.4.2 Knee function assessment

The Hospital for Special Surgery (HSS) Knee Score was utilized to evaluate knee function (5). This scale comprises seven items, with six scored components (pain, functional capacity, range of motion, muscle strength, flexion deformity, and joint stability) and one deduction component (use of assistive devices, varus/valgus deformity, and extension limitations). Scores were categorized as follows: excellent (>85 points), good (70–84 points), fair (60–69 points), and poor (<59 points). The magnitude of improvement after rehabilitation intervention was defined based on changes in the HSS. Participants were categorized into the responder group if their HSS score increased by ≥5.41 points from baseline to post-intervention. This threshold has been previously validated as the Minimum Clinically Important Difference (MCID) for assessing knee functional recovery (6).



2.4.3 Quality of life evaluation

The Generic Quality of Life Inventory-74 (GQOLI-74) was employed to assess quality of life across four domains: psychological function, physical function, material wellbeing, and social function. Each item was rated on a 1–5 scale, with lower scores indicating poorer quality of life (7).



2.4.4 Psychological status assessment

The State-Trait Anxiety Inventory (STAI) was used to evaluate psychological states (8). This 40-item scale consists of two subscales: State Anxiety (S-AI) and Trait Anxiety (T-AI), with each item scored 1–4 (higher scores indicating poorer psychological status.



2.4.5 Health-promoting behaviors

The Health-Promoting Lifestyle Profile II (HPLP-II) was adopted to assess health-promoting behaviors (9). This 52-item scale covers six dimensions: health responsibility, physical activity, self-actualization, nutrition, interpersonal relationships, and stress management. Each item was rated on a 4-point Likert scale (1 = “never,” 4 = “always”). Total scores ranged from 52 to 208, categorized as excellent (172–208), good (132–171), fair (92–131), and poor (52–91). A mean item score <2.5 indicated suboptimal health-promoting behaviors.



2.4.6 Postoperative complications

Incidence rates of postoperative complications, including nausea/vomiting (6 h and 24 h postoperatively), deep vein thrombosis, pressure injury, joint stiffness, and infection, were compared between the groups.




2.5 Statistical analysis

All statistical analyses were performed using SPSS software (version 22.0; IBM Corp.). Continuous variables with normal distribution were expressed as mean ± standard deviation (SD) and analyzed using two-way analysis of variance (ANOVA) as appropriate. Categorical variables were presented as frequencies with percentages [n (%)] and compared using Pearson's Chi-square test or Fisher's exact test, depending on expected cell frequencies. Ordinal data were analyzed using non-parametric Mann-Whitney U-test or Kruskal-Wallis H-test when comparing between two groups or multiple groups, respectively. For all inferential analyses, a two-tailed P-value < 0.05 was considered statistically significant. Prior to parametric testing, assumptions of normality were verified using Shapiro-Wilk tests, and homogeneity of variances was assessed using Levene's test. When data violated parametric assumptions, appropriate non-parametric alternatives were employed.




3 Results


3.1 Comparison of knee function scores between groups

At 2 months post-intervention, both groups showed significant improvements in Hospital for Special Surgery (HSS) compared to baseline (control group: 52.25 ± 5.12 vs. 68.15 ± 6.79, P < 0.0001; observation group: 50.79 ± 5.10 vs. 73.26 ± 7.56, P < 0.0001). Moreover, the observation group demonstrated significantly higher HHS scores than the control group after intervention (68.15 ± 6.79 vs. 73.26 ± 7.56, P < 0.0001, Figure 1A). However, all between-group differences exceeded the MCID.


[image: Four grouped horizontal bar graph panels labeled A, B, C, and D compare baseline and post-intervention scores for observation and control groups. Panel A shows Hospital for Special Surgery Knee Score, Panel B shows Generic Quality of Life Inventory-74, Panel C presents State-Trait Anxiety Inventory, and Panel D features Health-Promoting Lifestyle Profile II. Observation groups in each panel exhibit significant improvement post-intervention as indicated by shifted red bars and significance markers, while control groups show minimal change.]
FIGURE 1
 Function assessments. (A–D) Comparison of knee function (A), quality of life (B), psychological status (C), and health-promoting behaviors (D) assessments in control and observation group at baseline and post-intervention. Results are expressed as means ± SD. ****P < 0.0001.




3.2 Comprehensive quality of life assessment

After 2 months, both groups exhibited significant increases in the General Quality of Life Inventory-74 (GQOLI-74) scores compared to baseline (control group: 59.17 ± 12.11 vs. 81.28 ± 3.67, P < 0.0001; observation group: 58.61 ± 10.17 vs. 91.12 ± 2.24, P < 0.0001). The observation group achieved significantly higher scores than the control group after intervention (81.28 ± 3.67 vs. 91.12 ± 2.24, P < 0.0001, Figure 1B).



3.3 Psychological status evaluation

At 2 weeks post-intervention, the State-Trait Anxiety Inventory (STAI) scores in the observation group were significantly lower than baseline (78.01 ± 2.74 vs. 60.92 ± 4.12, P < 0.0001, Figure 1C) and also significantly lower than those in the control group (65.07 ± 6.18 vs. 60.92 ± 4.12, P < 0.0001, Figure 1C).



3.4 Health-promoting behaviors

After 2 months, the observation group showed significant improvements in the Health-Promoting Lifestyle Profile II (HPLP-II) scores compared to baseline (142.35 ± 7.65 vs. 178.07 ± 4.58, P < 0.0001, Figure 1D), while the control group exhibited no significant change (143.46 ± 16.94 vs. 145.63 ± 5.14, P > 0.05, Figure 1D). The observation group also outperformed the control group (145.63 ± 5.14 vs. 178.07 ± 4.58, P < 0.0001, Figure 1D).



3.5 Comparison of complication rates

Although individual complication rates (e.g., nausea, vomiting, deep vein thrombosis) did not differ significantly between groups (P > 0.05), the total complication rate in the observation group was significantly lower than that in the control group (11.43% vs. 30.48%, P < 0.001; Table 2).


TABLE 2 Post-intervention complication rates (n, %).

[image: Data table comparing observation and control groups, each with one hundred five participants, across complications: nausea, vomiting, deep vein thrombosis, joint stiffness, pressure injury, infection, and total complications. Only total complications show a statistically significant difference, with observation group at eleven point forty-three percent and control at thirty point forty-eight percent, P-value less than zero point zero zero one. Other outcomes have P-values greater than zero point zero five.]




4 Discussion

As a multi-axial joint capable of multi-planar movement, the knee is prone to acute injuries during high-intensity sustained activities. The meniscus, characterized by limited blood supply and poor self-healing capacity, is susceptible to excessive wear or rupture due to chronic improper use or repetitive incorrect movements. It is critical for patients to master rehabilitation knowledge for knee joint training injuries to facilitate recovery and prompt return to military training. Current health education practices fail to meet the clinical needs of hospitalized patients, necessitating enhanced efforts by healthcare providers to improve health literacy, emphasize skill development, and monitor health behaviors, thereby optimizing resource utilization (10). Historical data indicate that 40%−80% of health education information is immediately forgotten post-intervention, with half of retained information being erroneous (11). Thus, tailored educational approaches are essential to enhance information retention among patients with varying health literacy levels. This study implemented Teach-back health education combined with continuity of care for knee training injury patients, aiming to accelerate rehabilitation and provide theoretical support for clinical application.

Joint function serves as a pivotal metric for evaluating nursing quality in knee training injury patients. Our results demonstrated significantly higher knee function scores in the observation group compared to the control group (P < 0.05), indicating that the integrated Teach-back and continuity of care approach effectively promotes functional recovery. Of clinical importance, findings from a prospective randomized controlled trial (RCT) revealed that implementation of the Teach-Back educational intervention was associated with statistically significant improvements in self-care adherence (P < 0.05) among heart failure patients during the post-discharge period (12). The Teach-back method, requiring patients to paraphrase medical instructions, ensures comprehension, and replaces traditional unidirectional education with interactive engagement. Furthermore, Wang et al. (13) demonstrated that integrating the Teach-back method with video education in home care instruction significantly improved self-care capacity and reduced caregiver burden among stroke patients. These findings suggest that combining innovative strategies with multidisciplinary team (MDT) collaboration could further enhance patients' mastery of rehabilitation skills through integrated professional knowledge delivery and personalized education.

Health-promoting behaviors—encompassing health responsibility, exercise, self-actualization, nutrition, interpersonal relationships, and stress management—were evaluated using the HPLP-II scale (14). At 2-month follow-up, the observation group exhibited significantly higher HPLP-II scores than controls (P < 0.05), confirming the intervention's efficacy in enhancing health behaviors. Research on total knee arthroplasty has demonstrated that health-promoting lifestyles significantly contribute to improved quality of life, prevention of disease recurrence, and reduction of post-surgical complications (15). Personalized education aligned with patient-specific needs, coupled with post-discharge continuity of care through regular follow-ups and guidance, reinforced self-management capabilities and sustained rehabilitation adherence, thereby consolidating long-term behavioral improvements.

Psychological status, assessed via STAI scores, revealed significant reductions in anxiety levels within the observation group at 2-week post-intervention (P < 0.05). Prolonged activity restriction may adversely affect patients' psychological status, potentially leading to increased dependency on healthcare providers among certain patient populations (16). The Teach-back method fostered cognitive clarity and achievement motivation through knowledge verification, while continuity of care provided sustained emotional support. By addressing psychological needs via active listening and encouragement, this dual approach cultivated patient confidence and positive engagement with rehabilitation challenges. Furthermore, self-actualization and stress management components of health-promoting behaviors may enhance psychological wellbeing by reducing anxiety and depression, thereby facilitating comprehensive rehabilitation (17).

Notably, the observation group demonstrated lower incidence rates of deep vein thrombosis, joint stiffness, pressure injuries, and infections compared to controls. These complications, typically associated with delayed mobilization and restricted postoperative activity in conventional care, were mitigated through structured Teach-back-enhanced preoperative education and continuity of care. Pain remains the primary obstacle to physical activity, particularly in patients with joint injuries, which further limits beneficial postoperative exercise (18). The real-time correction of cognitive misconceptions during Teach-back sessions optimized treatment compliance, while post-discharge continuous monitoring ensured sustained adherence to personalized rehabilitation protocols, thereby effectively reducing complication risks.

In conclusion, the integration of Teach-back health education with continuity of care demonstrates significant advantages in knee training injury rehabilitation. By enhancing knowledge retention, self-care capacity, early problem identification, and clinician-patient trust, this model reduces postoperative complications, improves psychological wellbeing, and elevates health-promoting behaviors, ultimately accelerating functional recovery and preserving military operational readiness. This innovative approach provides a novel framework for rehabilitation nursing in training-related injuries, with broad clinical applicability.
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India has the highest burden of tuberculosis (TB) in the world. The mandatory Family Adoption Programme (FAP) visits to adopted villages by medical college teams is an excellent opportunity to do the ideal “community screening” for TB in a door-to-door manner. We nested an active case finding activity for TB in the FAP visits by MBBS students in rural Pune, Maharashtra and the learnings and recommendations from this pilot intervention are detailed here. It is a sustainable and replicable activity for MBBS students and a great opportunity to collaborate with the national health programme.
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Family adoption programme (FAP) and its potential

Family Adoption Programme (FAP) is a mandatory activity under the leadership of Community Medicine departments, as per the Competency Based Medical Education (CBME) for undergraduates by National Medical Commission (NMC) to orient medical students toward felt needs of the community by working amidst them first-hand, especially in rural India, and hence bridge the increasing urban-rural health divide in our country (1). Medical colleges are also advanced tertiary healthcare institutes serving medically complicated, critically ill patients, and places where clinical training happens. A doctor-in-the-making should be trained adequately to become astute enough to identify common healthcare problems of the community and be able to provide comprehensive primary healthcare in resource-limited settings, which is the reality in majority of India. Similar to the erstwhile Re-Orientation of Medical Education (ROME) postings, the current FAP posting is an effort toward shaping a community health provider who can deliver quality healthcare across settings (2, 3). Hence a close collaboration with the healthcare service delivery system and medical education system is required.

India is the leader in global tuberculosis (TB) burden and has 27% of the reported persons with TB (PwTB) (4). The state of Maharashtra is one among the leading contributors to the country's TB burden, it notified about 2.34 lakh cases in 2022, about 10% of total notified cases in India (5). Almost 64% of the symptomatic population in India do not seek healthcare, mainly due to ignoring of symptoms and lack of awareness. Almost half the patients presenting with classical TB symptoms are missed from being diagnosed also (6). One of the commonest gaps in TB care cascade is the delay in identifying a person with presumptive TB and doing a test for diagnosis (Figure 1). Early diagnosis and integration into TB care cascade require heightened level of awareness and action both from the community and healthcare providers (7).


[image: Bar chart illustrating the tuberculosis care cascade with six vertical bars representing sequential steps from individuals with incident TB to recurrence-free survival. Red dashed lines and labels indicate five major gaps at each stage where patients are lost, such as lack of diagnosis, treatment registration, and treatment success.]
FIGURE 1
 Care cascade for tuberculosis with potential gaps. Source: Subbaraman et al. (7). Image reused with Elsevier license permission no: 5820720225690.


Active Case Finding (ACF) is one of the strategies used by the National Tuberculosis Elimination Programme (NTEP) to detect missing PwTB. As per WHO guidelines, this activity is to be done in high-risk populations, but can also be done among general population with an estimated TB prevalence of 0.5% (8). NTEP has been implementing ACF among high risk populations in all districts since 2017 (9). The usual algorithm used in the ACF activity of NTEP is a combination of WHO recommended 4-symptom screen, chest X-ray and WHO-recommended rapid molecular diagnostics (CBNAAT or Truenat). Though it is ideal and useful to do community-wide screening in high burden settings, it is very resource-intensive in programme mode (10).



Pilot intervention in rural Pune district

While the routine ACF rounds of NTEP cover the high-risk populations, the FAP visits to adopted villages by medical college teams is an excellent opportunity to do the ideal “community screening” in a door-to-door manner. Each MBBS student is allotted 4–5 households in the respective adopted villages, to be followed up for next 3 years in terms of overall health and development. Hence the department of Community Medicine of Bharati Vidyapeeth Medical College, Pune initiated the nesting of an ACF activity for TB within the routine FAP household visits by MBBS students. The adopted villages for FAP of the department are in the Mulshi taluka of rural Pune, which belongs to the Paud TB unit (TU) of the district NTEP. Paud TU notified 1,057 cases of TB (13% of total notified cases from Pune Rural) in the year 2022, second highest among the 14 TUs constituting Pune rural district (11). After detailed discussions and meetings with the District NTEP to collaboratively execute this project, this intervention was done in Bhukum and Ambarwet grampanchayats of Paud TU from March to June 2024. The WHO recommended 4-symptom screen used by NTEP was used as screening tool. All individuals present in the household during the visit, including children were screened.

The questionnaire to be used for screening was finalized by the District NTEP (author SSD) along with the faculty of department of Community Medicine (SKN, SA). This was in line with the questionnaire used for ACF by District NTEP (Table 1). Then, a two-stage training was conducted, first for all the team members like faculty, medical social workers (MSWs), post graduate residents and MBBS interns, prior to the field visits. The second stage of questionnaire training was given by SKN and SVP to five batches of 30–35 MBBS students each, prior to their visit to households. At the field, each student batch was divided into 5 groups with an MSW as in-charge, along with a post graduate resident and two MBBS interns to guide the process.


TABLE 1 Questionnaire for ACF for TB among FAP households.

[image: Table outlining three tuberculosis (TB) screening questions for family members, with instructions to identify presumptive TB cases, persons with active TB, and sources of contact based on affirmative responses to specific symptoms or history.]

The students reported the numbers obtained to the respective MSW-in-charge of their group. All numbers were captured on hardcopy forms. Any symptomatic individual identified was examined by the postgraduate resident and discussed with faculty on field about next steps. Further follow up of identified presumptive TB individuals were done in coordination with the local NTEP staff. They were connected to local Accredited Social Health Activist (ASHA) or Senior Treatment Supervisor (STS) for counseling and testing. In addition to this, students provided health education to the community on TB in the form of street plays, talks etc. The reports of the activity were later collated by the investigators. Five hundred and fifty-nine individuals were screened in the activity from two villages, presumptive TB identified were connected to NTEP for testing (Table 2). The two presumptive TB individuals identified underwent sputum smear microscopy and were found to be negative for Mycobacterium tuberculosis. One hundred fifty undergraduate students, 5 postgraduate students, 25 MBBS interns and 6 medical social workers were trained in the process. So far, roughly 3% of the total population of the taluka has been screened. But since this is now integrated as a routine activity in the FAP visits, we expect to cover more population in subsequent visits occurring every 6 months in a different village of the taluka (12). Currently, the activity is ongoing in Shindewadi, another village of the same taluka.


TABLE 2 Cumulative numbers of ACF activity in two villages of Paud TU.

[image: Table displaying TB screening indicators for Bhukum and Ambarwet villages. Bhukum screened 440 individuals, Ambarwet 119, totaling 559. Two presumptive TB cases identified, no active TB cases, and four household contacts identified.]



Discussion

Medical college training in the past, used to focus on nurturing clinical knowledge alone. But with the advent of CBME, this is changing. A clinician faces a lot of dilemmas while translating their knowledge into practice. This constraint could be addressed only if a medical student is trained well-connected to the real-world settings, right from the beginning. Awareness about health policies and programmes of the country is essential for practicing clinicians for imparting quality patient care. Tuberculosis is one of the national health priorities, where the government of India is investing a lot of resources on, along with international support (5). We have a well-functioning national health programme, financial support provisions and highest level of political commitment for ending TB. Despite these, India accounts for 18% of the global gap between estimated TB incidence and the reported number of people newly diagnosed with TB (4). Standardized patient studies conducted in Mumbai and Patna have shown that MBBS practitioners could correctly presume and manage a classical symptomatic pulmonary TB presentation in only 54% instances (13). This shows the dire need for proper training from early days itself.

The medical colleges come under the Directorate of Medical Education and also with the advent of large number of private and deemed institutions, the connection with the public healthcare delivery system and execution of national health programmes, which comes under the Directorate of Health Services, is becoming much fainter. Mutual efforts between the teaching institutions and healthcare delivery system must exist to facilitate learning relevant to community needs, as demonstrated by this pilot project. One of the best health systems in the world is that of Cuba, where 75–80% of medical training takes place in community primary care facilities with an accredited polyclinic acting as the central teaching unit. The specialists in Comprehensive General Medicine, called doctor-tutors, perform their basic public health functions within the national health service—teaching, medical practice, research and administration—whilst being responsible for groups of students (14). This model empowers the students to work within varied settings after completing their graduation, and not be weighed down by harsh realities of the field, as seen in the study by Ramani et al. (15).

Few learnings and recommendations from the execution of this pilot project in TB screening are as follows:

	• Conceptual learning than yield of screening: the focus of this activity was to help students learn basic concepts like active case finding, presumptive tuberculosis, active tuberculosis and 4-symptom screening for TB, rather than the yield of screening activity. It also helped them in understanding importance of precise and relevant questions in history taking.
	• In-line with CBME curriculum: integrated teaching practiced in CBME enables students to understand disease conditions and other topics in continuum and in totality. Screening activity done by the student in the community for an infectious disease like tuberculosis, satisfies the highest level of competency- “perform”- on the Miller's pyramid (16).
	• Public-private partnership model: even though NTEP has been utilizing the skilled human resources of medical colleges for sub-national certification of TB elimination activity, our intervention is yet another excellent example of public-private partnership in TB care and prevention, by demonstrating efficient utilization of available human resources to carry out important activities like disease screening and harnessing the potential of hitherto underutilized pool of public health expertise in medical college faculty.
	• Making TB screening a routine practice: during these times when our country is working hard toward attaining end TB targets, it is imperative that the budding doctors be trained in less resource intensive practices like 4-symptom screening, which could be routinized and easily implemented at all levels.
	• Sustainable screening model: since the adopted villages are allotted on a rotation basis to each yearly MBBS batch, a constant cycle of screening and follow-up is possible in the specific geographic area. We already have evidence from Vietnam that a continued active screening for TB among general population in high burden settings can reduce the incidence over years (10).
	• Advocacy among community: the screening activity was also a great method and opportunity to impart health education on TB to the rural community. The probing into symptoms helped create an awareness about symptoms suggestive of TB and importance of getting timely testing. Similar initiatives were taken up and implemented effectively by community members, like in Tanzania, where door-to-door screening was carried out by community volunteers (17).
	• Integration potential with existing initiatives: the ongoing community engagement initiative for ending TB, the TB Mukt Panchayat initiative (TBMPI), is a potential venture with which medical colleges can collaborate and provide assistance. Given the fact that FAP happens in gram panchayat areas, a tie-up between medical colleges and respective panchayats could be mutually beneficial in carrying out the stipulated activities of TBMPI, including screening and advocacy.
	• Replicable model for nesting other national health programmes: community based screening for TB by medical students is already demonstrated to be feasible, provided the programme strengthens the testing and treatment capacities of peripheral health centres (18). Similar activities related to other relevant national health programmes could be nested in FAP in medical colleges across the country. For instance, screening for communicable diseases like leprosy and non-communicable diseases like diabetes, hypertension, mental health issues etc. could be carried out by using simple field questionnaires and point-of-care tests.
	• Donor funded projects to explore collaborative activities: donor-funded projects in health programmes rarely explore the potential of medical teaching institutions as partners on ground. The Community Medicine departments could be more extensively involved in field activities of these projects, providing opportunities for postgraduate residents and faculties to supplement the same. For example, the United States Agency for International Development (USAID) funded Tuberculosis Implementation Framework Agreement (TIFA) Project has leveraging and advocating for additional domestic resources for TB from the public and private sectors as one of its objectives. The grants from this project to support partners to test new interventions and demonstrate models for service provision to better meet the needs could include medical colleges too. Also, the Global Fund financed Project Axshya worked on the principle of community participation in TB care and control. One of the major activities in the project was active case finding for TB using trained community volunteers. This could have been done involving medical teaching institutes also.

A limitation to this intervention is that we relied only on the WHO recommended 4-symptom screening tool for TB screening, which has a sensitivity of only 71% (8). Nevertheless, our intention was to pilot a model which requires minimal resources, facilitate conceptual learning for students and help in generating awareness in community, all of which were fulfilled by this tool. Another challenge during the intervention was the reliance on reported symptoms by the participants to identify them as presumptive TB. As shown by several studies in high burden settings, TB is a highly stigmatized disease and people are generally hesitant to share any symptoms to healthcare workers fearing discrimination, hence the results of the enquiry about 4-symptoms is definitely an underestimate of actual truth (19, 20).



Conclusions

FAP in Community Medicine syllabus for MBBS students in India is an excellent platform for incorporating TB care cascade activities and training future doctors by providing hands-on learning opportunities via skill-based learning.
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World-wide, educational curricula have made a transition toward (inter)active student-centered learning and teaching. To incorporate consistency within a curricular reform, it is important to make choices that are applied to all courses. Here we describe the implementation of team-based learning (TBL), an effective educational approach for activated learning at a dental school. TBL stimulates students to participate actively in their own learning process. This team-oriented method fosters problem solving, critical academic reasoning, clinical decision-making and communication skills among students, already early in their educational career. In the first year of the undergraduate program, TBL was introduced as a mandatory component, constituting 10% of the teaching activities and overall grade. To facilitate this transition, a dedicated team of teachers and educationalists (the TBL team) was formed to prepare the transition. The initial step involved establishing a TBL course and conducting training sessions for faculty to familiarize them with this new teaching methodology. Teachers received constructive feed-back on their own TBL application session. Due to the Covid-19 pandemic, TBL was introduced as an online variant, requiring close collaboration with IT-services. Halfway through the academic year, the implementation was evaluated through separate panel discussions with students and teachers separately. Overall, TBL was perceived favorably by both staff and students. Students appreciated the team work and noted that TBL added value to their learning process. This was also the outcome of the end of the academic years’ student survey on TBL, where especially questions on collaborative teamwork scored 4.22 on average on a 1–5 Likert’s Scale. TBL was inspiring for teachers, the student teams of TBL provided a safe environment for students to voice their thoughts. The activating nature of TBL was recognized as beneficial, though it requires continuous effort and motivation from instructors. Coaching and guiding were perceived as highly effective instructional methods. Some teachers acknowledged the challenge of transitioning from a traditional “one-person” show approach to a more collaborative teaching style. Both evaluations facilitated further refinement of the TBL approach. Particularly, during the social intercourse-deprived Covid-19 era, the fixed-groups format of TBL helped students to experience a sense of belonging.
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1 Introduction


1.1 Background and rationale for the educational activity innovation

In the rapidly evolving landscape of education, continuous innovation in curriculum design, instructional strategies, and pedagogical frameworks is essential. While lectures are effective for information delivery, they are less suited for promoting higher-order thinking (1). Because of their proven effectiveness (2, 3), active teaching and learning methods have become an integrated part of curricula in higher education. Pedagogical frameworks like flipped classroom (4, 5) and team-based learning (6), emphasize student engagement and the cultivation of self-directed learning skills.

The Academic Centre for Dentistry Amsterdam (ACTA) has taken significant strides in reforming its undergraduate program to incorporate active teaching and learning methodologies, with a particular emphasis on team-based learning (TBL). For the curricular reform at ACTA, it was decided to implement TBL as the principal method and was introduced for 10% of teaching and learning time for all courses of the first year of the bachelor program. This has been gradually expanded to all courses of all years of the bachelor program. The choice for TBL was partially based on good experience at the neighboring Amsterdam University Medical Centre (7, 8). TBL has grown exponentially in the health profession education between 2011 and 2016 (9) and is therefore a choice of activated teaching and learning that has shown its value. Effectiveness of TBL has also been studied in the field of dentistry. A meta-analysis of active learning strategies among dentistry undergraduates across 93 studies, concluded that active learning not only improves satisfaction, but also enhances knowledge acquisition, outperforming traditional teaching methods (10). A recent scoping review on TBL at dentistry faculties confirmed these outcomes. When compared with traditional teaching, student satisfaction and performance improved after implementing TBL (11).

For successful implementation of teaching and learning methods from scratch, it is desirable to implement one principal form of activating teaching and learning, since both teachers and students need time to be instructed and to be familiarized with a new way of teaching and learning. Proper preparation is therefore instrumental. Many curricular innovations fail due to too little guidance during these changes (12). For a successful implementation, it is important to introduce a step-by-step plan. First teachers and students have to be trained in the new method. Secondly, during the initial year, it is important to organize panel discussions with all users, both teachers and students. Finally, the incorporation of a new educational method should be evaluated for all courses and as an umbrella at the end of the year for all TBLs. For the latter, the entire first year filled out a questionnaire on the various educational and organizational aspects of TBL. Here we describe which preparations were made, how they were implemented in the courses of the first year and how it was perceived by both students and teachers.




2 Pedagogical framework(s), pedagogical principles, competencies/standards underlying the educational activity


2.1 What is team-based learning?

Team-based learning contains an individual study phase that is followed by the so-called readiness assurance test (RAT) containing 15–25 multiple choice questions. Thus, knowledge at the cognitive levels of taxonomy of Bloom, understanding and remembering (13); modified by (1) are tested. This test is first done individually (iRAT), then taken again, now with the pre-formed team, the team-RAT or tRAT. Answering the questions again as a team contributes to the learning process. After this, readiness for the application session is assured. In other words, students are prepared to answer more complex questions together in their pre-formed teams. This takes place during the application phase of TBL, which lasts about 2 h during which approximately three more complex multiple-choice questions can be answered. Importantly, the various TBL-teams work together and tackle the same problems. Answers are given simultaneously after the teams have been given time for deliberation. For the design of complex questions during the application phase, it is important that all possible answers can be defended. Thus, TBL prepares students for formulating academic arguments and is thus suitable for training academic reasoning and clinical decision making. Throughout the application phase of TBL, students are in the lead. The teacher adapts to a role of coach, occasionally adding expert knowledge (6, 14, 15).




3 Learning environment (setting, students, faculty); learning objectives; pedagogical format

Academic Centre for Dentistry Amsterdam enrolls approximately 128 students annually, making it the largest dental school in Netherlands and one of the largest in Europe. The learning environment is designed to facilitate active engagement, with innovations such as the thematic organization of the digital learning environment, Canvas, and the incorporation of small group tutorials and seminars. The undergraduate program at ACTA gradually progresses from theoretical foundations to the acquisition of pre-clinical skills, preparing students for clinical practice in the second and third year. The emphasis in the 3 years Master’s program is on deepening fundamental knowledge and on acquiring clinical skills.

For the implementation of TBL in the Bachelor, the following sequential steps were undertaken.


3.1 Preliminary engagement with faculty

Approximately 9 months prior to the scheduled implementation of TBL, a workshop aimed at introducing the methodology to faculty members was conducted (DvD). This workshop, attended by 15 ACTA educators, comprehensively covered all stages of TBL, including the preparation phase, individual Readiness Assurance Tests (iRAT) iRAT, team Readiness Assurance Tests (tRAT) and the application phase).



3.2 Formation of the TBL implementation team

To ensure the effective implementation of TBL, a dedicated team, the TBL team, was established 6 months prior to introduction in September 2020. This interdisciplinary team was comprised of teachers, educational specialists, and experts in higher educational management (including TdV, KC, EV, IL, EN, and later AdW). Since the team did not contain TBL experts, TBL experts at the Amsterdam Medical Centre (AMC) were consulted nearly at a weekly basis. In the past, EEV was as director of the bachelor program as expert involved in implementing TBL at AMC and was consulted on a regular basis. For adding TBL expertise in the team, one of the team members (EV) followed the fundamentals series of the Team-based learning collaborative (TBLC). The team’s primary objective was to develop and design the necessary resources for both faculty and students. The following were developed by the TBL team:


3.2.1 Development of a teacher training program

A comprehensive digital course was developed on the Canvas learning platform to familiarize faculty with TBL within approximately one hour. This course featured online video clips, an infographic designed for ACTA’s TBL framework (Figure 1), a video message from the Director of Education (EEV) emphasizing the importance of TBL, and a quiz and examples of application session questions. Following this self-paced course, a 1 h online training session was conducted via Zoom to reinforce key concepts and answer any faculty questions.


[image: Infographic about Team-Based Learning (TBL) presents a summary of the method, including a circle illustration of TBL groups and teams, explanation of group formation, TBL assessment details, and a three-phase session schedule covering preparation, testing, and application, with corresponding roles for individuals, teams, and lecturers.]

FIGURE 1
Infographic on team-based learning designed especially for Academic Centre for Dentistry Amsterdam (ACTA) to instruct both teachers and students.





3.3 Student instruction and preparation

A training module was also developed for first-year students to acquaint them with TBL. This module was delivered through a Zoom lecture and included an instructional video, a breakdown of the TBL process using the previously mentioned infographic (Figure 1), and a rehearsal of an application question. Thus, each step of TBL was explained separately. Team captains were subsequently required to defend their team’s answers, fostering early engagement with TBL’s collaborative learning process.



3.4 Course-specific guidance for faculty

For each course incorporating TBL, two advisory sessions were scheduled. The first session, conducted 6–8 weeks before the TBL session, aimed to clarify the TBL framework and assist the member of faculty with the design of the application session. A follow-up session, held 2–4 weeks before the session, provided feedback on the teaching materials developed by the faculty, ensuring alignment with TBL principles. For onboarding for the heads of departments, a session on TBL was organized right after the implementation phase. The RAT questions were typical for 100 level courses, basically reproducing knowledge. These were checked by at least one other teacher of the same TBL. In later years, all questions were handed in beforehand to a specific test expert who provided feedback on the questions.



3.5 Integration of TBL-specific evaluation metrics

In collaboration with the Vrije Universiteit Amsterdam, ACTA adapted its course evaluation protocols by including TBL-specific questions. These questions, presented on a Likert scale, assessed students’ perceptions of TBL broadening their understanding, the effectiveness of the TBL instructor as a coach, the overall value of TBL, and the benefit of group work.



3.6 Preparing the infrastructure for TBL at ACTA

The global Covid-19 pandemic necessitated the transition to online education across Dutch Universities in the summer of 2020. Consequently, the TBL framework was adapted for online delivery, requiring close collaboration with the ICT support group (PK). Each Canvas course was equipped with links to Zoom meetings, and the RAT phases were conducted using TestVision (an online summative assessment tool) with online proctoring. The tRAT was conducted in Zoom using separate breakout-rooms per team.

The onsite version of TBL makes use of scratch cards, where answer choices are made both for the iRAT and the tRAT, where for the latter, points were deducted for the number of attempts. The implemented online version used the same principles as the scratch card method. For the tRAT, one student filled-in the team choices per question on behalf of the whole group. Results were registered in TestVision.

The cohort was divided into 24 teams of six students, with each application session conducted in four groups of six teams. Each session addressed three application questions, with teams submitting their answers simultaneously via Zoom’s chat function.

Points for iRAT (0.7 grade points on a ten point scale) and tRAT (0.3 grade points) could be earned per course, provided that all TBL-phases were followed, including the application phase of TBL. Attendance at the application phase was established by checking the Zoom meeting attendance reports.



3.7 Monitoring and evaluation: the ALERT group

To ensure the continuous monitoring and evaluation of TBL implementation, team TBL participated in the Activated Learning and Teaching (ALERT) group, which convened monthly. This interdisciplinary team provided a platform for discussing the progress of TBL adoption, addressing any challenges, and initiating corrective actions as necessary. The ALERT group furthermore consisted of the manager of the Teaching and Learning Center of ACTA, teaching staff, a member of the ICT support team, and student members. Any points of attention regarding TBL were brought forward to the educational directors of the faculty.




4 Results to date/assessment (processes and tools; data planned or already gathered)


4.1 Implementation of TBL across courses

Team-based learning was integrated into all seven courses within the first year undergraduate program. Without exception, TBL became a structural component of every course. In larger 7–8 weeks courses, two TBL sessions were conducted, while shorter 4 weeks courses incorporated one TBL session. The TBL teams stayed intact for all ten TBL sessions, while the role of spokesperson during the application phase rotated, ensuring each team member had the opportunity to practice leadership. Application sessions were organized as thematic components within the courses (Figure 2). The thematic components were chosen by the teachers, often from different departments of ACTA, and were each asked to align to a common theme (16). For the preparatory phase of the day before the TBL day, students were often instructed to study the course thus far, approximately half-way the course. The online format of the TBL application sessions provided a unique opportunity for feedback to the teachers that led the TBL. Each TBL application session was attended by at least one member of Team TBL, who used a feedback form to evaluate organizational aspects, such as transitions between general assembly and breakout rooms, as well as the role of the instructor as facilitator. Following each TBL application session, a brief oral feedback moment with the TBL instructor took place.


[image: A table lists courses on the left, including Introduction into dentistry, Cells and Tissues, Organs and their Systems, Mol and Biol Processes, Infection and Inflammation, The Healthy Mouth, and Humans and Science. On the right, related topics for team-based learning applications include Epidemiology, Osteoporosis, Energy, Water household, Hypophosphatasia, Koch's postulates Protection, Clinical Immunology, Orthodontics, Saliva and periodontium, and Methods in research.]

FIGURE 2
Overview of the courses of bachelor-1 and the corresponding team-based learning (TBL) sessions.


During the year of implementation, TBL was monitored in four ways: by mid-year student panels (5.2), mid-year teacher panels (5.3), with TBL specific questions in the regular course evaluations (5.4) and with a TBL student questionnaire (5.5).



4.2 Mid-year evaluation: student panel

Team TBL organized a panel discussion for the initial fifteen teaches, of whom eleven attended focusing on four key themes. Participants were year class representatives, students council members and volunteers, all from the first year. A summary of the transcript, including representative quotes is provided below.

On the educational format, students replied that they found the TBL format to be well-structured, particularly the use of breakout rooms. However, some students experienced confusion during the application phase, as the relevant correct answers were occasionally unclear. Apparently, students had to acquaint themselves with the new method where various options can be chosen and argued. The opportunity for discussion was highly valued, with students noting that it was particularly beneficial for exam preparation. Collaborative discussions were described as enjoyable, with differing opinions adding value. The online format was also positively appreciated.

Typical for TBL is that the teacher primarily functions as moderator. Students appreciated additional explanations and summaries provided by the teacher. One teacher was noted for the sense of humor and encouragement, which was positively received. Students suggested that summarization at the end of sessions, by the teacher, would be beneficial.

A hallmark of TBL is collaborative group work. Panel members enjoyed working in fixed teams, which allowed them to become familiar with each other’s strengths and weaknesses. This familiarity facilitated open communication during team discussions, during which students learned from each other’s perspectives. Students observed that long-term team membership enhanced collaboration, with introverted members becoming more vocal and engaged over time. They reported that well-established teams functioned more efficiently, just as a well-oiled machine.

Some valuable student quotes from the panel discussion are listed here. “You start to feel at ease with each other and this makes you comfortable to say what you want to in the team discussions. The threshold for giving your opinion would be higher if you were always in a newly formed team.” Almost everyone experienced growth in collaborating with each other. “The longer you are a team together, the better you know each other and the better you know each other’s qualities. This way you learn to complement each other.” A student noticed that over time, fellow students who are more introverted become more prominent in the team. They feel comfortable.

“I noticed that we can solve issues in a team more quickly. It’s faster and easier, like a well-oiled machine.”

Regarding the positive aspect of TBL, students responded as follows.


-“I have learned to work together and experience that when I explain the material to someone else, I deal with it differently and more actively. This makes me incorporate the material better.”

-“When you actively deal with the learning material and have already taken a test in between, the material will be retained better. You remember things better. You use more senses.”

-“When you explain an answer to a question, or have it explained by another student, it will stick better.”

-“The tRAT has a valuable function. When assessing the same questions, but now in a team, you immediately see your mistakes.”





4.3 Mid-year evaluation: teacher panel

A panel discussion with eleven teachers was organized by Team TBL, focusing on four themes. A summary of the transcript, including representative quotes, is provided below.

On their experience with the novel educational method of TBL, teachers responded as follows. Several teachers reported that TBL was enjoyable, albeit that it required intensive preparation. The creation of RAT questions and application sessions was perceived as demanding. “It has given me a lot of inspiration, also for my other teaching activities. I find it very useful that you activate students by having them study the material in advance. It also helps to take a test together.” TBL was also praised for its ability to engage students and stimulate discussion. “I think it is a very enjoyable form of education. I can imagine that it is nice for students, too. I liked that I could also contribute bits to the discussion myself, depending on which direction it went. There was more interaction than during a lecture. I found it intensive, two TBL application sessions in a row, with just your screen ahead of you for hours. However, that is an organizational thing, not substantial. Intensive to guide the content and the process. It does ask something of you.”

Teachers valued the interactive nature of TBL, which encouraged students to deeply engage with the material. The small group discussions created a safer environment for students to voice their thoughts, reducing fear of making mistakes compared to large group settings. However, some challenges were noted, such as the constraints of four-choice question formats and occasional passive participation by students. Teachers observed that students appeared better prepared for other teaching sessions and demonstrated improved performance on insight questions. The activating nature of TBL was recognized as beneficial, though it requires continuous effort and motivation from instructors. “The biggest added value is that they discuss in small groups, in a safe environment. In a large group they often do not dare to contribute, they are afraid of making mistakes. I think it is a disadvantage that everything has to fit into a four-choice straitjacket, and also a disadvantage that students lean backward.” “We have been sending information for years, and for the first time since 1994 I had the feeling that most of them had prepared, in the breakout rooms they were working on the material, and I saw that reflected in the test results: insight questions have been answered much better.”

In the context of TBL, instructors are encouraged to step back from directly providing content, instead focusing on guiding students to discover the correct answers collaboratively. The possible answers are revealed at the end of the session, supplemented with additional substantive information if necessary. Peer feedback among colleagues was a valuable component of this process, and the feedback provided by team TBL was instrumental in refining subsequent sessions. One teacher noted: “It is critical that all TBL sessions are conducted uniformly to ensure consistency for the student. Deviating from this structure undermines the learning process.” Another teacher emphasized the importance of small-scale, active learning highlighting that TBL not only fosters engagement but also enhances collaboration. “Coaching and guiding are highly effective instructional methods.” a teacher remarked. However, some teachers acknowledged the challenge of transitioning from a traditional “one-person” show approach to a more collaborative teaching style. “This requires a fundamental shift in our teaching methodology” one teacher noted.

“I think it is important that all TBL sessions are unambiguous and carried out in the same way. It is important for the students that there is a consistent line. You should not set this up in your own way.” “It is about activating learning in a small-scale setting. TBL has the advantage that it also stimulates collaboration. Coaching, guiding, these are very strong working methods.” “We struggle as teachers, because we often conduct a one-man-show. That doesn’t really work. In any case, as teachers we are now forced to approach it in a different way.”

The online implementation of TBL presented certain challenges, primarily due to the lack of a dedicated TBL space. Nevertheless, breakout rooms were considered an excellent alternative under the circumstance of the global COVID-19 pandemic. One teacher commented, “While TBL is more enjoyable in person, the online format effectively encourages participation from students who are typically less vocal. Interestingly, these quieter students often excel academically.” The online environment was perceived as more efficient, although the lack of on-site experience was noted. In a physical setting, visual contact facilitates smoother transitions within the team, an aspect somewhat diminished in the digital format. However, visiting breakout rooms online partially mitigated this issue. Support from the ICTO (Information and Communication Technology in Education) team was considered essential for the successful execution of online TBL sessions.

The support of Team TBL was indispensible, particularly in preparing TBL sessions from scratch. One teacher reflected: “I appreciated the opportunity to collaborate with colleagues, which made the experience less daunting. The guidance provided was excellent, with a clear framework outlining the purpose and mechanics of TBL. Questions were promptly addressed, which was very reassuring.”



4.4 Evaluation of TBL across all undergraduate year one courses

To assess students’ perceptions of TBL, four specific questions were incorporated into the course evaluations of each course. The questions related to the effectiveness of TBL as a method for broadening understanding and the success of teachers in their coaching roles, received average scores of 3.5 [± 0.63 (SD, n = 7)] out of five. Questions assessing whether TBL was perceived as adding value and fostering collaborative work scored higher, at approximately 3.8 [± 0.42 (SD, n = 7)] out of five (Figure 3).


[image: Bar chart with orange bars displays Likert scale ratings from one to five on four educational categories: broadened understanding, teacher as coach, TBL's added value, and advantage of working in a group, all showing mean values near three to four with error bars.]

FIGURE 3
Scores on specific team-based learning (TBL) questions in the course evaluations. Results of the seven courses (average ± S.D.) are shown. Response per course was 35 ± 23.




4.5 End-of-year survey for students

Students that participated in TBL at ACTA during the 2020–2021 academic year were invited to complete an evaluation questionnaire at the end of the year. During one of the last TBL sessions, a member of TBL team joined the online session and asked students to fill out the questionnaire via an anonymous link. Participation was voluntary and anonymous, with no identifying data collected. Students were informed that their feedback was crucial for improving TBL at ACTA. A total of 75 students out of 144 completed the questionnaire, and their responses were included in the analysis. The questionnaire received approval from the ACTA Ethical Committee (number 2021-82589).

The questionnaire was adapted from Parmalee et al. (17) and included 24 questions covering various aspects of TBL, including educational methods, teacher-role, organization, and group-work. Cronbach’s alpha was used to measure the internal consistency of the questions across the four categories. Seven questions addressed TBL in general (Cronbach’s alpha = 0.87), five questions focused on the teacher’s role during TBL sessions (Cronbach’s alpha = 0.80), nine questions were related to the organizational aspects of TBL (Cronbach’s alpha = 0.68) and three questions concerned team cooperation (Cronbach’s alpha = 0.87).

Questions were answered on a five-point Likert’s Scale, ranging from 1 = strongly disagree to 5 = strongly agree. Averages were calculated for items corresponding to the same scale. Table 1 presents response frequencies, means and standard deviations for each item. The table also shows means and standard deviations for each item, as well as mean composite scale scores.


TABLE 1 Results of a questionnaire for students on team-based learning (TBL) themes teaching method, the teacher, organization and collaborative work in groups.

[image: Table summarizing student survey responses on Team-Based Learning (TBL) in dental education, displaying Likert scale data for teaching methods, teacher performance, organization, and team collaboration, with means and standard deviations for each item and category.]

Students rated aspects of the educational method, the role of the teacher, and the organization of TBL between 3.54 and 3.73. The highest scores were for team collaboration, with an average of 4.22. When asked for additional feedback, many students suggested shortening the iRAT/tRAT phases, as they felt these phases involved unnecessary waiting.

Due to the COVID-19 pandemic, all TBL components were conducted online. At the end of the questionnaire, students were asked whether they preferred TBL in an online or face-to-face variant. The vast majority (77%) expressed a preference for continuing TBL online.



4.6 Dissemination

The principle of TBL and how it was implemented at ACTA was shared at a workshop during the Educational Day of the University of Amsterdam.

It is good to connect and to become a member of international TBL expert groups such as the Team-Based Learning Collaborative (TBLC). During the first year of implementation, Team TBL was invited by TBLC to give a presentation as part of the introductory series on how TBL was implemented at ACTA. The presentation, by Zoom, was viewed live, from every corner of the globe, stretching from the far-east to California.




5 Discussion on the practical implications, objectives and lessons learned

When we zoom out and put team-based learning and its objectives into a larger context, it is useful to go back to the pioneer of team-based learning, Larry Michaelson. Team-based learning was implemented in an era when larger audiences of students found their way to institutions of higher education. Faced with large student numbers, a search was made (and found!) for a method that could still serve large numbers of students in smaller groups (18). A quote from Michaelson that puts TBL’s mission in the broader perspective of academic learning: “Students need to learn and apply the power of reason gained through critical thinking before offering viewpoints and to apply this same approach when evaluating statements made by others. The extent to which a person accomplishes this process defines his or her competency in a given field.” (6). It is a method that helps in debating and argumentation of decisions, especially in medical science and dentistry, but also in related fields of study. Team-based learning has proven its value especially for the medical profession. Individuals from a curriculum with extensive TBL education had better long-term knowledge retention than students from more traditional curricula (19). When exposing one group of students to TBL while the other was not, and the groups switched halfway through the year, the students who initially received TBL and later transitioned to regular lessons appeared dissatisfied. The group that first received regular teaching and then TBL was happy with the enrichment that TBL provided (20). Notably, in the field of dentistry, the study by Jost et al. (21) demonstrated that TBL facilitates the process of clinical decision making. Their comparison of groups of students exposed to TBL versus those that were not, showed that the TBL group was better prepared and more capable of making clinical decisions.

Team-based learning has been implemented as teaching method at ACTA for the past 4 years, initially delivered online for 2 years, followed by 2 years on-site. As the introduction of TBL coincided with a curricular reform, its implementation followed the reform’s phased rollout In other words, it was first introduced in all courses of Bachelor-1, the next year was a consolidation year, followed by introducing it in all Bachelor-2 courses and finally also in Bachelor-3 courses (Figure 4). The online version described here was replaced by a face-to-face variant in the third year. We can conclude that TBL has become an integral and sustainable part of the ACTA educational model. It has become part of the natural repertoire of teachers at ACTA, just as natural as giving a lecture in a large lecture hall and teaching in seminar format. Looking back at the implementation of TBL in the first year, part of its success is the step-wise and sustained approach of preparing teachers and students and of monitoring of the process through the first year(s). This seems pivotal for any successful and enduring curricular change (12), including team-based learning (9). Within ACTA, the TBL team was highly visible and both teachers and students found their way to Team TBL. It seems important to convey visibility and approachability and a willingness to advise and help.


[image: Graphic showing a phased implementation strategy for TBL in the Bachelor curriculum from 2020 to 2024. TBL is introduced in Bachelor 1 in 2020-2021, continues in Bachelor 1 for 2021-2022, expands to both Bachelor 1 and Bachelor 2 in 2022-2023, and by 2023-2024 includes Bachelor 1, 2, and 3.]

FIGURE 4
Implementation of team-based learning (TBL) at Academic Centre for Dentistry Amsterdam (ACTA). TBL was initiated in Bachelor-1 and paralleled the curricular reform of the bachelor phase from 2021 to 2022 onward. In essence, within 4 years, all bachelor courses contained a TBL-phase.


With their first encounter of academic life, the first-year students had no other experience than online-teaching. And, although there are well-meant attempts to try and mimic a classroom setting using Zoom (22), one cannot but conclude that the Covid-19 pandemic has been a socially barren time that has had vast effects on the academic community that started in 2020. For instance, 1,400 American colleges transferred their on-site teaching to online within 1 month (23). Remarkably, the online version of TBL was considered positive in at least two respects. Students enjoyed their team, because it gave them some social anchorage point. Also, in the end-of-year survey, no less than 77% saw the online version of TBL as a positive example of online teaching that should be continued as an online version. Interestingly, a recently held survey amongst Bachelor-2 students at ACTA who had first experienced the online version and then 1 year with on-site TBL, responded entirely opposite to this, where the vast majority of students voted for on-site. Teachers even unanimously voted for on-site (unpublished results).

When looking back at how TBL was perceived by teachers, it was striking that the online Zoom environment allowed at a seemingly approachable way to invite teachers from other courses and team TBL to join such a session. Probably with any teaching method, there are teachers that fit-in quite naturally, whereas others find it difficult to adapt or do not see the benefits of using the new method. In that sense, when making it policy that every course has to offer at least one TBL session, the course coordinator should monitor which teachers are most suited for teaching TBL, where such a different, more coaching role is expected from teachers.

For the preparation phase of TBL, one should avoid overly complex pre-class materials which can overwhelm students (16), leading to low engagement or incomplete preparation. Although student engagement is influenced by many different factors, we observe that the complexity of pre-class materials plays an important role. As we know from motivation theory (24) and Bruner et al.’s (25) work on scaffolding, students thrive when the expected task complexity matches their abilities. Setting the complexity too low or too high can lead to demotivation and inadequate preparation for the TBL session. Therefore, we advise carefully considering the complexity of pre-class materials and ensuring that they are as well-suited as possible to the proficiency level of your students. Our initial instruction to teachers was to let the students prepare the course materials thus far. Students appreciated this, since the RAT phase could be seen as a light version of the exam, and gave them a fair idea to what extent they mastered the course work.

Based on recommendations by teachers, TBL application sessions are now held with two cohorts of 12 teams, rather than the initial four cohorts of six teams. Thus, there is less pressure on the teaching staff to teach four sessions. Another benefit is that the whole TBL (RAT phase and application session) can now be accommodated in 1 day. TBL has now been rolled-out and is part of all courses of the Bachelor’s program. The second and third year of the program is more and more focused on acquiring technical skills. Especially here, it was noticed that after TBL introduction, the test performance was higher than before TBL. However, also due to the installment of TBL at the same time as the online transition, it is difficult to gather clean data on before and after TBL.

When considering introduction of TBL, we would like to forward four tips for a successful incorporation.


5.1 Train faculty

Faculty must fully understand the principles and benefits of TBL to effectively facilitate sessions. Resistance to change from traditional methods can hinder implementation. Invest time in workshops, peer mentoring, and ongoing support of faculty to ensure all instructors are comfortable with TBL design and facilitation.



5.2 Engage students

Student engagement is critical to the success of TBL, as it depends on active participation inside but also outside the classroom. Engage students by explaining the benefits of TBL and align TBL carefully with final examination.



5.3 Align with curriculum goals

Team-based learning is most effective when integrated thoughtfully into a whole curriculum. Avoid fragmented learning experiences. Adapt the structure of your course and replace traditional lectures with a variety of pre-class preparation materials. Application exercises should promote active and relevant problem solving, decision-making and teamwork. Align the final exam with the topics and level of the application sessions, because examination drives learning and stimulates students to get the most out of the TBL sessions.



5.4 Secure administrative support

Institutional support ensures that sufficient time, resources, and infrastructure are available for TBL sessions, including appropriate classroom setups and technology.
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Background: Problem-based learning (PBL) has emerged as a transformative educational strategy aimed at enhancing critical thinking in medical education. While some studies suggest PBL significantly improves critical thinking skills, others show minimal differences compared to traditional teaching methods. This study aims to synthesize existing research to assess the overall effectiveness of PBL in enhancing critical thinking skills in medical education.



Methods: A comprehensive literature search was conducted using PubMed, the Cochrane Library, and FMRS databases. Studies included were comparative, involving medical students, with a PBL intervention group and a conventional method control group, and assessed critical thinking skills. Data extraction and quality assessment were performed by two independent reviewers, using the Cochrane Risk of Bias Tool for RCTs and the ROBINS-I tool for non-randomized studies. Meta-analysis was conducted using Review Manager version 5.3, employing random-effect models due to high heterogeneity. Publication bias was assessed using funnel plots, Egger’s regression, and Begg’s test.
Results: Eleven studies involving 14 to 267 students from various countries were included. The aggregated effect size for PBL versus conventional methods showed a significant improvement in critical thinking skills. Comparison of pre- and post-PBL critical thinking scores also indicated significant improvement post-PBL. Publication bias was assessed and found to be minimal.
Conclusion: PBL is significantly more effective than conventional teaching methods in enhancing critical thinking skills among medical students. These findings support the integration of PBL into medical curricula to foster critical thinking skills crucial, which are crucial for clinical practice.
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Introduction

The evolving landscape of medical education demands innovative teaching methodologies to foster critical thinking skills among students, essential for navigating the complexities of clinical practice. Problem-based learning (PBL) has gained prominence as an effective, student-centered approach to developing these skills, particularly in medical education (Alreshidi and Alreshidi, 2023; Manuaba et al., 2022). By engaging students with real-world clinical scenarios, PBL promotes active learning, deeper cognitive processing, and sustained motivation compared to traditional lecture-based approaches (Magdalena et al., 2023).

Critical thinking is essential to medical practice, enabling healthcare professionals to analyze complex information, make informed decisions, and provide high-quality care (Falcó Pegueroles et al., 2021; Khosravizadeh et al., 2022; Papp et al., 2014). The American Philosophical Association defines critical thinking as “purposeful, self-regulatory judgment,” encompassing interpretation, analysis, evaluation, and inference (Dwyer and Walsh, 2020; Wanjari et al., 2020). These cognitive abilities are crucial for medical students, who must navigate increasingly complex clinical settings and provide patient-centered care.

Numerous studies have explored the impact of PBL on critical thinking skills in medical education, yielding inconsistent results. Some research indicates that PBL leads to significant improvements in critical thinking abilities (Deshanty et al., 2023; Sopwan et al., 2018; Tiwari et al., 2006), while other studies suggest minimal or no differences compared to traditional teaching methods (Puranik et al., 2023; Zabit et al., 2016). These inconsistencies highlight the need for a comprehensive systematic review and meta-analysis to assess the overall effectiveness of PBL in enhancing critical thinking skills in medical education.

Prior literature reviews have explored the impact of PBL on critical thinking skills in medical education, but most prior systematic reviews have either focused narrowly on specific subgroups (e.g., nursing students) or lacked a quantitative meta-analytic synthesis. For example, Wei et al. (2024) reported significant improvements in critical thinking among nursing students using PBL, while Manuaba et al. (2022) found no significant differences in first-year medical students. These discrepancies highlight the need for a comprehensive quantitative review across broader health-related disciplines to evaluate the effectiveness of PBL on critical thinking across varied educational contexts.

This study aimed to fill this gap by synthesizing both randomized and non-randomized studies from multiple countries and disciplines, using robust meta-analytic methods. Furthermore, this study explicitly considered various conceptualizations of critical thinking. We adopted the widely accepted framework by Facione (1990), which defines critical thinking as purposeful, self-regulatory judgment, encompassing interpretation, analysis, evaluation, inference, explanation, and metacognition. We also referenced complementary perspectives, such as Ennis’s (1987)) taxonomy of dispositions and abilities, and Paul and Elder’s (2008) model emphasizing intellectual standards. These theories guided both our interpretation of critical thinking and the classification of the measurement tools used in included studies.

This study synthesizes research on the effectiveness of PBL in medical education, focusing on its impact on students’ critical thinking skills. Through a systematic review and meta-analysis, it aims to clarify PBL’s educational outcomes and provide practices recommendations to guide medical curriculum design and improve critical thinking development in diverse student populations.



Materials and methods


Literature search strategy

Data were sourced from PubMed, the Cochrane Library, and the FMRS database. The Foreign Medical Literature Retrieval Service (FMRS), developed by Shenzhen Maitesi Creative Co., Ltd., is a platform for accessing foreign medical information resources. FMRS2020 covers 97% of journals indexed in the SCI database, 90% of journals indexed in EMBASE, and 100% of journals indexed in PubMed.

The same search terms and Boolean operators were applied across all databases to ensure uniformity. Specifically, the following search terms were used uniformly: “Medical*,” “educat*,” “Problem-Based Learning,” “Problem-Based,” “Problem Based Learning,” “Problem Based,” “PBL,” “critical*,” and “think*.”

For PubMed, Cochrane Library, and FMRS, the same Boolean operators were used to combine the search terms across all databases. The only variation in the strategy arose from the different search syntax requirements of each database, but the core search terms and Boolean logic remained unchanged across all of them.

For clarity, the detailed search strategies used for each database are presented in Supplementary Table 1.



Study selection

The studies included met the following criteria for comparative studies: (1) Participants: Medical students engaged in health-related studies. For the purposes of this review, “medical students” were defined broadly to include students enrolled in health-related disciplines such as medicine, nursing, dentistry, speech-language pathology, and medical education: fields in which critical thinking and clinical reasoning are essential components of professional education. (2) Intervention group using problem-based learning (PBL). (3) Control group using conventional method. (4) Outcome measure: Assessment of critical thinking skills. (5) Reported sample size, mean difference, and standard deviation of critical thinking scores. (6) No restriction on publication year and languages. Articles retrieved in languages other than English or Chinese were translated using OpenAI’s ChatGPT (version GPT-4, accessed June 2024) to facilitate review and data extraction. Translations were subsequently checked for consistency and relevance to the study objectives.

Exclusion criteria included: (1) Non-peer-reviewed literature, opinion articles, reviews, and conference abstracts. (2) Not-medical students. (3) Studies without assessment of critical thinking. (4) Duplicated or overlapping data. (5) Studies with serious design flaws or incomplete data.



Data extraction and management

Two reviewers independently extracted data from the included studies using a standardized data extraction protocol. Extracted data included study characteristics (authors, publication year, and country), participant characteristics (sample size and major), PBL descriptions, study design, and critical thinking tools (mean differences and standard deviations from baseline to post-test). Discrepancies were resolved through discussion or with a third reviewer if needed.

To ensure transparency, we implemented a consistent approach for extracting quantitative effect sizes. For each outcome (e.g., critical thinking scores), we extracted either mean differences and standard deviations or standardized mean differences, depending on how the results were reported. In cases where multiple outcomes were reported (e.g., comparisons between PBL-first and LBL-first sequences), we treated each outcome as an independent data point in the meta-analysis to maintain statistical independent. When studies reported multiple cohorts or time points, each was treated as an independent batch to preserve the robustness of the pooled estimates. For studies published in languages other than English or Chinese, we translated relevant full-text content into Chinese using advanced translation tools to ensure accurate data extraction.

To ensure consistency and reduce bias, inter-rater reliability for data extraction and quality assessment was measured using Cohen’s kappa, which showed a high level of agreement (κ = 0.86).



Quality assessment

To assess the quality of the included studies, we employed the Cochrane Risk of Bias Tool (Higgins et al., 2011) for randomized controlled trials (RCTs) and the ROBINS-I tool (Sterne et al., 2016; Thomson et al., 2018) for non-randomized studies of interventions. For the RCTs, the Cochrane Risk of Bias Tool evaluated each study based on criteria such as random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting. For the non-randomized studies, the ROBINS-I tool assessed the risk of bias across several domains, including confounding, participants, intervention classification, deviations from intended interventions, missing data, outcomes measurement, and selection of the reported result.

The results of the quality assessment were integrated into the sensitivity analysis. Specifically, studies rated as having a high risk of bias in two or more domains were excluded in secondary analyses to evaluate the robustness of pooled effect sizes. These results were clearly presented and considered into the interpretation of the meta-analytic results.



Data synthesis and analysis

Heterogeneity was assessed using the I2 statistic. The I2 statistic represents the percentage of variation due to heterogeneity, thereby offering an interpretable estimate of its degree (Hemming et al., 2021). I2 values between 25 and 50% indicate low heterogeneity, 50 to 75% moderate, and over 75% high. An I2 value greater than 50% was treated as evidence of substantial heterogeneity. For low-heterogeneity data, a fixed-effect model was used to aggregate effect sizes. For high-heterogeneity data, a random-effect model was applied.

For studies with independent control group data, we used a between-group comparison approach to assess differences in critical thinking scores between the PBL (problem-based learning) and conventional teaching method groups. In many studies, the conventional teaching method was used before the PBL intervention. Therefore, pre- and post-intervention data were also used to compare critical thinking scores before and after PBL, with the pre-PBL period representing traditional instruction and the post-PBL period representing the intervention. To determine statistical significance, a two-tailed p-value threshold of < 0.05 was set for all analyses.

Where studies reported multiple cohorts, time points, or experimental arms, each was treated as an independent analytical batch in the meta-analysis (see Figures 3, 4 legends).

The analyses mentioned above were conducted using Review Manager version 5.3 (RevMan Cochrane, London, UK).



Publication bias

To ensure the reliability of the meta-analysis results, we assessed potential publication bias using multiple complementary methods, including a funnel plot, Egger’s regression test, and Begg’s test. The funnel plot was generated using Review Manager version 5.3, while Egger’s and Begg’s test were performed using Python-based statistical scripts to evaluate the symmetry of effect sizes and detect potential small-study effects.




Results


Study selection results

We conducted a comprehensive literature search on PBL conducted among medical students, using critical thinking as the primary outcome measure, and identified 11 eligible studies for inclusion (Figure 1).


[image: PRISMA flow diagram illustrating study selection steps: 323 records identified, 91 duplicates removed, 232 records screened, 211 excluded for reasons such as study type and focus, 21 full-text articles assessed, 10 excluded, and 11 studies included in quantitative synthesis.]

FIGURE 1
Flowchart of the studies screening process.




Study characteristics

All 11 included studies were published between 2004 and 2023, involving sample sizes ranging from 14 to 267 participants across several countries: China (n = 4), Korea (n = 1), Iran (n = 2), South Korea (n = 2), Iran (n = 1) and the USA (n = 1). The participants’ academic majors spanned nursing (n = 7), clinical medicine (n = 1), language pathology (n = 1), medical education and medical library information science (n = 1), and dentistry (n = 1). To assess critical thinking, the included studies used a range of validated instruments, including the California Critical Thinking Disposition Inventory (CCTDI, n = 3), California Critical Thinking Skills Test (CCTST, n = 2), Critical Thinking Disposition Inventory (CTDI, n = 2), Clinical Thinking Ability Evaluation Scale (CTAES, n = 1), Critical Thinking Ability Scale for College Students, (CTASCS, n = 1), Concept Map Assessment Profile (CMAP, n = 1), and Oral Triple Jump Assessment (TJA, n = 1). Basic characteristics of the studies included are shown in Table 1. To enhance transparency and comparability, Supplementary Table 2 provides additional study-level details, including participant academic level, intervention duration and format, the dimension of critical thinking assessed (e.g., skills, dispositions, or both), and whether the intervention and control groups were situated in the same instructional environment.


TABLE 1 The basic characteristics of the studies included.

[image: Data table summarizing studies on problem-based learning (PBL) and critical thinking, listing study references, countries, assessment scales, major, study types, and outcomes, with most studies reporting significant improvement except a few that found no significant effect.]



Risk of bias

Of the 11 included studies, three were randomized controlled trials (RCTs). All RCTs had an unclear risk in at least one domain (Figure 2A), with the most common sources of bias related to inadequate blinding procedures (Figure 2C). The non-randomized studies exhibit varying levels of bias as assessed by the ROBINS-I tool. All of the non-randomized studies had an unclear risk in at least one domain, and approximately 37.5% of the studies presented a high risk of bias in one or two domains (Figure 2B). The primary sources of bias of the non-randomized studies were due to confounding and selection of participants into the study (Figure 2D).


[image: Four-panel figure showing risk of bias assessments in various studies. Panels A and B use colored symbols to indicate low (green), unclear (yellow), and high (red) bias risk across specific study characteristics for individual publications. Panels C and D present corresponding bar charts summarizing the percentages of studies with low, unclear, or high risk of bias for each bias category.]

FIGURE 2
Risk of bias for included studies. (A) Risk of bias summary: each risk of bias item for RTC study. (B) Risk of bias summary: each risk of bias item for non-RTC study. (C) Risk of bias graph: each risk of bias item presented as percentages across all RTC studies. (D) Risk of bias graph: each risk of bias item presented as percentages across all non-RTC studies. Sort by effect size.




Meta-analysis results

For studies comparing critical thinking scores between PBL and conventional method groups, 8 studies were included, resulting in 9 batches of data. Among these, Study Yu et al. (2013) was a crossover-experimental study, which produced 2 independent data batches. Heterogeneity analysis showed high-heterogeneity between PBL and conventional method groups (I2 = 93%), so a random-effect model was used. The aggregated effect size indicated that PBL was significantly more effective than conventional method groups (Mean Difference [MD] = 0.98, 95% Confidence Interval [CI] = 0.19–1.77, P = 0.02) (Figure 3).


[image: Forest plot comparing problem-based learning (PBL) with control across nine studies, displaying mean differences with 95 percent confidence intervals. The overall effect favors PBL with a mean difference of 0.98.]

FIGURE 3
The analysis of the critical thinking between PBL and conventional method groups. Some studies [e.g., Yu et al. (2013)] contributed multiple batches to the meta-analysis. Each batch represents an independent comparison based on different experimental rounds: Yu et al. (2013) (PBL + LBL): In the first round of the experiment, Group A received PBL and Group B received LBL. Yu et al. (2013) (LBL + PBL): In the second round of the experiment, Group A received LBL and Group B received PBL.


For analyzing critical thinking scores between pre- and post-PBL, there are 8 studies in total, resulting in 10 batches of data. Among these, study Mok et al. (2014) conducted 3 PBL interventions, resulting in 3 independent data batches. Study Gavgani et al. (2021) conducted PBL interventions for students in 2 different fields: Library and Information Science and Medical Education. Only data from the Medical Education students were included in the meta-analysis, while data from Library and Information Science students were excluded to maintain the focus on medical education contexts. The heterogeneity analysis showed high-heterogeneity between pre- and post-PBL (I2 = 81%), so a random-effects model was employed. The aggregated effect size indicated that post-PBL was significantly better than pre-PBL (Mean Difference [MD] = 1.43, 95% Confidence Interval [CI] = 0.24–2.62, P = 0.02) (Figure 4).


[image: Forest plot displaying individual and pooled mean differences between post-test and pre-test values across ten studies, with confidence intervals represented by horizontal lines and the overall effect shown as a diamond at the bottom.]

FIGURE 4
The analysis of the critical thinking between pre- and post-PBL. Some studies [e.g., Mok et al. (2014)] contributed multiple batches. For Mok et al. (2014), all batches refer to the same cohort of students, who were followed over three academic years. Each batch reflects a comparison between pre- and post-PBL outcomes at different time points: Mok et al. (2014) year 1: First year—comparison between pre-PBL (baseline) and post-PBL (after initial intervention). Mok et al. (2014) year 2: Second year—same students, followed up one year later. Mok et al. (2014) year 3: Third year—same students, final follow-up.




Publication bias

For studies comparing critical thinking scores between PBL and conventional method groups, the funnel plot shows that the points are not perfectly symmetrical around the mean MD line, which may indicate potential publication bias upon visual inspection (Figure 5A). However, this asymmetry may also result from methodological heterogeneity or small study effects, rather than true publication bias. We subsequently performed Egger’s Regression Test and Begg’s Test to achieve a more rigorous assessment of publication bias. Specifically, Egger’s Regression Test analyzes the relationship between the effect sizes and their standard errors to detect bias, with no significant results (P > 0.05, Figure 5B), indicating no significant publication bias. Similarly, Begg’s Test, which assesses the correlation between the ranks of effect sizes and their variances, also showed no statistical significance (Kendall’s tau: 0.44, P = 0.12), further suggesting the absence of significant publication bias.


[image: Panel A displays a funnel plot with standard error on the vertical axis and mean difference on the horizontal axis, showing asymmetric distribution of data points around zero. Panel B shows a scatter plot with standardized effect size versus precision, including a negatively sloped fitted regression line, data points, and reported intercept and P-value. Panel C presents a funnel plot similar to panel A, but with data points more symmetrically distributed around zero mean difference. Panel D shows a scatter plot of standardized effect size versus precision with a positively sloped fitted line, data points, and corresponding intercept and P-value.]

FIGURE 5
The analysis of publication bias. (A) Funnel plot of comparison: PBL vs. control. (B) Egger regression analysis of comparison: PBL vs. control. (C) Funnel plot of comparison: post-test vs. pre-test. (D) Egger regression analysis of comparison: post-test vs. pre-test.


For analyzing critical thinking scores between pre- and post-PBL, the funnel plot also shows that the points are not perfectly symmetrical around the mean MD line (Figure 5C). Egger’s Regression Test showed no significant results (P > 0.05, Figure 5D). Begg’s Test also showed no statistical significance (Kendall’s tau: −0.16, P = 0.60). These results suggest the absence of significant publication bias.




Discussion

Our study aimed to evaluate the effectiveness of PBL in enhancing critical thinking skills in medical education by synthesizing data from 11 studies involving 14 to 267 medical students from China, Korea, Iran, and the USA. The included student groups spanned different academic years and disciplines, including nursing, clinical medicine, language pathology, medical education, medical library information science, and dentistry, which increases the general applicability of the findings.

Our meta-analysis results demonstrated that PBL significantly improved critical thinking skills in medical students compared to conventional teaching methods, as indicated by the aggregated effect size. Similarly, pre- and post-PBL comparisons also showed significant improvements in critical thinking scores.

The current meta-analysis demonstrated a significant advantage of PBL over traditional teaching methods in enhancing critical thinking. However, substantial heterogeneity was observed across studies (I2 > 80%). This variability likely stems from differences in assessment tools (e.g., skills vs. dispositions), educational context, cultural norms, and PBL implementation fidelity. In addition, several moderator variables were inconsistently reported across studies, such as intervention duration, critical thinking dimensions, and regional differences. For example, the intervention duration varied from 6 weeks to 28 weeks in different studies (e.g., Tiwari et al., 2006 used 28 weeks, while Choi, 2004 and Yu et al., 2013 used 6–16 weeks). The differing dimensions of critical thinking assessed (e.g., total score vs. specific dimensions like systematic thinking or evidence-based thinking) also contributed to variability. Furthermore, studies from different regions, such as China, Korea, Iran, and the USA, may reflect cultural and educational differences that impact the development of critical thinking skills.

Although subgroup analyses could help disentangle these sources of variability—such as differences by region, academic discipline, or outcome measurement—we were unable to perform such analyses due to insufficient and inconsistently reported stratified data. We acknowledge this as a limitation and recommend that future research provide more standardized subgroup-level information to support moderator analysis.

In addition to heterogeneity, potential publication bias was considered. Although the funnel plots showed some visual asymmetry, we interpret this with caution. Such asymmetry may arise from small-study effects, outcome measurement variation, or methodological quality differences, rather than true publication bias. Importantly, Egger’s regression test and Begg’s test revealed no significant bias in either comparison, suggesting that the overall pooled results are robust. Nevertheless, future meta-analyses may benefit from a larger and more evenly distributed sample base to improve the reliability of funnel plot interpretations.

Two other meta-analyses have explored the impact of PBL on critical thinking in medical students compared to traditional lectures. Wei et al. (2024) found that PBL had a greater impact on nursing students’ critical thinking skills, while Manuaba et al. (2022) reported no significant difference between PBL and traditional methods in critical thinking assessments among first-year medical students. In Wei et al. (2024), the PBL intervention was often combined with other teaching methods like simulations, case-based learning, teamwork, concept mapping, and clinical practice. In Manuaba et al.’s (2022) study, the control group included conventional methods like LBL (lecture base learning), tutorial learning, and theory-based discussions. The studies in our research, PBL intervention did not combined with other teaching methods (except LBL), and conventional methods mainly used LBL. The differences in study grouping and research subjects may account for the varying conclusions.

Drawing from educational psychology, PBL promotes critical thinking through several mechanisms: contextual learning encourages knowledge integration, facilitation supports metacognition, and peer collaboration fosters reflective dialog (Schmidt et al., 2007). These features align with social constructivist perspectives, which emphasize that peer interaction fosters critical thinking through shared reasoning and reflection (Gokhale, 1995). However, such benefits may vary across regions—Western students may be more accustomed to discussion-based methods, while in Asian settings, PBL may represent a more novel and impactful shift (Frambach et al., 2012).

Furthermore, several mechanisms may explain why PBL is particularly effective at fostering critical thinking. First, it engages learners in complex, authentic problem-solving, requiring synthesis and judgment. Second, group discussion promotes reasoning, justification, and reflective thinking. Third, PBL encourages learner autonomy through self-directed exploration of knowledge gaps. These mechanisms are supported by empirical findings that show PBL can improve metacognitive awareness and critical thinking dispositions, including truth-seeking and analytical ability (Tiwari et al., 2006; Falcó Pegueroles et al., 2021).

Future studies should explore moderating variables (e.g., cultural context, instructional design), adopt longitudinal or mixed-methods designs, and clarify the alignment between critical thinking/clinical reasoning conceptualization, the PBL learning objectives, and assessment tools. This would help build a more unified understanding of how PBL translates into clinical reasoning and decision-making. Specifically, future research should attempt to use consistent critical thinking assessment tools across studies to perform subgroup analyses, which could reveal how different tools influence PBL outcomes and enhance the reliability and transparency of findings.

Despite these promising findings and theoretical underpinnings, several limitations should be acknowledged. First, some studies did not thoroughly report their randomization methods, which could lead to higher selection bias. Also, the geographical and cultural contexts were relatively limited, potentially affecting the results’ broad applicability. Although multiple assessment tools were used, the psychometric properties and applicability of each tool require further validation.



Conclusion

Overall, PBL as a teaching method shows significant advantages in improving medical students’ critical thinking skills. This supports its continued integration into health professions education. However, given the substantial heterogeneity observed across studies, future research should aim to standardize outcome measures, align critical thinking assessments with clear conceptual frameworks, and improve methodological rigor through randomized, longitudinal, and mixed-methods designs. Additionally, future studies should explore how cultural context, academic discipline, and instructional design influence the effectiveness of PBL, and assess how improvements in critical thinking translate into clinical reasoning and professional practice. These efforts will help refine the implementation of PBL and maximize its impact on curriculum development and student outcomes.
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Analysis of the impact of clinical practices on salivary biomarkers of inflammation and stress in oral surgery postgraduate students: a pilot study

Laura Barrientos-Moral1,2, María José Gimeno-Longas3, Cristina Obispo-Díaz2, Andrea Martín-Vacas2*, Marta Macarena Paz-Cortés2,4* and Juan Manuel Aragoneses5

1Department of Systems Biology, Faculty of Medicine and Health Sciences, Universidad de Alcalá, Alcalá de Henares, Spain

2Experimental and Clinical Dentistry – Research Group, Facultad de Odontología, Universidad Alfonso X El Sabio, Villanueva de la Cañada, Spain

3Department of Cell Biology and Histology, School of Medicine, Universidad Complutense de Madrid, Madrid, Spain

4Clinical Specialties Department, Faculty of Dentistry. Universidad Complutense de Madrid, Madrid, Spain

5Department of Dental Research, Federico Henriquez y Carvajal University, Santo Domingo, Dominican Republic

Edited by
María Dolores Ruiz Fernández, University of Almería, Spain

Reviewed by
Armelia Sari Widyarman, Trisakti University, Indonesia
Alberto Adanero Velasco, European University of Madrid, Spain

*Correspondence
Andrea Martín-Vacas, amartvac@uax.es
Marta Macarena Paz-Cortés, mpazcor@uax.es

Received 28 January 2025
Accepted 26 May 2025
Published 13 June 2025

Citation
 Barrientos-Moral L, Gimeno-Longas MJ, Obispo-Díaz C, Martín-Vacas A, Paz-Cortés MM and Aragoneses JM (2025) Analysis of the impact of clinical practices on salivary biomarkers of inflammation and stress in oral surgery postgraduate students: a pilot study. Front. Med. 12:1568047. doi: 10.3389/fmed.2025.1568047

Aim: To assess through salivary biomarkers if clinical practices generate stress and a systemic inflammatory response in dental surgery post-graduate students.



Materials and methods: A cross-sectional analytical observational study was conducted with students from the Master’s in Clinical Dentistry program. Salivary samples were collected before and after surgical procedures to quantify stress (cortisol) and inflammation biomarkers (IL-6, IL-1β, and CRP). Additionally, students completed the Perceived Stress Scale (PSS) questionnaire prior to the surgical procedure. Descriptive and analytic statistics were conducted with a 95% significance level.
Results: A total analyzed sample included 21 subjects, with a mean age of 25.5 years. The influence of academic year, gender, or smoking status was none found to have a significant impact. The results show a significant decrease in cortisol levels between the pre- and post-measurements (mean difference = −108.2 ± 166.7). However, an increase in IL-6 levels was obtained (p < 0.05). High IL-6 levels were associated with elevated CRP levels. An inverse relationship was seen between perceived stress and salivary cortisol concentrations.
Conclusion: The findings show a significant decrease in salivary cortisol (stress) levels and a significant increase in salivary IL-6 levels following a dental implantology procedure in postgraduate oral surgery students.
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1 Introduction

Stress is defined as a sequence of events that begins with a stimulus (stressor) and culminates in a reaction within the brain, characterized by the perception of stress (1). According to the World Health Organization (WHO), stress is defined as a state of mental tension or worry triggered by challenging situations. It represents a natural response to perceived threats or stimuli, and the way we respond to stress largely determines its impact on our overall well-being (2). When the human body meets the challenge posed by a stressor, a complex response is initiated, involving multiple organs and systems that adapt to address the demand. This process, referred to as the stress response system (SRS), is activated at once following exposure to the stressor through stimulation of the sympathetic nervous system, leading to the secretion of catecholamines by the adrenal medulla. Concurrently, the hypothalamic-pituitary-adrenal (HPA) axis becomes engaged, running at a slower but sustained pace to support the stress response (3). Through a multi-stage cascade, glucocorticoids such as cortisol are released (4). The SRS plays a fundamental role in regulating inflammatory processes, particularly the release of cytokines produced by immune-mediated inflammatory reactions, such as interleukin-1 (IL-1) and interleukin-6 (IL-6) (5, 6), as well as chemokines, adhesion molecules, and acute-phase reactants, which can lead to low-grade inflammation (7–9).

Adrenocortical hormones, or glucocorticoids, have potent anti-inflammatory and immunosuppressive properties. They achieve these effects by inhibiting the production of cytokines and other inflammatory mediators while promoting cytokine resistance. Furthermore, glucocorticoids enhance the acute-phase reaction, a critical part of the body’s immediate response to stress. Cortisol, the principal glucocorticoid, is widely recognized as a key biomarker of stress (10–12). Since cortisol regulates multiple biological systems, dysregulation in its production poses a risk to the individual, as it increases the likelihood of developing stress-related diseases (13). Moreover, it may contribute to the pathophysiology of anxiety and mood disorders (12). As previously noted, cortisol can suppress the production of cytokines, which are molecular signaling glycopeptides that function at remarkably low concentrations to modulate immune responses (14). An increase in pro-inflammatory cytokines and cortisol have been stated in a systematic review with meta-analysis (8), with individual variation according to psychological stressors. Various studies (15–17) have demonstrated this effect evaluating salivary biomarkers. These researches report an inverse relationship between the cortisol response and changes in inflammatory markers in healthy individuals.

A systemic increase in cytokines such as IL-6 and IL-1β in blood serum has been shown to occur when an organism is subjected to stress. Studies evaluating IL-1β levels in blood demonstrate a rapid increase in response to psychosocial stressors, which is associated with inflammatory tissue damage and increased osteoclastic activity (18–22). IL-1β can induce a wide range of behavioural effects in both humans and experimental animals, including anorexia, weight loss, fatigue, somnolence, sleep disturbances, decreased locomotor activity, reduced exploratory behaviour, fear responses, and depression-like syndromes. IL-6, in turn, is involved in multiple physiological functions, particularly those related to immunity. Consequently, elevated IL-6 levels in the bloodstream are associated with various inflammatory-related diseases such as autoimmune disorders (e.g., rheumatoid arthritis, psoriasis), atherosclerosis, cancer, and psychological conditions including depression and anxiety. Individual saliva composition can be influenced by numerous factors, such as age, sex, smoking status, diet, medication, and the pathophysiological condition of the oral cavity (23–25). Moreover, salivary biomarker levels, such as cortisol, in response to an acute stressor can be influenced by interpersonal variables, including each individual’s perception of stress (perceived stress), given that stress is a subjective experience. Additional influencing factors include habituation to the stressor and the functional capacity of the organism’s stress-response system to release substances that aid in coping with the experience. This allows for classification into “responders” and “non-responders” to stress. The cytokines most consistently elevated in saliva in response to acute stress include, are, among others, IL-1β and IL-6 (3). IL-6 is a pro-inflammatory cytokine that stimulates inflammation by activating cytotoxic T cells, producing B cells, complement proteins, and acute-phase proteins. It promotes phagocytosis, increases vascular permeability and cell adhesion, induces the expression of acute-phase proteins, and plays a role in the differentiation of monocytes into macrophages (18, 26). IL-6 is produced by various cell types, including T cells, B cells, and macrophages, among others. It serves as a primary indicator for the release of C-reactive protein (CRP) from the liver as part of the acute-phase response. Although it has both pro- and anti-inflammatory properties, it is typically pro-inflammatory in the context of psychological stress. Also, it has been stated that an increase in IL-6 occurs in saliva after exposing an individual to an acute stressor (8, 16, 18). On the other hand, IL-1β was the first cytokine to be associated with the modulation of neuroendocrine systems in response to stress, particularly the HPA axis. IL-1β may play a significant role in the early phase of the immune response to stress. Studies analyzing IL-1β levels in blood prove a rapid elevation in response to psychosocial stressors (18). IL-1β plays a pivotal role in the inflammatory process, both as a signaling molecule and as an inducer of inflammation. It is strongly associated with inflammatory tissue destruction and is recognized as the agent exhibiting the highest osteoclastic activity among mammalian organisms (19). This cytokine can induce a wide range of behavioral effects in humans and experimental animals such as anorexia, weight loss, lack of energy, drowsiness, sleep disorders, reduced locomotor activity, and depression (20).

The role of glucocorticoids in the suppression of pro-inflammatory cytokine production has been widely proved (16). Under normal physiological conditions, glucocorticoids and cytokines interact closely. For example, cortisol exerts anti-inflammatory effects by inhibiting the transcription of pro-inflammatory cytokines or by activating glucocorticoid receptors, triggering the inhibition of glucocorticoid production by monocytes (11, 27). For this reason, glucocorticoids are often used to suppress acute inflammatory reactions (11).

C-reactive protein is an acute-phase reactant of the innate immune system that is primarily secreted by the liver, but other sources include macrophages, lymphocytes, vascular tissue, or atherosclerotic plaques. The increase in CRP during inflammation results from an increase in CRP-producing cells. It is secreted in response to IL-6 following acute inflammation or injury, promoting the production of pro-inflammatory cytokines. Additionally, it activates the complement cascade (28, 29). Elevated levels of CRP are associated with acute inflammation (29). Salivary and blood CRP levels are particularly similar because, unlike cytokines, CRP reaches the saliva through the bloodstream. This would explain why CRP levels in saliva are more diluted than in blood (9, 18, 30).

Earlier studies have assessed how academic stress can trigger a systemic inflammatory response, such as Lester’s et al study (1), which analyzed changes in salivary cortisol concentrations and their correlation with IL-6 levels in occupational therapy students during the exam period. Similarly, La Fratta et al. (18) analyzed cortisol concentrations and various salivary inflammatory mediators in students over an academic period and how these concentrations changed as the exam period approached. Both authors obtained results showing that academic stress can induce a systemic inflammatory response. However, it has not yet been assessed whether clinical practices in dental surgery postgraduate students, that is, conducting the practical tasks associated with the learning of a profession, can trigger the same response as measured through salivary biomarkers. The aim was to assess through salivary biomarkers if clinical practices generate stress and a systemic inflammatory response in dental surgery post-graduate students.



2 Material and methods

An analytical cross-sectional observational study was conducted, following the STROBE guidelines (31). The study was conducted at the Dental Specialties Clinic of Alfonso X El Sabio University (UAX), in Madrid (Spain) between November 2022 and October 2023. Prior to the start of the study, approval was obtained from the Biomedical Research Ethics Committee of the Clínico San Carlos Hospital (code 6.1/22, 22/334-E).


2.1 Study sample and sampling procedure

The target population was set up as students of the Master in Oral Surgery, Implants, and Periodontology (OSIP) at UAX (n = 24). Inclusion and exclusion criteria were set to refine the study population. The inclusion criteria required participants to hold a degree in Dentistry and be enrolled in the Master in OSIP at UAX, who were about to perform their first placement surgery implant. Exclusion criteria included students who had not signed the informed consent; subjects who refused to participate; students with concomitant condition with inflammatory alterations (endocrine, hormonal, etc.) during the study period; subjects with systemic drugs that affects the inflammatory response or HPA axis (glucocorticoids, steroids, β-blockers, antidepressants, melanin, or any psychoactive drugs) during the study period or in the previous 3 months; students with psychiatric, psychological, neurological disorders; or intraoral inflammatory conditions. Through a non-systematic consecutive cases sampling procedure, we invited all students enrolled in OSIP Master’s program. All subjects invited to take part were provided with informed consent and a patient information sheet. Additionally, their personal data were encoded following the current national and European data protection regulations. After applying the inclusion and exclusion criteria through a health questionnaire, the final sample consisted of 21 students (3 students were excluded), who were provided with the prior instructions for the collection of salivary samples (11, 27, 32–36). Instructions given to participants were:


1.Wash their hands with soap and water prior to salivary collection

2.Refrain from eating or drinking any liquids 60 min before collecting before to avoid contamination from acidic or sugary foods or drinks that could alter the salivary pH

3.Avoid consuming alcohol, tobacco, or systemic medications 12 h prior

4.Avoid rinsing their mouths with water for 10 min

5.Refrain from intense physical exercise or brushing their teeth 45 min prior

6.Not undergoing any dental treatment 24 h prior.





2.2 Study procedure

Data from the earlier questionnaire (gender, smoking status, and academic course) were collected as qualitative variables. After reviewing the existing literature on the topic, we designed the study procedure based on studies in which subjects were exposed to psychological/psychosocial stressors. We analyzed how salivary cortisol release is affected both before and after acute stressor exposure (11, 27, 32–36). Furthermore, to analyze how variations in cortisol levels affect the inflammatory response as part of the immune response to stress, we decided to quantify the salivary levels of pro-inflammatory cytokines both before and after exposure to stress. We selected those cytokines that had previously shown changes in relation to stress in prior studies, such as IL-6 (1, 11, 18, 21, 27), whose variations showed controversy in different studies, such as IL-1β (18, 21, 33–36) and other inflammatory mediators, such as the acute-phase protein CRP, regarding which there is limited literature with controversy on the subject (18, 30, 36, 37).

Although there is considerable variability in the procedures of studies analyzing stress and inflammation through salivary biomarkers, there is consensus in accepting that circadian variations occur in the levels of both cortisol and certain inflammatory biomarkers. Therefore, we decided to avoid the first hour after awakening as the starting point of the study, thus eliminating the possibility that the physiological increase in cortisol at this time of day (12, 38) could influence the cortisol quantification and, similarly, avoided the circadian influence on IL-6 levels (39) whose peak release is traditionally assumed to occur between 7:00 PM and 5:00 AM (40). Salivary collection was conducted between 9:00 AM and 10:30 AM to avoid the first hour after awakening, which could alter cortisol concentrations. Upon arrival at their workstations, the first saliva sample was collected using the passive technique of Navazesh (41) in 2 ml cryovials and devices in Saliva Collection Aid (Salimetrics LLC, bioNova Científica S.L., Madrid, Spain), just before the start of the oral surgery procedure (pre). After the surgery was completed, a second saliva sample was collected during the hour after oral surgery performance (post).

The stressor selected was the performance of a dental implant placement surgery (from 1 to 3 implants) without other surgical procedures that would imply greater complexity. All surgeries were performed with an open flap technique, using the same drilling protocol, implant placement, and later simple flap suturing. In order to homogenize the surgery characteristics, all surgery procedures lasted between 45 and 60 min. No intraoperative complications arose in any of the cases.

Prior to the collection of the salivary samples on the study day, the students completed the perceived stress scale (PSS) described by Cohen et al. (42). The PSS is a 14-item instrument designed to measure the degree to which life situations are considered stressful, designed to explore the extent to which respondents found their lives unpredictable, uncontrollable, and overwhelming. The scale also includes a series of direct questions about the current levels of stress experienced. The perceived stress quantitative variable was recoded into a categorical variable as never or almost never stressed, occasionally stressed or often stressed, according to the cut-off points used by Torres-Lagunas et al. (43).



2.3 Biomarkers assessment

The saliva samples were centrifuged for 15 min at 1500 rpm immediately after collection in the Choukroun Duo Quattro (Nice, France) PRF centrifuge, and then frozen at −20 degrees Celsius within 4 h of collection, until storage at −80 degrees Celsius in the Thermo Scientific™ Revco Elite Plus ultra-low freezer (model ULT2586-6-D48, Thermo Fisher Scientific Inc., Massachusetts, USA), at the laboratories of the Complutense University of Madrid. The saliva samples were used for enzyme-linked immunosorbent assay (ELISA) techniques to quantify the concentration of several molecules using commercial kits for CRP, IL-1β, IL-6, and cortisol (Salimetrics Inc., State College, PA, USA), following the manufacturer’s instructions.

Briefly, to perform ELISA’s assay, the samples were completely thawed, vortexed, and centrifuged at 1500 g for 15 min in a 64R high-speed refrigerated centrifuge (Allegra®, Beckman Coulter Inc., Crea, California, USA). The supernatant was used for quantification, and except for cortisol, all saliva samples needed to be diluted: 2 times for CRP, 5 times for IL-6, and 15 times for IL-1β. The absorbance of the plates was measured using an iMark™ microplate absorbance reader (Bio-Rad, Hercules, California, USA) with a 450 nm filter and another correction filter at 620 nm. The concentrations for each molecule studied were calculated using the standard curves built from each assay and were expressed in pg/ml. The intra-assay coefficient of variation ranged from 2 to 4.8%, while the inter-assay coefficient of variation ranged from 2.6 to 6.6% (Table 1). A variable was created to assess the pre-post difference between for the four measured biomarkers.


TABLE 1 Coefficient of variation of biomarkers assessed in the research.

[image: Table showing coefficients of variation for PCR, IL-1β, IL-6, and cortisol. For intra-assay: PCR 3.20 percent, IL-1β 2 percent, IL-6 4.80 percent, cortisol 4.60 percent. For inter-assay: PCR 2.60 percent, IL-1β 4.50 percent, IL-6 6.60 percent, cortisol 6 percent.]



2.4 Data analysis

A descriptive analysis was performed reporting the mean, standard deviation (SD), maximum, and minimum values for quantitative variables. For qualitative variables, frequency and percentage values were calculated. Normality analyses were conducted using the Kolmogorov-Smirnov test, although due to the small sample size non-parametric tests were performed. The Wilcoxon signed-rank test was applied to related samples (pre-post) to assess whether significant differences existed between measurements. To study potential significant differences between categorical variables, the Mann-Whitney U test was performed. The Spearman rank correlation coefficient was used to examine the association between quantitative variables. All tests were performed bilaterally with a significance level set at 95% (p < 0.05). The statistical software used for the analysis was SPSS (version 29.0.1.0, IBM, Armonk, NY, USA).




3 Results


3.1 Sample description

The total analyzed sample included 21 subjects, of whom 52.4% were female and 47.6% were male, with a mean age of 25.5 years (Table 2). About academic year distribution, 57.1% were first-year students, and 42.9% were in their second year. Smoking habits were also recorded, with 71.4% of participants identified as non-smokers and 28.6% as smokers. Additionally, perceived stress was evaluated, finding that 61.9% of respondents reported being occasionally stressed, 28.6% rarely or never perceived stress, and only 9.5% often experienced stress.


TABLE 2 Descriptive analysis of qualitative variables.

[image: Table summarizing sample characteristics with counts and percentages for gender, academic course, smoker status, and perceived stress. Most participants are female, first-year, non-smokers, and occasionally stressed.]

The descriptive statistics of the dependent variables measured in the study were calculated (Table 3). Additionally, normality tests were performed, revealing that variables such as Cortisol pre, Cortisol difference, CRP-Post, IL-1β pre, IL-1β post, IL-1β difference, and IL-6 difference followed a normal distribution (Kolmogorov-Smirnov p > 0.05). However, based on the results, the hypothesis of normality can be rejected for the rest of the variables.


TABLE 3 Descriptive analysis of dependent variables and normality testing.

[image: Data table presents descriptive statistics—mean, standard deviation, minimum, maximum, and Kolmogorov-Smirnov test P-values—for cortisol, PCR, IL1β, and IL6, both pre- and post-intervention, including differences, with significant P-values marked accordingly.]



3.2 Analysis of pre-post differences in dependent variables

The results indicate a significant decrease in cortisol levels between the pre- and post-measurements (mean difference = −108.2 ± 166.7) (Table 4). Conversely, IL-6 levels showed a significant increase in the post-measurement period (mean difference = 0.7 ± 1.4).


TABLE 4 Pre-post comparison values in analyzed biomarkers with Wilcoxon test.

[image: Data table showing pre- and post-intervention comparisons for cortisol, PCR, IL 1β, and IL 6 with corresponding Z and p values. Significant results at p less than 0.05 are observed for cortisol and IL 6.]

The influence of academic year, gender, or smoking status on the dependent variables was analyzed, and none were found to have a significant impact (Table 5).


TABLE 5 Signification for U Mann-Whitney test in the analyzed biomarkers according to qualitative variables.

[image: Data table with results for cortisol, PCR, IL-1β, and IL-6 differences by academic course, gender, and smoking status, showing U Mann-Whitney values and associated p-values for each category and variable.]



3.3 Analysis of relationship between dependent variables

According to Spearman correlation results (Table 6), a strong positive monotonic relationship exists, where low cortisol levels are associated with high perceived stress levels (Figure 1A). Similarly, a moderate positive monotonic relationship was seen, where high CRP levels tend to correspond to high IL-6 values (Figure 1B).


TABLE 6 Spearman correlation results.

[image: Spearman correlation matrix table summarizing relationships among cortisol difference, PCR difference, IL-1β difference, IL-6 difference, and perceived stress. Notable findings include a significant negative correlation between cortisol difference and perceived stress (−0.521, p < 0.05), and a significant positive correlation between PCR difference and IL-6 difference (0.631, p < 0.001). Each correlation value is presented at the intersection of respective variables, with statistically significant results indicated by asterisks.]
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FIGURE 1
Scatter plot: relationship between perceived stress and cortisol difference (A), and between IL6 difference and PCR difference (B).





4 Discussion

A total of 21 subjects were studied, similar to Thompson et al. (36), with a sample size of 24 participants evaluating the same salivary biomarkers (cortisol, IL-1β, IL-6, and CRP) in a young population (aged 23 to 35 years) in their early professional practice. The aim of the study was to assess whether exposure to surgical procedures, which will be routine in their daily work as oral surgeons, generates measurable stress using biomarkers and whether this stress could have implications for their immune system, particularly through the activation of inflammation. The remaining studies compared in this work present highly variable sample sizes, with an average of 64.14 ± 44.35. The studies by Campisi et al. (37) and Dias et al. (33) had smallest number of participants (15 and 16 participants, respectively) and the highest, the studies by Goetz and Lucas (30), Hackett et al. (27) and Chiappelli et al. (11) (118, 140 y 150 participants, respectively). We conducted our study in Spain, with the entire sample consisting of European subjects. Most of the studies analyzed in this work were conducted in the United States (1, 11, 30, 35–37, 44), although another research has been conducted in Europe (18, 32), Brazil (33), or Asia (45). Some research does not specify subjects precedence (21, 27, 34, 46).

Regarding the methodology, salivary samples in our study were collected while avoiding the first hour after waking to prevent the circadian cortisol peak that occurs during that time of day, following the approach used by Goetz and Lucas (30). Although some authors collect samples after midday or in the afternoon (1, 21, 46), in our case, this was also excluded to avoid variations in IL-6 levels due to circadian rhythms (39). The collection was performed using Navazesh’s passive technique with unstimulated saliva, following the same method as described by previous authors (1, 11, 30, 34–36, 44) since other methods, such as collection using cotton swabs (18, 21, 33, 45, 46) may affect the determination of the salivary cortisol concentration (47).

In relation to the alteration of salivary biomarkers in response to stress and their consequent influence on the immune system, several factors must be considered. First, the nature of the stressor, we considered cognitive-type stressors, excluding physical stressors (1, 11, 18, 21, 27, 30, 33–37, 44, 46). Additionally, the circadian rhythms of cortisol must be considered (16). The timing of exposure to the laboratory stressor, therefore, influences the cortisol response, with higher levels in the morning than in the afternoon (48, 49). It is also important to highlight the recovery time to baseline levels of biomarkers, with cortisol recovery, after reaching its peak following the onset of an acute stressor, taking 60 to 70 min (3).

There are multiple studies showing that there is an alteration in the salivary cortisol concentration after exposing an individual to an acute stressor. According to our results, a decrease in cortisol levels occurs once the stressor has finished, in agreement with the study conducted by Hackett et al. (27) a decrease in cortisol levels following exposure to an acute stressor, although marked interindividual differences have been proved. It was noted that the rate of cortisol decline in saliva was more rapid 20 min after the stressor, compared to at once post-stressor. Similarly, Thompson et al. (36), after subjecting the study participants to sleep deprivation for one night, they also found a decrease in salivary cortisol concentrations compared to the baseline concentrations without sleep deprivation.

On the other hand, some authors suggest that there is an increase in salivary cortisol concentrations after the stressor has been overcome (11, 32, 33, 35, 37). It is worth noting that in the studies conducted by Kennedy et al. (32) and Chiappelli et al. (11) in part of the sample, there were concomitant health conditions (irritable bowel syndrome and schizophrenia, respectively), as opposed to our sample, which consisted of healthy individuals without systemic conditions that could affect cortisol release. Días and Scalabrini-Neto (33) used devices known as cotton swabs for salivary sample collection, while in our case, we opted for the passive collection technique, because authors have stated that cotton swabs may alter the collection of salivary cortisol (47).

One of the goals of our study was to assess whether the stress system undergoes habituation after exposing different subjects to the same stressor. To this end, we compared first-year students with second-year students, the latter having been exposed to the stressor more often. No statistically significant differences were found between the two groups. However, authors such as Lester et al. (1) and such habituation when assessing the cortisol response during a university examination period. In our study, the habitual cortisol release of the subjects without exposure to external stressors was not previously assessed, and therefore, we do not know the baseline concentrations typically released by them. Studies show that subjects who habitually show a lower cortisol response tend to have higher cytokine responses (27).

Regarding IL-6, in our study as in earlier studies (1, 11, 18, 21, 27, 36). There is an increase in IL-6 following exposure to the stressor. It is worth noting that, unlike our study, in which no statistically significant differences were found between male and female, Maydych et al. (21) find higher salivary IL-6 levels in men compared to women after exposure to the PASAT stressor. On the other hand, Chiappelli et al. (11) indicates that more intense cortisol responses inhibit the later pro-inflammatory responses. Therefore, it is expected that higher cortisol levels would result in a smaller increase in IL-6. In the study by La Fratta et al. (18) obtain results like ours about the inflammatory response, as both plasma and salivary IL-6 levels show an opposite trend compared to other cytokines analyzed, such as IL-1β.

In relation to IL-1β no statistically significant differences were found in IL-1β concentrations pre- and post-stress, similar to the results obtained by Thompson et al. (36). There is discrepancy regarding the behavior of this cytokine in saliva following acute stress, as some studies (21, 36, 45, 46) stated that the levels of this cytokine significantly increase after stress, while others found lower concentrations of this cytokine after the stressor compared to baseline (18). Shields et al. (35) relates these findings to those of other studies that support the idea that salivary inflammatory mediator levels decrease following exposure to pain-based stressors.

There are a limited number of studies that evaluate the behavior of CRP after activation of the stress system, particularly when assessed as a salivary biomarker. Our study shows no changes in salivary CRP levels after comparing pre- and post-stressor concentrations, similar to previous studies (18, 32, 37). On the contrary, both the study by Goetz and Lucas (30) and Thompson et al. (36), found a statistically significant increase when comparing salivary levels of this protein at baseline and after exposing the study subjects to a stressor. It is worth noting the predictable association observed in our study between the biomarkers CRP and IL-6, such that an increase in CRP levels tends to be accompanied by an increase in IL-6 levels, which is explained by the fact that CRP release depends on the action of IL-6 (28, 50).

The neuroendocrine system’s response to stressors will, in part, depend on the intensity with which the stressor is perceived by the subject. In our study, we postulated that higher perceived stress would be associated with higher cortisol concentrations, yielding the result that there is a correlation between both values, such that high cortisol levels are accompanied by high perceived stress levels. In contrast, some studies (46) found an inverse relationship, where higher perceived stress was associated with lower cortisol concentrations. Our study has limitations that should be considered when interpreting the data. One key limitation is the small sample size, as well as the need for a more extended assessment of the study subjects in terms of biomarkers. This fact, and the absence of basal determination of salivary stress levels, could decrease the generalizability of the results and the interpretation of changes as purely stress-induced. Also, as the research has been conducted on a single session of surgery the variation in clinical stress over time could not be assessed. On the other hand, the research has the strength of evaluating the novel application of non-invasive salivary biomarkers, enabling the concurrent measurement of stress and inflammatory response in an actual clinical environment, thereby providing insight into the physiological effect of dental training on postgraduate students.

Future research would benefit from analyzing biomarker concentrations over a longer period, both before and after the study, to understand their behavior under different variables (sleep quality, circadian rhythms, daily life stressors, hormonal cycles, etc.), as well as the moments of variation in concentrations. However, the fact that we analyzed more than one inflammatory biomarker with different behaviors has allowed us to assess whether there is a relationship between them in terms of the stress response. Furthermore, by using a sample of healthy individuals, we ensured that no other health conditions influenced the release of biomarkers. In future research, we aim to increase the sample size, perform longitudinal biomarker analyses, incorporate various types of dental procedures, and include participants from additional postgraduate programs. This will allow to better assess real changes in salivary biomarkers associated with stress in students performing complex clinical procedures.



5 Conclusion

Considering the aforementioned limitations, the findings indicate a significant decrease in salivary cortisol (stress) levels and a significant increase in salivary IL-6 levels following a dental implantology procedure in postgraduate oral surgery students. Academic year, gender, and smoking status did not influence the salivary stress and inflammatory biomarkers. A negative correlation was seen between cortisol salivary levels and perceived stress, while a positive correlation was found between cortisol and IL-6 levels.
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Our teaching and research undertakings, facilitated by extensive international collaboration and networking, have led us to recently proposed an alternative conceptualization of mindfulness. For example, mindfulness has been predominantly interpreted through a psychological lens, often defined as an individual's capacity to be non-judgmental in the present moment. This perspective, we acknowledge, is limited as it fails to acknowledge and/or take into account the broader philosophical and spiritual dimensions of mindfulness. Our reconceptualization largely coincides with the principles of life and death education teaching, which delve into the humanistic nature of life. Life and death education encourages introspection into humanistic pursuits, such as the aspiration to achieve altruistic life ideals (e.g., a teenager's wish to help others). Such personal practices, we contend, may resonate with the deeper philosophical and spiritual teachings of mindfulness, which emphasize the importance of kindness, generosity, compassion, and similar values. Our conceptualization, as discussed in the present theoretical-conceptual article, proposes a reciprocal relationship between mindfulness and life and death education. We argue that life and death education may provide theoretical grounding to complement the teaching of mindfulness and, likewise, the nature of mindfulness may facilitate a deeper engagement with the principles taught in life and death education. Furthermore, in its current stage of development, our theoretical-conceptual premise remains formative, grounded primarily in philosophical analysis and preliminary integrative teaching practices. While conceptually promising, we recognize the present limitations in empirical validation. Accordingly, this article is intended to serve as a foundational platform to stimulate scholarly discourse and guide future lines of inquiry, including empirical examination and curriculum development. We posit that the integration of mindfulness with life and death education holds considerable potential—not only for advancing academic scholarship but also for fostering individual wellbeing, spiritual insight, and the cultivation of humanistic life ideals.
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1 Introduction

Mindfulness is an interesting area of study and practice in the social sciences (1–3), enriched by its diverse interpretations and applications. Its multifaceted nature (4–6) stems from the various philosophical and cultural frameworks through which it is understood. Our teaching and research primarily draw from Eastern philosophies, such as Buddhism (7, 8), Confucianism (9, 10), and Taoism (11), offering insights into mindfulness as both a mental discipline and a way of life. This interdisciplinary approach highlights the depth and adaptability of mindfulness, making it a rich subject for academic exploration and practical application (e.g., the use of “walking meditation” to calm one's state of attention). Building on the principles of mindfulness, our research work extends to the closely related field of “life and death education” (12–14). Through in-depth teaching and research, we explore this subject, which similarly emphasizes awareness, introspection, and the cultivation of meaningful perspectives on existence and mortality.

An interesting proposition we explore in this article is whether, and to what extent, life and death education (12–14) teaching can complement the study of mindfulness. For example, we posit that life and death education may deepen mindfulness by addressing existential themes (e.g., the nature of spirituality), fostering a more profound awareness of life's impermanence (e.g., the endless cycle of birth-death-rebirth), and promoting emotional resilience and spiritual growth. Over the past two decades, our teaching practices have embraced what we term “theoretical infusion” (15)—integrating mindfulness teaching with the thematic content of life and death education (e.g., emphasizing the nature of “proactive life functioning”) and reciprocally incorporating themes from mindfulness (e.g., a focus on the perceived feeling of “self-enlightenment”). We argue that this pedagogical approach is effective and enriches the theoretical understanding of both disciplines. Consequently, our inquiry considers an engaging premise: that life and death education teaching may advance the nuanced complexities and foundational nature of mindfulness.

The present theoretical-conceptual article seeks to advance research into the intricate relationship between mindfulness and life and death education. We propose that these two theoretical frameworks share a deeply interconnected, reciprocal relationship. Life and death education teaching (12–14) offers valuable insights into the fundamental nature of mindfulness (1, 5, 16), situating its principles within the broader context of human existence. That in-depth understanding of proactive life functioning, for example, may help a person appreciate the practice of meditation and/or the perceived sense of mindfulness. Similarly, an understanding of mindfulness (e.g., the meaning of being non-judgmental) may facilitate a deeper comprehension of life's true meaning. We hope that our analysis and subsequent proposition will contribute to the advancement of both teaching and research in mindfulness, with a focus on utilizing life and death education as a theoretical foundation.



2 Mindfulness: an introduction

Mindfulness is a theoretical concept with numerous definitions, reflecting a wide range of viewpoints, interpretations, and perspectives [e.g., (1, 5, 17, 18)]. As a research team, international in makeup, we differ in our teaching approaches, understandings, and interpretations of mindfulness—a topic we examine in greater depth in the following discussion. This “diversity”, we contend, may help contribute to the understanding of the multifaceted nature of mindfulness itself. For instance, one co-author approaches mindfulness through a psychological lens, emphasizing non-cognitive and emotional processes (e.g., regulating a state of calmness). In contrast, two co-authors emphasize its spiritual dimensions, highlighting connections between mindfulness, the sacred, and the transcendent.

Mindfulness, as commonly defined in Western literature, is described as “moment-to-moment, non-judgmental awareness, cultivated by paying attention in a specific way—that is, in the present moment, and as non-reactively, non-judgmentally, and openheartedly as possible” (1). Meiklejohn, Phillips (19) similarly define mindfulness as a state of consciousness and heightened self-awareness that deepens over time. It is a psychological construct that highlights the significance of the “personal self”, encompassing qualities such as contemplation, internal self-awareness, concentration, and relaxation. This mechanism underscores the importance of personal, emotional, and physiological functioning. Notably, mindfulness serves as a counterbalance to life-related negativities, including angst, pessimism, and mindlessness (16).

At first glance, the above sample definitions appear broadly accepted and credible. One of the co-authors, with a specialization in Educational Psychology, affirms that Kabat-Zinn's (1) conceptualization of mindfulness is both valid and relevant within contemporary educational and psychological contexts. In a similar vein, extensive research has employed surveys and Likert-scale measures to assess and evaluate the effectiveness and nature of mindfulness as conceptualized within the framework of Western interpretations. These studies often focus on quantifying mindfulness-related outcomes, such as academic achievement, emotional regulation, stress reduction, and overall wellbeing, aligning with definitions like Kabat-Zinn's. Such methodological approaches (e.g., a quantitative methodological approach using structural equation modeling) provide valuable data for validating the potency of meditation practices and their applications across diverse contexts (20).

A significant limitation of the Western framework for understanding mindfulness is its predominant focus on its psychological aspects. This framework often highlights non-judgmental awareness of the present moment as a defining characteristic of mindfulness, emphasizing the individual's subjective experience. Additional traits, such as cultivating calmness and reducing negative emotions like anxiety and fear, are similarly framed within the context of emotional self-regulation. While this approach provides valuable insights into the psychological benefits of mindfulness, it may overlook broader dimensions, such as cultural, philosophical, and spiritual contexts, that could enrich its conceptualization and application. As an introduction to a personal narrative supporting this claim, one of the co-authors presented his research and perspective on mindfulness at a workshop in Taiwan with Taiwanese scholars in 2016. His presentation received polite critique from several scholars, who expressed that the co-author's interpretation leaned heavily toward a psychological emphasis, which they considered somewhat biased. Additionally, some Taiwanese scholars specializing in Buddhism highlighted an important distinction between “mindfulness” and “meditation”. They explained that successful meditation practices, such as “walking meditation”, enable individuals to achieve a state of mindfulness. In other words, meditation is a practice, while mindfulness is the resulting state characterized by specific attributes. They argued that conflating the two terms is not only improper but also misleading.


2.1 Existing research development

An analysis of the existing literature reveals a plethora of research, both theoretical and empirical, examining the potency and applicability of mindfulness [e.g., (21–25)]. Central to this body of work is a growing collection of evidence demonstrating the positive effects of mindfulness. Specifically, engagement in mindfulness has been shown to promote positive emotions, foster a stable temperament, and enhance overall wellbeing. Specifically, successful mindfulness practice may produce:

	i A clear and balanced state of mind, associated with personal contentment and physiological calmness, ease, and clarity.
	ii Enhanced emotional functioning, such as increased happiness and reduced anxiety, contributing to improved academic and non-academic performance.

Educationally, mindfulness has been shown to positively impact learning and achievement outcomes across diverse contexts (26–28). These findings have informed the development of various educational-social programs aimed at fostering mindfulness skills, such as the Master Mind Program (29). In their review, Meiklejohn et al. (19) identified programs worldwide designed to teach and encourage mindfulness practice in education, benefiting both teachers and students. For example, the Mindfulness Education (ME) Program (30) focuses on fostering emotional and social competence through mindfulness lessons, promoting optimism and positive affect. Adolescents participating in the program demonstrated improved optimism, supporting the value of such interventions. Key benefits include:

i. For teachers:

	• Cultivation of mindfulness in daily life, enhancing wellbeing.
	• Improved emotional and instructional support for students.
	• Strengthened engagement and professional motivation.
	• Reduction in anxiety and negative emotions.

	ii. For students:

• Improved self-regulation of attention.

• Better emotional regulation and reduction in behavioral problems.

• Increased social skills, academic performance, and optimism.

	• Enhanced feelings of calmness, relaxation, and self-acceptance.

The findings from the above underscore the importance of ongoing research into the effectiveness and efficacy of mindfulness-based interventions. Meiklejohn et al. (19) recommend further exploration to validate interventions, understand their underlying mechanisms, and identify the conditions in which they are most effective. As an example, practicing meditation prior to stress-inducing situations, such as formal exams, may be beneficial for students. The authors propose advancing mindfulness research through the development of robust theories of change, expanding evidence bases, validating outcome measures, and addressing implementation challenges in schools. Such efforts are crucial for establishing mindfulness as a distinct theoretical framework, supported by robust evidence, and ensuring its broader impact across various domains of practice. For instance, our recent research aimed to link different aspects of mindfulness—such as personal experiences of self-enlightenment (31–33)—with the paradigm of positive psychology (34–36).




3 A multifaceted approach of mindfulness: our proposition

Since one of the co-authors' workshop presentations in 2016, the research team has been involved in an international research collaboration focusing on various aspects of human agency, including mindfulness and meditation [e.g., (37)], optimal functioning [e.g., (38)], and life and death education [e.g., (15)]. Several years ago, the research team published an article critically analyzing the Western perspective on mindfulness. We argued that such interpretations—such as Kabat-Zinn's (1) definition and viewpoint—are limited and fail to capture the full scope and complexity of mindfulness. Our proposal, in contrast, views mindfulness as a multifaceted construct composed of key latent factors and corresponding attributes. It is important to note, however, that our use of the terms “multifaceted” and “multidimensional” differs slightly from their traditional, quantitative interpretation. Several researchers have developed inventories and scales to measure and assess the multidimensional structure of mindfulness. These include: the Five Facet Mindfulness Questionnaire (FFMQ) (4, 5), the Mindful Attention and Awareness Scale (MAAS) (39, 40), the Toronto Mindfulness Scale (TMS) (41, 42), The Revised 12-item Cognitive and Affective Mindfulness Scale (CAMS-R) (43), The Southampton Mindfulness Questionnaire (SMQ) (44, 45), The Philadelphia Mindfulness Scale (PHLMS) (6, 46), the 30-item Freiburg Mindfulness Inventory (FMI) (47, 48), the Kentucky Inventory of Mindfulness Skills (KIMS) (18, 49), the Mindfulness-Based Relapse Prevention Adherence and Competence Scale (MBRP-AC) (50, 51), the Self-Comparison Scale (S-CS) (52, 53), and the Self-Other Four Immeasurables (SOFI) (54, 55). Some inventories, such as the FFMQ (4, 5), consider the importance of a multifaceted representation of mindfulness, while others adopt a unitary theoretical approach.

Our proposition differs significantly by adopting a broader perspective, emphasizing the philosophical, psychological, and spiritual dimensions of mindfulness (20, 37). Existing research inquiries from Western contexts have primarily emphasized the psychological aspects of mindfulness, focusing on constructs such as an individual's perception of judgment and emotional self-regulation [e.g., (5, 6, 56)]. However, this interpretation is somewhat narrow and incomplete, as it overlooks the foundational teachings of Eastern philosophy, particularly Buddhism (7, 8, 57), where mindfulness originates. For instance, the Pali term sati, often translated as “mindfulness”, conveys a more holistic understanding that is integral to the practice and philosophy of Buddhism.

Our proposition of the multifaceted structure of mindfulness, as outlined, encompasses three distinct dimensions: philosophical, psychological, and spiritual (20, 58). Each dimension, such as the philosophical dimension, is characterized by specific defining attributes—for example, the philosophical dimension highlights the principle of rationality. We propose that integrating these three dimensions into a unified theoretical model of mindfulness offers a comprehensive framework for understanding the full spectrum of human experiences. Our multifaceted approach not only embraces the complexity of mindfulness but also integrates diverse theoretical perspectives and interpretations, recognizing the interconnectedness of psychological processes, philosophical insights, and spiritual beliefs. In this analysis, we argue that traditional assessment tools, such as Likert-scale measures and similar methodological approaches (59–61), fall short in capturing the nuanced and complex nature of mindfulness. These instruments and diagnostic tools, in fact, may reduce rich, multidimensional phenomena to simplified, quantified metrics that overlook the intricacy and “totality” of mindfulness.

Building on our previous discussion, we emphasize the crucial relationship between mindfulness and meditation practice. As previously mentioned, we draw upon our interpretation and perspective of Eastern philosophy to suggest that engaging in meditation—such as traditional Buddhist meditation practices (57, 62)—can cultivate and sustain a state of mindfulness. This connection underscores how meditation serves as a foundational mechanism for developing mindfulness, facilitating heightened awareness, focused attention, and a deepened sense of presence. We succinctly denote this relationship as follows: practice of meditation → state of mindfulness, where “ → ”indicates a potential causal link. In this regard, meditation practice is a deliberate and beneficial activity that plays a key role in fostering a state of mindfulness. Furthermore, to emphasize our conceptualization of a multifaceted structure, we argue that a state of mindfulness encompasses a wide range of human experiences, including:

	i. Psychological processes of information processing
	This reference pertains to the psychological mechanisms that govern how an individual perceives, interprets, stores, and retrieves information. In the context of mindfulness, however, these psychological processes extend beyond simple cognition to encompass an understanding of one's state of awareness, thoughts, emotions, and more in the present moment. What is the person sensing in this very moment? Are they experiencing calmness, or is it some convoluted information that is difficult to process? We contend that meditation practice, such as Buddhist meditation (57, 62), enables a person to experience a perceived sense of mindfulness, enhancing their ability to stay focused and attentive to different contextual influences. Furthermore, as existing viewpoints suggest, engaging in such practices can lead to notable improvements in clarity of perception and emotional regulation. For example, a 15-min “walking meditation” practice may help instill a sense of “clearness”, enhancing a student”s perception of their ability to remain calm before a formal exam. As such, periodic meditations may make an important psychological impact by assisting to automate one's ability to seek an emotional balance (e.g., seeking to experience a state of tranquility) to place negativities (e.g., angst). For example, a 15-min “walking meditation” practice may help instill a sense of “clearness”, enhancing a student's perception of their ability to remain calm before a formal exam. As such, periodic meditation practices may have a significant psychological impact by automating one's ability to achieve emotional balance (e.g., cultivating a state of tranquility), thereby placating and managing various types of negativities (e.g., reducing angst).As a result, a person might experience not only a greater awareness of their present thoughts and feelings but also a measured ability to regulate these emotional states, fostering a more serene and centered mental state.
	ii. Introspection and the pursuit of life balance
	This reference emphasizes the importance of self-reflection, where an individual introspects to examine their thoughts, emotions, and motivations. We argue that, in this context, a state of mindfulness is closely tied to the practice of introspection. Introspection, we contend, is not merely passive thought; rather, it is an active engagement that allows individuals to gain insight into their deepest inner selves. In our recent writing (63), we proposed that the practice and/or process of introspection involves self-awareness, where an individual becomes cognizant of their current thoughts and feelings (e.g., “What am I feeling in this moment?”), and contemplation, where they reflect thoughtfully on these inner experiences to foster personal growth for the future.
	Introspection, in the context of mindfulness, is more than merely a practice or observation. Instead, we argue that introspection is a positive practice that may enable and/or assist a person to understand his or her deep, inner self—for example, “What am I and how do I differ from others?”. One of the co-authors, a practitioner of Buddhist meditation, recently coined a term known as “meditative-reflection”. According to the co-author, engaging in meditative-reflection represents an intimate process: meditation practice serves to facilitate introspective reflection. The uniqueness of meditative reflection, based on the co-author's personal experience, lies in its ability to use meditation practice and subsequent introspective reflection to gain insights into life's true meaning.
	iii. The quest to experience a state of spirituality
	This reference highlights a personal desire to connect with something beyond the materialistic world, often linked to deeper meaning, purpose, and transcendence. In our teaching, we argue that a state of mindfulness is closely connected to, or can give rise to, higher-order trans-mystical experiences. This premise differs somewhat from existing theoretical perspectives on mindfulness (1, 4, 16), which tend to emphasize the importance of humanistic life experiences—for example, self-awareness within one's contextual surroundings and the cultivation of present-moment awareness in daily life. Our focus, instead, views a perceived sense of mindfulness as a “gateway” to facilitating extraordinary life experiences, such as spirituality, which may transcend the realm of the human psyche.
	We prefer the term “spiritual context” over spirituality (64–66), as it refers to a broader “system” or comprehensive “framework” that enables individuals to connect with spirituality. Moreover, our viewpoint differs somewhat, positing that spirituality aligns more closely with notions of the transcendent, the sacred, or something “higher” in life. In this analysis, a spiritual context is essential for experiencing something extraordinary that defies logical explanation. According to one of the co-authors, engagement in meditative-reflective practice may provide “insight” into a spiritual context, potentially giving rise to a distinct “spiritual experience”. This could include, for instance, a perceived sense of being transported to another time-space realm or gaining insight into future time contexts. We argue that this premise regarding the relationship between mindfulness and the spiritual context is significant, as it offers an alternative perspective on the nature of mindfulness. In this view, mindfulness is not merely a psychological state but rather a “pathway” to something higher and trans-mystical.

The above discussion illustrates the significance of “mindfulness” experiences, highlighting their profound impact on individual growth. In this context, our proposition suggests that mindfulness is far more complex than its current understanding (1, 19, 41), particularly the notion that it is solely psychological in nature. Our recently published theoretical premise reflects a concerted effort to unify two distinct historical and sociocultural contexts: the Western and the Eastern. The Western context, shaped by its emphasis on individualism, scientific reasoning, and psychological frameworks, typically approaches mindfulness from a psychological perspective, often focusing on educational outcomes, mental health, and wellbeing. Moreover, as we noted earlier, the Western perspective and context have also incorporated relevant methodological approaches to precisely measure and assess mindfulness and the effectiveness of meditation practices. In contrast, the Eastern context, deeply rooted in philosophies such as Buddhism (7, 8), Confucianism (9, 10), and Taoism (11), views mindfulness as part of a broader spiritual and meditative practice, emphasizing the transcendent, the sacred, and trans-mystical experiences.

It is worth noting that numerous researchers align with the Eastern context in their exploration of mindfulness. Both theoretical and empirical studies within this framework seek to deepen our understanding of mindfulness by referencing and drawing upon the rich teachings of Buddhism (57, 62, 67). These researchers often emphasize the spiritual and meditative aspects of mindfulness (e.g., meditation practice may enable a perceived connection with the transcendent), exploring its roots in Buddhist philosophy and practices (e.g., Buddhist meditation). Such studies aim to uncover the transformative potential of mindfulness not just as a psychological tool (e.g., using a perceived state of mindfulness to help alleviate angst), but as a spiritual discipline that fosters self-awareness, personal growth, and a deeper connection to the transcendent and the sacred.


3.1 Teaching practices

Our teaching and research activities with both undergraduate and postgraduate students have extensively explored various dimensions of mindfulness. These efforts focus on: (i) utilizing robust methodological designs to accurately measure and assess mindfulness, ensuring clarity and reliability in its evaluation (e.g., using Likert-scale measures with causal modeling techniques); (ii) applying advanced statistical techniques, such as exploratory factor analysis (EFA) and confirmatory factor analysis (CFA), to validate and refine the conceptual understanding of mindfulness as a multifaceted construct; (iii) examining diverse theoretical frameworks, contrasting perspectives from Western epistemology, which often emphasizes psychological and scientific paradigms, with Eastern epistemology, rooted in spiritual and philosophical traditions; and (iv) investigating the relationship between mindfulness and the concept of human agency (68, 69), emphasizing how meditation practices (e.g., Buddhist meditation) can empower individuals to navigate through life with intentionality, autonomy, and self-awareness.

One co-author has been deeply immersed in the practice of Buddhist meditation, drawing from this intimate experience not only to enrich his teachings with students but also to extend its benefits to the broader community. His involvement includes contributing to life and death education (12–14), a field that emphasizes the concept of “knowledge transformation” (15)—the application of life wisdom (e.g., spiritual wisdom) into practical tools for effective living and preparation for life's final stages. In this context, the co-author makes home visits, offering his insights on mindfulness and Buddhist sutras to individuals nearing the end of life. Through these visits, he seeks to provide comfort, spiritual guidance, and a framework for peace and final acceptance of death. By sharing teachings from Buddhist meditation (7, 70), he helps individuals explore profound questions about existence, cultivate inner calm, and embrace the transition with a sense of meaning and tranquility. This practice not only exemplifies the application of mindfulness in real-world contexts but also highlights its transformative potential in addressing universal human experiences, such as life, death, and the pursuit of spiritual wisdom (e.g., self-transcendence).




4 Summation

In summary, the study of mindfulness is a multifaceted and nuanced field, shaped by variations in epistemology and philosophy that offer distinct yet complementary perspectives. Western philosophy often approaches mindfulness through a scientific and psychological lens, emphasizing its practical applications in areas such as education, mental health, wellbeing, and personal development. Grounded in individualism and empirical reasoning, Western frameworks prioritize measurable outcomes—such as improved cognitive function and academic performance—often employing structured methodological approaches. In contrast, Eastern philosophy, rooted in traditions like Buddhism, Confucianism, and Taoism, views mindfulness as deeply interwoven with spirituality, self-awareness, and the pursuit of altruistic goals, such as the attainment of self-enlightenment. Eastern perspectives emphasize the transformative potential of meditative practices (e.g., walking meditation), which not only enhance self-reflection but also foster profound connections to the transcendent and the sacred, offering richer, more complex human experiences.



5 Humanistic life experiences

Over the years, our teaching and research endeavors have led us to consider a significant inquiry: the development of a comprehensive theoretical model aimed at providing a holistic understanding of human agency (68, 69). One aspect of this inquiry, as discussed in this theoretical-conceptual article, is how a humanistic understanding (71–73) of life may help explain the nature of mindfulness. To the best of our knowledge, we are among the first researchers to explore this conceptualization. We propose that our work represents a novel approach, bridging multiple fields of research—specifically, life and death education and mindfulness. Central to our viewpoint is the idea that humanistic life experiences are a key component of human agency (68, 69). Within the framework of human agency, individuals can make choices, exercise free will, and shape their life path, especially when confronting existential realities such as mortality.

A “humanistic life experience”, situated within the framework of humanistic psychology (71, 72, 74), refers to an individual's exploration and understanding of core human values, such as self-awareness, introspection, and the pursuit of meaningful experiences. For example, a teenager may reflect and ask themselves questions such as, “What do I truly desire in life?”, “What do I want to achieve?”, and “Does material wealth matter?” Through such self-contemplation, individuals strive to discover and align with their deep, inner “selves” (75), seeking self-fulfillment, personal growth, and a sense of purpose in life. From our perspective, true “humanistic desires” are inherently altruistic, reflecting an individual's fundamental quest to attain various forms of altruistic fulfillment. Such altruistic fulfillment extends beyond personal gain (e.g., accumulating immense financial wealth), focusing instead on fulfilling a deeper sense of purpose, personal growth, and contributing to the wellbeing of others.

We acknowledge that humanistic life experiences can often seem utopian and unattainable. The realities of human existence—such as suffering, tragedy, personal conflicts, economic instability, and social unrest—make it challenging for many to fully pursue or realize these idealized experiences. For example, why would a social worker pursue “self-enlightenment” (31–33) while being inundated with work? As one of our colleagues recently noted, those most capable of embodying such altruistic ideals may be individuals who have renounced worldly attachments, such as Buddhist monks and nuns, Catholic priests and nuns, and others who live a life devoted to spiritual practice and are perhaps freed from everyday struggles. These individuals, removed from many of life's struggles, may inhabit a different domain, one that allows them to transcend the human plights that limit the rest of us. However, despite these obstacles, we also recognize that the successful attainment of humanistic life experiences remains a worthy life ideal for consideration—something to strive for, even if it is not always fully realized.

Our teaching focus and research endeavors in life and death education (12–14) have deepened our interest in exploring the impact of humanistic experiences on life. Central to this exploration is the acknowledgment that such experiences are intricately linked to cultural and philosophical traditions. Two of the co-authors, both Taiwanese scholars residing in Taiwan, have contributed valuable perspectives and insightful narratives that help enrich the team's collective effort. Taiwan, a society deeply influenced by Buddhism (7, 8), Confucianism (9, 10), and Taoism (11), embodies cultural values that emphasize respect for elders, mutual support, and the practice of compassion. These philosophies cultivate life qualities like “life care”, kindness, and generosity, which are embedded in daily interactions and societal expectations. As a result, many Taiwanese encounter opportunities for humanistic reflection and engagement regularly, whether through caring for family members, participating in community welfare, or practicing rituals of respect and gratitude.

We contend that cultural values, customary practices, and specific expectations cultivate an environment where individuals' humanistic experiences (e.g., personal journeys of self-enlightenment) can flourish. For example, as previously described, it is common for many Taiwanese to participate in communal rituals, engage in charitable activities, and offer support during significant life events such as births, weddings, and funerals. These practices not only enrich personal lives but also strengthen the social fabric of Taiwan, helping to foster a sense of unity, identity, and mutual care. By examining these cultural dimensions, our research seeks to illuminate how humanistic experiences, as shaped by philosophical traditions, influence both individual growth and collective wellbeing. Notably, some of our colleagues collaborating on this research are Taiwanese scholars. Their experiences and narratives provide a compelling case study of Taiwan, illustrating how deeply rooted cultural values can inspire a society to embrace compassion, interconnectedness, and purposeful living. These insights enrich our understanding of life and death education and offer a valuable model for integrating humanistic principles into diverse sociocultural contexts.



6 Life and death education

We now turn our attention to a related topic, briefly mentioned earlier, known as life and death education (12–14). Notably, life and death education can also be differentiated into “life education” (76–78) and “death education” (79–81). Life and death education, as a whole, is a field of study we have explored both individually and collaboratively. Beyond our current research inquiry, which explores the relationship between mindfulness and life and death education, we have pursued other related investigations that demonstrate the transformative potency of this subject. For instance, we have examined how life and death education can provide insights into a person's wellbeing (63), highlighting its capacity to encourage deep self-awareness, introspection, and contemplation of oneself. These inquiries underscore the significance of life and death education research on individual growth and holistic understanding of human agency (68, 69).

Guided by our interest, knowledge, and understanding of Buddhism (7, 8), Confucianism (9, 10), and Taoism (11), our approach to teaching and researching life and death education has taken on a distinctly humanistic perspective. Additionally, we have drawn upon philosophical psychology (82, 83) to deepen our interpretation of life and death education, employing a method known as theoretical infusion (15). This approach integrates philosophical insights with psychological principles to enrich our understanding of life and death education. We have extensively explored and written about life and death education in our previous works [e.g., (12, 15, 63)], addressing its multifaceted dimensions from theoretical, empirical, and philosophical perspectives. Readers interested in a more detailed discussion are encouraged to refer to our earlier publications [e.g., (63) provides a comprehensive overview], which elaborate on the foundational concepts, practical frameworks, and broader implications of life and death education. In this article, we will provide a concise overview of specific theoretical aspects that are directly relevant to the context of our proposition.


6.1 Life education

Life education (76, 77, 84) is a positive discipline that explores the concept of “quality functioning”. Quality life functioning reflects one's state of motivation, aspiration, and proactive engagement in striving for various life trajectories. A “life trajectory” is defined as a specific course of action or path that an individual chooses to pursue at a particular moment in time. Over the course of a person's lifetime, he or she has multiple life trajectories—for example, balancing the trajectory of being a part-time university student studying History with that of being a full-time bank employee. Life education teaching, in this context, suggests that the successful attainment of a specific life trajectory, such as a university student completing their undergraduate degree, reflects the proactivity inherent in quality life functioning.

Life trajectories for attainment or accomplishment vary widely, influenced by factors such as personal beliefs, societal expectations, cultural values, and individual life circumstances. These differences reflect the unique ways individuals prioritize their goals and aspirations, shaped by their environment, upbringing, and the collective norms of the communities they belong to. In line with the premise of humanistic experiences, we contend that desirable or quality life trajectories may be closely associated with two contrasting pursuits: “altruistic” vs. “non-altruistic”. Altruistic endeavors are driven by a sincere concern for the wellbeing of others, embodying a blend of quality life characters (e.g., trustworthiness) and core life values (e.g., gratitude). These endeavors are reflected in activities such as volunteering for community projects, mentoring others, or engaging in acts of kindness that contribute to the collective welfare of society. In contrast, non-altruistic endeavors center on personal growth, self-fulfillment, and the pursuit of individual aspirations. These pursuits often align with goals such as achieving financial wealth, gaining social recognition, or attaining materialistic milestones. That being said, we acknowledge a degree of bias and subjectivity in both our teaching practices and personal beliefs. Our focus tends to lean heavily toward emphasizing altruistic endeavors, often at the expense of exploring and validating the importance of non-altruistic pursuits. This overemphasis reflects our commitment to fostering a culture of compassion and collective responsibility, but it may inadvertently downplay the significance of individual aspirations and self-oriented achievements.

One notable aspect of life education teaching is its distinctive emphasis on personal philosophization, encouraging individuals to explore open-ended questions about the purpose and meaning of life. Questions such as “What is the true purpose of life?”, “What goals are worth striving for?”, and “Can personal resolve help one navigate and overcome life's challenges?” may serve as facilitators for daily introspection, encouraging individuals to reflect deeply on their values, beliefs, aspirations, and inner resilience. This reflective approach highlights the significance of personal philosophy, uniquely shaped by an individual's experiences and perspectives. Unlike disciplines such as physics, which often seek definitive answers, life education embraces open-ended and inconclusive discourse as a fundamental principle. For instance, the question “What is the main purpose of life?” is not meant to have a singular, universally accepted answer but rather to initiate personal exploration, highlighting the subjective nature of such inquiries. Through this process of philosophization, life education teaching aims to encourage individuals to think deeply and expansively about life' certainties and uncertainties.



6.2 Death education

Death education (79–81) is a discipline that focuses on the inevitable end of life, as well as related topics such as loss, grief, and mourning (85, 86). From personal experience, we acknowledge that, compared to other subject areas (e.g., Cognitive Psychology), death education is often perceived as uncomfortable or unpleasant to teach and study. If given a clear choice, many individuals would likely choose life education over death education, as the latter often confronts difficult and emotionally charged subjects. While some may disagree with this sentiment, the study of palliative care (79, 87), such as Last Aid Courses (88, 89) designed to assist those facing end-of-life decisions, as well as the exploration of loss and grief, can be profoundly challenging and emotionally taxing. These topics often involve navigating difficult emotions and confronting harsh realities, which can make them less appealing to engage with, even though they are critically important.

Over the years, we have made concerted efforts to innovate the teaching of death education. Rather than focusing solely on its pragmatic aspects—such as the provision of end-of-life care for individuals nearing death—we have recently developed a theoretical framework to bring a more scholarly, systematic approach to the subject. This framework, which we term the “CPPPS Framework of Death Education”, seeks to deepen our understanding of death by incorporating five distinct theoretical lenses. These lenses provide a multifaceted view of death education, allowing for a more holistic exploration of the topic. In brief, the five lenses are as follows:

	i The cultural lens (c):
	This lens highlights the significance of historical and sociocultural diversity in shaping perspectives and interpretations of death and dying across different cultures and societies. For instance, practices such as ancestor worship (90, 91), observed in some cultural groups (e.g., Chinese), exemplify unique rituals that reflect these diverse viewpoints.
	ii The philosophical lens (p):
	This lens delves into personal philosophies of death and dying, fostering a deeper engagement with introspection, self-awareness, and contemplation about the meaning and nature of death and death-related matters. For instance, some individuals and cultural groups may reflect on the possibility of life after death, considering concepts such as the existence of an afterlife (92, 93) or reincarnation (94, 95). This process invites a nuanced understanding of how people relate to death on a deeply personal level, shaped by their unique cultural, spiritual, or philosophical frameworks.
	iii The pragmatic lens (p):
	This lens emphasizes the practical dimensions of death education, highlighting the critical nexus between theoretical knowledge and applied practice. It seeks to connect theoretical understanding with real-world applications, ensuring that individuals and professionals are equipped to navigate the complexities of death and dying in meaningful ways. For instance, a prominent example of practicality in palliative or end-of-life care (89, 96, 97) is the implementation of quality educational initiatives, such as Last Aid courses (88, 89). These courses provide essential training on topics like compassionate communication, pain management, and psychological support for individuals nearing the end of life and their families.
	iv The psychological lens (p):
	This lens explores the development of a positive “psychological persona”, which may assist individuals in learning how to cope with the emotional and psychological challenges associated with death, loss, and grief. It emphasizes the importance of fostering an appropriate mindset that can help individuals navigate difficult times. By the same token, it is important for one to be able to cognitively process grief and know how to regulate negative emotions during times of loss. A positive psychological persona—such as maintaining an optimistic outlook on life or possessing a strong sense of personal resolve—can help individuals effectively manage negative emotions like grief, angst, or despair.
	v The sociological lens (s):
	This lens examines death and dying from a societal perspective, exploring how different societies perceive, handle, and discuss death, and how death rituals and practices influence collective understanding. Unlike other theoretical lenses, such as the philosophical lens, the sociological lens focuses on the relationship between the individual and society, which we term as the “individual-society” dynamic. This lens highlights how societal norms, values, and expectations shape personal experiences of death and influence behavior during times of loss. For example, societal expectations may compel individuals and their families to adhere to certain rituals, customs, or behaviors during mourning, funerals, or the grieving process, reflecting the way society influences personal responses to death.

Our approach to teaching death education incorporates all five lenses, creating a comprehensive and multifaceted framework for understanding death. The use of these lenses is complementary, enriching the learning experience by offering diverse perspectives. For instance, when students engage with video resources depicting real-life cases of patients in need of palliative care, they experience the pragmatic lens in action, which emphasizes the practical aspects of death and end-of-life care. In contrast, group discussions during tutorial sessions, where students explore open-ended questions such as “Where does one's state of consciousness go after death?”, highlight the philosophical lens, prompting deep reflection on the nature of mortality and the mysteries surrounding it. Similarly, introducing students to various rituals and customs, such as the practice of ancestor worship, illustrates the significance of the cultural lens, highlighting how death-related beliefs and practices shape collective understanding across different societies. This teaching involving multiple lenses ensures that students not only gain practical knowledge but also engage with the emotional, psychological, and existential dimensions of death, fostering a holistic understanding of this complex topic.



6.3 Life education + death education: in totality

Life education (76, 77, 84) and death education (79–81) are distinct disciplines typically taught as separate subjects in academic settings (e.g., courses like “Life Education: An Introduction”). Similarly, research often treats them as independent fields of study. For instance, Shu, Miao (80) examined the growing need for death education in China, while Seng and Lee (81) explored the challenges associated with implementing death education in Malaysia. Despite this separation, our work frequently acknowledges and explores the interconnectedness between life education and death education, emphasizing their intimate relationship and the ways they complement and inform each other in both theoretical and practical contexts. We propose that to truly understand death, one must first grasp the principles of life education. Similarly, the teaching of death education can foster a deeper appreciation for life, highlighting the interconnectedness of the two disciplines.




7 Life, death, and mindfulness

We now turn our attention to an important area of inquiry: the relationship between life and death education and mindfulness. Through years of teaching and research, we have come to consider this relationship as potentially reciprocal. On one hand, teaching life and death education (14, 76, 84) may deepen our understanding of mindfulness by shedding light on its significance in navigating existential questions. On the other hand, the multifaceted nature of mindfulness—particularly its philosophical and spiritual dimensions (58)—can enrich our appreciation of the humanistic aspects of life and death, offering profound insights into their interconnectedness. At the core of our thesis lies an emphasis on the significance of humanistic life experiences. Such life experiences encompass a wide range of meaningful and transformative endeavors, including:

i The self-fulfillment of altruistic actions:

Engaging in acts of kindness and generosity not only benefits others in society but also serves as an important source of self-fulfillment and personal growth. When individuals help others, whether through small gestures or significant efforts (e.g., a teenager volunteering at a homeless shelter), they often experience a sense of purpose and personal gratification. This self-fulfillment arises from the knowledge that their actions have positively impacted someone else's life, fostering a sense of connection and life meaning. As individuals engage in acts of altruism, they contribute to both the wellbeing of others and their own life trajectory toward self-actualization.

ii Exploration of self-awareness and introspection:

Exploring the deeper dimensions of one's inner self fosters an in-depth understanding of oneself, encouraging the engagement of self-awareness and introspection. This process promotes a thoughtful and contemplative approach to life, allowing individuals to reflect on their values, beliefs, and emotions. By delving into their inner selves, individuals can identify their latent strengths, address personal challenges, and gain clarity about their aspirations and purpose in life. This life trajectory of self-discovery and personal understanding not only facilitates personal growth, but also enhances the ability to navigate life's complexities with greater resolve and mindfulness.

iii Striving for human perfection and utopian ideals:

Aspiring toward life ideals involves striving to create a harmonious and peaceful society for all. This pursuit entails not only addressing immediate social issues but also promoting long-term values of equality, compassion, and mutual respect. It seeks to build a world where individuals can thrive in a supportive environment, free from inequality, discrimination, and human suffering. These altruistic aspirations inspire efforts to improve social, economic, and environmental conditions, ultimately contributing to the overall advancement of human wellbeing and existence.

iv Expressing and imparting virtues:

	Possessing life characteristics (e.g., trustworthiness) and life values (e.g., gratitude) is an important development that helps a person understand life's true meaning. Moreover, positive life characteristics and values provide a foundation for individuals to make thoughtful, ethical decisions and build meaningful relationships with others. When individuals embrace these traits, they gain a deeper understanding that enables them to navigate life's challenges with personal resolve and determination. Ultimately, these life qualities (e.g., gratitude) guide people toward living a more fulfilling and interconnected life, grounded in altruistic and moral clarity.

In summary, the above endeavors inherently humanistic and personal, underscoring the potential connection between mindfulness (1, 58, 67, 70) and life and death education teaching (12–14). Our proposition, in this analysis, argues that there is a significant degree of overlap in the knowledge and understanding of the two subject disciplines, akin to a Venn diagram. This overlap suggests that the insights and frameworks of mindfulness and life and death education are not entirely distinct but rather interrelated, with shared concepts that enrich the study and practice of both fields. We contend that there are two possible explanatory accounts that support this conceptualization.

First, as we outlined earlier, the comprehensive study of mindfulness—encompassing its philosophical, psychological, and spiritual dimensions—provides valuable insights into a person's holistic life experiences, including deeply spiritual and, at times, philosophical aspects. This understanding enables individuals to recognize the higher-order, altruistic essence of life's functioning. In this context, daily functioning transcends the basic or straightforward elements of life (e.g., one's motivation to study or seek social recognition). Mindfulness, therefore, encourages individuals to pursue more profound experiences, such as a deep desire to connect with the environment. Meditation practice, in this regard, serves as a gateway to encountering such humanistic experiences. Furthermore, we argue that meditation and a cultivated sense of mindfulness provide a solid foundation for individuals to approach death, loss, and grief from a more positive perspective.

Second, life and death education teaching provides various theoretical perspectives (e.g., the philosophical lens) that complement each other, offering enriching insights for a deeper understanding of life's functioning. A key feature of life and death education is its focus on humanistic life experiences, encouraging individuals to engage in philosophical reflection and consider the importance of balancing altruistic and non-altruistic life ideals. We argue that this approach advocates for prioritizing self-actualization, personal growth, and meaningful relationships over the pursuit of material wealth. By fostering an understanding of life's deeper purpose, it invites individuals to reflect on the positive value of humanistic experiences, such as pursuing altruistic goals (e.g., choosing self-actualization). We assert that this teaching engages the philosophical, psychological, and spiritual dimensions of mindfulness.

We acknowledge, however, that our theoretical premise (e.g., the endeavor to strive for human perfection and utopian ideals) remains in its formative stages, representing an initial effort to conceptualize a novel integration of ideas. The present article in this sense aims to advance a seminal proposition, grounded in careful philosophical analysis, that establishes the groundwork for future empirical investigation. Rather than offering conclusive claims or presenting evaluative data, this work is intended to stimulate critical reflection and invite scholarly dialogue from readers. In this sense, we view the article not as a definitive account but as a generative contribution—an opening gesture toward a broader conversation that we hope will inspire further theoretical refinement and practical inquiry.



8 Illustrative curriculum concepts based on the life + death and mindfulness framework

We acknowledge that while our proposed conceptual synthesis, as overviewed and discussed, is still under development, we outline a hypothetical curriculum (63, 98) that may reflect the integration of mindfulness with life and death education. This integration is envisioned not merely as an academic exercise and/or example but as a potential contributor to holistic wellbeing. By fostering deeper awareness of mortality and meaning, the proposed curriculum seeks to enhance dimensions of optimal health functioning—including emotional regulation, existential coherence, and compassionate engagement with self and others. These illustrative concepts, we contend, may serve as a blueprint for future implementation and evaluation within educational or therapeutic contexts that aim to promote flourishing in the face of life's impermanence. We see this curricular design as offering a pedagogical framework for nurturing psychological resilience, cultivating prosocial behavior, and supporting the development of a coherent life narrative—all of which are widely recognized as facilitators of optimal health.

	Course Title: Mindfulness, Mortality, and Meaning:
	Learning Objectives:
	i Cultivate an experiential and philosophical understanding of mindfulness as a foundation for self-awareness and mental wellbeing.
	ii Engage in personal introspection and dialogue on life trajectories and mortality to foster existential clarity and emotional depth.
	iii Examine the moral, cultural, and spiritual dimensions of altruism, impermanence, and compassion as components of an integrated approach to human flourishing.
	Sample Modules:
	i Meditation as Self-Inquiry: Daily guided meditation practices, paired with journaling exercises reflecting on emotional and cognitive states, aimed at enhancing self-regulation and introspective capacity.
	ii Dialogues on Death: Small group discussions analyzing cultural rituals and personal beliefs surrounding death, promoting empathy, cultural literacy, and existential awareness.
	iii Life Purpose Narratives: Students draft personal statements exploring life goals and meaning, informed by meditative-reflective practices, to support identity coherence and future-oriented thinking.
	iv Mindfulness and Service: Exploration of altruism through community service activities, followed by reflective essays examining the interplay between mindful presence and ethical action.
	Assessment Tasks:
	i Reflective essays analyzing students' meditation experiences and emotional insights, with attention to themes of growth, struggle, and awareness.
	ii Case study analysis connecting life-and-death themes with mindfulness theory, encouraging the application of abstract concepts to lived realities.
	iii Final project: a personal life manifesto that articulates one's evolving understanding of mindful living and mortality, framed as a dynamic guide for meaningful and health-promoting engagement with life.

Overall, then, our sample example above illustrates a formative yet conceptually rich approach to integrating mindfulness [e.g., (1, 24, 62)] with life and death education [e.g., (12–14)] in support of optimal health functioning. Grounded in philosophical inquiry and experiential learning, the sample curriculum encourages emotional insight, existential reflection, and compassionate action—elements widely associated with psychological resilience and human flourishing. Through modules on meditation, mortality, purpose, and service, it cultivates mindful self-awareness alongside a deeper engagement with life's impermanence. While still hypothetical, we contend that this framework offers a promising foundation for future empirical research and practical implementation, positioning mindfulness not only as a personal practice but as a transformative educational pathway toward holistic wellbeing.



9 Toward transferability and implementation

Recognizing the conceptual nature and broader significance of our work, we propose several guiding principles to support future adoption, adaptation, and evaluation of the theoretical premise across different contexts. While grounded in a humanistic (71–73) and philosophical (15, 75, 82) approach, this initiative has critical implications for public health. By promoting mental resilience, reflective self-awareness, and meaning-oriented discourse, for example, it aligns with global efforts to enhance personal wellbeing and mitigate psychological distress—particularly in response to rising rates of suicide (99), burnout (100), and existential despair across diverse populations (101). By the same token, of course, it is an internal desire for one to aspire toward and live a meaningful and self-fulfilling life. As such, we contend that our theoretical premise—pertaining to the relationship between mindfulness and life and death education—may contribute meaningfully to emerging strategies for population-level mental health promotion through formal education. A growing body of literature underscores the value of embedding preventive and meaning-oriented frameworks within educational settings to foster emotional resilience, reflective awareness, and psychosocial wellbeing (102, 103). Global initiatives, such as those led by the World Health Organization (104) and The Lancet Commission (105), advocate for integrative, cross-sectoral approaches that align mental health promotion with educational, cultural, and developmental goals. These strategies are especially critical in light of rising psychological distress across diverse populations and the urgent need for scalable, context-sensitive interventions (106). As an example, then, consider the following sample:

Instructor Guidelines–

i Facilitative Pedagogy for Mental Safety:

Instructors are encouraged to adopt a facilitative rather than didactic stance, prioritizing the creation of psychologically safe, inclusive, and trauma-informed learning environments. These spaces enable students to engage in reflective and emotionally sensitive discourse—a process increasingly recognized as essential for preventing emotional isolation and enhancing protective factors for mental health.

ii Mindfulness Practices Aligned with Philosophical Themes:

Weekly structured meditation practices and journaling prompts should be integrated into the curriculum and thematically aligned with philosophical inquiries into impermanence, meaning, and compassion. These core themes are empirically linked to improved emotional regulation, reduced stress, and enhanced capacity for existential acceptance—all of which are central to current public health models of mental wellbeing and suicide prevention.

iii Philosophical Inquiry and Existential Dialogue:

The use of open-ended questioning techniques invites students into deeper philosophical engagement and existential reflection. Such approaches cultivate cognitive flexibility, self-awareness, and existential insight, which emerging evidence identifies as protective against despair, rigid thinking patterns, and suicide ideation. Facilitating these forms of discourse may play a preventive role by nurturing students' capacity to meaningfully confront uncertainty, loss, and life transitions.

Pilot Programs–

i Embedding in Professional and General Education Contexts:

This framework can be piloted within general education or professional training programs—particularly in fields such as teacher education, counseling, social work, or health sciences—where there is a pressing need to equip individuals with tools for emotional resilience, empathy, and meaning-centered practice. By fostering intrapersonal and interpersonal understanding among future professionals, such curricula may yield downstream benefits in community mental health and contribute to public health infrastructure focused on early intervention.

ii Research-Informed Implementation:

Utilizing case study or action research methodologies allows educators to assess student engagement, emotional development, and shifts in meaning-making capacities. These data can inform continuous refinement of both content and pedagogy, while also building an evidence base for the integration of contemplative and philosophical approaches into public health education strategies.

	Cultural Adaptation–
	i Locally Responsive Ethical and Spiritual Integration:
	To enhance both relevance and effectiveness, the curriculum should be adapted to reflect the spiritual, ethical, and existential concerns of local communities. This includes incorporating culturally specific teachings that align with learners' lived experiences and moral frameworks—thereby fostering a sense of recognition and belonging that is critical to culturally competent mental health promotion.
	ii Interfaith and Indigenous Worldviews:
	Building upon its current emphasis on Buddhist (7, 107), Confucianist (108, 109), and Taoist (11, 110) perspectives, the framework can be expanded to engage with interfaith, indigenous, and other community-based wisdom traditions. Doing so enhances cross-cultural inclusivity, strengthens relational and spiritual dimensions of wellbeing, and supports population-level mental health strategies that respect diverse cosmologies and coping resources.

Overall, then, we acknowledge that our theoretical tenets so far (e.g., the self-fulfillment of altruistic actions) are philosophical and speculative, requiring further empirical substantiation. Nonetheless, our proposed sample is intended not only to demonstrate the pedagogical feasibility of integrating mindfulness with life-and-death education but also to exemplify the broader “universality” and “generalizability” (63, 98) of the present theoretical premise. By offering a flexible, adaptable structure grounded in shared human concerns—such as improved health wellbeing, mortality, compassion, meaning, and resilience—this framework aspires to resonate across diverse life experiences, educational settings, and sociocultural contexts. Whether in secular classrooms (111, 112), interfaith programs (113, 114), or culturally specific training modules (115, 116), the underlying principles can be recalibrated and adapted to align with local epistemologies and community needs. In doing so, our proposition holds relevance and promise as a cross-culturally approach to health promotion and existential education, advancing a vision of wellbeing that is inclusive, reflective, and globally relevant.



10 Overview: why study life, death, and mindfulness?

We pose a reflective question for readers to reflect and contemplate: Why do we choose to study life, death, and mindfulness together? Why not approach them as separate inquiries, such as one exploring the effectiveness of mindfulness on its own? To summarize, our teaching and research in life and death education have expanded into related domains, examining how this field can deepen our understanding of personal wellbeing, foster spiritual growth, and promote peacebuilding. For instance, can life and death education be used to foster peace, harmony, and unity? Consequently, we expand our focus to explore a related inquiry: to what extent can teaching life and death education illuminate the fundamental nature of mindfulness? Alternatively, we examine how these two domains—life and death education and mindfulness—might intersect, mutually informing and reinforcing one another in meaningful ways.

Mindfulness (1, 16, 18, 67) and life and death education (12–14), though distinct in focus, share a common purpose as disciplines regarded as “positive” or proactive, aiming to provide an in-depth understanding of life experiences. Together, they provide a theoretical lens that enables individuals to cultivate deeper connections with themselves and others in society. In this context, we view mindfulness and life and death education as humanistic disciplines and sources of insight, capable of fostering hope, inspiring personal growth, and driving societal transformation. By encouraging self-awareness, introspection, spirituality, and compassion, these disciplines contribute to the betterment of individuals and the cultivation of a more harmonious society.

The world is currently facing a series of human crises, including the recent COVID-19 pandemic, ongoing wars in Gaza and Ukraine, the looming threat of a potential China-Taiwan military conflict, and widespread economic and social uncertainties across many regions. Admittedly, our perspective may be somewhat subjective and biased due to our teaching and research interests. Nevertheless, we firmly believe that both mindfulness (1, 16, 18, 67) and life and death education (12–14) are significant and impactful disciplines, offering valuable insights and tools for study and learning in these challenging times. A central thesis of our position is the belief that reflecting on and appreciating the essence of positive humanistic life experiences holds profound meaning. What is the main purpose of life, one may ask? This question is not meant to promote any specific belief or viewpoint but to underscore the potential of mindfulness and life and death education as essential tools for exploration and deeper understanding of life. Engaging in meditation practice, for instance, allows individuals to recognize the aesthetic and meaningful aspects of life. Such practices may lead to self-actualization experiences, fostering a deeper understanding of one's purpose, values, and connection to the world. Similarly, exploring life education emphasizes the importance of pursuing altruistic goals, encouraging individuals to prioritize acts of kindness, compassion, and community-building over purely self-serving objectives.



11 Development for consideration

Situating the study of mindfulness within the context of life and death education offers a novel and innovative approach to advancing our understanding of its nature. This perspective not only deepens our insights into mindfulness but also highlights the broader significance of life and death education teaching itself. The present theoretical-conceptual article provides a comprehensive overview of the potential relationship between these two disciplines. By integrating mindfulness with life and death education, this approach fosters a holistic understanding of human nature, highlighting the significance of introspection and the pursuit of meaningful life paths. At the core of our proposition is an emphasis on encouraging individuals to actively seek positive life functioning, cultivating personal growth, wellbeing, and a deeper sense of purpose (12, 15).


11.1 Educational implications for development

We contend that our theoretical premise and proposition—exploring the potential relationship between mindfulness and life-and-death education through philosophical analysis—hold daily relevance and offer practical considerations. In this section, we outline several educational implications for consideration, including the importance of curriculum development, educational training, development of policy, the use of workplace and school-based interventions, and the practice of community engagement.


11.1.1 Curriculum development

Educational institutions may wish to integrate elements of life and death education (e.g., a particular theme) (63, 98) into existing mindfulness-based programs (e.g., the Mindfulness-Based Stress Reduction). Doing so may enable a more holistic teaching delivery that incorporates not only cognitive-emotional benefits (e.g., the alleviation of angst) but also deeper philosophical and spiritual reflections on human existence. At the same time, we contend that the integration of mindfulness and life-and-death education—such as merging key elements of mindfulness teaching with core aspects of life education—holds the potential to assist educators in conceptualizing new topical themes, learning outcomes (LOs), and subject content for teaching and learning. This integrative approach encourages the development of innovative pedagogical pathways that are responsive to both cognitive and affective domains of student development. For instance, beyond the established “CPPPS Framework of Death Education”, we have recently proposed a complementary model—the “Life + Death Education Framework” (98)—which aims to holistically address themes of existential awareness, personal meaning, and mindful engagement with life and mortality. Educators can draw upon these frameworks as foundational structures for curriculum design, using them to inform the selection of teaching strategies, the formulation of learning objectives, and the integration of cross-disciplinary content.



11.1.2 Educational training

Teacher education and/or workplace programs may include professional development modules that incorporate meditation and mindfulness practices grounded in both Western (e.g., humanistic) and Eastern traditions, including Buddhism (7, 107), Confucianism (108, 109), and Taoism (11, 110). Preservice and inservice programs (e.g., a semester-long course) may be specifically tailored to cater to individual needs, helping educators, employers, and employees cultivate self-awareness, emotional regulation, and pedagogical sensitivity. Such programs may also encourage reflective practice and support the integration of mindfulness into personal and professional domains, thereby fostering holistic development and wellbeing (e.g., the “Contemplative Pedagogy and Life Education Initiative”, a pilot program designed to blend mindfulness practices with existential and life-and-death themes in teacher training).



11.1.3 Policy formulation

Policymakers, educators, and stakeholders may consider formulating education policies that formally recognize the value of integrating life and death education alongside mindfulness. Notably, in Taiwan, the formal teaching and curriculum development of life-and-death education are officially recognized and mandated within the school system (117, 118). Policies that support the inclusion of these frameworks in K−12 and higher education can promote themes related to life and death education and/or mindfulness, such as character development, emotional resilience, compassionate citizenship, social harmony, and life enlightenment. As an interesting note, one of the universities in Taiwan with which we collaborate has a mandated course known as Life Enlightenment that all students, regardless of their degree programs, are required to undertake. This Life Enlightenment course, in brief, reflects the university's commitment to promoting spiritual growth, self-understanding, and an appreciation of the meaning and value of life. It serves as a core component of the institution's broader educational policy, aiming to foster students' holistic development by encouraging reflection on existential themes, emotional awareness, and ethical living.



11.1.4 Workplace and school-based interventions

Schools, organizations, and workplaces can implement mindfulness- and life-related intervention programs that nurture spiritual growth, foster life appreciation, and support character development (e.g., cultivating gratitude), social harmony, and altruistic values. Such initiatives reflect the deeply interconnected nature of life education and humanistic mindfulness, emphasizing not only cognitive and emotional wellbeing but also the moral and existential dimensions of human development. By embedding these principles into everyday practice, these settings can create more compassionate, reflective, and ethically grounded communities. At the same time, we are mindful that this recommendation may not always be feasible in practice. Factors such as time constraints, logistical challenges, limited resources, institutional priorities, and varying perceptions of the usefulness or relevance of such programs can pose significant barriers to implementation. These practical considerations, however, highlight the need for flexible, context-sensitive approaches that allow for gradual integration, adaptation to local needs, and sustained support from leadership and stakeholders.



11.1.5 Community engagement

Drawing from our findings, educational leaders may extend mindfulness and life and death education practices to the broader community. How can the local community benefit from the teaching and learning of mindfulness and/or life-and-death education? We contend that this sample question underscores the importance of everyday relevance and practical application—not only for the individual, but also for the broader community. An interesting observation noted by several of us in Taiwan is the proactive engagement in social and benevolent activities by many Taiwanese individuals—for example, some choose to volunteer at their local Buddhist temple every Saturday. Likewise, as mentioned earlier, one of the co-authors actively collaborates with a non-profit organization, conducting home visits and sharing mindfulness practices and spiritual teachings with individuals nearing the end of life. This recommendation regarding community engagement is a noteworthy endeavor worth considering.

The educational applications outlined here highlight the importance of mindfulness and life and death education, not only as academic disciplines but also as practical tools for real-world transformation. Their integration into school culture and community development initiatives may offer opportunities for enhancing individual wellbeing, fostering social cohesion, and cultivating a more compassionate, mindful society. Central to this thesis, of course, is an awareness of the importance of the public health system as both a structural and cultural force in shaping educational priorities. When mindfulness and life-and-death education are aligned with public health initiatives (e.g., Every Mind Matters1, they can contribute to broader goals such as mental health promotion (119), suicide prevention (120), palliative care awareness (121), and emotional resilience building (122). In this way, educational institutions—working in partnership with public health agencies—can play a pivotal role in fostering holistic wellbeing across the lifespan, beginning from early childhood and extending into adulthood. Such collaboration not only enhances the relevance of educational interventions (e.g., the use of Vipassanā meditation) but also reinforces the interconnectedness of health, education, and community flourishing.




11.2 Limitations and future directions

While our theoretical-conceptual article offers a robust framework for development, we also acknowledge several limitations that are important to address. Like any research inquiry, it is crucial to recognize that our propositions are not without their constraints. These limitations, for example, include the need for more empirical evidence to support the integration of mindfulness and life-and-death education, as well as the challenges in adapting these ideas across diverse cultural and educational contexts. Furthermore, practical implementation may face obstacles such as time constraints, resource limitations, and varying levels of acceptance or understanding within different educational systems and communities. Acknowledging these limitations is essential for refining the proposed framework and for guiding future research and application:

	• Theoretical focus:

	Our article is conceptual in nature and does not include any empirical data, instead relying on the discourse of philosophical analysis. Philosophical inquiries, we contend, are open-ended, with subjective interpretations and non-definitive answers. For example, our recently developed multifaceted model of mindfulness (37, 58) is largely philosophical and speculative in nature, with certain elements or aspects that are somewhat difficult to empirically validate. In a similar vein, the CPPPS Framework of Death Education, though seminal in its evolution, remains theoretical and calls for further refinement, including empirical development and validation. As a result, future studies may seek to validate our propositions through qualitative or mixed-method approaches (123, 124), such as case studies or narrative analyses. Researchers may wish to consider exploring lived experiences of individuals who engage deeply with meditation practices (e.g., “Walking meditation”) in contexts that explicitly address life and death themes—such as palliative care settings, spiritual retreats, or philosophical life education programs. These qualitative accounts, using the methodology of “reflective-meditative documentation” (15, 125) could offer insight into how mindfulness fosters existential awareness, acceptance of mortality, and a reconfiguration of meaning-making. In a similar vein, empirical studies could examine how engagement with death education—such as appreciating the significance of rituals like ancestor worship (90, 91)—may influence the cultivation or deepening of mindfulness, particularly in relation to presence, the impermanence of life, and the practice of non-attachment. Such a bi-directional inquiry invites attention to the mutually reinforcing relationship between reflective awareness and existential pedagogy. While theoretical propositions such as ours lay the groundwork, empirical exploration—through interviews, ethnographies, or longitudinal case studies—could shed light on how these abstract constructs take shape in real-world contexts. Ultimately, we argue that the relationship between mindfulness and life and death education is dynamic and context-sensitive, shaped by cultural, spiritual, and personal dimensions that resist simplistic categorization. As such, the work of philosophical modeling and empirical validation must proceed in tandem, informing and evolving alongside one another.
	Alternatively, researchers may choose to refine our existing premises—such as the multifaceted model of mindfulness (37, 58)—and explore comparable conceptualizations or alternative models that either resonate with or counter our propositions. This may include potential expansions or reinterpretations of the Life + Death Education Framework (63, 98), particularly in relation to cultural, spiritual, or developmental contexts. We contend that such scholarly engagement not only reinforces the value of philosophical psychology but also contributes to the evolving conceptual understanding of how mindfulness and life and death education are defined, contextualized, and operationalized across diverse epistemological and pedagogical traditions.

	• Cultural specificity:

Much of our argumentation thus far [e.g., (12, 75, 98)] is grounded in Eastern philosophical traditions, particularly those rooted in Taiwanese cultural contexts and the teachings of Buddhism (7, 107), Confucianism (108, 109), and Taoism (11, 110). While this focus offers rich insights for understanding—such as the importance of cultural diversity, spiritual cultivation, and holistic wellbeing—it does, however, present certain limitations. Chief among these is the potential lack of generalizability to non-Eastern or secular contexts, where differing cultural, philosophical, or religious orientations may shape perceptions of mindfulness and life and death education in distinct ways. For example, our argument and theoretical premise regarding the trans-mystical nature of mindfulness—namely, that mindfulness is not merely a psychological state but a “pathway” to something higher and transcendent—may not be readily received or fully appreciated within Western contexts. As such, then, we contend that future theoretical and empirical explorations may consider broader, cross-cultural comparisons to examine the applicability and adaptability of these frameworks across diverse settings.

	• Lack of practitioner perspectives:

Our analysis primarily reflects academic and philosophical perspectives. As scholars, we are intentional in our approach, particularly in the development of new theoretical models for dissemination. We draw on existing research, including our own, as well as our interpretations, insights, and philosophical reflections, with the aim of exploring new frontiers in research. As such, we contend that there may well be a misalignment or dissonance between theory and practice. For example, our multifaceted model of mindfulness was developed using a Delphi methodology (126, 127), involving colleagues with strong scholarly expertise in the areas of meditation and mindfulness. What we propose for teaching, then, may not necessarily translate into daily relevance or practical application. Incorporating the narratives of educators, students, and administrators—through interviews or focus groups—could offer a more grounded understanding of how the relationship between mindfulness and life and death education functions in real-world contexts.

	• Potential bias:

	As acknowledged throughout, our commitment to humanistic and altruistic values may influence the interpretation and emphasis of certain arguments. Moreover, as noted earlier, the use of philosophical analysis as a mode of inquiry presents certain limitations—philosophical inquiries are inherently open-ended and often give rise to ontological subjectivity (128, 129). Our collective interest in Eastern philosophical traditions, as described, has led us to place a strong emphasis on understanding spirituality in a trans-mystical or metaphysical sense (125). Such an approach may, in turn, shape our reasoning and influence the conclusions we draw, potentially limiting the scope of our analysis to perspectives rooted in these traditions. This focus, while offering valuable insights, might not fully account for alternative philosophical or cultural viewpoints that challenge or reinterpret the metaphysical aspects of mindfulness and life-and-death education. Consequently, we acknowledge the need for broader, more inclusive perspectives that consider other global and secular frameworks for future development.

Overall, then, we invite future researchers to empirically investigate the interrelationship between mindfulness and life and death education, assess the impact of their integration on personal and educational outcomes, and refine the proposed premise to accommodate a broader range of perspectives and applications.




12 Conclusion

Situating the study of mindfulness within the context of life and death education offers a novel and innovative approach to advancing our understanding of its nature. This perspective not only deepens our insights into mindfulness but also highlights the broader significance of life and death education teaching itself. The present theoretical-conceptual article provides a comprehensive overview of the potential relationship between these two disciplines. By integrating mindfulness with life and death education, this approach fosters a holistic understanding of human nature, highlighting the significance of introspection and the pursuit of meaningful life paths. At the core of our proposition is an emphasis on encouraging individuals to actively seek positive life functioning, cultivating personal growth, wellbeing, and a deeper sense of purpose.
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The largest sexual (e.g., lesbian, gay and bisexual) and gender (e.g., transgender, nonbinary, gender diverse) minority (SGM) population in the United States resides in the Deep South; however, this area has no legal protections for SGM individuals, who experience substantial health inequities. Researchers from the Deep South are consistently overlooked in national dialogs on SGM health, with few SGM health training programs located in this area of the country. In response to these health and sociopolitical disparities and the dearth of regional SGM health training programs, we developed GenderS (Education on Gender and Sex), an innovative research education program led by a community-academic partnership that provides experiential and didactic training in SGM health in the Deep South via an online asynchronous curriculum; a one-week in-person residency in Birmingham, Alabama; and monthly virtual networking salons. In this paper, we describe the theoretical underpinnings of GenderS, the process for developing the curriculum and other program components, our evaluation plan, and lessons learned to date. Through dissemination of a national toolkit that includes templates and examples from GenderS, we can help other organizations adapt our program to their local contexts to train the next generation of SGM health researchers. Although we met challenges in developing recruitment materials for the program due to the enactment of an anti-diversity, equity, and inclusion law in Alabama, enthusiasm for our program remained high, illustrated by receipt of applications from 20 applicants across the United States and Africa.
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Introduction: background and rationale

There are pervasive differences across almost all health outcomes between sexual and gender minority (SGM) individuals compared to their cisgender heterosexual counterparts, with Black and Brown SGM individuals experiencing even greater inequities. The most recent estimates from the U.S. Transgender Survey reported 20% of Black transgender and gender non-conforming people reported living with HIV, compared to about 3% for transgender and gender-diverse people of all races, 2% for the overall Black population, and 0.06% for the overall U.S. population (1). However, these health inequities are not limited to HIV. For example, a recent study found that lesbian and bisexual women had 1.58 and 2.07 times greater odds, respectively, of experiencing multiple conditions and health behaviors, including psychological distress, cigarette smoking and alcohol consumption, compared to their heterosexual counterparts (2).

Although the Deep South (Alabama, Georgia, Louisiana, Mississippi, and South Carolina) is home to the country’s largest SGM population (3), it provides no legal protection for SGM individuals across housing, employment, education, or healthcare sectors. The resulting stigma and discrimination further exacerbate existing health inequities in SGM communities. For example, the Deep South has higher HIV incidence and HIV-related mortality rates than any other area of the country (4, 5), and criminalizes acts that engender potential HIV exposure, without considering the role of prophylactic measures such as condoms and pre-exposure prophylaxis. Further, many of these laws expand beyond healthcare access to include other social determinants of health.

Illustrating this point, in 2024 Alabama passed legislation that prohibits state agencies, public schools, and universities from maintaining or funding diversity, equity, and inclusion (DEI) programs. Additionally, it required public universities to “designate restrooms on the basis of biological sex,” which Alabama law defines as “the physical condition of being male or female, as stated on the individual’s original birth certificate” and not the gender that aligns with how a person identifies. The law, which identified race, sex, gender identity, ethnicity, national origin, and sexual orientation as “Divisive Concepts,” is expected to have a chilling effect on SGM people in the state, especially those at the intersection of other marginalized identities (e.g., race and ethnicity, low socioeconomic status). To underscore the extent of this geographic disparity, a report from the Movement Advancement Project, which monitors U.S. state policies that impact SGM people, illustrates that 93% of SGM people in the South live in negative or low equality states, compared to 0% of SGM people in the Northeast (6).

Although health inequities are especially dramatic in the Deep South, few programs in the region focus on training individuals about how sex and gender affect SGM health. In fact, only one of 25 experts from the South was included in recent national reports on measuring sex, gender identity, and sexual orientation. To address the dearth of SGM-focused training in the Deep South, we developed GenderS (Education on Gender and Sex), an innovative research education program funded by the National Institutes of Health (R25LM014336) and led by a community-academic partnership that draws deeply on our personal and professional experience and expertise navigating SGM health in the Deep South. This paper describes the program’s theoretical underpinnings, the process for developing the curriculum and other program components, our evaluation plan, and lessons learned to date.



Theoretical underpinnings


Pedagogical principles

A primary guiding principle of our program is a community-informed approach, recognizing that expertise in SGM health is found in a range of experiences and backgrounds beyond academia. Drawing on these diverse sets of skills and experiences is particularly critical in the challenging policy environment of the Deep South, where SGM-serving organizations are accustomed to navigating complex legal and policy environments. To ensure the centering of community voices in our program, our program leadership structure includes both University of Alabama at Birmingham (UAB) faculty and regional community partners (i.e., individuals working at one of five participating community organizations). We intentionally considered the lived experiences of program leadership; thus we have representation from individuals who are SGM (including transgender, queer, and nonbinary), Black, living with HIV, raised in rural parts of the South, and from a military background. At the time of proposal submission, one of the Multiple Principal Investigators (MPIs), ESK, was a researcher at a community organization, further illustrating the joint commitment to an equitable community-academic partnership. This principle is also exemplified in our program’s eligibility criteria: it is open to anyone with a bachelor’s degree in any subject and an interest in SGM health. We established a bachelor’s degree as the minimum requirement to ensure all scholars possess foundational experience in higher education while maintaining accessibility and avoiding overly restrictive criteria. A second principle of the program is a focus on effecting structural level change through training the next generation of researchers in both didactic and experiential SGM health content. In the GenderS curriculum, scholars will become familiar with core topics related to SGM health as well as research methods and considerations for addressing SGM health inequities. Through networking salons, scholars will gain the networking skills needed to engage in personal and professional conversations around emerging issues in SGM health. Finally, the in-person residency will offer a nuanced understanding of the systems and structures that perpetuate health inequities in this region, as well as the people and communities who rise above them. Each of these programmatic components are committed to illustrating the risk and resilience of our SGM communities in the Deep South and will support a cohort of future researchers poised to positively impact the health of SGM communities.



Pedagogical framework

We used the framework of human-centered design (HCD) (7–9) to collaboratively create all aspects of the program, including the curriculum, in-person residency, and networking salons. HCD builds on several principles that are well-suited to program development and integration of diverse voices, such as iterative development and involvement of multi-disciplinary teams (9, 10). This HCD approach fundamentally supports the program’s core mission of equitable partnership across community and academic leaders in the Deep South. By applying the co-creation principles of HCD across each component of the GenderS program, we incorporate community expertise in each aspect of the training program, further amplifying the voices of diverse populations with lived and/or programmatic experience. To illustrate how HCD can be used to design educational content, we provide an overview of how HCD informed the curriculum.

We used two standard HCD activities to collaboratively identify the major components of our SGM curriculum with our community and academic partners: the Rose-Thorn-Bud exercise and the Affinity Clustering activity (7). To map out core themes, we used the Rose-Thorn-Bud method to highlight aspects of SGM resilience (Rose), disparities experienced by SGM communities (Thorn), and areas where we can improve SGM health using the resources available in the Deep South (Bud). Everyone was provided colored Post-it notes on which to write Roses (pink), Thorns (blue), and Buds (green), with one idea per note. Then, we used Affinity Clustering to group these factors into common themes. Participants were encouraged to place their Post-it notes on a whiteboard, one at a time, while reading their idea aloud to the group. Over the course of the activity, participants began to identify emerging themes among groups of notes, which were physically clustered according to similarity. Figure 1 illustrates the final list of curricular themes prioritized in the HCD session.
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FIGURE 1
 Themes.


Using this final list, we developed a broad course outline for a 14-week curriculum to further discuss and refine with faculty and community partners (see Supplementary material). During a one-hour meeting with faculty and community partners, we finalized the curriculum through iterative discussion, including adding a presentation on disability and including a separate module for race/ethnicity. This same framework continues to underpin our design and implementation of the training program and includes the in-person residency and networking salons, providing an ongoing feedback loop for all partners to contribute and improve the program in real time.




Learning environment


Program overview

GenderS is a 1-year educational program that includes both online and in-person learning experiences. The program offers a variety of learning and networking opportunities for scholars to increase and apply knowledge in SGM health, thereby accommodating a range of learning styles and methods. The three primary components include an asynchronous online curriculum; a one-week in-person residency in Birmingham, Alabama; and monthly virtual mentoring and networking salons (Figure 2). Scholars also have monthly meetings with their program mentors, who include our community and faculty partners. Two cohorts of 7–10 scholars each will complete the one-year program in Years 2 and 3, with Year 1 dedicated to program development and Year 4 to evaluation and dissemination.
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FIGURE 2
 Core components of the GenderS program.




Scholar recruitment and selection

The launch of recruitment efforts coincided with enactment of Alabama’s Senate Bill 129 (11), one component of which prevents universities from sponsoring DEI programs. This required a re-imagining of how to meaningfully advance core components of the program. In collaboration with our program’s leadership team, and with constant review and feedback from institutional leadership across the UAB campus, we developed recruitment materials and launched a virtual campaign to raise program visibility. We identified and met with a university-approved marketing firm that specializes in SGM marketing and advertising. The firm created an ad campaign targeting eligible potential applicants based on education (e.g., having at minimum a bachelor’s degree) and career interests (e.g., SGM health, public health, health policy). The ad campaign, which ran for 1 month on LinkedIn in the early fall of 2024, received 58,600 impressions (i.e., how many times it was seen by potential applicants). Additionally, the MPIs, co-investigators, and academic and community partners shared the flyer with their personal and professional networks.

Applications were collectively reviewed and scored by the leadership team using an NIH scoring system (i.e., 1 to 9) across three domains: clear articulation of personal and professional goals, alignment of these goals with SGM health in the Deep South, and personal and professional experiences. Finalists were interviewed via Zoom by the MPIs. We received 20 applications for the first cohort, of whom 10 were selected. Five have a bachelor’s degree, three have a masters, and two have a doctorate. The applicants are also geographically diverse. Over half (60%) are from the South, with 50% from the Deep South; one is from the Midwest (10%); two are from the Northeast (20%); and one is from Africa (10%).



Learning objectives

Learning objectives for GenderS map onto four fundamental learning areas that are realized across the three programmatic components. These learning areas include core knowledge and skills (curriculum), networking and professional relationships (mentoring and networking salons, in-person residency), practical experience and community engagement (mentoring and networking salons, in-person residency), and research and professional development (mentoring and networking salons, curriculum, and in-person residency). By the end of the program, scholars should be able to:

	1. Describe health risk behaviors and outcomes that disproportionately impact SGM people in general and especially in the Deep South.
	2. Develop professional networks within the SGM health field.
	3. Connect the concepts discussed in the online course with how those concepts look “on the ground.”
	4. Engage in research and advocacy related to SGM health.



Asynchronous online curriculum


Format and content

The asynchronous online curriculum is divided into 14 modules, which can be completed online and asynchronously by program scholars. Each module is led by one or more members of the core program team and includes between three and six content areas (apart from the final module, which provides a conclusion to the course). Broadly speaking, the course covers core concepts in sex/gender, SGM theories (e.g., intersectionality, minority stress, structural stigma), SGM health (e.g., mental and behavioral health, HIV, substance use), SGM health and social institutions (e.g., media and culture, military) research methods, and policy. Individual content areas constitute a 5–20-min video that is developed and led by an MPI, co-investigator, faculty partner, or community partner who has expertise in that area. Each recording is also accompanied by suggested readings selected by the video lead, as well as “listening checks” that assess scholars’ mastery of the content. All videos were professionally recorded in a studio on UAB’s campus.

We also incorporated short interviews into the asynchronous online curriculum—“conversations” with faculty and community partners to demonstrate a wide range of experiences and career paths. Each ~10-min conversation explores the individual’s career path, including reasons for being interested in SGM health, as well as reflections on what they would tell their “younger self.” Academic partner conversations demonstrate various pathways to conducting SGM research in university settings, while community partner conversations highlight the ways in which SGM expertise is found in a range of settings. These partner conversations also demonstrate to program scholars that there is no singular “right” career path, and that oftentimes career trajectories are nonlinear and even unexpected.



E-learning platform

The online course for both cohorts is hosted on the university’s professional studies Canvas eLearning platform. We felt the professional studies Canvas platform traditionally used for continuing education students was appropriate, as most scholars were not affiliated with UAB. Before developing the course, the MPIs met with the eLearning team to discuss the cost of hosting the course and the general requirements for recording each section. The eLearning team recorded and uploaded all content videos except academic and community partner videos, which were recorded via Zoom. Two members of the eLearning team created individual modules corresponding with the curriculum in Canvas and uploaded all syllabus readings. Before the online course’s launch, the eLearning team sent individual registration links to give program participants access to the platform for the entirety of the training program.




In-person residency

The GenderS program features a one-week residency in Birmingham, Alabama, designed to increase knowledge related to SGM health experientially by connecting the concepts covered in the asynchronous course with how those concepts are operationalized in community settings. Each day will include a combination of site visits to different community partner organizations highlighted below.

	• At AIDS Alabama, scholars will learn how the organization addresses the needs of Latine and Black persons living with and at increased risk of HIV acquisition through its medical services, mental health services, vocational training services, and bilingual case management.
	• At Birmingham AIDS Outreach (BAO), scholars will tour multiple affiliated facilities including the Magic City Wellness Center (the only SGM primary care facility in Alabama), Magic City Acceptance Academy (the region’s first SGM charter school), and Magic City Acceptance Center (a resource center for SGM youth). BAO is on the frontlines of serving SGM people in Birmingham, AL across the lifespan, despite originating as the state’s first AIDS Service Organization.
	• At the Birmingham Civil Rights Institute, scholars will tour this internationally recognized site and learn about the intersections of the civil rights and SGM rights movements.
	• Five Horizons Health Services is the largest HIV provider in Alabama, serving patients across some of the most rural areas of Alabama and into Mississippi. Scholars will learn how the organization meets the health needs of its rural catchment area across five pillars: medical care, prevention and testing, supportive services, advocacy, and research.
	• At the Hispanic and Immigrant Center of Alabama (¡HICA!), scholars will learn how the organization champions economic equality, civic engagement, and social justice for Latine families in Alabama, and, increasingly, the SGM community.

The in-person residency will conclude with Birmingham’s annual pride parade, which gives scholars the opportunity to celebrate the strength and resiliency of the SGM community with each other, faculty partners, and community partners.



Networking salons and mentor matching

The GenderS program’s networking salons, modeled after Dr. Lisa Bowleg’s Intersectionality Training Institute (12), create an informal space for exchanging research ideas, thoughts, and opinions in a relaxed yet intellectually stimulating environment. These monthly virtual salons will give scholars the opportunity to connect with others informally and create a safe space to talk about how SGM health is framed in the media, via two primary formats:

• “Ripped from the Headlines” conversations center discussion on a recent news story, examining how it is relevant to SGM health.

• “Viewing Parties” involve discussion of how SGM health is portrayed in TV and film.

Each salon is facilitated by the MPIs and one or more faculty or community partners. These discussions provide opportunities for scholars to discuss media influences on the portrayal of SGM health, building on knowledge gained in the curriculum (e.g., the module on Media and Culture). The salon format also facilitates networking among scholars, faculty partners, and community partners.

Scholars also receive tailored mentoring from a faculty or community partner. Mentors are matched according to scholars’ preferences and provide monthly one-on-one meetings structured to achieve scholars’ personal and professional goals and objectives. They may also meet face-to-face with scholars during the in-person residency. The program’s mentoring component offers flexible guidelines that accommodate both the diverse interests and needs of scholars and the varied expertise of mentors. Mentors can tailor their approach based on the needs of the scholars. Some focus on providing targeted feedback on dissertations and research papers, while others share guidance in career navigation and professional development within the SGM health field.




Assessment


Program evaluation plan

Each GenderS scholar completes a 5-min online survey upon program enrollment that encompasses the four primary learning areas mentioned previously: (1) Core knowledge and skills; (2) Networking and professional relationships; (3) Practical experience and community engagement; (4) Research and professional development. Within 30 days of the conclusion of the program, all scholars will be asked to complete a post-program survey covering the same SGM topics; the results of this pre/post survey will be used to evaluate scholars’ gains in knowledge. The survey will also collect demographic information to monitor the aggregate number and demographic characteristics of participants, including their educational level and degree program, and will ask how they learned of the program to guide future recruitment efforts. In addition, scholars will complete a post-program interview to further contextualize the survey data. Once a year, program mentors, community partners, and faculty partners will also complete an evaluation interview to assess their feedback on (1) program activities, (2) the scholar(s) they mentored, if applicable, and (3) suggestions for program improvement. External evaluators will complete the evaluation and provide the program team with an evaluation report for each cohort of scholars to facilitate continuous programmatic improvement.




Discussion of practical implications, constraints, and lessons learned

We believe creation of GenderS has important practical consequences. To our knowledge, it is the first SGM health-focused R25 program in the Deep South and, as such, represents an important step toward increasing SGM health knowledge among future researchers, ultimately improving SGM health outcomes. Moreover, through contextualizing the curriculum to the Deep South, we promote knowledge-building in the context of the most conservative area of the country. The program will prepare scholars to address SGM health disparities in any challenging political and legal context: scholars trained in the Deep South will be exceptionally well prepared to navigate structural barriers.

Notably, the constraints faced when launching the program were significant. The anti-DEI bill (SB 129) was going into effect at the same time we were recruiting and launching the application. As a result, we navigated complex conversations regarding what language we could use to talk about GenderS, what questions we could ask applicants, and how to ensure we could achieve our stated goals. Yet, the implementation of the law did not dampen enthusiasm for our program—we received 20 applications, with 60% of applicants residing in the South, 25% of applicants residing in the Northeast or Mid-Atlantic, 5% of applicants residing in the Midwest, and 10% of applicants residing abroad in Africa. Moreover, all the applicant interviews occurred immediately after the 2024 presidential election, and many applicants noted that the coming change in administration further fueled their desire to participate in a training program explicitly focused on how to advance SGM health in a complex political environment. Several applicants also reflected on how the shift in the national legal and policy context raised their interest in learning from researchers and community members in the Deep South about how to effectively navigate SGM health research in a challenging political climate.

These constraints also necessitated significant innovation and lessons learned. First, our community-academic partnership created a broad network of support and expertise in navigating the state anti-DEI law. Our community partners—many of whom have been advocating for SGM rights for decades—were instrumental in identifying how we could effectively “do the work” despite political complexities. Second, we learned how to successfully advocate for collection of broader applicant demographic data (e.g., race/ethnicity and disability) by citing federal data collection guidelines and NIH reporting requirements, which ultimately supported the collection of these important data on program scholars.

To disseminate this program and our lessons learned, we will share key components of our GenderS program in a toolkit that can be tailored to the local context of other areas beyond the Deep South. Our toolkit will include the asynchronous online curriculum, residency example and template, mentoring and networking example and template, and evaluation example and template that organizations and institutions can use to build their own SGM research training program. Ultimately, the toolkit will enable others to learn from our experience and discover how to adapt our program to their own cultural and geographic contexts. National dissemination of the toolkit will also help raise visibility of the community-academic expertise located in the Deep South.

Going forward, we anticipate this program will serve as a testament to the incredible risk and resilience of those doing SGM-focused work in the Deep South and provide guidance on how to advance this research across varied policy environments. Given the growing anti-SGM sentiment in the US, the successes of Deep South community organizations and academic institutions in navigating anti-DEI policies may prove particularly instructive for regions that have historically had stronger legislative protections.
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Background: With the advancement of the Chinese “Internet Plus” paradigm, life education has expended through the implementation of Massive open online courses (MOOCs). However, limited research has focused on the present condition and attributes of the building of Chinese life education MOOCs.
Objectives: To systematically analyze the current status and attributes of life education MOOCs in China, assess the quality of the courses, and give a reference for the development of life education MOOCs in the country.
Methods: We select China’s online education platform and utilize the search terms “Health OR Life OR Death OR Psychology OR Nutrition OR Exercise OR Well-being OR Love OR Ethics” to identify MOOCs pertinent to life education. Analyze and summarize the courses about platforms, schools, regions, objectives, contents, assessments, credit hours, number of sessions and number of learners. The quality of the course was assessed utilizing Quality Matters (QM).
Results: In China, 129 life education MOOCs were provided in six online education platforms. The quantity of courses originating from “double first-class” universities, general universities and higher vocational universities was 44, 40, and 45, respectively. The quantity of courses from eastern regions was 106, while from western regions it was 23. The course contents covered three domains: life education, death education, and life value education. Credit hours, course sessions and the number of course learners exhibit statistically significant differences among regions and school types (p < 0.05). 47.3% of the QM scores were 60–84%, indicating subpar overall course quality. 19 life education MOOCs were provided in foreign platforms Coursera and edX, with 52.6% having course duration of less than 16 h and 47.4% catering to over 100,000 participants.
Conclusion: Chinese life education MOOC is resource-rich and has a substantial learner base. However, issues persist, including inconsistent course quality, limited personalization of course content, and significant disparities between eastern and western regions. In the future, Chinese life education MOOC should align with the development in Artificial Intelligence (AI) technology, address the disparities between Eastern and Western areas, and integrate with worldwide platforms.
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1 Introduction

With the emergence of the “Internet Plus” model and the extensive utilization of contemporary information technology in China, medical online education has developed rapidly, resulting in the birth of many online educational practice modalities (1). In 2008, Dave Cormier initially introduced the notion of Massive Open Online Courses (MOOCs) (2). Wikipedia defines MOOC as “a type of course delivered online, open to an unlimited number of participants, allowing learners to access free courses and obtain corresponding certificates of completion (3).” MOOC consists of four fundamental components: (1) Massive: MOOC encompasses a substantial quantity of learners and educators, including all societal sectors with a desire for knowledge; (2) Open: MOOC education is characterized by its accessibility, allowing users to learn at any time and location, with courses offered at no cost; (3) Online: MOOC courses are delivered via the Internet to offer online resources; (4) Course: MOOC provides a comprehensive course framework, encompassing learning objectives, content, assessment, and certification as a foundation for course engagement (2).

Massive open online courses rely on the Internet online platforms to provide open and varied courses for learners globally (2). The advent of MOOCs has created a novel possibility for the advancement of medical education, transcending temporal and spatial constraints, and providing students with a plethora of systematic and professional materials to select from (4). Against the background of rapid economic and social development, constant changes in the natural environment, and intensifying social competitiveness, public health awareness is gradually increasing, prompting academics to focus increasingly on life education (5).

In the 1960s, in response to adolescents’ suicidal, self-injurious and other maladaptive behaviors, American researcher James Donald Walters pioneered the concept of life education and developed a corresponding school life education curriculum system (6). Since then, life education has progressively expanded worldwide. In recent years, college students have had considerable mental health issues, and they possess an ambiguous comprehension of their perspectives on life and death (7). Currently, life education in Chinese colleges and universities is inadequate, and the demand for life and death education among college students, particularly those in medical fields, is rising, necessitating an urgent enhancement of life education for these students (8). Consequently, various types of college life education have arisen as MOOCs, offering students an expanded array of learning opportunities. The development of life education programs in medical institutions has positively influenced medical students’ perspectives on life and death, fostering their comprehensive growth (8). At present, the majority of research on life education, both in China and internationally, consists of theoretical analyses and value reflections (9), with limited reports addressing the current state and characteristics of life education MOOC development. This study investigated the current status of life education MOOCs in universities to provide reference for enhancing the development of online life education courses and facilitating the dissemination of high-quality teaching resources.



2 Methods


2.1 Study design

This study gathers data from major online course platforms in China and internationally to compare and analyze the current status of life education MOOC development in China. The studies were approved by Ethics Committee of the Chongqing Medical University (2023070), on 3 September 2023. The studies were conducted in accordance with the local legislation and institutional requirements.



2.2 Participants

Based on the “China Digital Education Top 100 List in 2023”1 and the historical development of online education platforms in Chinese higher education (10), the major Chinese and international higher online education platforms were identified by evaluating platform registrations, subject categories, course offerings, and the representation of colleges and universities on these platforms. Five Chinese online education platforms, namely Zhihuishu2, Xueyin Online3, China University MOOC4, Smart Education of China5, and Xuetang Online6, were chosen, along with the international online education platforms Coursera7 and deX8 for course exploration. Inclusion criteria for online courses: (1) MOOC courses; (2) developed by higher education institutions; (3) freely accessible and open courses; (4) comprehensive course design. Exclusion criteria: (1) live courses; (2) examination training courses; (3) duplicate courses. The course screening flowchart is shown in Figure 1.
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FIGURE 1
 The course screening flowchart.




2.3 Methods

In contemporary society, life education for college students has emerged as a prominent and significant topic, encompassing a diverse array of educational content, including life awareness education, death education, and survival skills education (11). Therefore, we explored life education courses using the online education platform, employing the search terms “Health OR Life OR Death OR Psychology OR Nutrition OR Exercise OR Well-being OR Love OR Ethics” to identify relevant courses. The search deadline was April 5, 2024. To ensure the objectivity and accuracy of the data, one expert with a decade of higher education teaching experience, who has contributed to the development of online education, and two master’s degree students in the relevant field were engaged in data collection and evaluation.



2.4 Outcome indicators

Compilation of course details: Data on course platforms, course schools, course regions, course contents, course evaluations, course credit hours, number of course sessions and number of learners was collected through the online education platform system for generalization and analysis.

Criteria for Evaluating Course Quality: Quality Matters (QM)9 is one of the most popular and widely used curriculum quality assurance frameworks in the United States (12). It focuses on improving the quality of online courses at the K-12, higher education, and professional education sectors, comprising eight peer-reviewed criteria: (1) Course overview and introduction; (2) Learning objectives; (3) Assessment and measurement; (4) Instructional materials; (5) Learning activities and learner interaction; (6) Course technology; (7) Learner support; (8) Accessibility and usability. Each criterion encompasses more precise sub-criteria. QM scores range from 0 to 101, with each entry assigned a variable score of 1 to 3 points, awarded if the criterion is fulfilled and 0 if not. A total score of at least 85 is required to pass the review of a course.



2.5 Statistics

Statistical analyses were conducted with SPSS 26.0 software. Categorical variables were represented as frequencies and percentages. Comparisons of differences between the two cohorts were conducted using chi-squared tests, with P<0.05 as statistically significant.




3 Results


3.1 Origin and distribution of courses

In China, 129 life education MOOCs were available across five online education platforms, comprising 44 (34.1%) from “double first-class” universities, 40 (31.0%) from general universities, and 45 (34.9%) from higher vocational universities. The “Heihe-Tengchong line” divides China into eastern and western regions, with 106 courses (82.6%) were developed by universities in the eastern region, and 23 courses (17.8%) were developed by universities in the western region. The distribution of life education MOOCs is shown in Table 1.


TABLE 1 Distribution of life education MOOCs [N = 129, courses (%)].


	Terms
	Measures
	Regional distribution
	Type of university
	Total



	Eastern
	Western
	“Double first-class”
	General
	Higher vocational

 

 	Total 	 	106 (82.2) 	23 (17.8) 	44 (34.1) 	40 (31.0) 	45 (34.9) 	129


 	Credit hours 	<16 	18 (17.0) 	5 (21.7) 	13 (29.5)ab 	6 (15.0) 	4 (8.9) 	23 (13.2)


 	16–32 	55 (51.9) 	11 (47.8) 	15 (34.1) 	26 (65.0) 	25 (55.6) 	66 (55.0)


 	>32 	33 (31.1) 	7 (30.4) 	16 (36.4) 	8 (20.0) 	16 (35.6) 	40 (31.8)


 	X2 	 	0.293 	12.028 	


 	P 	 	0.864 	0.017


 	Course sessions 	1–4 	22 (20.8) 	2 (8.7) 	3 (6.8)cd 	6 (15.0) 	15 (33.3) 	24 (18.6)


 	5–10 	57 (53.8) 	15 (65.2) 	22 (50.0) 	27 (67.5) 	23 (51.1) 	72 (55.8)


 	11–21 	27 (25.5) 	6 (26.1) 	19 (43.2) 	7 (17.5) 	7 (15.6) 	33 (25.6)


 	X2 	 	2.198 	18.353 	


 	P 	 	0.333 	0.001


 	Number of course learners (10,000) 	<1 	35 (33.0) 	6 (26.1) 	18 (40.9) 	11 (27.5) 	12 (26.7) 	41 (31.8)


 	1–10 	56 (52.8) 	15 (65.2) 	18 (40.9) 	25 (62.5) 	28 (63.6) 	71 (55.0)


 	>10 	15 (14.2) 	2 (8.7) 	8 (18.2) 	4 (10.0) 	5 (11.4) 	17 (13.3)


 	X2 	 	1.278 	5.456 	


 	P 	 	0.528 	0.243





a: Compared with general universities X2 = 8.025, p = 0.018. b: compared with higher vocational universities X2 = 7.094, p = 0.029; c: compared with general universities X2 = 7.094, p = 0.029; d: compared with higher vocational universities X2 = 13.551, p = 0.001.
 

The international platforms include Coursera and edX, with the 19 courses originating from prestigious institutions such as Yale University, Harvard University and Peking University, as shown in Table 2.


TABLE 2 Life MOOC offerings on Coursera and edX (N = 19).


	Course name
	Name of the school/company
	Course content
	Course platforms
	Course credit hours
	Course learners (10,000)
	Course level
	Course rating(Total score = 5)

 

 	

	1. Life 101: Physical and Mental Self-Care



 	University of California, Irvine 	Self-care; Emotions and stress; Nutrition and health; Positive thinking and emotional intelligence; Exercise and sleep; 	Coursera 	15 	1.6 	Elementary 	4.8


 	

	2. Finding Meaning and Purpose in Life: Living for What Matters Most



 	University of Michigan 	Life goals and growth 	Coursera 	11 	25.5 	Elementary 	4.8


 	

	3. Life Safety and Rescue



 	Shanghai Jiao Tong University 	Health assessment; Sports protection; Wilderness survival; Accident management 	Coursera 	22 	0.3 	/ 	4.4


 	

	4. Healthy Practices: Nutrition, Physical Activity, and Community and Family Engagement



 	University of Colorado System 	Nutrition and Health; Exercise and Health; Community, Family, and School Health Sessions 	Coursera 	9 	2.6 	Elementary 	4.7


 	

	5. Positive Psychiatry and Mental Health



 	The University of Sydney 	Positive mental health; Body and mind; Love and work; Mental illnesses 	Coursera 	19 	30.6 	/ 	4.8


 	

	6. The Science of Happiness



 	Yale University 	Recognizing Happiness; Meeting the Challenge 	Coursera 	19 	482.0 	/ 	4.9


 	

	7. Mindfulness and Well-being Specialization



 	Rice University 	Mindfulness and well-being 	Coursera 	60 	1.2 	Elementary 	4.9


 	

	8. The Science of Adolescent Well-Being



 	Yale University 	Perceptions of happiness; Behaviors of happiness; Pursuit of happiness 	Coursera 	12 	16.5 	Elementary 	4.9


 	

	9. A Happy and Fulfilling Life



 	Indian School of Business 	Misconceptions of happiness; Exercises for happiness; Love and devotion; Positive thinking and happiness 	Coursera 	27 	48.7 	/ 	4.8


 	

	10. The Path to Happiness: What Chinese Philosophy Teaches us about the Good Life



 	Harvard University 	Ancient Chinese philosophy and self-awareness 	deX 	20 	13.8 	/ 	4.7


 	

	11. Nutrition and Health: Macro-nutrients and Over-nutrition



 	Wageningen University 	Nutrient composition; Nutrition and health relationships 	deX 	63 	23.7 	/ 	4.5


 	

	12. Nutrition and Healthy Living



 	University of California, Riverside 	Nutrient composition; Nutrition and health relationships 	deX 	9 	<1.0 	/ 	4.5


 	

	13. Talk to me’: Improving mental health and suicide prevention in young adults



 	Curtin University 	Factors in poor mental health; Strategies to improve mental status 	deX 	15 	2.3 	/ 	4.6


 	

	14. Mental Health, Mindfulness, and Self-Care



 	University of Cape Town 	Mental problems; Mental enhancement exercises 	deX 	12 	<1.0 	/ 	4.7


 	

	15. The Science of Happiness



 	University of California, Berkeley 	The Meaning of Happiness; Ways to Enhance Happiness; Enhancing Happiness with Positive Thoughts 	deX 	50 	59.7 	/ 	4.7


 	

	16. Finding Purpose Across Your Life



 	University of California, Berkeley 	The meaning of purpose in life; Ways to achieve purpose in life 	deX 	9 	<1.0 	/ 	4.8


 	

	17. Building Personal Resilience: Managing Anxiety and Mental Health



 	Harvard University 	Mentall adaptation and mental health 	deX 	9 	12.7 	/ 	4.6


 	

	18. Mental Health and Nutrition



 	University of Canterbury 	Diet, nutrition and mental health 	deX 	32 	8.6 	/ 	4.7


 	

	19. Spiritual Competency Training in Mental Health



 	University System of Maryland 	Clinical Practice; Mental Health; Spirituality 	deX 	13 	<1.0 	/ 	4.3




 



3.2 Course operation

The course operation contains three components: course credit hours, number of course sessions and number of course learners. In China, among the 129 life education MOOCs, course credit hours varied from 5–80 h, with 66 (55.0%) courses offering 16–32 h, the school type significantly influenced course (p < 0.05). Of the 129 life education MOOCs, 1–21 course sessions were offered, with 72 courses (55.8%) featuring a focus of 5–10 course sessions, equating to 2 periods every year, the school type significantly influenced course sessions(p < 0.05). Regarding the number of course learners, 71 courses (55.0%) had between 10,000 and 100,000 learners, while 17 courses (13.3%) exceeded 100,000 learners, as illustrated in Table 1.

Among the 19 life education MOOCs available on Coursera and edX, 10 courses (52.6%) offer fewer than 16 credit hours, 6 courses (31.6%) provide 16–32 credit hours, and 3 courses (15.8%) exceed 32 credit hours. Regarding course participants, there are 5 courses (26.3%) with fewer than 10,000 participants, 5 courses (26.3%) with 10,000 to 100,000 participants, and 9 courses (47.4%) with more than 100,000 participants, as shown in Table 2.



3.3 Assessment of fundamental components of courses

According to pedagogical theories, the fundamental components of the course encompass four aspects: objectives, contents, process, and evaluation (13). This research studies three areas of life education MOOC data in China and internationally: objectives, content, and assessment.


3.3.1 Objectives and contents of the course

Chinese life education MOOCs are structured on the central topic of “respecting and cherishing life” (14), encompassing 3 primary themes, 11 secondary themes and 453 keywords in this study. Each secondary theme encompasses various keywords, indicating that each course addresses an extensive array of content and subjects, as shown in Table 3. Of the primary themes, life education at 54.5%, life value education at 31.6%, and death education at 13.9%, as shown in Figure 2, with secondary themes exhibiting varying frequency distributions.


TABLE 3 Chinese life education MOOC topic content for different levels.


	Primary themes
	Secondary themes
	Keywords

 

 	

	1. Life education



 	

	1. Knowledge and exploration of life



 	Understanding life; Natural symbiosis; Origin and evolution of life


 	

	2. Life health and life safety



 	Mental health; Disease prevention; Physical activity; Nutritional management; Emergency evacuation; First Aid knowledge


 	

	3. Social intercourse



 	Humanistic care; Interpersonal communication; Wisdom in the world


 	

	4. Love and responsibility



 	Marriage; Parents; Brothers; Children; Friends; Love; Career; Social responsibility


 	

	2. Death education



 	

	5. Illness and death



 	Sickness and aging; Dying and death


 	

	6. The ethics of death



 	Hospice care; Fertility management; Organ transplants; Human experimentation; Euthanasia; Sexually transmitted diseases


 	

	7. The meaning of death



 	Recognizing death; Living toward death; Transcending death


 	

	8. The death experience



 	Near-Death experiences; Funeral culture; Bucket lists


 	

	3. Life values education



 	

	9. Value and meaning of life



 	Respect life; Cherish life; Love life


 	

	10. Learning planning and enhancement



 	Adaptability; Planning; Advancement; Learning


 	

	11. Personality development and advancement



 	Optimize personality; Transcend ego; Realize life




 

[image: Donut chart illustrating distribution of life education themes. Largest sections include life health and life safety at thirty-seven point five percent, life value education at thirty-one point six percent, and death education at thirteen point nine percent, with smaller categories such as knowledge exploration, ethics of death, and illness.]

FIGURE 2
 Pie chart of content distribution and frequency of themes in Chinese life education MOOCs [N = 453, times (%)].


The 19 courses offered by the Coursera and edX platforms, the topics are similar to those in China, with primary themes including “the meaning of life, life safety, physical and mental health, nutrition and health, and happy life.” However, the material covered in each course is very specialized, and numerous comprehensive and advanced courses have been developed, as shown in Table 2.



3.3.2 Course assessment

The Life education MOOC course is an online course, with assessment standard predominantly established by the platform. This includes the usual grades, chapter test scores, final examination results. Figure 3 illustrates the calculation formula of the Zhihuishu and China University MOOC platform, the percentage of grades of each platform is slightly different. Upon fulfilling the course requirements and assessment criteria, students may submit for certification, which will automatically produce the electronic form of the certificate.

[image: Three labeled pie charts compare course evaluation criteria on the China University MOOC and Zhihuishu platforms. The first chart shows MOOC with 40 percent final exam score, 30 percent chapter test score, and 30 percent course discussion. The second chart for Zhihuishu includes 50 percent usual score, 40 percent final exam score, and 10 percent chapter test score. The third chart details the usual score as 20 percent learning habits, 20 percent learning progress, and 10 percent learning interaction.]

FIGURE 3
 Course assessment standard for Zhihuishu and China University MOOC platforms.





3.4 Quality matters results

All 129 life education MOOCs in China received QM scores below 85, hence failing to satisfy the QM quality review passing standard. 61 courses (47.3%) received ratings ranging from 60 to 84, while the remainder scored below 60, as seen in Table 4. Regarding platform distribution, 29 courses (22.5%) on Zhihuishu and 17 courses (13.2%) on the China University MOOC platforms achieved scores between 60 and 84 points. Meanwhile, 15 courses (11.6%) on the Smart Education of China platform scored below 60 points, with 9 courses scoring below 40 points. Additionally, this platform was deficient in essential QM scoring components, including course introduction and course materials. Despite 27 courses in Xueyin Online receiving lower grades, the portal provides comprehensive course descriptions, objectives, and target audience criteria for each course.


TABLE 4 Results of quality matter scoring of life education MOOC in China [N = 129, times (%)].


	Course platforms
	QM score (%)



	≤39%
	40–59%
	60–84%
	≥85%

 

 	Zhihuishu 	0 (0.0) 	9 (7.0) 	29 (22.5) 	0 (0.0)


 	China University MOOC 	0 (0.0) 	7 (5.4) 	17 (13.2) 	0 (0.0)


 	Xuetang Online 	0 (0.0) 	10 (7.8) 	5 (3.9) 	0 (0.0)


 	Xueyin Online 	0 (0.0) 	27 (20.9) 	10 (7.8) 	0 (0.0)


 	Smart Education of China 	9 (7.0) 	6 (4.7) 	0 (0.0) 	0 (0.0)


 	Total 	9 (7.0) 	59 (45.7) 	61 (47.3) 	0 (0.0)




 

The top five courses in China’s 129 life education MOOC rankings, according to QM rating, predominantly come from the Zhihuishu and China University MOOC platforms, primarily located in the eastern coastline region, with course levels mainly at the national and provincial tiers. The bottom 5 ranked courses mainly originated from higher vocational colleges and universities, and were mainly school-level courses, as shown in Table 5. The analysis of QM scores indicates that the top five courses fulfill the majority of the criteria, with the exception of “Dimension 7: Learner support,” “Dimension 1: Course overview and introduction” and “Dimension 2: Learning objectives.” Furthermore, the bottom 5 courses failed to enhance “Dimension 3: Assessment and measurement” and “Dimension 6: Course technology,” as shown in Table 6.


TABLE 5 Information on the top and bottom 5 life education courses among the 129 MOOCs in China.


	Top 5 QM ratings
	Bottom 5 QM ratings



	Course name
	Course platform
	Course source
	Course level
	Course name
	Course platform
	Course source
	Course level

 

 	1. Mental Health Education for College Students 	Zhihuishu 	Hainan College of Economics and Trade; Hainan 	National Level 	1. Senior Sports and Health 	Smart Education of China 	Tangshan Institute of Industrial Technology; Hebei 	University Level


 	2. Sports Safety and Health 	Zhihuishu 	Zhejiang University; Jiangsu 	National Level 	2. Medical Ethics 	Smart Education of China 	Hubei Medical College; Hubei 	University Level


 	3. Medical Ethics 	Zhihuishu 	Shandong Second Medical University; Shandong 	Provincial Level 	3. Health Education and Health Promotion 	Smart Education of China 	Henan Medical College; Henan 	University Level


 	4. Life Education and Life Growth 	China University MOOC 	Luoyang Normal College; Henan 	University Level 	4. Nursing Ethics and Health Regulations 	Smart Education of China 	Xiangyang Institute of Vocational Technology; Hubei 	University Level


 	5. Food Nutrition and Food Safety 	China University MOOC 	Central South University; Hunan 	National Level 	5. Mental Health Education 	Smart Education of China 	Xingtai Medical College; Hebei 	University Level




 


TABLE 6 QM scores of the Top 5 and bottom 5 life education courses.


	Course Ranking
	Dim-1
	Dim-2
	Dim-3
	Dim-4
	Dim-5
	Dim-6
	Dim-7
	Dim-8



	1
	2
	3
	4
	5
	6
	7
	8
	9
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	6
	1
	2
	3
	4
	5
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	5
	6
	7

 

 	1 	3 	3 	2 	– 	– 	1 	– 	1 	– 	3 	– 	3 	3 	3 	3 	3 	3 	2 	2 	– 	3 	3 	– 	2 	2 	3 	3 	3 	2 	3 	2 	1 	1 	– 	– 	– 	– 	3 	3 	– 	– 	2 	2 	–


 	2 	3 	3 	2 	– 	– 	1 	– 	1 	– 	3 	– 	3 	3 	– 	– 	3 	3 	2 	2 	– 	3 	3 	– 	2 	2 	3 	3 	3 	2 	3 	2 	1 	1 	– 	– 	3 	– 	3 	3 	3 	– 	2 	2 	–


 	3 	3 	3 	2 	– 	– 	1 	– 	1 	– 	– 	– 	3 	3 	– 	3 	3 	3 	2 	2 	– 	3 	3 	– 	2 	2 	3 	3 	3 	2 	3 	2 	1 	1 	– 	– 	– 	– 	3 	3 	3 	2 	2 	2 	–


 	4 	3 	3 	2 	– 	– 	1 	– 	– 	– 	3 	– 	3 	3 	3 	3 	3 	3 	2 	2 	– 	3 	3 	2 	2 	2 	3 	3 	– 	2 	– 	– 	– 	1 	– 	– 	3 	– 	3 	3 	3 	2 	2 	– 	–


 	5 	– 	3 	2 	– 	– 	1 	– 	– 	– 	3 	– 	3 	3 	3 	3 	3 	3 	2 	2 	– 	3 	3 	2 	2 	2 	3 	3 	3 	2 	– 	– 	– 	1 	– 	– 	3 	– 	3 	3 	3 	2 	2 	– 	–


 	125 	3 	3 	– 	– 	– 	1 	– 	– 	– 	– 	– 	3 	– 	– 	– 	– 	– 	– 	2 	– 	3 	– 	– 	– 	– 	3 	– 	– 	2 	– 	– 	– 	1 	– 	– 	– 	– 	3 	3 	3 	2 	2 	– 	–


 	126 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	3 	3 	3 	2 	2 	 	3 	– 	– 	– 	– 	3 	– 	– 	2 	– 	– 	– 	1 	– 	– 	– 	– 	3 	3 	3 	2 	2 	– 	–


 	127 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	3 	– 	– 	– 	– 	– 	2 	2 	– 	3 	3 	2 	2 	2 	– 	3 	– 	– 	– 	– 	– 	1 	– 	– 	– 	– 	3 	3 	– 	– 	 	 	–


 	128 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	2 	– 	3 	– 	2 	– 	2 	3 	– 	– 	– 	– 	– 	– 	1 	– 	– 	– 	– 	3 	3 	3 	2 	2 	– 	–


 	129 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	– 	2 	– 	3 	– 	– 	2 	– 	3 	3 	– 	– 	– 	– 	– 	1 	– 	– 	– 	– 	3 	3 	3 	– 	2 	– 	–





Marked with “1 2 3”are satisfied entries and points earned, marked with “–” are unfulfilled entries with 0 points.
 

The QM compliance rate for 19 foreign courses is 80%. Most courses on the Coursera platform are categorized by learning levels, while the edX platform features participant ratings and evaluations, both of which adhere to QM scoring standards and offer guidance for learners in selecting the most appropriate courses.




4 Discussion


4.1 Life education MOOCs have achieved developments in China

In recent years, China attaches great importance to the development of the “Internet plus” model, with colleges and universities serving as the primary platforms for MOOC development, demonstrating greater efficacy in enhancing student learning compared to conventional teaching methods (15). This study shows the extensive availability of online course resources for life education in China, sourced from general colleges and universities and higher vocational colleges nationwide. Notably, platforms like Zhihuishu and China University MOOC aggregate resources from prestigious institutions, including Sichuan University and Shandong University, thereby offering high-quality educational materials for the advancement of life education in higher education institutions. The analysis found that the number of course learners surpassed 100,000, representing 13.3%, while the number of courses offered constituted 81.4% of the total, indicating that life education has become a significant component of China’s online education. This suggests that the MOOC model effectively addresses students’ learning requirements, and the platform’s infrastructure aligns with the technological and content needs of learners (16), consistent with China’s developmental trend to leverage the advantages of online education and enhance the accessibility of educational resources (17).

Nonetheless, disparities exist in the quantity of course sessions and the number of participants within the region housing 129 MOOC institutions, as well as in the type of institution (p < 0.05). The MOOC for life education in “double first-class” universities was established earlier, attracting a larger cohort of learners and achieving relatively high quality evaluation scores for QM courses. In contrast, higher vocational colleges and universities exhibit a deficiency in online course resources, with fewer courses, limited duration, and a smaller number of participants, indicating an imbalance in the distribution of MOOC resources for life education in China (18). This study reveals a significant disparity in the quality of resources and course utilization between eastern and western institutions, as well as between undergraduate and higher vocational institutions. This discrepancy hampers the effective utilization of MOOC resources in life education and impedes the widespread adoption of life education, reflecting the uneven distribution of health education resources across eastern and western China (19, 20). In the future, institutions in the East and West should adhere to the principle of “resource sharing and wisdom coexistence” to collaboratively develop standardized and exemplary online courses, thereby maximizing the dissemination and application of high-quality life education resources and ensuring equitable access to life education for all individuals.



4.2 Chinese life education MOOCs still need to learn from international platforms

The Coursera platform, established by Stanford University, was officially launched in 2012 to offer free online courses, followed by the edX platform, co-founded by Massachusetts Institute of Technology (MIT) and Harvard University in 2013 (21). The life education MOOCs in both platforms cover English and Chinese learning resources, and developed by globally renowned universities. The courses are exceptionally appealing and widely employed, drawing involvement from numerous learners and educational institutions. All life education MOOCs on Coursera have open student rating and commenting modules, which offer precise learning recommendations and a transparent evaluation method, hence facilitating effective learning and ongoing course enhancement for learners.

This study identified several deficiencies in Chinese life education MOOCs. The general quality of the course is substandard, with several courses deficient in fundamental components, including course descriptions, essential instructional resources, and economic and technical support. Secondly, the convergence of course content is evident, with the significant overlap among certain courses, which fails to meet the individualized learning requirements of diverse students. Third, the courses lack opportunities for student feedback regarding the learning experience and do not facilitate comment programs to address students’ particular requirements. Studies indicate that student evaluations might enhance course quality and hence elevate student satisfaction (22). However, most of the courses do not activate the student comment channel, disregarding the individualized requirements of students.

The Global MOOC and Online Education Conference, themed “Reconstruction of Future Higher Education in the Age of Intelligence” held in the UK in 2024. It proposes three initiatives aimed at establishing MOOC standardization and normative development, enhancing collaborative efforts, and fostering a global online education community (23, 24). Consequently, the development of life education MOOCs should prioritize interactive feedback among learners and between learners and course developers. The functionalities of student inquiries and learning forums in MOOCs facilitate the sharing of perspectives and experiences among learners, fostering the interplay and synthesis of ideas, as well as the exchange and exploration of knowledge. Concurrently, the analysis of student performance and interactions within these forums allows for precise assessment of learning outcomes, providing significant insights for educational practices (25). Chinese MOOC platforms ought to draw insights from international counterparts, bolster collaboration with higher education institutions, integrate MOOCs into the curriculum, develop credit and degree certification frameworks, and further refine the certification system for MOOC learning (26).



4.3 Creating a distinctive MOOC format for life education in the era of online learning

This study found that life education MOOCs effectively encompass the themes of life health, life awareness, life value and life pursuit, facilitating profound contemplation of life and death among college students. MOOCs are extensively utilized in higher education owing to their flexibility in time and location, their ability to transcend regional limitations, and their facilitation of resource sharing, and they are progressively included into lifelong education (27). At present, life education MOOCs on the same platform in China adhere to identical assessment standards as other MOOCs, ensuring the efficacy of online learning. Nonetheless, life education encompasses extensive information and varied formats, and the grading evaluation approach based on scores is not conducive to accurately assessing students’ learning outcomes. The 2024 World Conference on Digital Education in China, themed “Artificial Intelligence and Digital Ethics,” emphasized that digital education and artificial intelligence education represent the future trajectory of educational development (23, 24). In recent years, data mining of MOOCs has garnered scholarly interest, with numerous researchers examining forum data on MOOC platforms (25), which facilitates student interaction for learning course content, posing inquiries, discussing specific topics, and sharing opinions and experiences.

Therefore, life education MOOC should conform to the online education background, fully apply big data and cloud computing to accurately analyze individual learning needs (28). They should gather and evaluate students’ classroom behaviors, learning conditions, and needs in real time, promote timely submission of feedback and learning summaries by students, and establish a personalized and intelligent online course framework for life education, thereby fostering students’ motivation to persist in their learning endeavors (29). Furthermore, we can pursue the trend of Virtual Reality (VR) education (30) by developing a VR system that allows real-time experiences of significant life processes, such as ‘dying and death, ‘thereby providing students with immersive life education, enhancing the learning experience, and elevating the quality of life education MOOCs.




5 Strengths and limitations

The strength of this study is that it investigates the current status of 129 life education MOOCs in China, focusing on course source and distribution, operational aspects, fundamental course information, and quality assessment, while also comparing them with overseas platforms.

The limitation of this study is that it is a retrospective study and the five MOOC platforms selected represent only some of the courses and the selection of five MOOC sites, which may not encompass all high-quality MOOCs for life education. Moreover, the accessibility of data from online platforms precluded the evaluation of student feedback, interactions, and assignment completion; hence, future researchers should augment the sample size to get more comprehensive results.



6 Conclusion

Life education is one of the important component of collegiate education. This study provides a comprehensive analysis of the characteristics of MOOC development in life education inside Chinese higher education institutions. Chinese life MOOCs offer abundant course resources, extensive subject coverage, and emphasize ideological education and the promotion of humanistic values. However, there are still problems such as insufficient personalized design, ambiguous course evaluation system, significant disparities between the East and the West. In the future, we must adhere to the evolving trends of artificial intelligence and online education, consider the physical and mental developmental characteristics of modern university students, develop high-quality courses, bridge the divide between Eastern and Western regions, and engage with international platforms to disseminate scientific and superior life education MOOCs globally.
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Footnotes

1   sohu.com/a/754395783_120491808

2   zhihuishu.com

3   xueyinonline.com

4   icourse163.org

5   vocational.smartedu.cn

6   xuetangx.com

7   coursera.org

8   edx.org/school/usmx

9   qualitymatters.org
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Background: Contemporary healthcare requires medical professionals with advanced scientific literacy. Current undergraduate medical curricula may not consistently develop this critical skillset. This study evaluates the effectiveness and challenges of an academic competition-based learning (ACBL) for enhancing scientific literacy in medical undergraduates.
Methods: The International Genetically Engineered Machine (iGEM) Competition based program was developed using a two-round modified Delphi study. 30 students participated in an iGEM-based academic competition during 18 months. Scientific literacy domains were assessed through validated questionnaires during a five-year follow-up period.
Results: iGEM participants demonstrated significantly greater improvement in literature review, experimental design, technical execution, presentation skills, and research management compared to controls (p < 0.01). Significant gains were observed in scientific knowledge acquisition and scientific reasoning (p < 0.01). Scores for active learning, critical thinking, and collaborative communication were significantly higher in the iGEM group (p < 0.05). Participants identified laboratory resources, space, equipment and funding as primary implementation constraints.
Conclusion: ACBL is an innovative and effective strategies to develop students’ scientific literacy for professional competitiveness, which highlights the potential of ACBL as a transformative approach in medical education.

Keywords
 academic competition; scientific literacy; professional competitiveness; undergraduate education; active learning; critical thinking


1 Introduction

Global healthcare demands are shifting from disease-centered models toward lifelong health maintenance, requiring professionals with enhanced scientific literacy to deliver high-quality care and drive innovation (1, 2). Scientific literacy is the ability to creatively utilize appropriate evidence-based scientific knowledge and skills in solving challenging yet meaningful scientific problems as well as making responsible scientific decisions, of which problem-solving, critical thinking (CT), communication and the ability to interpret data are four core components (2–4).

Cultivation of scientific literacy is a systematic work, which needs practice and accumulation for a long time (5, 6). Research experience during undergraduate medical education is an opportunity to develop scientific literacy for undergraduates, which can be conducive to career developments of participants (7–9). Research experiences include Undergraduate Research Experiences (UREs) and Course-based Undergraduate Research Experiences (CUREs) (10, 11). UREs feature individual students in faculty laboratories and provide the opportunity, but the most common problem is their treatment as cheap labor for repetitive and time-consuming lab work resulting in insufficient participation. CUREs is a course-based training program and open to most students. Although CUREs offer broader access, their effectiveness may be constrained by short durations and high student-to-faculty ratios (10, 12–15).

Academic competitions are increasingly integrated into educational strategies to motivate students and enhance learning (16). Academic competition-based learning (ACBL) is a process of active acquiring knowledge within a competitive setting, which stimulates students’ problem-solving abilities, improves learning efficiency, and enhances confidence as students-centered learning model (16, 17). More and more undergraduates are improving their scientific literacy by participating in various academic competitions (18–20). ACBL has been successfully implemented in numerous fields, including engineering, computer programing and information systems, as well as physics and biology (16). However, ACBL’s application for cultivating scientific literacy in medical undergraduates remains underexplored.

The purpose of this study is to evaluate the effects of ACBL on scientific literacy for medical undergraduates. The results showed that ACBL engaged student’s innovation ability, sparks active learning and cultivate critical thinking and collaboration and communication skills. In conclusion, ACBL may be an effective learning strategy for medical undergraduates in enhancing scientific literacy to promote professional competitiveness, which highlights the potential of ACBL as a transformative approach in medical education.



2 Methods


2.1 Participants and study design

The ACBL program was developed around the International Genetically Engineered Machine (iGEM) competition. The iGEM competition is a series of competitions that develop and undertake synthetic biology research projects, which began in 2003 at MIT, MA, USA and developed into an international academic competition in 2005.1 The iGEM aims to encourage interdisciplinary collaboration and innovation among undergraduate participants (21–23). The conceptual framework of the ACBL program based on the iGEM competition is illustrated in Figure 1. All aspects of the research process were conducted over a three-semester period or more.
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FIGURE 1
 Schematic flowchart showing the design of the academic competition-based leaning program. Flowchart illustrates six stages of the academic competition-based leaning program: recruitment, academic training, project design, implementation, presentation, and research grant applications. Each stage specifies timeframe, objective, and step. Central focus is on fostering scientific literacy.



2.1.1 Stage 1. Team member recruitment

Eighteen months prior to iGEM competition, 30 undergraduates were recruited from Third Military Medical University (Chongqing China). Faculty selection occurred after voluntary registration of students based strictly on competition guidelines and ethical principles.



2.1.2 Stage 2. Academic training and scientific literature reading

The research content and activity mode of ACBL were constructed by a two-round modified Delphi study (24). After the recruitment of team members completed, experts in related fields were invited to instruct new research progress and activity experiences including literature searching, experimental method, and paper writing (Supplementary Figure S1). Team based learning (TBL) provides an active, structured form of small group learning. Each group read classic literature and then conducts regular discussion and to complete a literature review. Three types of literature are provided: (1) research articles closely related to the ongoing project; (2) balanced and comprehensive reviews with a broad scope covering the relevant field; and (3) classic landmark papers with brilliant experimental designs (15).



2.1.3 Stage 3. Experimental design of the project

On the basis of previous learning, the team members conducted experimental design for the project and held weekly project discussions in the form of regular meetings to improve project designs including the project’s background, rationale, and scientific goals. Tutors provide guidance on scientific research ideas and design. The students also understand the rationale of experiments and master technical skills through iterative and patient practice (Supplementary Figure S1).



2.1.4 Stage 4. Implementation of the project

Team members are assigned experimental operation group, data analysis group and mathematical modeling group based on their own strengths and complete their tasks. Tutors provide guidance on implement of their plans. Weekly lab meetings provide a platform for students to practice oral communication skills and present their discoveries (Supplementary Figure S1). The participating team members also need to engage in social activities, including soliciting public feedback on the topic and listening to expert opinions.



2.1.5 Stage 5. Presentation of the project

Teams prepared competition deliverables, including project websites, explanatory videos, posters, and oral presentations (Supplementary Figure S1). The students also actively attended various academic conferences and presented their work. Finally, students present their achievements on the annual meeting in the final of the iGEM competition in Boston (USA).



2.1.6 Stage 6. Research funding application and management

After the completion of the academic competition, the students were voluntary to train how to put forward scientific questions based on previous work, write and submit research funding application, and how the funding would allow them to conduct experiments to address the underlying questions.



2.1.7 Control group

A control group (CTL, n = 30) comprised same-grade, same-major peers who confirmed no participation in academic competitions during the study period. Table 1 shows the basic characteristics of the two groups (iGEM group and CTL group). All students have completed the compulsory course learning, and there was no significant difference in Grade Point Averages (GPAs) between the groups. All participants completed scientific literacy assessments before the training activities.


TABLE 1 Demographic characteristics of the studied population by groups.


	Groups
	iGEM group number (%)
	CTL group number (%)

 

 	Total number of students 	30 (100.0) 	30 (100.0)


 	Mean age (years)
 mean (± SD) 	21.4 (0.84) 	21.8 (1.13)


 	Gender 	 	


 	Male 	18 (60) 	17 (56.7)


 	Female 	12 (40) 	13 (43.3)


 	Major 	


 	Clinical medicine 	20 	20


 	Preventive medicine 	6 	5


 	Others 	4 	5


 	Program 	 	


 	4-year program 	3 	3


 	5-year program 	23 	23


 	8-year program 	4 	4


 	Grade 	 	


 	Second year 	4 	4


 	Third year 	19 	19


 	Fourth year 	7 	7





CTL group, Control group; iGEM group, iGEM competition group; SD, standard deviation.
 




2.2 Data of achievements of students participated in iGEM competition

After the iGEM competition, published research papers and innovative entrepreneurial training plan program or other research grants received by students were collected. Moreover, the enrolment rate of postgraduate education was counted for undergraduates participated in iGEM competition.



2.3 Questionnaires for students’ satisfaction with the scientific research experience and challenges in implementation of ACBL

All participants are invited to complete the pre-training and post-training questionnaire, respectively, by a quantitative empirical method (five-year follow-up). The questionnaire items covered the view on the process of scientific research (5 items). The second section reflected the subjective influence of the ACBL program including active learning (9 items), critical thinking (14 items) and collaboration and communication (9 items) (2, 25). Moreover, challenges in implementation of ACBL were also analyzed by a questionnaire survey. All items used a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).



2.4 Statistical analyses

The data were analyzed using the Statistical Package for Social Sciences software (SPSS, version 26, IBM Corp.). Descriptive statistics were used to present an overview of the data. Wilcoxon rank sum test was performed within both groups. The statistical analysis of the satisfaction questionnaire was performed using the average score of all items in each construct. The quantitative content analysis was performed to manage qualitative data from the open-ended questions. p-values of less than 0.05 were considered significant.




3 Results


3.1 Participation of iGEM and CTL groups

A total of 60 students participated in this study. Table 1 compares the basic characteristics of the iGEM and CTL groups. There were no significant differences between the two groups in terms of grades, gender, or age (p > 0.05). All students and tutors were participated in the survey, with a response rate of 100% in both groups. The results showed there is no significant difference in scientific literacy between the two groups before the training (Figure 2).
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FIGURE 2
 Comparison of the scores of scientific research ability before and after iGEM competition in the iGEM (purple) and CTL (blue) groups. Five box plots labeled (A–E) compare score ratings for two groups. Significant improvements after the intervention for both groups in the following areas: (A) Literature processing, (B) Experimental design, (C) Experimental operation and statistical analysis, (D) Presentation, and (E) Research project applications and management. The improvements are statistically significant (noted by “**”), except for the initial comparison labeled as “ns” (not significant).




3.2 Results of iGEM competitions and achievements of students after iGEM competition

Three teams participated in iGEM competitions from 2016 to 2019, winning two Gold medals and one Silver medal. Epithelial mesenchymal transition (EMT) refers to the process by which epithelial cells acquire characteristics of mesenchymal cell, which is crucial for embryogenesis, wound healing and malignant progression (26). In 2019, we constructed a visualized cellular EMT model and simulated the dynamic changes of EMT by establishing a mathematical model which is of great significance for the understanding of EMT (Supplementary Figure S2A). Based on reasonable design and innovative discoveries, our project won gold award and nominated for the best basic research award (Supplementary Figure S2B).

In the evaluation of achievements, the students participated in the iGEM competition published 19 research papers in academic journals showing students being first author and co-first author in 10 papers, other co-author in 9 papers (0.63 articles per person, Supplementary Table S1). In the CTL group, 2 students published articles as first authors (co-first author) and 2 students published articles as co-authors. Another encouraging finding is that 30% (9/30) of students received college students’ innovative entrepreneurial training plan programs or other research grants compared with 10% of students in the CTL group. These achievements stimulated their interests and pursuits of medicine and life sciences, prompting them to further their studies. Students participating in iGEM and others trained based ACBL also won national academic competitions in their subsequent study periods, such as the National Forum for undergraduate on Innovation research and Experimental Design Competition and National Undergraduate Life Science Competition (Supplementary Table S2). We also found that 80% (24/30) of students were enrolled postgraduate education, but 53.5% in CTL group. These results suggest that participation in the iGEM competition significantly enhances students’ scientific literacy.



3.3 Comparison of the scientific research ability between the iGEM and CTL groups

Scientific research activities are a long-term and complex process, including literature processing, experimental design, experimental operation and statistical analysis, presentation and research grant applications and management. Our results showed that students who participated in the iGEM competition gained a greater understanding and appreciation of the research process (Figure 2). Our results showed that students in iGEM group had a higher literature processing level (9.33 ± 0.76) than CTL group (7.57 ± 0.82, P < 0.01). Students demonstrated increased experimental design and experimental skills (P < 0.01). They acquired better capability in paper writing and presentation (9.20 ± 0.89 vs. 6.97 ± 0.85, P < 0.01). Students who participate in iGEM competition are equipped with better evaluation of research grant applications and management than those who do not (8.33 ± 0.99 vs. 5.83 ± 1.02, P < 0.01).



3.4 Analysis of questionnaire of iGEM and CTL groups on active learning, critical thinking and collaboration and communication skills

Students rated the project positively, from good to very good on active learning, learning efficiency, and integration of knowledge (Table 2). Most of students reported they had enjoyed active learning (n = 28, 93.3%). They felt that the greatest contributions of ACBL program lies in the increased medical knowledge and scientism in the research process. Students improved time management (n = 27, 90%) and increased ability to work autonomously (n = 26, 86.7%). All of students (n = 30, 100%) also reported the training increased research knowledge and an enthusiasm for scientific research. We have assessed whether or not the medical students’ participation in scientific researches affected their study of medical curriculum. The results showed instead of affecting the study of the medical curriculum, academic competition enables the reflection and integration of learning.


TABLE 2 Questionnaire results about active learning rating with the 5-point Likert scale in the iGEM and CTL groups.


	Items
	CTL group
	iGEM group
	Wilcoxon statistic
	P-value

 

 	1. The project help me learn actively new knowledge 	3.80 ± 0.66 	4.53 ± 0.63 	206 	0.0001


 	2. The project help me work and learn independently 	4.13 ± 0.68 	4.47 ± 0.73 	327 	0.0484


 	3. The project help me acquire time management skills 	4.27 ± 0.64 	4.53 ± 0.68 	342 	0.0775


 	4. The project improved my learning efficiency 	4.10 ± 0.66 	4.63 ± 0.49 	257.5 	0.0016


 	5. The project enhanced my learning experience and interest in the course 	4.00 ± 0.69 	4.67 ± 0.48 	220 	0.0002


 	6. The project increased my medical knowledge in the course 	4.30 ± 0.53 	4.77 ± 0.43 	251.5 	0.0007


 	7. The project enhanced knowledge of research area 	3.80 ± 0.61 	4.80 ± 0.41 	108 	<0.0001


 	8. The project are conducive to the integration of learned knowledge 	3.97 ± 0.67 	4.63 ± 0.49 	216 	0.0001


 	9. The project does not affect my course learning 	4.63 ± 0.49 	4.80 ± 0.41 	375 	0.1582





CTL group, Control group; iGEM group, iGEM competition group.
 

The growth in CT scores increased in both groups five-year follow-up, but students participating in ACBL increased the CT test score significantly more than those students who did not have this experience (Table 3). Research experience promoted them to think critically, improved skills of data analysis and project design, and enabled them to succeed in a lab environment (P < 0.01). Students (n = 30, 100%) also reported the project enabled them to conduct more researches in the future. Our results showed that ACBL improved CT for undergraduates.


TABLE 3 Questionnaire results about critical thinking rating with the 5-point Likert scale in the iGEM and CTL groups.


	Items
	CTL group
	iGEM group
	Wilcoxon statistic
	P-value

 

 	1. I can formulate a clarity research hypothesis 	3.60 ± 0.62 	4.37 ± 0.61 	194 	<0.0001


 	2. I can use the appropriate tools, materials, and equipment to conduct research 	3.30 ± 0.60 	4.53 ± 0.51 	77 	<0.0001


 	3. I can determine the appropriate experimental methods to investigate research results 	3.47 ± 0.57 	4.60 ± 0.50 	93 	<0.0001


 	4. I can collect data of my research project 	4.20 ± 0.61 	4.67 ± 0.50 	270 	0.0028


 	5. I can determine statistical methods to analyze data 	3.33 ± 0.66 	4.53 ± 0.51 	91 	<0.0001


 	6. I can ask questions to clarify my understanding of my research project 	3.60 ± 0.72 	4.40 ± 0.67 	204 	0.0001


 	7. I can provide a clear statement of the conclusion 	3.70 ± 0.65 	4.56 ± 0.50 	162 	<0.0001


 	8. I can analyze the correlation between experimental results and conclusions 	3.57 ± 0.73 	4.47 ± 0.63 	177 	<0.0001


 	9. I can design and conduct a research project 	3.00 ± 0.64 	4.37 ± 0.61 	75 	<0.0001


 	10. I can accept suggestions to improve my research 	4.37 ± 0.61 	4.53 ± 0.51 	391 	0.3257


 	11. The project improved my critical thinking skills to solve problems 	3.77 ± 0.68 	4.57 ± 0.50 	183.5 	<0.0001


 	12. The project improved my reflective thinking 	4.10 ± 0.71 	4.53 ± 0.63 	309 	0.0229


 	13. The project improved my confidence 	3.90 ± 0.66 	4.63 ± 0.49 	196 	<0.0001


 	14. The project made me conduct more research in the future 	4.27 ± 0.64 	4.67 ± 0.48 	300 	0.0124





CTL group, Control group; iGEM group, iGEM competition group.
 

Our activities encourage undergraduates to collaborative learning and give them more opportunities to present their own discoveries. Participants felt the ACBL benefited them to improve collaboration and communication skills (Table 4). Students (n = 28, 93.3%) reported that the training had both increased their collaboration skills and their ability to communicate with staff. 96.6% of students (n = 29) reported increased overall confidence, with which students can be more actively involved in research and assist their peers in further learning. Encouragingly all students (n = 30, 100%) would definitely recommend our activities to fellows.


TABLE 4 Questionnaire results about collaboration and communication skills rating with the 5-point Likert scale in the iGEM and CTL groups.


	Items
	CTL group
	iGEM group
	Wilcoxon statistic
	P-value

 

 	1. I can complete experiments collaborated with peers in lab 	3.83 ± 0.65 	4.67 ± 0.48 	165 	<0.0001


 	2. I can communicate with peers in lab 	4.43 ± 0.63 	4.80 ± 0.41 	309 	0.0126


 	3. I can communicate with tutors and PI 	3.60 ± 0.62 	4.50 ± 0.63 	162 	<0.0001


 	4. I can express my views in lab meeting 	4.07 ± 0.69 	4.63 ± 0.49 	252 	0.0012


 	5. I can present my results of my research at a research symposium 	3.37 ± 0.61 	4.57 ± 0.50 	84.5 	<0.0001


 	6. I am confidence talking to peers and tutors 	4.00 ± 0.69 	4.50 ± 0.63 	277.5 	0.0056


 	7. I can tailor my research communications for different audiences 	4.23 ± 0.57 	4.57 ± 0.50 	317 	0.0253


 	8. I can write research papers 	3.57 ± 0.63 	4.53 ± 0.57 	141.5 	<0.0001


 	9. I would recommend this training program to others 	4.73 ± 0.45 	4.87 ± 0.35 	390 	0.2043





CTL group, Control group; iGEM group, iGEM competition group.
 



3.5 Challenges in implementation of ACBL

Although ACBL improved scientific literacy for undergraduates, the implementation of academic competitions is accompanied by various difficulties and challenges, which are summarized in Figure 3. Our results of questionnaire survey showed that the biggest obstacles were limitations of laboratory space and instruments and insufficiency of funding support, which filed to provide enough training opportunities to facilitate undergraduate development. Insufficient time of students and teachers also constrained the implementation of academic competitions because both students and teachers need to invest a lot of time and energy during implementation of academic competitions.

[image: Horizontal bar chart illustrating ten barriers to research, with each item rated on a Likert scale from zero, strongly disagree, to six, strongly agree. Limitations of laboratory space and insufficiency of funding are rated highest, while lack of team collaboration and lack of self-confidence are rated lowest. Error bars accompany each bar.]

FIGURE 3
 Factor analysis for challenges of implementation of ACBL from students and tutors participated in iGEM competitions. Bar chart shows Likert Scale of Agreement for various educational challenges. Key challenges include limitations of laboratory space, funding, and time for students and teachers. Bars range from strongly disagree to strongly agree, with variations in agreement levels.





4 Discussion

Enhancing scientific literacy is crucial for preparing medical professionals to navigate the complexity and rapid evolution of healthcare (2). Our university cultivates undergraduates with scientific literacy through series of academic competitions. In this study we analyzed scientific literacy of undergraduates participated in iGEM competition, who not only gained comprehensive research experience but also received professional academic guidance and interpersonal skills training. Our findings suggest that ACBL can be an effective approach for enhancing scientific literacy to promote professional competitiveness among medical undergraduates.

Opportunities for developing scientific literacy within compulsory courses can be limited, potentially impacting research awareness and methods among undergraduates in China (27). Experience of scientific research is the most effective way to cultivate the scientific literacy for medical students. As the study reported by Huang et al., research programs could help medical undergraduates build interest in scientific research and develop scientific thinking and basic research capacities (28). Academic competition is a key element in many educational approaches and is often adopted by educators in an effort to motivate and excite their students although opponents argue that academic competition causes an increase in student anxiety and divides their attention (16, 29). Academic competitions both strengthen student motivation for academic improvement and also engage students in relevant academic content. Participants reported enjoying the professor’s inclusion of competitive elements by choosing a competitive learning task that is high in energy and short in duration (16).

Recognizing the value of scientific literacy development, Chinese government has carried out a series of academic competitions, including National Clinical Skills Competition, National Undergraduate Life Science Competition and “Challenge Cup” National Undergraduate Extracurricular Academic Science and Technological Works Competition (Supplementary Table S2) (17–20). These programs often incorporate advanced pedagogical principles, shifting toward student-centered, project-based learning models designed to foster scientific literacy. The results of surveys suggested that these competition programs deliver a high-quality learning environment and improves learning outcomes compared to traditional work-integrated learning (17, 18). In summary, academic competitions are increasingly viewed as influential tools for medical education reform.

The iGEM competition exemplifies a high-impact, international platform mobilizing student creativity and initiative to develop scientific literacy (30). The students from internationally prestigious universities participate in the competition, including Stanford University, MIT, Harvard University, and Oxford University. Top universities in China including Peking University, Tsinghua University and Zhejiang University also participate in iGEM competitions (22). As a research-intensive university, our undergraduates have participated in three iGEM competitions winning two gold and one silver awards. Undergraduates participated in iGEM competitions excel at the research process. To accumulate knowledge related to the research field, the most effective way is the comprehension and analysis of literatures. Proposing and designing scientific research projects reflect students’ sensitivity to scientific research, which is also a way to apply their theoretical knowledge, innovative thinking, and comprehensive quality in scientific research (28, 31). We encourage undergraduates to read classic literatures and design experiments by themselves in our activities. Training of experimental techniques can greatly improve students’ scientific research skills. Medical undergraduates can better understand principles and procedures of experimental operations by involving themselves in experimental operations in the research training. They also were trained better capability in scientific writing and presentation, which is one of the most important abilities in research activities. Projects application and management are often missing from undergraduate training, mainly because their lab work is usually defined by individual experiments rather than a complete scientific project. Unlike other studies, we encourage students to participate in the application for research projects, forming an entire experience of research work, which is an important component of our ACBL. Our combined assessments indicate that both students and faculty benefit from these competitions, as students develop scientific literacy and basic research capacities and faculty also benefited from increased student participation and collaboration (32). Hence, our training program can help medical undergraduates build interest in scientific research and develop scientific literacy, which promote their professional competitiveness (33).

The dynamic nature of medicine necessitates a capacity for active, lifelong learning among healthcare professionals. Active learning is the foundation for lifelong learning for medical students (34). It is essential for early training on active learning methods due to Chinese students lack strong motivation for active learning. Therefore, cultivating active learning was a core objective of our ACBL program. We encourage students to actively learn to acquire new knowledge on account of academic contexts being highly competitive and complex. Participants reported effectively employing active learning strategies during literature review and analysis, creating a more immersive and impactful experience than traditional classrooms. ACBL also enhances student the reflection and integration of learning to promote long-term retention in learners (35). These skills they gained from research group are important in the medical profession and should be developed and nurtured.

Critical thinking (CT) is indispensable for clinicians, enabling sound decision-making, judgment, and inference in complex clinical situations (36). CT is a cognitive process to identify and analyze problems and seek and evaluate relevant information to reach an appropriate conclusion, which includes various skills including analysis, evaluation, inference, deductive reasoning, and inductive reasoning, which is a desirable skill for clinical professionals (37–39). The “World Federation for Medical Education” and Institute for International Medical Education (IIME) have introduced CT as one of the basic standards of medical education, which has thus become the fundamental skill for cultivating innovative talents (40, 41). A central goal of our training is to promote students to think critically. We argue that the key element for developing this ability is repeated practice in making decisions based on data, with feedback on those decisions. We provide many such opportunities for undergraduates in our competition activities. In research works, crucial decisions are to embrace, adjust, or discard a model based on the scientific evidence; or to devise a new experiment to answer the question (39, 42). We encourage undergraduates to fearlessly ask questions based on the experimental data until every puzzle in your mind is resolved, thereby laying a solid foundation for the formation of their own CT. Many students believe that our training program aids their CT skills as an excellent learning experience.

Effective teamwork and communication are essential in modern healthcare, extending beyond patient interactions to collaboration with colleagues and staff (43). Medical undergraduates need to develop teamwork and communication skills as they have to collaborate with other health professionals while attending to patients in the future works. The inherently interactive and collaborative nature of our ACBL program provided valuable training in communication and teamwork. In this study, different roles and scenarios were prepared to enhance students’ collaborative skills and consciousness. Team members undertake different tasks, which must collaborate with each other to complete complex competition procedures. Weekly lab meetings and various academic conferences provide a platform for students to practice presentation skills. We find that presentation in lab meetings is a remarkably effective way to improve communication skills for undergraduates. Regular lab meetings and academic conferences offered crucial platforms for practicing communication skills, significantly boosting confidence and performance (30, 35). These outcomes are also the ultimate aim of higher education, which intends to cultivate students’ competences in collaboration and communication instead of only focusing on learning outcomes.

As high-impact educational practices, ACBL provides excellent opportunities for medical undergraduates to improve scientific literacy, but it is important to recognize the difficulties and challenges associated with running such projects. Firstly, while academic competitions provide an abbreviated but in-depth exposure to the research process, only a small number of students participate in this process due to limitations in lab space and equipment. Importantly, teams require a significant amount of funding to participate in academic competition especially in international academic competitions, which includes registration fee and travel fee, and some associated with the project (research consumables and equipment). But many universities cannot provide sufficient funding to support these activities. Secondly, an increasing participation places a greater burden on faculty time and resources although research experiences provide greater benefits and gains for undergraduate. The chief difficulties are the time and energy of faculty required for project design and implementation, which must be balanced with the other responsibilities of the faculty who conduct both research and teaching obligations. Thus, medical undergraduates who wish to conduct research activities need to find professors that are willing and available to orient their projects (10, 15). Lastly, the academic competitions are usually implemented during extracurricular time. Undergraduates may not have enough time to run an entire project due to heavy learning tasks and other activities. Time scarcity was consistently reported as a major obstacle, echoing findings by Wan et al. that undergraduates often find research stressful due to workload pressures (44).

Providing intensive research experiences like iGEM to all undergraduates may not be feasible. However, offering such opportunities to selected students represents a valuable investment in future medical leadership (45). Students participating in academic competition have clearly identified that the competitions provided a range of experiences and skills that will benefit their undergraduate studies and future professional competitiveness. Proper training of undergraduates takes time and effort, but we believe that such time and effort are well worth spending and provide huge benefits consistent with opinions of Marla B. Feller (46). Moreover, fostering undergraduate with scientific literacy requires not only the effort of faculties and students themselves but also support from institutions fellowships or department funds specifically designated to support undergraduates training. College administrators should strive to create incentives for faculty members to collaborate with students and provide additional resources to improve scientific literacy for undergraduates.



5 Limitations of the study

There are some potential limitations of the current study. A general limitation of this study was that the number of participants was relatively small, and therefore not providing more information about the academic competition. Another limitation of this research is that it was conducted over only 4 years at one university. Additional research is needed to better understand the application of the ACBL over a longer time period and more universities.



6 Conclusion

Enhancing scientific literacy in medical undergraduates is crucial for individual career advancement and the overall quality of healthcare services. Our evidence suggests ACBL effectively engages students in novel scientific research performance, fostering significant improvements in scientific literacy, active learning, critical thinking, and collaboration and communication skills, which are key attributes for professional competitiveness. However, successful implementation requires substantial institutional commitment, including adequate laboratory resources, dedicated funding, and faculty support to overcome inherent challenges of time and resource constraints. In conclusion, ACBL is an innovative and effective learning strategy for developing scientific literacy to promote professional competitiveness for medical undergraduates.
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Background: With the aim of increasing study abroad courses the University Clinic for Cardiology and Angiology at the Otto-von-Guericke University Magdeburg (Magdeburg, Germany) in collaboration with the Istituto Cardiocentro Ticino (Lugano, Switzerland), established an intensive time-delimited student course to provide cardiological teaching content and insight beyond the regular curriculum. An underlying blueprint with learning objectives was formulated in order to ensure the training outcome. Within the present study, students’ individual perceptions of training in Italian-speaking Switzerland are assessed.
Methods: Three focus groups discussions with elective graduates were performed (N = 18 course participants). Discussions were recorded, transcribed, and anonymized.
We performed a qualitative content analysis in accordance with Mayring and thereby formed an inductive category system. Categorized themes were analyzed to describe students’ perceptions and evaluations of the elective subjects.
Results: In total N = 17/18 (94.4%) of the elective students participated in the group discussions. In general, teaching practical clinical and patient centered issues with high degree of interaction between the students and lecturers were acknowledged by the students.
In the Lugano elective, differences in the organization of the different healthcare systems and hospitals were noted. To experience medicine not only in a foreign context but also with different languages (English/Italian) was challenging but without particular problems.
Interdisciplinary and interprofessional aspects were less experienced. Ultimately, students showed a high level of reflection regarding their learning and teaching experience and gained more motivation to continue studying cardiology and a strong tendency to consider cardiology as a future specialist discipline.
Conclusion: During the course of medical education, intensive courses and teachers’ engagement in particular topics can increase a student’s enthusiasm for the discipline. Similarly, temporary international experiences may foster interest in a selected area or discipline. Efforts to increase the possibilities in the medical school curriculum for studies abroad might positively influence the educational experience. Consideration may be given to implement such offerings at an earlier juncture to support interested students.
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Introduction

Curricular courses focusing on defined learning objectives (e.g., specialization seminars/elective subjects) have been successfully established at German medical schools. Such courses offer an additional teaching method to deepen core medical education, which is of particular value in inclination-oriented competence development (1). Structured subject-related teaching can improve the student’s experience and academic success and increase interest in a subject-specific career (2).

Many medical students spend individual internships, clinical traineeships, observerships, or study periods temporarily abroad (3). Although study abroad programs consider formal academic settings to be a crucial part of the program, participants mostly report learning from social and cultural situations, personal challenges, and field experiences as a reason for sojourning (4). In contrast to those courses encountered in familiar surroundings, everyday experiences that take place in a foreign setting with technical language can generate more endurable memories (5). However, while numerous studies have examined the general effects of single exchange experiences—such as increased self-efficacy—there is a lack of analysis on curricular study programs involving small groups and their potential impact on learning outcomes, students’ perception of the subject matter, and its influence on their choice of future specialization.

The effects of temporary study in a foreign environment are likewise assumed to be relevant regarding the subject and learning content, as well as an active merging of new knowledge with prior knowledge (6).

Specifically, for students interested in the field of cardiology, the effects of intensive, structured short stays at foreign institutions on their experience of the subject have not been sufficiently investigated. It remains unclear what influence intensive small group work in an international context has on the experience and the impression of cardiology in everyday clinical practice.

The aim of this study was therefore to investigate on students’ perceptions participating in an intensive and timely condensed cardiology elective in an international context at a specialty hospital in Lugano, Switzerland. Over the course of six semesters, students who participated in the elective were followed, and their motives, expectations and impressions were examined in focus group discussions and evaluated using qualitative content analysis. We hypothesize, that this approach may point out implications toward implementation of future educational models. We also hypothesize that this study will provide new insights into the perception and impact of internships abroad by medical students and that the subject-related learning achievements of international course participants will be clear. Curricular exchange programs, designed as international education initiatives in small groups, offer a promising approach to fostering the sustainability of learning objectives while enhancing students’ skills and nurturing their interest in future specialization areas. Finally, we anticipate that learning in foreign contexts may foster reflection and learning.



Materials and methods


Description of the cardiology elective

With the aim of increasing study abroad courses, the University Clinic for Cardiology and Angiology at Otto-von-Guericke University Magdeburg (Magdeburg, Germany) in collaboration with the Istituto Cardiocentro Ticino (Lugano, Italian-speaking Switzerland), established a course in 2015, in which up to six students of 3rd–5th year at medical school per each elective were able to voluntarily enroll in an intensive elective course in Lugano free of charge. Learning objectives for the cardiology elective were designed for a small group of students with an increased interest in the field of cardiology and was offered as intensive 8 h sessions for one-week at the Cardiocentro Ticino in Lugano, with sessions held in English.

The elective was structured as an intensive one-week program with daily sessions of approximately 8 h including joint breaks with educating physicians and colleagues for a coffee-time and a lunch in the staff-canteen. Around 60% of the course content consisted of theoretical instruction in the form of focused seminars, case-based discussions, and lectures provided by clinically active faculty members. Core topics included electrocardiography, rhythmology, heart failure, valvular heart disease, and cardiac surgery. Approximately 40% of the time was allocated to practical, clinical exposure, including ward-based teaching, supervised patient contact, and observation in diagnostic and interventional settings such as the cardiac catheterization laboratory and the intensive care unit. Students also took part in clinical conferences and morning meetings. Teaching was carried out in English and emphasized close interaction between students and instructors. Informal group reflection and peer discussion took place regularly after clinical sessions.



Data collection through focus group discussion

Experiences and assessments of the participants of the seminar were clarified by focus group discussions of the following array of questions. The guideline (Supplementary Table 1) for the focus group discussion were developed de novo for this investigation, and included the following key points:

Motivation and Expectations:


	•Students’ reasons for participating in the elective, their initial goals, and how their expectations shaped their engagement.




Learning Experiences and Effects:


	•Didactic exposures during the elective, differences in the learning process compared to familiar environments, and the impact of intensive, subject-focused engagement in small groups within a foreign setting.




Course Improvement Areas:


	•Identified areas for enhancing the elective experience based on student feedback.




Potential Influence on Career Decisions:


	•How participation in the elective and subject-related immersion influences future career choices and further education plans.




Peer Recommendations:


	•Whether students would recommend the elective subject to fellow students and the reasons for their endorsements.




The focus group discussions were conducted immediately after returning from Lugano by trained research staff from our working group, who were not otherwise involved in the seminar program from 2015 to 2018, following participation in the elective. The study flowchart of the analysis approach is shown in Figure 1.


[image: Flowchart illustrating the qualitative research process. Steps include guideline development, group discussions, anonymization and screening, case selection, paraphrasing and summarizing, inductive category system derivation, and validation through crosscheck and interdisciplinary workshop.]
FIGURE 1
Study flow chart.




Systematic approach to qualitative data analysis

The focus group discussions were performed in person by experienced interviewers, a medical doctor (AA) and a social scientist (KW), and subsequently analyzed using qualitative content analysis as proposed by Mayring (7), which involves a systematic procedure to ensure transparency and replicability of the findings from the material. Interviewers were not involved in the elective courses. No field notes were taken and there were no spectators. Discussions were audio-recorded. To identify citations each discussion was given an anonymized code. The discussion length was typically between 1 and 2 h. After transcription and anonymization, the analysis consisted of a sequence of paraphrasing, generalization, reduction, and summation (8, 9):

First, the material was carefully read and segmented into meaning units. These units were then paraphrased to preserve the core message in simplified terms. In the next step, these paraphrases were generalized to a higher level of abstraction, making them applicable across different contexts. Through a process of reduction, redundant or less relevant content was condensed, while still maintaining the essence of the statements. These abstracted segments were subsequently summarized and grouped to form initial thematic categories. The category systems and themes were developed inductively from the data, rather than based on predefined codes, ensuring that they remained closely tied to the participants’ perspectives expressed in the group discussion (7).

The material was analyzed independently by two readers (MG, KW). Any discrepancies were discussed and resolved in discussion. Finally, an interdisciplinary research workshop, which included researchers with medical, psychological, and social science backgrounds, was convened to review, discuss, and interpret key qualitative passages (10). This triangulation of interdisciplinary perspectives contributed to the depth of the analysis. The group discussions were performed in German. On the selected sample material, we used forward and backward translation to ensure semantic appropriate English translations of the content. Participant feedback on the material was not obtained. The transcripts were available to participants upon request. The analysis was performed using Microsoft Excel (Redmont, Washington, United States). Conducting the analysis, the COREQ (COnsolidated criteria for REporting Qualitative research) checklist was applied (Supplementary Table 2) (11).




Results


Main categories and themes resulting from qualitative content analysis

In total N = 17/18 (94.4%) of the elective students participated in the group discussions. Using qualitative analysis of the transcripts, 285 relevant single statements of interviewees were identified within the structured focus group discussions. Mean discussion duration was 45 min.

Regarding the category systems formed for Lugano course assessments, both common (Table 1) and location-specific (Table 2) categories emerged. Categories could be formed for “Organization and educational environment,” “Learning in the elective subject” and “Effects on the choice of continuing education.”


TABLE 1 Common categories and themes derived from the student group discussions.


	Organization and Educational Environment



	Teaching of advanced course content



	No interfering courses



	Feeling of appreciation



	Good organization



	Friendly and motivated personnel



	Learning in the Elective Subject



	Small groups promote learning



	Desire for more practical learning



	Group dynamics experienced as beneficial



	Learning from a case



	Learning through interaction



	Learning on patients



	Learning in functional areas



	Education in Switzerland



	Useful cardiology knowledge



	Possible postgraduate training in cardiology



	Further training/clerkships in cardiology planned



	No change in postgraduate training desire



	Encouragement in the desire to become a cardiologist



	Concerns regarding intensive care medicine



	Team and working environment important







TABLE 2 Location specific categories derived from the student group discussions.


	Comparison of the German and Swiss healthcare systems





	More resources



	Less stressful working environment



	More innovation



	Information about further training/postgraduate training



	Flat hierarchies/Non-hierarchial system



	More attentive patient care



	Problems with further training/postgraduate training



	Language Barrier



	Linguistic challenge perceived as appealing



	Little prior contact with studying in English



	Physicians speak good English; nursing staff only Italian



	Staff go to great lengths to translate and minimize linguistic hurdles



	Linguistic hurdles perceived as manageable



	Motivation



	More intensive involvement with cardiac content



	Desire to attend more optional cardiology seminars



	Desire for more cardiology teaching in the curriculum



	Desire to propagate knowledge in the future similar to the way it was done in Switzerland



	Exchange in the group is perceived as motivating






In the following, we provide summaries of the identified themes belonging to the main categories. Supporting anchor quotations are in Supplementary Table 3.



Organization and educational environment

Students participating in the international electives were satisfied. They praised the broad content of the various modules, as well as the friendly and collegial atmosphere. For example, students reported that “every staff member that you encountered was always friendly, nice and open-minded, you could always ask your questions, no matter what question.”

Students stated that the absence of other courses had a positive effect. “For me personally, the intensive elective course was better because I could just concentrate fully on it. You get out of your normal university courses, [.] I was to concentrate entirely on cardio again, I found it better for my learning process.”, indicated how they were better able to adapt to the elective content.



Learning processes in the elective subject

Regarding the learning experience, students “…remember most about…” learning from the professional discourse with clinically active lecturers and “practical [cases and patients], where we actually went down to the cardiac catheterization lab or to the intensive care unit or went to the cardiology congress and so forth…”

As a critique point (“which wasn’t so good”), the students “might have expected a bit more of” practical, clinically oriented learning. For example, they “would have [opted for] more patient contact.”

A participating student however, “would recommend this course to anyone” as he particularly “found very good that the group size was so small [providing] the opportunity [of more intensive teaching through] one-on-one teaching, [which he] had never really experienced that at university.”

The students described that they regularly “[We] sat together in the evening and then talked again about something we had seen [reflecting on an experience] with the patient today or just something like that,” providing insight into the positive effects of the group dynamics created by the block course that “that somehow made it [their experience] nice.”



Impact on later professional life

Students “found [the elective] very educational” and reported to have gained “a lot of interest [in cardiology as a subject],” acquired useful specialized knowledge for their future careers and “took an incredible amount away […], especially the motivation.” stating the electives’ learning experience “was really good.” Consequently, students also reflected on possible effects of the electives on their future careers. While some students indicated no change in their desired further training, others increasingly thought about “whether I might go into cardiology.”

A student directly indicated that the elective “strengthened my desire to do cardiology, there’s no other way to put it.”

The elective was also described as an aid in deciding to do postgraduate training or part of the required last stage of medical training, i.e., a portion of their last practical phase (PJ), in Switzerland: “I had already applied for my PJ in Switzerland and had been thinking about it: Am I really going to do it or not, I’ve been putting off signing this contract the whole time, because then it’s so certain that you’re going away for 4 months and if you don’t do it, you have a contractual penalty and so on. Just to have the opportunity to be a fly on the wall, in theory to see how it works in Switzerland, to ask people and I asked a lot of people what it’s like in general and also critically questioned them.”



The elective in the context of the curriculum

The students independently evaluated their elective within the context of the local curriculum. Gauged against the wide range of internal medicine subjects, the students described a general dearth of cardiology teaching units in the clinical curriculum. In this respect, the cardiology elective was seen as a means of repeating and deepening previously acquired knowledge and as an opportunity to close knowledge gaps. The students described how certain content was made clear because of the elective: “and I only really understood a lot of the connections, also through my presentation on heart failure, so there’s just such a plethora of material during the semester and firstly, so much is left out.”

Emphasized as particularly positive were the practical, clinical aspects of the elective, which had high value as compared to their usual studies. In discussion 16_P5, for example, the students described how the elective made them realize “…where the focus is, what really happens in the clinic. From the book or from the lecture you only learn what there is or the rarest diseases, and here you learn about the “bread and butter” cases and what happens there. I found these impressions quite good. […].“

Students rated the elective as very efficient in terms of knowledge transfer compared to other courses such as medical clerkships. Ultimately, they perceived that they “…were quite a bit ahead of our fellow students…,” with regard “…to studying, […] [for the] internal medicine exam….” They reflected their perceived learning success in the elective in relation to their lecture material: “when you study […] the lecture slides, it was always like this: Oh well, yes, you saw that, oh well, that was that and that - oh well, yes, exactly, uh, you still have it in your head, so it was quite relaxed to study now too.”



Comparison of the German and Swiss healthcare systems

The students reported in detail on the differences they had experienced in the healthcare system (Table 2).

The students described that “…what [they] saw in Switzerland was simply a bit different in terms of the financial level and the personnel level than what we are used to [in the German healthcare system].” and elaborated on more technical resources compared to home. They implied that “…it just remains in the memory that cardiology can be done differently or internal medicine in general.”

They also perceived a less stressful working environment and differences in the duration and intensity of the workday. “you saw a lot from a different work culture. They have employment contracts for 55 h and I think they are there more than the 55 h, but you still had the feeling that they are always more relaxed, so they simply work, they don’t go in and work straight through, but also take a break, drink coffee, have a nice chat, that was my impression, I thought that was really good.”

The students also perceived that they “didn’t have the feeling that there was such a big hierarchy here [in Lugano].” between resident physicians and attending or chief physicians. Compared to Germany, a more attentive and friendly approach to patients was noted. However, it was recognized that problems existed in the training of resident physicians in the form of a lack of rotations for all residents.



The challenge of the language barrier

The language barrier between the German students and the Italian-speaking staff in Switzerland was another strong theme in the discussions, as they had little contact with foreign languages during their medical studies (Table 2).

Most of the communication with physicians took place in English; however, the majority of the communication with nursing personnel was only possible in Italian. Overall, the language barriers were described as manageable. In discussion L16_P3 lines 74–78, for example, the student described that “conferences when they were in Italian, for example, were immediately stopped and then continued in English so that we could understand everything.” The students acknowledged their host efforts of inclusion and that “…even when it was rather more difficult for some doctors to speak in English, they still made an effort, so in any case they always switched immediately.”

Finally, the students noted that “the other language” was an appealing linguistic challenge, that “[.] definitely made it totally interesting for me was, the fact that you really deal intensively with medicine in English.”



Motivation

Among the elective participants, a particularly high level of motivation was revealed as reflected in the subcategories found in Table 2.

After course completing, the students repeatedly expressed that “[the elective] totally motivated me in the sense that [.] I would…” engage more intensively with cardiology teaching content for example “…do another ECG course offered here by the university over 2 days because I said okay, now I’ve just got some basic knowledge.”

A further motivating factor was the close exchange on cardiology topics in the elective group, which was enhanced by the physical proximity of the students.

Likewise, the students also took the type of knowledge and skills transfer they experienced as a role model. They found the teachers’ involvement was “nice for a student, so you go out there with a completely different feeling and maybe have more fun with the subject.” The students declared they “…would make an effort later [.]” to take similarly good care of medical students during their residency. They found that: “[.] once you’ve experienced it like that and have gotten such a big benefit, then I hope that I personally can perhaps also take more care of the students during my residency.”




Discussion

We assessed the perceptions and learning experiences of medical students from Otto-von-Guericke-University, Magdeburg, Germany participating in an international cardiology elective in the Cardiocentro Ticino, Lugano, Switzerland. Analysis of qualitative focus groups revealed that an intensive course program had specific benefits: Regarding teaching and learning methods, there prevailed a consensus among the participants of the electives that teaching practical clinical and patient centered issues with high degree of interaction between the students and lecturers was desired. Particularly, the implicit elucidation of differences in the organization of the different healthcare systems and hospitals was noted. Furthermore, it was challenging for the German students in Lugano to experience medicine not only in a foreign context but also with different languages (English/Italian). A limitation mentioned by the participants was that, compared to their usual teaching at home, the interprofessional aspects during their time at the Cardiocentro Lugano were less comprehensible.

Ultimately, the elective students showed a high level of reflection of the issues provided and gained more motivation to continue studying cardiology as well as a strong tendency to consider cardiology as a specialist discipline.

In medical education, clinical clerkships abroad and the intensive examination of theoretical and practical training against a “foreign backdrop” have been increasingly studied and frequently used extracurricularly (12). In this context, effects such as improvement in foreign language skills, individual personal development, and the acquisition of social and intercultural skills are described (13). The impressions and experiences gained by students during the practical exercise of their theoretical skills often endure far into their professional lives. Fostering this peer-group learning significantly contributes to academic, social, and emotional development. It creates an active, collaborative learning environment that positively impacts cognitive growth, motivation, and group learning dynamics (14).

Thus, international undergraduate teaching collaborations may interest medical societies and disciplines beyond the expected benefits of training abroad, as they could reveal factors influencing students’ career choices (15). While traditional ERASMUS programs and university partnerships serve as institutional frameworks to promote international electives, they usually operate independently of clinical departments or those connected through research collaborations. As a result, they may or may not fully align with the practical training needs of medical students. Personal academic networks and those provided by medical societies, may offer additional targeted and discipline-specific opportunities for students to gain hands-on experience or connect students with international groups for thesis projects fostering collaboration in early career phases.

In a previous study, we found that without defined curricular objectives, medical clerkship students set their own goals, prioritizing practical skills and gaining clinical insights, shaped by social factors and performance insecurities (16). In contrast, the absence of social learning interaction may negatively impact perceived personal learning success (17). Participating students in the specialized, condensed cardiology elective prioritized understanding subject-specific processes and systematically advanced their knowledge. Contrary to previous findings (18), students in the Lugano course described that the language differences did not pose particular problems for their perceived learning effort.

Condensed electives abroad may offer unique advantages for participants, including exposure to different medical insights and increased enthusiasm for the subject, while also highlighting potential challenges in cross-border education. Many departments use small-group electives to promote their specialties, giving students the freedom to explore areas for further training. With the concept proposed in the present study, learners who prefer a compact elective may emerge as a particularly promising group for sustainable training formats that foster enthusiasm for the subject and may influence future specialty choices (2). In this way, the educational atmosphere and surrounding is perceived positively by the participants and seems to contribute to a favorable learning effect without pressure to perform. International short-term programs of 7–10 days, combining practical phases (comparable to clinical clerkships) with structured theoretical guidance, allow for intensive, focused learning within a clearly defined timeframe. The compact structure promotes focused attention and offers an ideal opportunity to gain deeper insights into specific topics (1).

Although this elective was conducted in Switzerland, its essential pedagogical components such as small-group learning, early specialty exposure with defined objectives, and structured reflection are not bound to local resources and as such may be transferable to other various educational contexts.

The format’s brevity and collaborative structure support adaptation to requirements with limited resources. Comparable programs could be implemented through academic partnerships, integration of digital teaching formats, and mentorship-based models. With clearly defined learning objectives and committed educators, effective international learning experiences may be feasible even under constrained conditions (19). Reported student benefits, such as enhanced motivation and interest, suggest a high degree of transferability when similar educational frameworks are employed. Focused international electives may therefore be meaningful and valuable as unique and learning opportunities (20).

Regarding our course, presumably, not just an interest in cardiology motivated the study abroad participants to register for the elective in Lugano. Both, the combination of the subject and the location were appealing, and students found their stay abroad very intensive in various aspects: Differences in the healthcare systems and clinical procedures encouraged criticism and reflection on the subject and learning content. International cooperation may so broaden horizons and encourage critical questioning (21). Students used the study abroad option to assess whether advanced training in Switzerland was desirable, gaining insight into local structures, processes, and conditions during the week-long elective (22). Ultimately, participating in the cardiology short-term elective deepened the students’ interest in the subject. Students in Lugano consistently reflected on their daily experiences throughout their elective, which is a crucial aspect of the learning process (23).

We suggest that well-structured electives, including study abroad opportunities, may serve as valuable components of the internal medicine curriculum and may be adaptable to other disciplines and settings. Additionally, fostering reflection and encouraging activities that push students beyond their comfort zones should be prioritized more often.

The cardiology clinic at the Otto-von-Guericke-University Magdeburg has created a broad range of elective courses and has reached interested parties through these courses. The student’s subjective experience of enthusiasm for and commitment to the subject may have a positive effect on the later specialty choices of the elective participants (2). These offers are therefore used to gain experience in medicine in a way that is geared toward student inclination. Furthermore, experience gained on the hospital wards is incorporated into this decision. Small group electives therefore appear to be excellent methods for exposing interested students to specialty areas and for giving them more tailored methods to develop in their potential field of choice.

One of the major strengths of the qualitative assessment is the open approach that enables the formation of new hypothesis and models (24). As a potential limitation, we acknowledge the small number of course participants, which however, was very accessible for a qualitative research approach (24), given we achieved content saturation in the discussion material. Moreover, qualitative research focuses on depth and insight, not generalizability (25). As such however, the results of the focus group discussions were entirely subjective, and we cannot exclude Asch’s effect influencing the group dynamic (26). Selection of students willing to travel abroad in the first place may have introduced a selection bias, and participant characteristics may belong to the same group of students who share similar opinions may potentially restrict the conclusions drawn.

In times of increasing resource scarcity, innovative approaches such as the one presented here are valuable for professional societies in their efforts to attract young talents. However, further studies, such as comparative research, are needed to validate and better contextualize the findings.

This is to gain additional knowledge to advance skills and improve upon education and training in cardiology (27). We therefore suggest that further investigations be carried out on international student courses to evaluate if indications of the present study may apply toward improvement of curricular teaching.



Conclusion

The addition of specialized electives, especially study abroad electives offered in in a short time frame, to the medical school curriculum may have beneficial effects on students’ learning and help them to discern a specialty interest. Intensive medical education and learning experiences abroad may also influence the choice of location for future advanced training. These educational methods already exist at later stages of specialty training, consideration to implement such structures at an earlier juncture may provide additional patronage and support for students interested in the subject.
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Background: In medical education, fostering students’ clinical reasoning skills is crucial for assessing their clinical proficiency. However, developing a Clinical Pathological Conference (CPC) model tailored to the unique needs of early-stage learners remains an intriguing avenue for exploration.
Methods: This study aimed to enhance the clinical reasoning and critical thinking abilities of early-stage medical students in pathology laboratory instruction through the introduction of a customized CPC teaching method. A total of 279 undergraduate students from the clinical medicine program at Hangzhou City University participated in the study. The 2021 cohort (n = 139) received traditional teaching methods, while the 2022 cohort (n = 140) was taught using a reformed CPC case-based approach. Evaluations included post-class case analysis scores, final examination scores, overall evaluation scores, and an online survey to assess feedback on teaching content, student engagement, and learning outcomes.
Results: Students who underwent the CPC case teaching method exhibited higher levels of enthusiasm, participation, learning efficiency, and clinical reasoning abilities compared to those following traditional teaching methods. Quantitative results also showed improvements in post-class case analysis and final examination scores. Qualitative feedback indicated that the method was generally well-received, although some students suggested improvements in group collaboration and personalized guidance.
Conclusion: The course-specific CPC teaching method effectively enhances students’ learning enthusiasm, classroom participation, learning efficiency, and clinical thinking abilities in pathology laboratory instruction. These findings pave the way for future research to explore the design and implementation of CPC methods in other foundational medical courses and to evaluate their effectiveness.
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1 Introduction

Within the realm of medical education, the cultivation of clinical reasoning skills is regarded as a cornerstone of clinical practice, serving as a pivotal benchmark for assessing a physician’s clinical acumen (1, 2). A key pedagogical challenge lies in how to effectively enhance these critical thinking abilities among students. One widely acknowledged approach is the integration of the Clinical Pathological Conference (CPC) within the curriculum (3). Originated at Harvard Medical School (4), the CPC facilitates collaborative discussions between pathologists and clinicians regarding the diagnostic and therapeutic processes of deceased patients. These sessions aim to ascertain the concordance between clinical and pathological diagnoses, evaluate the appropriateness of the treatment regimen, and scrutinize the implications of any medical errors, including potential accountability issues (5, 6). Additionally, they assist in elucidating the underlying causes and mechanisms of patient mortality. However, the CPC is typically most beneficial for advanced students who have already completed foundational clinical coursework. Hence, developing a CPC model that resonates with the unique needs of early-stage learners presents an intriguing avenue for further exploration.

As a fundamental pillar of medical education, pathology delves into the study of disease etiology, mechanisms, pathological transformations, outcomes, and prognoses, acting as a vital bridge between basic science and clinical practice (7, 8). Laboratory instruction in pathology is instrumental in enabling students to gain a direct understanding of diseased organs and tissues, while fostering a deeper integration of theory with practical application through specimen examination and case-based discussions. However, conventional pathology laboratory teachings tend to emphasize observational learning over the development of clinical reasoning skills, thereby limiting students’ active engagement and critical thinking abilities, which are essential for effective learning and professional growth (9).

Given these considerations, the current pedagogical reform aims to introduce a tailored set of intermediate-level cases specifically designed for early-stage students. The objective is to encourage a comprehensive application of interdisciplinary foundational knowledge and core pathological insights, facilitating a thorough analysis of cases from a pathological perspective, promoting critical thinking, and enabling the formulation of diagnostic conclusions. This study investigates the implementation of adapted CPC case teaching within pathology laboratory instruction, evaluating its efficacy and inherent advantages. To achieve this, the study aims to provide substantial evidence and innovative ideas to support the ongoing transformation of teaching methodologies in pathology and other bridging medical courses.



2 Materials and methods

This was a prospective study involving 279 undergraduate students enrolled in the clinical medicine program at Hangzhou City University (Hangzhou, China). The inclusion criteria comprised students who had completed the same foundational courses prior to enrollment in the current course, with comparable admission scores and academic performance in prerequisite subjects—particularly, Human Anatomy and Histology–Embryology (see Table 1). Students who took a leave of absence or failed to complete all instructional activities were excluded from the final analysis. Participants were assigned to one of the two groups: the 2021 cohort received traditional teaching methods (n = 139), while the 2022 cohort was taught using an innovative, case-based integrated teaching approach (n = 140). Prior to the commencement of the study, informed consent was obtained through active and voluntary engagement. All students were provided with detailed information regarding the general purpose of the study, data usage, anonymity, and their right to withdraw at any time. Written informed consent was then obtained from each participant before enrollment. Importantly, to minimize potential bias associated with group awareness, students were not explicitly informed whether they belonged to the experimental or control group, nor were they made aware of the specific differences in instructional design between the two cohorts.


TABLE 1 Participant characteristics.


	Number of participants (percentage)



	Sex
	2021 (n = 139)
	2022 (n = 140)

 

 	Male 	77 (53.79%) 	74 (52.50%)


 	Female 	62 (45.83%) 	66 (46.81%)


 	Admission scores/750 	596.2 ± 4.83 	597.6 ± 3.84


 	Histology and embryology scores/100 	69.88 ± 14.50 	73.46 ± 12.07


 	Human anatomy scores/100 	68.07 ± 13.28 	69.66 ± 12.17




 

The study was approved by the Ethics Committee and Institutional Review Board (IRB) of the School of Medicine at Hangzhou City University.


2.1 Design and usage principles of the CPC

To ensure the scientific rigor and effectiveness of CPC cases, the teaching team adopted a systematic approach consisting of four interconnected steps: goal-oriented design, graded validation, dynamic adjustment, and teacher review.


2.1.1 Case design process


2.1.1.1 Objective and difficulty alignment

Each case is meticulously aligned with both knowledge objectives (e.g., pathologic mechanisms and diagnostic criteria) and competency objectives (e.g., clinical reasoning and information integration) from the curriculum. This alignment forms a three-tier difficulty system (see Supplementary File for examples):

	Basic level (CPC1): Knowledge objectives account for 90% of the focus (e.g., identifying typical pathological features) and application objectives account for 10% (e.g., proposing differential diagnoses based on pathological changes and clinical presentations), both of which are suitable for the initial stages of teaching.

	Intermediate level (CPC2-6): Knowledge objectives account for 80% and application objectives account for 20%, both of which are designed to reinforce skills and develop the ability to link theory with clinical practice.

	Advanced level: Knowledge objectives account for 70% and application objectives account for 30%, both of which are aimed at further enhancing capabilities and reserving high-level comprehensive assessment scenarios (not used in this round).





2.1.1.2 Pre-testing and dynamic calibration

The CPC cases were pre-tested by senior clinical medicine students to gather feedback on aspects such as the amount of information, logical complexity, and diagnostic challenges. Based on this feedback, the cases were revised and optimized to better meet educational goals.



2.1.1.3 Collaborative teacher review

Three external pathology teachers were invited to independently assess the difficulty level of the cases using a double-blind scoring method. A consistency rate of over 90% was required to ensure the accuracy and fairness of the case difficulty assessments.




2.1.2 Implementation process

In this round of teaching, CPC1 was classified as basic-level difficulty, while CPC2-CPC6 were categorized as intermediate-level difficulty. The teaching process followed the cognitive principle of “from simple to complex,” gradually introducing cases of increasing difficulty. This approach aims to help students progressively master knowledge and enhance their application skills.




2.2 Design of the teaching process

In the teaching design, the control group (2021 grade) had no clinical case discussions during class but received two case analyses (Cases 1 and 2) after class. The experimental group, in addition to these, conducted four additional case analyses (Cases 3 to 6). All other teaching activities remained the same.

The CPC-integrated teaching design is as follows: Teaching activities are divided into pre-class, in-class, and post-class phases. In the pre-class phase, teachers release preparatory tasks, including annotated PPTs, micro-video lectures, and clinical cases for discussion, 2 weeks in advance; students complete their pre-class learning based on these tasks. During the in-class phase, the activities include four parts: instructor-led explanations, observation of pathological specimens and slides, clinical case discussions, and instructor summaries, along with homework assignments. First, the instructor checks students’ understanding of the preparatory material through in-class quizzes or tests. Then, the instructor delivers the lesson based on the curriculum and students’ responses, focusing on common queries and specific pathological specimens. Next, students observe the specimens and write reports based on the provided materials. In the CPC discussion session, students discuss assigned topics in groups, consolidating their insights. One representative from each group presents their findings, covering diagnoses and supporting evidence, as well as the progression of the condition. The instructor provides feedback, emphasizing correct diagnostic procedures and addressing unresolved questions. Finally, the instructor summarizes the key points and assigns homework to reinforce the learned concepts. After class, the instructor assigns clinical case assignments and provides answers to questions; students submit their laboratory reports and case assignments on time and complete peer evaluations of the assignments (see Figure 1).

[image: Table outlining pre-class, in-class, and post-class tasks for teachers and students in 2021 and 2022 pathology cohorts, including instruction, quizzes, case discussions, CPC reviews, Q&A, and assignments.]

FIGURE 1
 Pathology laboratory teaching implementation plan.




2.3 Data evaluation

The evaluation of teaching outcomes includes three components: post-class case analysis scores, final examination scores, and overall evaluation scores. Specifically, the overall evaluation (100%) is calculated as follows: online course learning and testing (20%) + class performance (20%) + laboratory report scores (10%) + case analysis assignment scores (20%) + final examination (30%). Among these, the case analysis assignments are particularly significant, as they not only assess students’ understanding of pathology and its clinical correlations but also emphasize the application of critical thinking in clinical reasoning. Students are expected to integrate theoretical knowledge with clinical information, formulate and evaluate diagnostic hypotheses, and justify their conclusions based on evidence—all of which represent core aspects of critical thinking in medical education. The final examination covers the application of basic pathological knowledge and case analysis skills, with a particular focus on students’ clinical reasoning and decision-making abilities under time constraints and pressure, closely simulating real-world clinical scenarios. The overall evaluation score comprehensively reflects students’ academic performance and competence development throughout the entire learning process. Additionally, a survey was conducted through the “Study at City College” platform to collect student feedback. The survey included 10 questions assessing the evaluation of teaching content, interest and engagement in learning, learning outcomes and gains, using a 4-point scale for satisfaction assessment. The survey also gathered students’ opinions on the format and scheduling of clinical case discussions in class, the difficulty of the cases, and suggestions for improvement, providing guidance for refining future teaching methods.



2.4 Statistical analysis

This study includes both descriptive and inferential statistical analyses. Data were processed using GraphPad Prism 7.0 software and are presented as mean ± standard deviation (SD). To assess the distribution characteristics of the data, normality tests were considered in conjunction with Q-Q plots to make a comprehensive judgment. This was because normality tests can be overly sensitive under conditions of large sample sizes. The results indicated that the data approximately followed a normal distribution. Based on this finding, inter-group comparisons were conducted using a two-tailed independent samples t-test. In addition to reporting statistical significance (p < 0.05), this study also calculated Cohen’s d effect size to further evaluate the practical significance of the observed differences. According to Cohen’s criteria, the following standards were used to interpret the magnitude of the effect: |d| = 0.2 indicates a small effect, |d| = 0.5 indicates a medium effect, and |d| = 0.8 indicates a large effect.




3 Results


3.1 Post-class clinical case test scores

To evaluate the effectiveness of this pedagogical reform, the control group from the class of 2021 completed analysis tasks for two cases (Cases 1 and 2) in their post-class case study assignments, whereas the experimental group from the class of 2022, in addition to these, also completed analyses for four new cases (Cases 3 to 6), aimed at comprehensively assessing students’ understanding of pathological diagnosis and the progression of diseases in clinical scenarios.

From the scores in Case 1, there was no significant difference between the performance of the control group (class of 2021) with a score of 80.70 ± 9.62 and the experimental group (class of 2022) with a score of 80.76 ± 7.94 (Figure 2A, |d| = 0.007). However, in Case 2, the experimental group’s score (86.21 ± 6.22) was significantly higher than that of the control group (79.09 ± 9.28) (Figure 2B, ∗∗∗p < 0.001, |d| = 0.899). Moreover, it is worth noting that the experimental group also achieved relatively higher scores in the subsequent four cases (Cases 3 to 6), with average scores of 79.48 ± 8.33, 88.02 ± 6.10, 84.75 ± 6.52, and 86.05 ± 5.49, respectively (Figure 2C). These results suggest that, without extensive training in clinical case analysis, there was no significant difference in performance between the two groups; however, as the amount of training increased, the experimental group demonstrated a notably enhanced ability in diagnosing and analyzing cases.

[image: Figure contains four distinct data visualizations comparing scores from 2021 and 2022. Panel A is a bar graph showing similar Case 1 scores for both years. Panel B is a bar graph indicating a statistically significant increase in Case 2 scores in 2022. Panel C is a line graph plotting scores across six cases, with 2022 scores generally higher than 2021. Panel D features eight donut charts for Cases 1 to 6 displaying percentages of scores distributed across five color-coded scoring ranges.]

FIGURE 2
 Comparison of post-intervention clinical case test scores. (A) Comparison of Case 1 scores before and after intervention. (B) Comparison of Case 2 scores before and after intervention. (C) Performance of the control group (2021 grade) and the experimental group (2022 grade) across different cases. (D) Proportion of students within five grading categories (100–90, 89–80, 79–70, 69–60, less than 60) for case scores in the control group (2021 grade) and the experimental group (2022 grade). The omission of certain score brackets in the graph represents zero occurrences within those ranges. Data are presented as mean ± SD. ∗∗∗p < 0.001.


In addition to comparing the average scores across the cases, we conducted a statistical analysis of the number of students falling into five different score brackets (90–100, 80–89, 70–79, 60–69, < 60) for each case (Figure 2D). The results showed that the distribution of scores across the five brackets was similar for both groups in Case 1. However, in Cases 2, 4, and 6, the proportion of students in the experimental group (class of 2022) achieving scores in the 90–100 and 80–89 brackets increased significantly. This finding indicates that continuous practice through classroom case studies can enhance the accuracy and excellence rate in pathological diagnostic analysis, thereby deepening students’ understanding and application of theoretical knowledge.



3.2 Final examination scores and overall evaluation scores

As shown in Figure 3A, the average final examination scores for the pathology practical course were 62.99 ± 18.53 and 72.94 ± 15.97 for the 2021 grade and the 2022 grade, respectively, with a significant difference between the two (Figure 3A, ****p < 0.0001, |d| = 0.575). Specifically (Figures 3B,C), the proportions of students scoring in the 90–100 range were 8.63% (12/139) and 19.29% (27/140) for the 2021 grade and the 2022 grade, respectively; while in the 80–89 range, the proportions were 15.11% (21/139) and 26.43% (37/140) for the 2021 grade and the 2022 grade, respectively. These findings indicate that the proportion of students in the 2022 grade scoring in the 80–89 and 90–100 ranges was significantly higher than that in the 2021 grade, suggesting that the use of CPC-style case teaching methods helps in cultivating students’ clinical thinking abilities by linking theory with practice.

[image: Bar chart labeled A compares final examination scores in 2021 and 2022, showing a significant increase in 2022. Donut charts labeled B and C represent score distribution by range for 2021 and 2022, respectively, with higher percentages of scores in the top ranges in 2022.]

FIGURE 3
 Comparison of final examination scores before and after intervention. (A) Comparison of final examination scores for the control group (2021 grade) and the experimental group (2022 grade) before and after intervention. (B,C) Proportion of students within five grading categories (100–90, 89–80, 79–70, 69–60, and < 60) for final examination scores for the control group (2021 grade) (B) and the experimental group (2022 grade) (C). Data are presented as mean ± SD. ****p < 0.0001.


Similar to the aforementioned results, the average overall evaluation score for the 2022 grade was 79.56 ± 9.72, which was slightly higher than the 2021 grade’s score of 78.81 ± 8.44, but this difference was not significant and had no statistical meaning (Figure 4A, |d| = 0.082). However, when comparing the proportions of students in each score bracket between the two groups (Figures 4B,C), it can be observed that the 2022 grade had slightly higher proportions in the 90–100, 80–89, and 60–69 score brackets at 12.06% (17/140), 39.72% (56/140), and 17.73% (25/140), respectively, compared to the 2021 grade’s score brackets at 8.63% (12/139), 35.97% (50/139), and 15.11% (21/139), respectively.

[image: Bar graph on the left compares overall evaluation scores for 2021 and 2022, both near 80. Two adjacent donut charts display the score distribution for 2021 and 2022 across five score ranges: in 2021, 54 percent scored below 60, and 50 percent scored 80 to 89; in 2022, 56 percent scored 80 to 89, and 42 percent scored below 60.]

FIGURE 4
 Comparison of overall evaluation scores before and after intervention. (A) Comparison of overall evaluation scores for the control group (2021 grade) and the experimental group (2022 grade) before and after intervention. (B,C) Proportion of students within five grading categories (100–90, 89–80, 79–70, 69–60, and < 60) for overall evaluation scores for the control group (2021 grade) (B) and the experimental group (2022 grade) (C). Data are presented as mean ± SD.




3.3 Satisfaction questionnaire

To evaluate the effectiveness of this teaching approach, a survey was conducted at the end of the second semester of the 2023–2024 academic year, targeting 140 students from the 2022 grade, with 132 valid responses collected. As shown in Table 2, 97% of the respondents believed that integrating clinical case discussions into the pathology laboratory course was necessary. Additionally, 95% found the clinical cases discussed during the semester to be highly practical and relevant, with no students expressing dissatisfaction with this teaching content. Students demonstrated high levels of engagement in the CPC case teaching. Among the respondents, 89% expressed interest in the CPC case teaching, and 83% believed they actively participated in CPC discussions. Furthermore, the survey results indicated that over 90% of the students felt that clinical case discussions significantly enhanced their grasp of theoretical knowledge, clinical knowledge, the ability to integrate theory with practice, and clinical thinking skills. Additionally, 89% reported a notable improvement in their comprehensive analytical skills, and 80% noted a marked enhancement in their teamwork abilities.


TABLE 2 Satisfaction survey based on tailored CPC teaching.


	Survey content
	Question
	Answers (Percent)



	Agree
	Somewhat agree
	Neutral
	Disagree

 

 	Evaluation of Teaching Content 	1. How necessary do you think it is to incorporate clinical case discussions? 	74.58% 	21.55% 	3.87% 	0.00%


 	2. How would you evaluate the practicality and relevance of the content discussed in the case studies? 	69.35% 	26.80% 	3.85% 	0.00%


 	Interest and Participation 	3. How interested are you in the case discussions? 	49.50% 	38.88% 	11.62% 	0.00%


 	4. How engaged were you in the case discussions? 	49.45% 	33.63% 	16.92% 	0.00%


 	Learning Outcomes and Gains 	5. Do you feel that your grasp of theoretical knowledge has improved through case discussions? 	53.98% 	40.64% 	5.38% 	0.00%


 	6. Do you feel that your understanding of clinical knowledge has improved through case discussions? 	50.95% 	39.83% 	9.22% 	0.00%


 	7. How effective do you think case discussions have been in promoting the integration of theoretical knowledge with practical application? 	59.35% 	32.95% 	7.70% 	0.00%


 	8. How effective do you think the integration of clinical case discussions has been in improving your clinical thinking skills? 	61.64% 	29.88% 	8.48% 	0.00%


 	9. Do you feel that your comprehensive analytical skills have improved through case discussions? 	47.87% 	41.40% 	10.73% 	0.00%


 	10. Do you feel that your teamwork abilities have improved through case discussions? 	48.65% 	30.60% 	17.65% 	3.10%




 




4 Discussion

Clinical thinking is the foundation of disease diagnosis and treatment and is critical in determining a physician’s medical proficiency (10–12). The ability to engage in clinical thinking involves a rational process of revealing the essence of a disease through its phenomena (13, 14). The CPC is a comprehensive introduction to clinical cases that includes patient history, laboratory tests, biopsy results, treatment, and autopsy findings to determine pathological diagnoses and causes of death (15, 16). This approach is fundamental for clinical decision-making, including therapy. The CPC is recognized as an effective method to enhance students’ clinical thinking abilities (16), applicable not only for training medical students and young physicians but also for improving the diagnostic and therapeutic skills of experienced senior doctors, thereby helping to avoid misdiagnoses (17, 18).

However, for second-year medical students who have completed foundational courses such as anatomy, histology, embryology, physiology, and biochemistry, but have yet to be exposed to clinical courses, the standard CPC teaching presents certain challenges. Therefore, to adapt to the knowledge level and learning needs of lower-year medical students, the teaching team has adapted clinical cases and developed a unique CPC-style case discussion course. This course aims to explore the effectiveness of this teaching method in fostering students’ critical thinking and clinical thinking skills, as well as their mastery of pathology knowledge and overall satisfaction with the course.

First, the changes in performance scores from clinical case analysis indicate that students from the 2022 grade showed significant improvement after receiving a CPC case-based instruction. In particular, in handling Case 2 and subsequent cases, the 2022 grade performed notably better than the 2021 cohort. This finding suggests that, as CPC case teaching progressed, students’ abilities in case analysis and diagnosis were significantly enhanced. Much of this improvement can be attributed to the methods used during CPC discussions, where students identify pathological changes, rule out misleading diagnostic information, and establish connections between suspected diagnoses, etiologies, and clinical presentations to verify correct diagnoses. This method effectively cultivates students’ critical thinking and logical analysis skills, thereby enhancing the accuracy of pathological diagnoses. These results directly confirm the efficacy of the CPC case teaching in promoting the development of students’ clinical thinking abilities. This finding is also consistent with the results of Engelberg (17) and Bender et al. (18), both of whom reported that CPC-style case discussions significantly enhance students’ understanding of pathophysiological mechanisms. Furthermore, it supports Yu’s assertion that an innovative CPC instructional design integrating traditional lectures, online learning, and a flipped classroom model facilitates the effective integration of basic and clinical knowledge in oral diagnostics (3).

Second, the average scores of the 2022 grade in the final written examination were significantly higher than those of the 2021 grade, with a noticeable increase in the proportion of high-scoring students. Academic performance is a key indicator of students’ mastery of knowledge and their ability to apply it. The final examination in pathology covers general and specific topics, including case-type questions and the identification of pathological slides and gross specimens, aiming to comprehensively assess students’ foundational knowledge, clinical thinking skills, and the ability to integrate knowledge. Thus, it further supports the effectiveness of the CPC case teaching approach tailored to the course. However, there was no significant difference in the overall pathology laboratory performance scores between students in the 2022 grade and those in the 2021 grade. This outcome may be attributed to the fact that the overall score for the 2022 grade included evaluations from four CPC case teaching sessions, which were assessed using stricter criteria. In contrast, the 2021 grade’s classroom questioning component was easier for to score highly in, resulting in relatively lower classroom performance scores for the 2022 cohort. Ultimately, this led to no significant difference in the final total scores.

The survey results regarding students’ perceptions of the CPC case-based teaching approach were consistent with previous studies, showing that the majority of students positively affirmed the necessity of CPC instruction, as well as the practicality and relevance of the clinical cases used. They also reported high levels of engagement and perceived learning gains (3, 19). These findings confirm that CPC case teaching achieves its goal of progressively enhancing training through interactive methods, while emphasizing the importance of cultivating students’ clinical thinking abilities and critical spirit (20). This demonstrates the significant value of applying this method more widely within foundational medical education disciplines.



5 Limitations

Based on feedback from teacher and student surveys conducted during the implementation of teaching reforms, a series of further improvements is needed in future teaching practices. For example, survey results indicate that 18% of students felt that CPC case teaching did not significantly enhance their teamwork abilities, while another 3% found this method to be almost ineffective. This suggests that, in subsequent teaching designs, there should be more detailed guidance on group formation principles and collaborative learning mechanisms within groups to strengthen students’ teamwork skills. Notably, 8% of students rated the CPC case teaching as mediocre, a proportion similar to those who performed poorly on the final assessments. These students might face issues such as insufficient motivation, poor study habits, or inadequate preparation before class, leading to difficulties in understanding and applying the CPC case teaching. This finding indicates a need to provide these students with more personalized guidance and support to improve their mastery of theoretical knowledge, thereby enhancing their learning experience and outcomes.

Despite our efforts to control for potential confounding variables, several limitations should be acknowledged. First, although students were not explicitly informed of their group assignment to minimize awareness-related behavioral changes (i.e., the Hawthorne effect), the fact that they signed informed consent forms and knew they were participating in an educational research project may have still influenced their behavior—though not necessarily in a systematic or predictable way. Second, although the same teaching team and standardized teaching materials were used throughout the study, minor variations in instructors’ enthusiasm across different semesters may have influenced students’ levels of engagement and learning outcomes. Finally, while a “neutral” option was included in the satisfaction survey to reduce response bias, the results showed an overwhelming tendency toward positive responses (e.g., 0% selected “disagree”), which may indicate social desirability bias or suggest that some items were phrased in a leading manner. Future studies should aim to improve questionnaire design by using more neutrally worded items and incorporating complementary assessment methods to enhance the validity and objectivity of student feedback.



6 Conclusion

The results of this study indicate that the course-specific CPC teaching method can effectively enhance students’ learning enthusiasm, classroom participation, learning efficiency, and clinical thinking abilities in pathology laboratory instruction. However, during implementation, there remains room for improvement in areas such as group learning, collaboration, and individualized guidance. Future research could further explore the design and implementation of course-specific CPC methods, as well as evaluate their effectiveness in other foundational medical courses.
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Background: Knowledge retention is crucial in medical education, yet traditional study methods often fail to ensure long-term recall. Spaced repetition, a cognitive learning strategy that reinforces information at increasing intervals, has shown promise in enhancing retention and engagement. While widely used in self-directed learning, its role in structured medical education remains underexplored. This study evaluates the effectiveness of spaced repetition in improving knowledge retention and student engagement in undergraduate paediatric education, offering insights into its potential for enhancing learning outcomes.
Objectives: This study aimed to evaluate the effectiveness of spaced-repetition in improving knowledge retention and student engagement in undergraduate paediatric education.
Method: A quasi-experimental study was conducted over 6 months at the Department of Paediatrics, Jawaharlal Nehru Medical College, Sawangi (Meghe). Ninety final-year medical students were divided into intervention and control groups. The intervention group used digital flashcards following spaced-repetition intervals of 1, 3, 7, 14, and 28 days. The control group followed traditional study methods. Knowledge retention was assessed using pre-tests and post-tests, each containing 20 multiple-choice questions. Data were analysed using paired and independent t-tests. Qualitative feedback from the intervention group was thematically analysed to assess engagement and motivation.
Results: Pre-test scores were similar between groups (intervention: 11.42; control: 11.58, p = 0.0573). Post-test scores showed significant improvement in the intervention group (16.24) compared to the control group (11.89, p < 0.0001). The intervention group showed a significant increase in scores (p < 0.0001), while no significant change was seen in the control group (p = 0.1138). Over 90% of students in the intervention group reported improved retention, engagement, and confidence.
Conclusion: Spaced repetition significantly enhanced knowledge retention and engagement in undergraduate paediatric education. This method offers a promising approach to improve long-term learning outcomes in medical education.
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Introduction

The landscape of undergraduate medical education is evolving, yet it often remains rooted in traditional pedagogical methods. These methods typically involve intensive, concentrated study sessions followed by extended periods without reinforcement. This approach can be particularly problematic in fields such as paediatrics, where continuous learning and skill development are essential (1).

The current model of undergraduate medical education in paediatrics often fails to address the cognitive limitations of learners. Intensive study sessions may lead to initial understanding, but without ongoing reinforcement, the retention of this knowledge diminishes over time. This gap in retention can be particularly detrimental in paediatrics, where the rapid acquisition and application of knowledge are crucial. The spaced repetition method has been shown to counteract the forgetting curve, a concept first introduced by Ebbinghaus (2) in 1885, which describes how information is lost over time when there is no attempt to retain it.

Spaced-repetition is an educational technique grounded in cognitive psychology and supported by extensive research. Ebbinghaus’s (2) early work laid the foundation for understanding the benefits of spaced learning on memory retention. Modern studies have reinforced these findings. For example, research by Cepeda et al. (3) demonstrated that spaced repetition significantly improves long-term retention compared to traditional massed practice. In the realm of medical education, Kerfoot et al. (4) found that spaced education markedly enhanced the retention of clinical knowledge among medical students.

Despite the robust evidence supporting spaced repetition, its application in undergraduate medical education, particularly within paediatrics, remains limited. This gap in application presents an opportunity for targeted research. Existing literature highlights the potential benefits of spaced repetition but also underscores the need for further validation within specific medical disciplines and educational levels (5, 6).

By incorporating spaced repetition into the undergraduate paediatric curriculum, this study aims to bridge existing gaps in traditional teaching methodologies and explore its effectiveness in enhancing medical education. Given the well-documented benefits of spaced repetition in improving long-term knowledge retention and recall, its application in paediatric education holds significant potential (7).

Through a structured implementation and evaluation, we seek to assess its impact on student’s understanding of key paediatric concepts, engagement levels, and motivation to learn. Additionally, by gathering qualitative feedback, we aim to gain insights into student’s experiences and perceptions of this approach. Ultimately, this study aspires to contribute to the growing body of evidence supporting spaced repetition in medical education and provide a scalable framework that can be adapted to improve learning outcomes in paediatrics and beyond.



Methodology

This study was conducted in the Department of Paediatrics at Jawaharlal Nehru Medical College, Maharashtra, India, over a two-month period from September 2024 to October 2024, aligning with the clinical posting schedule of final-year MBBS students. This was a quasi-experimental study designed to evaluate the impact of Spaced Repetition, using custom-designed digital flashcards, on knowledge retention compared to only traditional learning methods.


Study participants

The primary inclusion criterion was all final-year Part II MBBS students posted in the Department of Paediatrics during the study period who provided informed consent. Students who did not consent or were absent for any major component of the study (pre-test, didactic lecture, intervention sessions, or post-test) were planned to exclude. Attendance records were maintained throughout the study. The study comprised 90 final year students who were asked to attend all sessions due to their relevance to their academic progression. Complete attendance was achieved throughout the entire study period.

Over the two-month study period, two batches underwent their clinical postings. The first batch included 46 students; of these, the first 23 students were allocated to the intervention group, while the subsequent 23 were assigned to the control group. The second batch consisted of 44 students, with the first 22 assigned to the intervention group and the remaining 22 to the control group.


	• The intervention group consisted of students exposed to spaced repetition using custom-designed digital flashcards in addition to traditional learning methods.

	• The control group comprised students who followed only traditional learning methods, such as clinic notes and textbooks.





Sampling method

Convenience sampling was employed, as the study utilized students already scheduled for clinical postings during the study period.



Content selection and validation

Two critical paediatric topics, Developmental Milestones and Immunization were selected based on their relevance to undergraduate medical curriculum and frequent application in clinical practice. The content was validated by a panel of three senior faculty members with over 10 years of teaching experience each in paediatrics and medical education. Validation criteria included accuracy, clarity, clinical relevance, and alignment with CBME guidelines.

The validated content was then transformed into customised digital flashcards by a research team comprising four members (one Associate Professor, one Professor, one Senior Resident, and one final-year postgraduate student) under supervision, ensuring both pedagogical and technological appropriateness.



Study tool

The multiple-choice questions (MCQs) used in the pre-test and post-test were designed to align with the university examination pattern in terms of difficulty distribution and question types. A total of 20 MCQs were included, categorized by difficulty level into easy (12), difficult (6), and very difficult (2) questions. In terms of question type, 17 were recall-based, while 3 focused on applied or problem-solving skills. This structured approach ensured that the assessment tool was representative of actual academic requirements, effectively evaluating both foundational knowledge and the ability to apply concepts in clinical scenarios.



Implementation of the study


	1. Pre-test



At the start of the clinical posting, all participants underwent a pre-test consisting of 20 MCQs designed to assess their baseline knowledge of the two selected topics: Developmental Milestones and Immunization. The pre-test questions followed the university examination pattern for distribution, ensuring an accurate baseline for evaluating the intervention’s effectiveness.


	1. Didactic lecture



Following the pre-test, all participants attended a structured didactic lecture covering both topics was delivered. These sessions covered essential concepts, clinical applications, and case-based discussions related to the two topics. It provided a uniform foundational understanding for both the intervention and control groups before introducing further learning methods.


	1. Intervention




	• Intervention group



Students received customised digital flashcards created by the research team. These flashcards included different sets comprising both recall-based and scenario-based questions with variable levels of difficulty. The students were guided to review these flashcards at progressively increasing intervals (1, 3, 7, 14, and 28 days) in line with spaced repetition principles. The reviews were conducted during their clinical posting hours with supervision by faculty from the research team to ensure adherence. Different sets of flashcards were used across all review sessions to reinforce learning effectively.


	• Control group



Students in the control group continued with traditional learning methods, which included self-study using clinical notes, standard textbooks, and guidance from faculty during clinical postings.


	1. Post-test



At the end of the clinical posting, all participants completed a 20-item post-test (same as the pre-test). The MCQs in the post-test were aligned with the university examination pattern. The post-test evaluated student’s knowledge retention, comprehension, and ability to apply concepts in clinical contexts. This structured approach ensured comparability between groups and emphasized the relevance of the MCQs to real-world academic scenarios.


	1. Feedback collection



After the post-test, structured feedback was collected from the intervention group using a validated feedback questionnaire framed by the research team and reviewed by the senior faculty member. The questionnaire comprised 15 items assessed on a 5-point Likert scale to evaluate effectiveness, engagement, motivation, and satisfaction. The Likert scale options were: Strongly Agree, Agree, Neutral, Disagree, and Strongly Disagree. Additionally, two open-ended questions were included to gather qualitative insights.

At the end of the study, the students in the control group were given these Customised Digital Flashcards to improve their performance in the future exams. The flowchart outlining the study methodology is depicted in Figure 1.
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FIGURE 1
 Methodology of the study.




Faculty involvement

Multiple faculty members were involved at different stages of the study to ensure academic rigor, content validity, and methodological integrity. The multiple-choice questions used in the pre-test and post-test were designed by an Associate Professor from the research team to align with university examination standards. The customised digital flashcards were prepared by the research team in consultation with an expert panel comprising senior faculty members, including a Professor with 12 years of subject experience, who also reviewed the feedback questionnaire to ensure its content validity.

The didactic lecture for both the intervention and control groups was delivered by a senior faculty member with over 15 years of teaching experience, who was not involved in the intervention implementation or data analysis. This ensured consistency in content delivery across groups while maintaining blinding to minimise bias.

During the implementation phase, different faculty members were assigned specific roles to prevent contamination between groups. Faculty members from the research team supervised the intervention group during their spaced repetition sessions to ensure adherence to the review schedule and clarify academic doubts. In contrast, the control group was supervised by other faculty members who were not involved in the intervention to avoid inadvertent exposure to intervention materials.

This structured and clearly delineated faculty involvement ensured unbiased supervision, maintained the integrity of the intervention, and upheld methodological robustness throughout the study.



Data analysis

Quantitative data were analysed using SPSS, with independent samples t-tests comparing pre-test and post-test scores between the control and intervention groups, while paired samples t-tests assessed within-group changes. The analysis revealed a statistically significant improvement in the intervention group. Descriptive statistics, including frequencies and percentages, were used to analyse participant feedback, highlighting positive perceptions of the spaced-repetition method. The statistical approach ensured a robust evaluation of the intervention’s impact on learning outcomes. P value of less than 0.05 was considered to be significant.



Ethical considerations

The study was conducted in accordance with ethical guidelines for research involving human participants. Approval from the Institutional Ethics Committee (IEC) was obtained prior to its initiation [DMIHER(DU)/IEC/2024/332]. Written informed consent was obtained from all participants, ensuring voluntary participation and the maintenance of confidentiality.




Results

This section presents the findings of the study, comprising both quantitative and qualitative data analysis. The quantitative analysis focuses on comparing pre-test and post-test scores to evaluate the impact of the intervention, while the qualitative analysis highlights participant feedback on the effectiveness, engagement, motivation, and overall satisfaction with the spaced-repetition method. Together, these results provide a comprehensive understanding of the intervention’s efficacy in enhancing paediatric learning outcomes.


Quantitative data analysis


Participant characteristics and test results

The average pre-test score for all participants was 11.01, with the control group scoring slightly higher (11.58) than the intervention group (11.42). The p-value (0.0573) indicates no significant difference, confirming comparable baseline knowledge levels between the groups.

Post-test scores showed an overall improvement, with all participants averaging 14.04. However, the control group’s modest increase to 11.89 reflects limited knowledge retention with traditional methods. In contrast, the intervention group’s significant increase to 16.244 demonstrates the superior effectiveness of the spaced-repetition method. The p-value (<0.0001) confirms a statistically significant difference between the groups, highlighting the intervention’s impact.

Both groups started with comparable pre-test scores (p = 0.0573), but the intervention group showed a significantly greater improvement in post-test scores (16.244 vs. 11.89, p = <0.0001). This highlights the superior efficacy of the spaced-repetition method in enhancing knowledge retention and understanding of paediatric topics (see Table 1).


TABLE 1 Comparison of participant characteristics and test results.


	Test results
	All participants (n = 90)
	Control (n = 45)
	Intervention (n = 45)
	p-value

 

 	Pre test 	11.01 	11.58 	11.42 	0.0573


 	Post test 	14.04 	11.89 	16.244 	<0.0001





Bold value significant <0.05.
 



Pretest and Post test results

The control group showed a minor improvement from a pre-test average of 11.58 to a post-test score of 11.89. The p-value (0.1138) indicates that this change is not statistically significant, suggesting traditional teaching methods had minimal impact on knowledge retention.

In the intervention group, the pre-test score of 11.42 improved dramatically to a post-test score of 16.244. The p-value (<0.0001) confirms this change is statistically significant, highlighting the effectiveness of the intervention, likely due to its use of spaced repetition or active learning strategies Table 2.

The comparison illustrates a stark contrast in the impact of teaching methodologies. While the control group experienced negligible gains, the intervention group’s significant improvement underscores the potential of innovative teaching strategies to enhance learning outcomes effectively.


TABLE 2 Comparison of pretest and post test results within participant groups.


	Participants
	Pre test
	Post test
	p-value

 

 	Control (n = 45) 	11.58 	11.89 	0.1138


 	Intervention (n = 45) 	11.42 	16.244 	<0.0001





Bold value significant <0.05.
 




Qualitative feedback analysis

The graphical representation of the qualitative feedback analysis highlights a strong positive reception of the spaced-repetition method across all key domains. In terms of effectiveness, a majority of participants agreed that spaced repetition significantly improved retention (64.44%), made it easier to recall paediatric concepts (66.67%), reinforced understanding of key topics like developmental milestones and immunization (71.11%), and provided better long-term retention than traditional methods (66.67%). Regarding engagement and convenience, most participants found the method enjoyable (64.44%) and engaging (66.67%), with flashcards being easy to integrate into their study routine (62.22%) and the spaced intervals proving effective (62.22%).

The method also played a crucial role in motivating participants to maintain regular study sessions (62.22%), enhancing their engagement during clinical postings (64.44%), and boosting their confidence in answering questions during clinical rounds (68.18%). When compared to traditional learning methods, most respondents found spaced repetition to be more effective (65.91%), though traditional methods were still considered useful in complementing their understanding (64.44%). Overall, the majority of participants expressed satisfaction with the spaced-repetition approach (66.67%) and recommended its use in other subjects (64.44%). The minimal presence of neutral or disagreeing responses underscores the method’s strong acceptance and effectiveness in paediatric education Figure 2.

[image: Stacked bar chart showing percentages of qualitative feedback on spaced repetition across categories: effectiveness, engagement and convenience, motivation and confidence, comparison with traditional methods, and overall satisfaction. Most responses are strongly agree or agree.]

FIGURE 2
 Qualitative feedback analysis on spaced repetition by the intervention group (n = 45).





Discussion

This study examines the effectiveness of spaced-repetition techniques in enhancing learning outcomes, knowledge retention, and student engagement among undergraduate medical students in paediatrics. The results demonstrate that spaced repetition significantly surpasses traditional learning methods, offering a viable solution to the limitations of conventional pedagogical strategies.

The findings strongly support the role of spaced repetition in improving knowledge retention. The intervention group, which utilized custom-designed digital flashcards with systematically increasing review intervals, achieved significantly higher post-test scores (16.24 ± 2.37) than the control group (11.89 ± 2.94), with a statistically significant p-value of <0.0001. These results highlight the effectiveness of spaced repetition in counteracting the forgetting curve by reinforcing information at optimal intervals, a principle grounded in Ebbinghaus’s memory theory.

These results align with previous research. Gilbert et al. (8) found that students using spaced-repetition software like Anki scored 6.2 to 10.7% higher on standardized exams compared to those using traditional study methods. Similarly, Durrani et al. (9) reported a statistically significant improvement in test performance among medical students utilizing flashcards, with a mean increase of 2.93 points (p < 0.01). Traditional learning methods, which often rely on massed learning or cramming, fail to support long-term retention, a limitation that is particularly concerning in paediatrics, where sustained recall of developmental milestones and dosages is essential.

Traditional methods, including lectures and textbooks, establish foundational knowledge but do not effectively mitigate forgetting. Spaced repetition complements these approaches by systematically reintroducing information, ensuring long-term accessibility. Additionally, it enhances student engagement and motivation. In qualitative feedback, 64.44% of students in the intervention group reported that the method was enjoyable and engaging, promoting a consistent study routine. This observation is consistent with Gilbert et al. (8), who noted that students using spaced-repetition tools experienced increased confidence and preparedness for exams. The interactive nature of digital flashcards and scheduled reinforcement likely contributed to this heightened engagement.

Moreover, 62.22% of students found spaced-repetition flashcards easy to integrate into their study schedules. Given the demanding nature of medical education, this accessibility makes spaced repetition a practical tool for reinforcing learning. The ease of use and flexibility of digital flashcard platforms, such as Anki, further emphasize their utility, as confirmed by other studies (9, 10).

While traditional teaching remains essential, spaced repetition offers a valuable adjunct. The forgetting curve limits the long-term efficacy of traditional approaches, whereas spaced repetition systematically revisits critical information, reinforcing knowledge retention. In this study, 64.44% of students reported that spaced repetition complemented their conventional learning, helping to retain key concepts and prevent knowledge gaps. This hybrid approach aligns with Tabibian et al. (10), who demonstrated that computationally optimized spaced-repetition schedules enhance learning efficiency. However, McConnery et al. (11) identified challenges such as time constraints and inconsistent adherence that may limit its independent use.

A structured integration of spaced repetition into medical curricula can enhance traditional methods by ensuring sustained retention and application. Future research should explore its long-term impact on clinical performance and investigate how AI-driven adaptive learning can optimize spaced-repetition schedules. Addressing logistical barriers such as time management will be key to ensuring its widespread adoption in medical education.


Limitations


	• A long-term follow-up to assess sustained knowledge retention beyond the immediate post-test period could not be conducted due to the limited duration of the project. As the study was aligned with the clinical posting schedule, it was not feasible to evaluate whether the improved retention observed was maintained over subsequent months.

	• Although the intervention showed promising short-term results, a follow-up assessment at six months would have provided a more comprehensive understanding of its long-term effectiveness in consolidating knowledge and supporting clinical application. Such assessments are recommended for future studies to validate enduring benefits.

	• Additionally, since students in the intervention group were aware of their participation, there is a potential for performance bias, as their motivation to engage with the learning material may have been influenced by the awareness of being part of a study. This is a common limitation in educational intervention research where blinding is often not feasible.






Conclusion

In conclusion, this study highlights the superior effectiveness of spaced repetition compared to traditional learning methods alone in improving knowledge retention, student engagement, and motivation in undergraduate paediatric education. The integration of spaced repetition with traditional methods offers a promising approach to addressing the cognitive limitations of learners and ensuring better retention of critical concepts in paediatrics. The hybrid approach leveraging both techniques emerges as a key recommendation for enhancing learning outcomes in medical education. Future research should continue to explore the broader applicability and long-term effects of spaced-repetition methods across various medical disciplines.
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Background: Medical students’ work engagement (MSWE) is widely considered an essential indicator of their state of mind, affecting their productivity and future career development as doctors. In our previous research, grade point average (GPA) was demonstrated to be an independent predictor of self-regulated learning (SRL), which is closely associated with MSWE. However, the relationship between GPA and MSWE has not been systematically elucidated. Our study aims to discover and clarify the significant association between GPA and MSWE.
Methods: We collected data from 12 universities in China and evaluated MSWE using the Utrecht Work Engagement Scale (UWES). Then, we conducted a cross-sectional study where GPA and UWES scores or categories were recorded simultaneously. Pearson’s chi-squared tests and Welch’s ANOVA were utilized to explore the distributional association between GPA and MSWE. Multivariate logistic regression analysis was performed to examine whether GPA was a significant factor of MSWE, followed by a subgroup analysis to exclude other confounding factors. Ultimately, GPA was used as a key variable to develop a nomogram aimed at evaluating the possibility of low UWES scores, along with calibration and accuracy assessments.
Results: Pearson’s chi-squared tests (p = 2.54e-65) and Welch’s ANOVA (p = 8.07e-48) demonstrated a strong association between GPA and UWES scores, indicating a significant relationship with MSWE. Medical students with a GPA in the “top 5%” and “5–20%” categories exhibited a higher level of MSWE. Multivariate analysis revealed that GPA was statistically significant across all rank categories (all p < 0.001), thereby + GPA’s significance in factoring MSWE. In addition, statistical significance persisted in subgroup analysis, which excluded the confounding effect of age and gender. Ultimately, the nomogram was validated as accurate and reliable (area under the curve (AUC) = 0.626), providing a quantitative assessment of MSWE primarily based on GPA.
Conclusion: Medical students with higher GPA scores tended to exhibit better MSWE. GPA was strongly validated as a significant factor in evaluating MSWE.
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 medical students; work engagement (WE); grade point average (GPA); Utrecht Work Engagement Scale (UWES); cross-sectional study


1 Introduction

Work engagement (WE) is conceptualized as a positive, fulfilling, and affective-motivational state of mind experienced during work (1). WE refers to a more persistent and pervasive state that is not focused on any particular object, event, individual, or behavior but on an overall work environment and an everlasting work stage (2, 3). WE can be conceptualized through three dimensions: vigor (high levels of energy and mental resilience), dedication (being strongly involved in one’s work), and absorption (being fully concentrated and happily engrossed in one’s work) (4). Furthermore, WE is widely considered to have a strong association with various work-related outcomes and qualities that reflect one’s work performance and productivity (5, 6), thereby serving as a good indicator for predicting one’s capability and contribution to the team (7). A person with a higher level of WE is expected to have more enthusiasm and a creative commitment to work, while a low level of WE suggests a higher risk of burnout and inefficacy.

Medical students’ work engagement (MSWE) turns the focus particularly on the group of medical students, emphasizing their theoretical learning of medicine and practical training of relevant skills. Previous research states that MSWE could serve as a positive construct for exploring medical students’ well-being (8). It is noteworthy that the discipline of medicine is regarded as one of the toughest fields to study, which can be attributed to several factors. First, medical students are expected to update their medical knowledge and keep pace with every breakthrough in medical techniques (9, 10). Second, medical students should know how to manage their relationships with patients, which tests their professionalism, empathy, and communication skills (11). Third, medicine is a field concerning application with the goal of pain relief, health promotion, and disease prevention (12), directly impacting citizens’ basic right to life and health. Most importantly, MSWE plays an important role in medical education. Based on the particularity of medicine, engaged medical students are more likely to not only actively participate in clinical procedures and internalize the professional values but also create a collaborative learning culture and cope with challenges (13, 14). As the healthcare landscape continues to evolve, medical students who are engaged in their education are better prepared to adapt to changes such as centered care, innovative research, and multidimensional development. Conclusively, MSWE affects clinical skill development, professional identity formation, the learning environment, burnout prevention, and future contributions to healthcare. Therefore, MSWE is overwhelmingly essential for the professional, moral, and behavioral education of medical students. Furthermore, it is also significant to identify the decisive factors influencing MSWE and to develop effective strategies to promote MSWE.

In our previous studies (15–20), we developed a comprehensive nomogram model to predict self-regulated learning (SRL) levels among Chinese medical undergraduates. Specifically, “GPA,” the abbreviation of grade point average, was demonstrated to be an independent predictor of SRL levels. Fundamental evidence has been established to show the close relationship between SRL levels and WE (21, 22). However, the relationship between GPA and MSWE has not yet been clearly elucidated (15). GPA is imperatively recognized as an overall measure of students’ performance and capability in terms of synthetic learning. Therefore, our study aimed to identify and clarify the significant association between GPA and MSWE. Meanwhile, we further analyzed the potential reasons behind our findings and proposed some practical strategies to ameliorate MSWE.

Our approach to evaluating MSWE was to utilize the Utrecht Work Engagement Scale (UWES), which contains three dimensions and 16 items. The UWES was selected as a gold-standard tool with validated psychometric properties for measuring work engagement across cultures (23). Its 16-item structure captures three theoretically grounded dimensions—vigor, dedication, and absorption—that align with our study’s focus on medical students’ multidimensional engagement. The scale has demonstrated excellent reliability (Cronbach’s α > 0.90) and construct validity in previous studies on medical education (8, 24). The UWES has been widely adopted in over 30 studies investigating healthcare trainees’ engagement (25, 26), making our results comparable to existing literature. The final scores were calculated by summing the responses to each item. Then, we divided medical students into high and low UWES cohorts based on their median UWES scores. Next, we conducted a cross-sectional study where GPA and UWES scores or categories were recorded at the same time. Afterward, we performed Pearson’s chi-squared test and Welch’s ANOVA to confirm that a medical student with a higher GPA is strongly associated with WE in learning. We aimed to figure out the factors influencing MSWE and provide evidence for further exploration, thereby promoting the improvement of medical education.



2 Materials and methods


2.1 Sample source and data extraction

This research received approval from the Ethics Committee of the First Affiliated Hospital of Naval Medical University.

A cross-sectional study was conducted among medical students from 12 representative universities in mainland China. These universities were divided into four categories: 985 Project Universities (Peking University and Tongji University), 211 Project Universities (Zhengzhou University), Military Universities (Air Force Medical University and Naval Medical University), and Non-985/211 Project Universities (Jinggangshan University), including the first batch of medical universities (Capital Medical University, Fujian Medical University, Southwest Medical University, Chongqing Medical University, and Harbin Medical University) and the second batch of medical universities (Mudanjiang Medical College).

Prior to distributing the formal questionnaire, a pilot study was conducted with 20 voluntary undergraduate students who were randomly selected to fill out the questionnaire and provide some constructive feedback. Then, we revised the questionnaire in accordance with each student’s feedback to ensure the quality and clarity of the questions listed. Afterward, the questionnaire was uploaded to Wenjuanxing,1 an online survey platform. The electronic questionnaire was converted into a link and sent to the heads of 12 target medical schools. Ultimately, a stratified cluster random sampling method was implemented, using grade level as the stratifying factor. In each grade at each university (from Grade 1 to Grade 5, with the remaining students grouped as graduates), 150 students were selected by lottery to fill out the questionnaire, which was released in the same format. Data with outliers or missing values were excluded from the analysis. Apart from basic demographic information (age, gender, and native place), GPA, our interested variable, was recorded based on the medical students’ ranking within their major (Top 5%, 5–20%, 20–50%, 50–80%, and 80–100%). In addition, other minor factors, such as the doctor–patient relationship, were also labeled as characteristics, which were further listed in the format of a heatmap.



2.2 Instrument to evaluate medical students’ work engagement

In this research, the UWES was applied to evaluate medical students’ study engagement. In previous longitudinal studies, researchers from the Netherlands have verified the validity of the UWES score in predicting long-term mental health (25), which aligns with the content of MSWE. Moreover, a previous study analyzed the validity evidence and reliability of the UWES in medical students (27), further supporting the scale’s favorable internal reliability and structural validity. The UWES contains three dimensions (vigor, dedication, and absorption) and 16 items of subjective statements (26), which require target students to make self-assessments based on their own situation. Each item is assessed using a seven-point Likert scale ranging from never (0 point) to always (6 points), which corresponds to the dimension of the UWES. Therefore, the UWES scores not only assess an individual’s mental status in terms of study engagement but also reflect the degree of each dimension. In general, a higher score means a more positive and fulfilling mental state of study engagement.



2.3 Pearson’s chi-squared test and Welch’s ANOVA

Initially, for descriptive statistical analysis, continuous variables were expressed as means (with standard deviations, SD) or medians (with interquartile ranges, IR), and categorical variables were presented as counts (with percentages). To quantify MSWE, the UWES scores were categorized using the median cutoff value of 72 points, with scores below 72 classified as low and scores of 72 or higher classified as high. Pearson’s chi-squared test was conducted to explore the statistical significance of the UWES categories within each GPA group and overall distribution. The results of the Pearson’s chi-squared test were presented in the following boxplot, with the chi-squared value and p-value listed. Meanwhile, Welch’s ANOVA was conducted to figure out the correlation between GPA and UWES scores, as well as the statistical significance of UWES scores between GPA groups. The results of the Welch’s ANOVA were visualized using a violin plot, where the mean score for each GPA group and p-values were also labeled. To avoid the impact of confounding factors, age and gender were used as subgroups after the primary classification of GPA groups. Therefore, Pearson’s chi-squared test and Welch’s ANOVA were re-performed to estimate the statistical significance of the UWES scores across age and gender subgroups. The results were also visualized using boxplots and violin plots.



2.4 Multivariate logistic regression analysis

In the univariate analysis, the correlation between GPA and the UWES was preliminarily explored. Considering the comprehensive influence of multiple variables on the UWES, we also performed a multivariate logistic regression analysis to estimate whether GPA is a significant factor in the UWES. Variables including age, gender, ethnicity, major, grade, native place, and, most importantly, GPA were taken into consideration. For each variable, the odds ratio (OR) was calculated to evaluate the influence on the UWES. Therefore, sets of ORs, coupled with a corresponding 95% confidence interval (95% CI) and p-values, are listed in a table.



2.5 Development and validation of a nomogram

In our study, a nomogram was established to evaluate the probability of low UWES scores, where the seven variables mentioned in the multivariate analysis were included. In the nomogram, the scores of each variable were visualized into lines. To validate the accuracy of the model presented by the nomogram, receiver operating characteristic (ROC) curves and calibration curves were used to evaluate its discrimination and calibration performance. ROC analysis evaluates discriminative ability using all possible thresholds, with Youden’s index used to determine the optimal cutoff. In the calibration curve, the Hosmer–Lemeshow test was performed to quantify the model’s goodness of fit, while the slope of the calibration curve was used to indicate whether the evaluative model was overfitting. Meanwhile, by drawing the decision curve analysis (DCA) and comparing it with the ideal curve, the net benefit was calculated to quantify the clinical utility of the nomogram under different decision thresholds.



2.6 Statistical analysis

All statistical analyses and corresponding curves were performed using R version 4.2.2 (Institute for Statistics and Mathematics, Vienna, Austria) and SPSS 20.0 (SPSS Inc., Chicago, IL, USA). A two-sided p-value of < 0.05 was considered statistically significant.




3 Results


3.1 Sample characteristics

A total of 11,265 target students submitted the questionnaire and completed the UWES (Supplementary Table S1), but only 10,901 responses were filtered and included in the further analysis (Figure 1). Their general information is listed in a Table 1 and visualized as heatmaps (Figure 2), along with their answers.

[image: Flowchart outlining a case control study methodology: initial pilot with twenty students, survey distributed to eleven thousand two hundred sixty-five students, with ten thousand nine hundred one valid responses analyzed by university, followed by statistical tests, multivariate analyses, prediction modeling, and calibration.]

FIGURE 1
 Flowchart describing how the research was designed and conducted, ranging from sample data extraction and statistical analysis to result validation and model construction.



TABLE 1 Characteristics of 10,901 participants.


	Variables number (percent)

 

 	Age


 	16–20 	5,868 (53.83)


 	21–25 	4,825 (44.26)


 	26–40 	208 (1.91)


 	Gender


 	Female 	6,531 (59.91)


 	Male 	4,370 (40.09)


 	University category


 	211 Project Universities 	692 (6.35)


 	985 Project Universities 	853 (7.82)


 	Military University 	851 (7.81)


 	Non-985/211 Project Universities 	720 (6.6)


 	The First Batches of Medical Universities 	6,473 (59.38)


 	The Second Batches of Medical Universities 	1,312 (12.04)


 	University


 	Air Force Medical University 	526 (4.83)


 	Capital Medical University 	334 (3.06)


 	Chongqing Medical University 	2,219 (20.36)


 	Fujian Medical University 	2,533 (23.24)


 	Harbin Medical University 	853 (7.82)


 	Jinggangshan University 	706 (6.48)


 	Mudanjiang Medical College 	1,304 (11.96)


 	Naval Medical University 	325 (2.98)


 	Peking University 	369 (3.39)


 	Southwest Medical University 	534 (4.9)


 	Tongji University 	481 (4.41)


 	Zhengzhou University 	674 (6.18)


 	Others 	43 (0.39)


 	Major


 	Clinical medicine 	8,668 (79.52)


 	Nursing 	572 (5.25)


 	Phylaxiology 	698 (6.4)


 	Preclinical medicine 	658 (6.04)


 	Stomatology 	305 (2.8)


 	Ethnicity


 	Ethnic Han 	10,190 (93.48)


 	Minority 	711 (6.52)


 	Only child


 	No 	6,140 (56.33)


 	Yes 	4,761 (43.67)


 	Grade


 	Grade 1 	3,800 (34.86)


 	Grade 2 	2043 (18.74)


 	Grade 3 	1,666 (15.28)


 	Grade 4 	1869 (17.15)


 	Grade 5 	1,298 (11.91)


 	Graduate 	225 (2.06)


 	Native place


 	Country 	2,562 (23.5)


 	Municipality 	1,535 (14.08)


 	Prefecture 	2063 (18.92)


 	Provincial capital 	1,127 (10.34)


 	Town 	1,196 (10.97)


 	Village 	2,418 (22.18)


 	Educational system


 	Eight-year 	1,305 (11.97)


 	Five-year 	7,621 (69.91)


 	Seven-year 	280 (2.57)


 	Other 	1,695 (15.55)


 	GPA


 	Top 5% 	815 (7.48)


 	5–20% 	2,509 (23.02)


 	20–50% 	3,844 (35.26)


 	50–80% 	2,687 (24.65)


 	80–100% 	1,046 (9.6)


 	Father’s educational level


 	Preliminary school 	1749 (46.46)


 	Junior high school 	3,800 (34.86)


 	Senior high school 	2,623 (24.06)


 	Junior college 	1,141 (10.47)


 	Bachelor degree 	1,292 (11.85)


 	Graduate degree 	251 (2.3)


 	Father’s occupation


 	Civil servant 	1,083 (9.93)


 	Company employee 	1,093 (10.03)


 	Freelance work 	2,112 (19.37)


 	Individual household 	1,092 (10.02)


 	Professional/technical 	1,150 (10.55)


 	Worker/peasant 	4,371 (40.1)


 	Mother’s educational level


 	Preliminary school 	3,180 (29.17)


 	Junior high school 	3,322 (30.47)


 	Senior high school 	2,249 (20.63)


 	Junior college 	1,017 (9.33)


 	Bachelor degree 	959 (8.8)


 	Graduate degree 	174 (1.6)


 	Mother’s occupation


 	Civil servant 	634 (5.82)


 	Company employee 	1,250 (11.47)


 	Freelance work 	2,982 (26.53)


 	Individual household 	791 (7.26)


 	Professional/technical 	1,363 (12.5)


 	Worker/peasant 	3,971 (36.43)


 	Learning environment of your schools


 	Terrible 	63 (0.58)


 	Bad 	125 (1.15)


 	Common 	2,284 (20.95)


 	Good 	6,048 (55.48)


 	Excellent 	2,284 (20.95)


 	Doctor-patients relationship in your hospitals


 	Terrible 	46 (0.42)


 	Bad 	121 (1.11)


 	Common 	2,654 (24.35)


 	Good 	6,190 (56.78)


 	Excellent 	1732 (15.89)


 	Interests of medicine


 	Extremely uninterested 	65 (0.6)


 	Uninterested 	165 (1.51)


 	Common 	2,654 (24.35)


 	Interested 	6,145 (56.37)


 	Extremely interested 	1872 (17.17)


 	UWES category


 	High scores (≥72) 	5,572 (51.11)


 	Low scores (<72) 	5,329 (48.89)





GPA, grade point average; UWES, Utrecht Work Engagement Scale.
 

[image: Color-coded horizontal stacked bars visualize demographic, academic, and social characteristics of a student cohort, with a legend below detailing categories for age, gender, university type, university name, major, ethnicity, only child status, grade, native place, educational system, GPA, and UWES category.]

FIGURE 2
 Heatmap visualizing the distribution of the target students’ answers to each single question in the questionnaire. The students’ UWES scores were divided into low and high categories. Statistical significance for each variable across the UWES categories is indicated by star icons, and three stars represent a p-value <0.001.


According to the sample data, the majority of the medical students were between 16 and 25 years (98.09%). There were more female students (19.82%) than male students. More than half of the target students were from the first batch of medical universities and clinical medicine was the most common major. Grade 1 students (34.86%) formed the primary cluster in our research. Most importantly, 7.48% of the medical students ranked in the top 5% of GPA, while those with a GPA ranking between the top 5 and 20% accounted for 23.02%. Meanwhile, 35.26% of the samples were within the GPA ranking range of 20–50%. In addition, 24.65 and 9.6% of the students were in the 50–80% and 80–100% GPA ranking blocks, respectively. In addition, the students’ parents had a low level of education in general. In most students’ opinion, they enjoyed a good learning environment at their schools. Ultimately, the UWES scores were non-normally distributed and did not meet the homogeneity of variance according to the F-test. Therefore, the UWES scores were empirically divided at the median cutoff value into a low category (score < median, 48.89%) and a high category (score ≥ median, 51.11%).



3.2 Significant correlation between medical students’ GPA and UWES categories and scores

Similarly, due to the non-normal distribution and heterogeneity of variance, we used non-parametric tests for further analysis. To clarify the correlation between the medical students’ GPA and the UWES categories and scores, Pearson’s chi-squared test and Welch’s ANOVA were used to verify the significant correlation directly. Figure 3A demonstrates that the UWES categories exhibited statistically significant distribution within each GPA group (p < 0.05). A preliminary conclusion can be drawn that there is a significant correlation between medical students’ GPA and the UWES categories. In detail, the percentage of students in the low UWES category significantly outweighed that of the high UWES category in the GPA groups of “80–100%” and “50–80%.” In contrast, the high UWES category predominated in the remaining GPA groups. It was revealed that the medical students with better GPAs had higher UWES scores. In addition, the significance of the UWES category composition turned out to be more apparent at both the high and low extremes of GPA rankings.
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FIGURE 3
 Results of the univariate analysis illustrating the relationship between GPA (exposure) and UWES scores and categories. (A) The results of Pearson’s chi-squared test visualized in a boxplot. Vertical and horizontal axes stand for the percentage of the UWES score and GPA category, respectively. The UWES categories exhibited a statistically significant distribution within each GPA group (p < 0.05). (B) The results of Welch’s ANOVA visualized in a violin plot. Vertical and horizontal axes stand for the UWES score and GPA category, respectively. The medical students with higher GPAs tended to have a higher median UWES score. UWES, Utrecht Work Engagement Scale; GPA, grade point average.


In Figure 3B, the violin plots and scatter plots demonstrate statistical significance, showing mean scores and p-values between each GPA group. From the perspective of mean scores, a general trend could be observed: the better the GPA, the higher the UWES scores. To further explore whether such a trend was statistically significant, Welch’s ANOVA was conducted across the different GPA groups, from which we could tell that the significance existed in each intergroup combination. Consequently, the conclusion was further supported: the medical students with higher GPAs tended to have higher UWES scores.

Overall, GPA was proved to be an important factor positively correlated with MSWE. The students in the top 5% GPA group showed a high likelihood of positive MSWE, while those in the 80–100% GPA range were more likely to be associated with negative MSWE. This is likely because medical students with high GPAs always tend to be highly motivated to achieve, possess extensive medical knowledge and clinical skills, and demonstrate better self-regulation, outstanding interpersonal skills, and a spirit of collaboration. Further interpretation is provided in the discussion section.



3.3 Significant correlation between GPA and MSWE

Having identified a correlation between GPA and MSWE, we performed multivariate logistic regression analysis and subgroup analysis to exclude the interference from confounding factors, thus assessing whether the correlation between GPA and MSWE was significant. Table 2 shows the OR (95% CI) and p-values for each variable category. Although the stomatology major turned out to be a significantly protective factor (OR = 0.764 < 1) compared to clinical medicine, the evidence was still insufficient to verify a correlation between major and the UWES scores because of the lack of significance observed in preclinical medicine (p = 1.033 > 0.05). Similarly, we were also able to exclude confounding effects from ethnicity, grade level, and native place. It is noteworthy that GPA demonstrated a strong significant association with the UWES scores, as the p-values for each GPA rank category were all below 0.001. Taking “GPA 20-50%” as reference, groups of “GPA Top 5%” (OR = 0.567 <1) and “GPA 5-20%” (OR = 0.766<1) were demonstrated to protect medical students out of the low UWES, while groups of “GPA 50-80%” (OR = 1.559) and “GPA 80–100%”(OR = 2.064) showed the tendency of low UWES.


TABLE 2 Multivariate logistic regression analysis of UWES scores.


	Variable
	UWES scores



	OR (95% CI)
	p-value

 

 	Age


 	16–20 	1.00 (reference) 	


 	21–25 	0.866 (0.754–0.995) 	0.042*


 	26–40 	0.572 (0.396–0.827) 	0.003*


 	Gender


 	Female 	1.00 (reference) 	


 	Male 	0.705 (0.650–0.765) 	<0.001*


 	Ethnicity


 	Ethnic Han 	1.00 (reference) 	


 	Minority 	0.906 (0.775–1.061) 	0.220


 	Major


 	Clinical medicine 	1.00 (reference) 	


 	Nursing 	1.461 (1.218–1.752) 	<0.001*


 	Phylaxiology 	1.293 (1.102–1.517) 	0.002*


 	Preclinical medicine 	1.033 (0.878–1.216) 	0.697


 	Stomatology 	0.764 (0.601–0.969) 	0.026*


 	Grade


 	Grade 1 	1.00 (reference) 	


 	Grade 2 	1.287 (1.150–1.441) 	<0.001*


 	Grade 3 	1.499 (1.289–1.742) 	<0.001*


 	Grade 4 	1.597 (1.341–1.901) 	<0.001*


 	Grade 5 	1.142 (0.945–1.379) 	0.169


 	Graduate 	1.463 (0.032–0.729) 	0.032*


 	Native place


 	County 	1.00 (reference) 	


 	Municipality 	1.022 (0.805–1.078) 	0.743


 	Prefecture city 	0.780 (0.692–0.879) 	<0.001*


 	Provincial capital 	0.767 (0.664–0.886) 	<0.001*


 	Town 	0.971 (0.843–1.117) 	0.679


 	Village 	0.943 (0.841–1.057) 	0.313


 	GPA


 	GPA 20–50% 	1.00 (reference) 	


 	GPA 5–20% 	0.766 (0.691–0.850) 	<0.001*


 	GPA 50–80% 	1.559 (1.410–1.725) 	<0.001*


 	GPA 80–100% 	2.064 (1.788–2.383) 	<0.001*


 	GPA Top 5% 	0.567 (0.483–0.665) 	<0.001*





UWES, Utrecht Work Engagement Scale; GPA, grade point average; OR, odds ratio; CI, confidence interval. *p < 0.05.
 

Moreover, to further eliminate the confounding effects of age and gender, we performed a subgroup analysis. The statistical significance of UWES still be demonstrated in subgroups of “age 16-20” and “age 21-25”, which further verified the positive correlation between UWES and GPA. Similarly, Figures 4C,D show that the UWES categories and scores remained statistically significant across gender subgroups. In addition, an overall trend of improved MSWE was observed as GPA increased. Consequently, the significant correlation between GPA and the UWES scores was further confirmed after eliminating the confounding effects of age and gender.
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FIGURE 4
 Results of the subgroup analysis, excluding the confounding effects of age and gender. (A) The results of Pearson’s chi-squared test for age subgroups, visualized in boxplots. Vertical and horizontal axes stand for the percentage of the UWES score and GPA category, respectively. The group was age category. Statistical significance of the UWES categories was still present within the age subgroups of 16–20 (p = 3.95e-32) and 21–25 (p = 8.56e-32). (B) The results of Welch’s ANOVA for age subgroups, visualized in violin plots. Vertical and horizontal axes stand for the UWES score and GPA category, respectively. The group was age category. Statistical significance of the UWES scores was still present within the age subgroups of 16–20 (p = 2.62e-22) and 21–25 (p = 1.45e-25). (C) The results of Pearson’s chi-squared test for gender subgroups, visualized in boxplots. Vertical and horizontal axes stand for the percentage of the UWES score and GPA category, respectively. The group was gender. The UWES categories still showed statistical significance in the women (p = 2.95e-40) and men (p = 4.36e-36) subgroups. (D) The results of Welch’s ANOVA for gender subgroups, visualized in violin plots. Vertical and horizontal axes stand for the UWES score and GPA category, respectively. The group was gender. The UWES scores still showed statistical significance in the women (p = 3.47e-38) and men (p = 2.36e-22) subgroups.


Above all, the results of the multivariate regression analysis and subgroup analysis provided insights by excluding the confounding effects of other variables in the nomogram, thereby focusing our research on GPA and further strengthening the conclusion. Accordingly, we confirmed the statistical significance of the correlation between GPA and the UWES scores.



3.4 Evaluative model for low UWES probability based on GPA

The nomogram (Figure 5) was constructed based on GPA coupled with demographic information (age, gender, ethnicity, and native place) and key medical education-related variables (major and grade) to evaluate the probability of low UWES scores, also known as worse MSWE.

[image: Nomogram chart displaying variables for predicting low UWES probability, including axes for points, age groups, gender, ethnicity, academic major, grade, native place, GPA ranges, total points, linear predictor, and low UWES probability from 0.2 to 0.8 on the horizontal scale.]

FIGURE 5
 A nomogram was developed to evaluate the possibility of low UWES scores based on GPA and other key demographic variables. A higher GPA contributed to a lower point score, indicating a lower likelihood of having low UWES scores.


Each variable contributed a different proportion when the total points (0–300 points) were calculated. The age variable accounted for 0 to 43 points, while gender contributed either 0 or 37 points to the total. Notably, it was surprisingly found that GPA accounted for up to 100 points, one-third of the maximum total, which meant that GPA was the predominant factor and had the strongest association with MSWE among all variables. However, a higher point corresponded to a greater likelihood of low UWES scores. Specifically, nursing (50 points) and grade 4 students (37 points) were more likely to have worse MSWE compared to other majors and grade levels, respectively. Notably, GPA’s contribution to the total points corresponded to the rank order sequentially. A worse GPA was projected to correspond with a higher point and a higher probability of low UWES scores, thereby leading to worse MSWE.

The efficacy of this nomogram was checked using bootstrap internal validation, which was visualized through ROC and calibration curves. For DCA, the model’s curve is considered clinically useful if it lies above the reference curve across a range of relevant thresholds, indicating it reduces unnecessary interventions while identifying important cases. In Figure 6A, when the probability of low UWES exceeded 0.3, the non-adherence evaluation nomogram demonstrated a higher net benefit compared to all other models, highlighting the range and effectiveness of our model. In addition, for the ROC curve, the curve closer to the upper-left corner signifies stronger discriminative power. The area under the curve (AUC) quantifies overall performance, with 1 indicating perfect discrimination and 0.5 representing random chance. As shown in Figure 6B, the AUC of the ROC curves was 0.627, 0.623, and 0.626 for the training set, test set, and overall set, respectively, which suggested a relatively evaluative accuracy. Moreover, for the calibration curve, the evaluated probabilities are grouped into intervals. For each interval, the mean evaluated probability and the observed event rate were computed. Figure 6C shows a high degree of overlap between the ideal and UWES evaluative nomogram curves via the calibration curve, highlighting good agreement with the actual situation.
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FIGURE 6
 Validation of the nomogram. (A) DCA of the nomogram. Vertical and horizontal axes represent net benefit and threshold probability, respectively. The medical students had higher net benefits, especially when the low UWES probability exceeded 0.3. (B) ROC curve of the nomogram. Vertical and horizontal axes represent sensitivity and specificity, respectively. The ROC curve suggested potential evaluative discrimination and expected accuracy (Full set AUC = 0.626, training set AUC = 0.627, and test set AUC = 0.623). (C) The calibration curve of the nomogram. Vertical and horizontal axes represent the actual rate and the nomogram-predicted probability, respectively. The calibration curve showed a high degree of overlap between the ideal and UWES evaluative nomogram curves, indicating good agreement with the actual situation. DCA, decision curve analysis; UWES, Utrecht Work Engagement Scale; ROC, receiver operating characteristic; AUC, area under the curve.





4 Discussion and conclusion

Medical students’ work engagement (MSWE) refers to a positive, fulfilling, and affective-motivational state of mind experienced by medical students during their learning and practice in school or hospital (8). In addition, medical students’ work performance and productivity can be reflected by MSWE (5, 6), which is specified as vigor, absorption, and dedication. For medical students, favorable MSWE also gives rise to positive reactions toward academic learning and research (28, 29). For the educational system, it is essential to implement effective higher education by improving MSWE (28). Therefore, it is critical to evaluate MSWE during learning and identify its factors.

The Utrecht Work Engagement Scale (UWES) was utilized to evaluate MSWE quantitatively. Our previous research systematically showed that GPA had a significant correlation with SRL (15), which combines the UWES dimensions of dedication and absorption. To explore the impact of medical students’ GPA on MSWE, we conducted a cross-sectional study where GPA and the UWES scores or categories were recorded at the same time.

The Pearson’s chi-squared test and Welch’s ANOVA revealed a statistically significant association between GPA and UWES scores. The results indicated that medical students with higher GPAs tend to demonstrate greater work engagement in learning and practice. Furthermore, GPA was demonstrated to be a significant factor influencing MSWE through multivariate logistic regression analysis, after controlling for the confounding effects of gender and age. Finally, a nomogram was constructed to evaluate the possibility of low UWES scores based on GPA and key demographic information.

Having established the statistically significant relationship between medical students’ GPA and MSWE, we will further discuss the reasons why medical students with higher GPAs are able to show greater work engagement in learning and practice (Figure 7). It is crucial to clarify the concepts of GPA and MSWE before the discussion. GPA is defined as an overall evaluation of a student’s academic performance, combining multiple curriculum assessments according to a specific weighting scheme (30). GPA can also reflect capabilities such as achievement motivation, self-regulation, extensive knowledge, and interpersonal communication. The verified validity of GPA is what makes it a widely used criterion among most universities (31). In addition, work engagement can be specified into three dimensions: vigor (emotional motivation), absorption (immersion in work), and dedication (making contributions) (26). Accordingly, we will clarify the interaction between the comprehensive capabilities reflected by GPA and medical students’ content of WE.

[image: Infographic illustrating how medical students with higher GPAs demonstrate greater work engagement through factors including achievement incentive, extensive medical knowledge, self-learning regulation, and interpersonal skills, supported by strategies like optimizing evaluations, diversifying courses, cultivating active learning, and constructing interactive platforms.]

FIGURE 7
 Collection and visualization of the discussion outlining the pathways through which GPA influences MSWE, along with relevant suggestions. The medical students with higher GPAs tended to possess achievement motivation, extensive medical knowledge, strong self-regulation skills, and interpersonal abilities, all of which enhance students’ vigor, absorption, and dedication—key components of MSWE. Educational instruments are strongly recommended to optimize the evaluation system, diversify course offerings, cultivate an active learning environment, and construct an interactive platform to improve MSWE. Created in BioRender. Zhou, J. (2025) https://BioRender.com/m4vut6v, licensed under Academic License.


Initially, medical students with high GPAs often show achievement motivation in their professional field, which can be explained by the incentive derived from their past accomplishments (32). Importantly, this reflects a type of intrinsic motivation, especially when students are confronted with optimally challenging tasks. According to the theory of self-determination (33), intrinsic motivation enhances students’ vigor correspondingly once they are engaged in the work. Furthermore, students with achievement motivation are motivated by a sense of personal competence, which fosters a sense of responsibility and encourages greater engagement in work (34).

Furthermore, medical students with high GPAs are often considered to possess an extensive range of medical knowledge and clinical skills, as required by many medical schools. Such students, equipped with explicit knowledge, tend to show improvements in reaction time and execution quality (35), which can enhance their vigor for staying ahead and enthusiasm for tackling more challenges in their work. It is well known that medical students can achieve better learning outcomes via the gradual reinforcement of knowledge visualization (36). Equipped with extensive knowledge and clinical skills, medical students with high GPAs tend to concentrate on their work, rather than be frustrated by relatively burdensome tasks. Accordingly, they demonstrate a high level of absorption in learning, especially when confronted with challenges.

Meanwhile, medical students with higher GPAs are characterized by stronger self-regulation, excelling in setting appropriate goals and deploying effective strategies by drawing on a broad arsenal of metacognitive skills (15, 37). It is noteworthy that WE is not evaluated solely by the time dedicated. Instead, individuals’ efficacy and concentration during work also play a key role in evaluating MSWE. Although self-regulation enables medical students to respond quickly to changing clinical situations and adjust their treatment strategies accordingly (38), it also plays a positive role in enhancing individuals’ efficacy and concentration. Therefore, a high level of WE results from excellent medical students’ self-regulation in the form of efficient absorption.

In addition, high GPA often reflects outstanding interpersonal skills and a spirit of collaboration (39), since the evaluation of teamwork contributes to the grades of certain college courses, such as problem-based learning or case discussions in medical education (40). Furthermore, medical students with high GPAs usually unify the team through interpersonal communications, prioritizing the team’s interest above individual goals and demonstrating greater attentiveness in teamwork. Notably, team members are mutually influenced by each other. An overall atmosphere of dedication and absorption is thereby infused, which also has a counter-effect on the WE of high-GPA students.

Above all, there are numerous pathways that illustrate how GPA affects an individual’s WE. The key point is to propose practical strategies to improve MSWE. First, educational instruments are expected to optimize the evaluation system for each single course and diversify course offerings, which makes GPA a more convincing index of a student’s comprehensive capabilities. In this way, the effects of GPA on MSWE will be more explicit. Next, extrinsic motivation plays an important role in enhancing WE (41), which can be achieved by the cultivation of an active learning environment (42). Several student-centered learning modules should be advocated, including inquiry-based learning, team-based learning, case-based learning, and problem-based learning (43). Meanwhile, medical students are encouraged to engage in critical thinking and heated discussion. If needed, e-learning programs or software can also provide an interactive platform to achieve active learning (44), thus enhancing MSWE.

However, there are some limitations in our research. From the perspective of methodological limitations, due to the cross-sectional design, the study could not establish causality between GPA and work engagement. Longitudinal research is needed to examine how these variables interact over time. Furthermore, for the nomogram, its discriminative ability and accuracy are modest (AUC = 0.626), indicating that GPA alone cannot reliably predict MSWE. In fact, our primary aim was to explore associations between GPA and medical students’ work engagement, rather than to develop a robust predictive tool. The nomogram we developed served as a visualization tool for our multivariate logistic regression model, rather than a powerful predictive instrument. Anyway, it implies that we should optimize the model in the future to achieve higher accuracy in evaluation. Moreover, both GPA rankings and UWES responses were self-reported, which may introduce bias. The students may have overreported their work engagement due to perceived expectations in the questionnaire to get a higher UWES score. In addition, self-assessed academic rankings may not accurately reflect official records, which might have introduced recall bias. From a practical and cultural perspective, the nomogram is limited to serving as a preliminary screening tool to distinguish extremely low or high probabilities of MSWE, and it requires further external validation to consolidate its validity. Meanwhile, potential sampling bias should be noted. The first batch of Chinese medical schools accounted for more than half of the universities selected, which could hinder the generalizability of the findings. Within the context of the Chinese educational system, the applicability of these findings to most Western countries is limited. The strong emphasis on exam performance in China may amplify GPA’s role in medical students’ work engagement, compared to Western educational systems. Furthermore, the pressures associated with the “Double First-Class” policy may differentially affect engagement variability among mid-tier students. In addition, collectivist norms may bias the UWES responses toward dedication items while underreporting disengagement. These contextual factors suggest that GPA-based interventions may hold particular relevance in the Chinese context but would require careful cultural adaptation for application in other settings. Therefore, in the future, our team will conduct external validation across diverse medical schools to assess generalizability and incorporate objective GPA data and additional psychosocial variables to enhance evaluative power.

In conclusion, our study clarified the correlation between GPA and work engagement among medical students through a series of verifications. Although the mechanism of GPA toward MSWE requires further research and consolidation, our findings provide new insights into the reformation of medical education by enhancing MSWE.
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Background: Postgraduate medical training often lacks clearly defined, assessable outcomes. Entrustable professional activities (EPAs) have emerged as a promising framework for competency-based training, aiming to improve transparency, accountability, and efficiency in specialist education. This systematic review investigates the current development status of EPA-based curricula in orthopedic and neurosurgical spinal surgery and highlights their potential to address educational challenges in this high-stakes field.
Methods: A systematic review was conducted combining database studies (PubMed and Embase) and gray literature screening through professional societies’ websites and direct inquiries. Two reviewers independently screened, extracted, and synthesized the data. Given the anticipated heterogeneity among the included studies, a narrative synthesis was performed, while a quantitative synthesis was not feasible. No formal risk-of-bias assessment was conducted; however, potential sources of bias related to language, scope, and publication period were acknowledged and discussed.
Results: Out of 15,768 initial records, only 4 relevant papers were identified. The EPAs in these studies were developed primarily through expert consensus methods such as modified Delphi or nominal group techniques. Additionally, among the 10 professional societies analyzed, only the AO Foundation (AO Spine) and the Royal College of Physicians and Surgeons of Canada provided explicit EPA frameworks for spinal surgery, contributing together to 26 EPAs. The limited number and heterogeneity of sources underscore the exploratory nature of this review and the current lack of standardized, spine-specific EPA curricula.
Conclusion: EPA-based curricula in spinal surgery remain largely undeveloped. While conceptual frameworks exist, their implementation into structured residency programs is still in its infancy. This review provides a foundational overview of the existing EPAs and methodological approaches, offering a reference point for future curriculum development. Collaborative initiatives among professional societies are strongly encouraged to define, validate, and implement specialty-specific EPAs for spinal surgery, fostering competency-based education and improving training outcomes.
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1 Background

The quality of postgraduate training for medical professionals is a key factor in the effectiveness of the healthcare system. A significant pillar of this training is known as “workplace learning,” which comprises practical work as a resident, theoretical work to further education courses, and self-study (1). Various “enablers” and “challengers” that either assist or hinder the learning process have been identified, often acting as bottlenecks (1). It was highlighted that active involvement in tasks is a positive aspect, but there is often an inappropriate level of responsibility placed on the learner, either too much or too little (1). Unclearly defined training goals or a lack of these goals also pose a substantial hurdle to the learning success of prospective doctors (1).

However, from the perspective of medical education research, these aspects can be influenced by an adequately structured specialist’s curriculum or appropriate teaching methods. In this study, the concept of “Entrustable Professional Activities,” or EPAs for short, is potentially highly valuable. More recently, those responsible for teaching in medical education have been giving growing attention to them, which represent a didactic concept that aims to create a competency-based training curriculum with a focus on acquiring specific, pre-defined competencies resulting in a more flexible training duration (2). The major characteristic of EPAs is the gradual decrease in the level of supervision until learners can eventually perform tasks entirely independently. This occurs at five levels, starting with level 1, which allows the learner to be present and observe, up to level 4, which attests to complete independence for the first time. Finally, level 5 additionally permits guiding younger learners independently (2, 3). It is crucial to emphasize that EPAs should not merely be viewed as learning objectives, as they represent specific professional activities (4). Thus, the entirety of EPAs, each representing a multitude of professional activities, collectively defines a profession, making a direct contribution to the healthcare system (2). By focusing a corresponding teaching concept primarily on acquiring competencies, it could contribute to shortening the training time for faster learners without reducing the quality of trained doctors (5). In general, substantial savings have already been reported when considering the entire medical education (6). Such a system would not only benefit medical students but also teaching staff and other employees and colleagues. They could clearly see which tasks may be performed with what degree of autonomy, thereby defining responsibilities clearly while simultaneously creating the possibility of evaluability (2, 4). In Europe, this concept received particular attention at the Charité in Berlin, where a study was conducted, ultimately identifying 12 central EPAs in 7 distinct categories (3).

However, when searching for Entrustable Professional Activities (EPAs) specific to specialist surgical training areas, it is observed that the majority of publications predominantly focus on EPAs in the domain of general surgery (7). Other surgical specialties or subspecialties, which include neurosurgical or orthopedic spinal surgery, have not yet been defined. This is despite the significant risk of these procedures, such as irreversible neurological damage, highlighting the need for an optimal training curriculum (8). Considering the medical-economic pressure, the professional training challenge of spinal surgery, and the possibility of promoting transparency and autonomy for aspiring doctors through EPAs, this study investigates the following research question: What is the current development status of curricula for orthopedic and neurosurgical spinal surgery based on EPAs?



2 Methods

To answer the research question, a systematic review was conducted, which included database research as well as a targeted gray literature strategy via professional societies, involving website searches and direct email outreach. Two reviewers screened titles and abstracts independently, as well as full texts, and two reviewers extracted data independently. Disagreements were resolved through discussion and, when necessary, with the help of a third reviewer.

Given the anticipated heterogeneity among the included studies, a narrative synthesis was planned, and a quantitative synthesis was not performed, as substantial methodological and outcome heterogeneity would obscure key comparative aspects.

No formal risk-of-bias assessment was conducted; however, potential biases related to language restriction, scope, and publication period were acknowledged and discussed within the limitations. Nevertheless, study design, context, and methodological transparency were narratively appraised to support interpretation. This review was not prospectively registered in PROSPERO or any other review registry.


2.1 Literature research

For the purpose of a thorough search of the existing literature on EPAs in orthopedic and neurosurgical spinal surgery, the PubMed and Embase databases were used. The following search terms were used in PubMed: “(EPAs) AND (neuro surgery),” “(Entrustable professional activities) AND (neuro surgery),” “(EPAs) AND (spine surgery),” “(Entrustable professional activities) AND (spine surgery),” “(EPAs) AND (orthopedic surgery),” and “(Entrustable professional activities) AND (orthopedic surgery)”; additionally, articles from the year 2005 onward were filtered because of their initial conceptualization in that same year. Duplicates were accordingly removed before evaluation, considering the following inclusion criteria: English or German languages, explicit mention of EPAs, and direct reference to spinal surgery from an orthopedic or neurosurgical perspective. At the same time, the following exclusion criteria were applied: Articles that discuss the necessity of Entrustable Professional Activities (EPAs) without providing specific recommendations for EPAs. This research took place from September 2023 to October 2025.



2.2 Medical professional societies

To increase the amount of literature about this topic, the websites of various professional societies, including their publications and direct statements obtained via email from these societies, were also included. The following professional societies were considered: German Society for Orthopedics and Orthopedic Surgery (DGOOC), German Society for Neurosurgery (DGNC), Swiss Institute for Medical Further and Continuing Education (SIWF), Swiss Society for Orthopedics and Traumatology (SGOT), American Board of Orthopedic Surgery (ABOS), American Board of Neurological Surgery (ABNS), North American Spine Society (NASS), American Association of Neurological Surgeons (AANS), Royal College of Physicians and Surgeons of Canada and the “Arbeitsgemeinschaft für Osteosynthesefragen (AO) Foundation, AO Spine.” In selecting the professional societies, an effort was made to gain a broad perspective by encompassing various geographical locations, reflecting both orthopedic and neurosurgical aspects of spinal surgery, and illustrating specific medical didactics. Furthermore, all institutions are representative in their fields of expertise and are among the largest and most relevant.

For the publication-database search of professional societies, the term “Entrustable professional activities” was used from 2005 onward. As some websites did not allow filtering for publications only, all search results were included. This research took place from September 2023 to October 2025. Figure 1 visualizes both research approaches.
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FIGURE 1
 PRISMA 2020 flowchart of the publication screening and selection process.





3 Results


3.1 PubMed search

After searching with the above terms, a total of 15,768 papers were found, with the number decreasing to 8,632 after the removal of duplicates. Ultimately, only four papers were included.

One of the papers developed EPAs based on existing orthopedic competencies, ultimately presenting a list of 49 EPAs for orthopedics, of which 4 were related to the spine, using a modified Delphi methodology (9). This paper included the following EPAs:


	• Management of the patient with spinal cord injury

	• Management of the patient with cauda equina injury

	• Management of the patient with a lumbar herniated disc

	• Management of the patient with spinal infection (9)



The second paper developed a competency-based European curriculum for neurosurgery through a competency-based, consensus-driven process following the European Union of Medical Specialists standards, involving expert consultation and iterative revisions within European neurosurgical education bodies. In total, five EPAs were embedded in the curriculum, of which one explicitly mentions spinal surgery and a second one may include spinal surgery as a “special interest training” (10). The following EPAs were listed:


	• Emergency on-call neurosurgery (including the performance of cranial, spinal, peripheral nerves [where available], adult and pediatric neurological surgery)

	• Elective operative neurosurgery (including advanced technical skills in one or two special interest areas) (10).



In the third paper, EPAs were developed through an expert consensus process led by the Training and Education Committee of the Korean Neurosurgical Society, incorporating input from various subspecialty societies to define. The program defines the final competencies expected of a neurosurgeon and specifies the corresponding core competencies and EPAs to achieve them. Its structure comprises 7 final competencies, 4 core competencies, 10 EPAs, and 12 key neurosurgical procedures, forming the foundation of a competency-oriented training framework (11).

In this program, several of the EPAs formulated reflect the general management of neurosurgical patients; however, only the “EPA 4: neurosurgical procedures available: decompressed laminoplasty” is directly related to the EPAs relevant to spine surgery (11).

In the fourth paper, relevant EPAs were identified using a multistep nominal group technique involving experienced neurovascular specialists and a medical educator, with iterative feedback rounds until consensus was achieved. Although this study focuses on vascular neurosurgery, one of the formulated EPAs, “Spinal Dural Arteriovenous Fistula,” is included here due to its direct anatomical relevance to the spine. The remaining EPAs, however, primarily cover general preoperative and postoperative management as well as other surgical skills not directly related to the spine (12).

Finally, it is noteworthy that the EPA selection from the AO Spine Curriculum (13) was made explicitly due to its direct relevance to the surgical aspect of spinal surgery. Nevertheless, additional EPAs were listed that should not be viewed as either “exhaustive” or “exclusive” according to the curriculum, but rather as examples illustrating spinal surgery (13). For this reason, some EPAs are mentioned that do not directly contribute to surgical training but also exemplarily represent other aspects of teaching, quality management, or the billing system (13). The more general nature of the EPAs, which belong to the holistic profession, was the reason for excluding these and focusing on the operative ones. It is also worth noting that the so-called Core-EPAs, upon which the curriculum is based, are also not mentioned due to their general nature (13). The selected EPAs are as follows:


	• Assessment of and consent from the preoperative patient

	• Position the patient

	• Perform a preoperative team briefing

	• Perform the procedure safely

	• Document the procedure

	• Transfer the patient to the recovery area

	• Check the patient postoperatively (13)





3.2 Results of the professional societies search

Table 1 summarizes all results of the professional societies search in detail. Notably, out of a total of 10 professional societies, only 2 had specific publications in their database that address EPAs in spinal surgery. Only three other societies yielded results related to EPAs, but none of them were related to spinal surgery. Of these three, the SIWF featured a dedicated website tab for EPAs and, from 2005 onward, had the highest number of search results with 120 publications; however, none specifically addressed spine surgery. Only the Royal College of Physicians and Surgeons of Canada, as well as the AO Foundation, AO Spine, with their AO Spine Curriculum Second Edition, defined EPAs for spinal surgery, totaling 26 (13–15). Notably, the Royal College of Physicians and Surgeons of Canada provides an extensive selection of EPAs across multiple fields of specialization, contributing 19 of the 26 EPAs identified. Here, both neurosurgical EPAs related to the spine and orthopedic EPAs were identified, resulting in duplication, as the EPA “Applying external spinal fixation and/or traction” appears in both the orthopedic and neurosurgical contexts. Table 1 summarizes all EPAs that have been found during this research process. Furthermore, Table 2 provides an overall summary of all studies and documents that have been identified.


TABLE 1 List of professional medical societies and their publications on entrustable professional activities (EPAs).


	Professional society
	Database research
	Inquiry

 

 	AO Foundation, AO Spine 	A total of two publications, one of which has a direct relation to EPAs in spinal surgery. 	No additional inquiry necessary.


 	German Society for Orthopedics and Orthopedic Surgery (DGOOC) 	A total of three search results, but none related to EPAs. 	No response to our inquiry.


 	German Society for Neurosurgery (DGNC) 	No publications. 	There is no such catalog from the NCA to date.


 	Swiss Institute for Medical Further and Continuing Education (SIWF) 	There is a total of 120 search results for the term “Entrustable Professional Activities,” none of which were related to spinal surgery EPAs. 	Pending response from the spine subgroup.


 	Swiss Society for Orthopedics and Traumatology (SGOT) 	No publications. 	No preliminary work is in progress, let alone finalized. However, there is a planned implementation set for 2027.


 	American Board of Orthopedic Surgery (ABOS) 	No publications. 	No direct research, but partners with researchers.


 	American Board of Neurological Surgery (ABNS) 	No publications. 	No response to our inquiry.


 	North American Spine Society (NASS) 	No publications. 	There is no EPA-based training provided by NASS, and none is currently being developed.


 	American Association of Neurological Surgeons (AANS) 	There was a total of three publications, but only two of them were related to the topic of EPAs. However, none of them were related to spinal surgery. 	No response to our inquiry.


 	Royal College of Physicians and Surgeons of Canada 	Multiple EPA guidelines for different fields of specialization are available. 	No additional inquiry necessary.




 


TABLE 2 Summary of explicitly named entrustable professional activities (EPAs) from the PubMed search and the professional societies search.


	Source
	EPAs identified
	Setting/Method

 

 	Watson et al. (2021) (9) 	Management of the patient with spinal cord injury 	Modified Delphi methodology.


 	Management of the patient with cauda equina injury.


 	Management of the patient with a lumbar herniated disk.


 	Management of the patient with spinal infection.


 	Whitfield et al. (2023) (10) 	Emergency on-call neurosurgery (including crania, spinal, peripheral nerve, adult, and pediatric neurological surgery). 	Competency-based, consensus-driven process following the European Union of Medical Specialists standards, involving expert consultation and iterative revisions within European neurosurgical education bodies.


 	Elective operative neurosurgery (including advanced technical skills in special interest areas).


 	Park et al. (2025) (11) 	EPA 4: neurosurgical procedures available: decompressed laminoplasty. 	Expert consensus process led by the Training and Education Committee of the Korean Neurosurgical Society, incorporating input from various subspecialty societies to define.


 	Van Lieshout et al. (2023) (12) 	Spinal dural arteriovenous fistula. 	Multistep nominal group technique involving experienced neurovascular specialists and a medical educator, with iterative feedback rounds until consensus was reached.


 	AO Spine Curriculum (13) 	Assessment of and consent from the preoperative patient. 	Consensus process using the Delphi method.


 	Position the patient.


 	Perform a preoperative team briefing.


 	Perform the procedure safely.


 	Document the procedure


 	Transfer the patient to the recovery area.


 	Check the patient postoperatively.


 	Royal College of Physicians and Surgeons of Canada – Orthopedic EPAs (15) 	Applying external spinal fixation and/or traction. 	Royal College Specialty Committee–led expert consensus under the Competence by Design framework; national stakeholder consultation and iterative revisions.


 	Performing primary posterior instrumented spine fusions.


 	Performing laminectomy/decompression.


 	Performing posterior spinal column exposure and closure


 	Royal College of Physicians and Surgeons of Canada – Neurosurgery EPAs (14) 	Providing initial management for patients with a spinal emergency. 	Royal College Specialty Committee–led expert consensus under the Competence by Design framework; national stakeholder consultation and iterative revisions.


 	Applying external spinal fixation and/or traction.


 	Performing midline posterior subaxial spinal column exposure and closure.


 	Providing neurosurgical consultation for patients with non-urgent spinal conditions.


 	Providing definitive management for patients with spinal emergencies.


 	Performing lumbar laminectomy (JC).


 	Exposing the anterior cervical spine (JC).


 	Performing lumbar microdiscectomy (SC).


 	Performing posterior cervical or thoracic decompression (SC).


 	Performing anterior cervical decompression (SC).


 	Performing procedures utilizing spinal instrumentation, including posterior subaxial, posterior thoraco-lumbar, occipito-cervical, and anterior cervical (SC).


 	Providing surgical management of spinal intradural lesions (SC).


 	Neurosurgical consultation for patients with non-urgent cranial and spinal vascular conditions.


 	Providing neurosurgical consultation for patients with urgent cranial and spinal vascular conditions.


 	Performing spine procedures for pediatric patients.




 




4 Discussion

This study explored the current developmental status of EPA-based curricula in orthopedic and neurosurgical spinal surgery. This inquiry is motivated by lengthy and costly training periods in medical education, which could potentially be shortened through the innovative concept of EPAs. To investigate this, a systematic review was conducted, including searches of the PubMed and Embase databases and contact with numerous professional societies.

The results, more specifically the lack of results, of the exploratory question indicate that while the “EPAs” concept is highly popular, it has only been sporadically integrated into further education. In particular, at the beginning of medical residency, more tangible information can be found. Despite the large number of initial results, only four ultimately relevant papers underscore the topic’s popularity while also reflecting the limited specificity of existing studies. The paper sets their EPAs as benchmarks for future curriculum designs, indicating that actual implementation into the daily training routine of doctors has only been carried out in terms of theoretical preparatory work or is in a very early stage of implementation. In line with this finding, it is important to note that these frameworks remain largely conceptual, with little documented evidence of implementation or measurable educational outcomes to date. This highlights that the identified EPA structures reflect a developmental or aspirational stage rather than an established educational practice.

A comparable picture is provided by the professional societies. Several societies appear interested in EPAs, but only the “AO Foundation, AO Spine” and the “Royal College of Physicians and Surgeons of Canada” provide actual work on spine surgery EPAs. The remaining societies either have not provided current work on EPA-based curricula, or no evidence was found in their databases. This further underscores the lack of publications on this topic, thus underlining the relevance of the research question and clearly demonstrating that EPA-based curricula in spinal surgery represent a gap in research. However, the limited number of sources constrains the generalizability of our findings. As such, this review primarily reports the existence of a curricular gap rather than assessing the quality or effectiveness of proposed EPA-based training structures.

This limited integration of EPA-based curricula in spinal surgery may, in part, be explained by the inherent complexity and resource demands of EPA implementation. While EPAs offer a promising extension of competency-based training (16), their development requires both the translation of medical knowledge into observable, measurable competencies and significant personnel investment—particularly in the early, supervision-intensive stages of training (2). In highly specialized fields such as spinal surgery, where precision and safety are paramount, institutions may be hesitant to adopt novel frameworks without robust implementation strategies. Furthermore, the flexibility EPAs introduce—allowing for shortened or extended training durations—may pose logistical and financial challenges in structured hospital environments (2). Compared to broader fields such as general surgery, which have already begun to incorporate EPAs more widely, subspecialties such as spine surgery may lag behind because of slower curriculum reform and the added complexity of defining and validating specialty-specific EPAs (2).

To bridge this gap, we recommend using the results of this study as a starting point to have an initial collection of current EPAs for spinal surgery. To specify more EPAs, the approach of Watson et al. (2021) would be suitable to derive an expert consensus on spinal EPAs from a preliminary EPA list using their modified Delphi methodology, ensuring a comprehensive representation of spinal surgery. Furthermore, we specifically recommend using Ten Cate’s eight sections for a complete EPA description (2), as describing them through so-called “nested EPAs”—that is, EPAs within an overarching EPA—appears particularly useful in the context of spinal surgery. Finally, research and development among professional societies should be encouraged. Especially the current EPAs of the “AO Foundation, AO Spine” and the “Royal College of Physicians and Surgeons of Canada” could be used to start a collaborative effort to further or even newly develop EPAs.

In interpreting the results of this systematic review, it is important to keep in mind that only German and English literature was included. However, this decision was made because the first competency-based postgraduate medical training programs originated from Canada’s CanMEDS competencies and the ACGME in the USA (17, 18). Additionally, Switzerland is a pioneer, as it introduced a competency-based catalog in 2017, called PROFILES, at least for medical education, which includes not only the CanMEDS framework but also specific EPAs (19, 20). Nevertheless, publications in other languages, such as French, Spanish, or Chinese, could provide valuable insights into further EPAs, which is why future research in this regard should be undertaken. The narrow focus on spinal surgery also leads to fewer findings; however, explicitly due to the high relevance of this field and its potentially fatal consequences in case of errors, the search was conducted so strictly and closely. Finally, filtering from 2005 onward is also a limitation, but it was chosen due to the introduction of the specific didactic methodology of EPAs by Cate in the same year (16). Overall, a practically unexplored field of EPAs for spinal surgery is emerging, whereas this situation could also apply to other specializations, which should be the subject of future research. It will be necessary not only to advance the implementation of general EPA-based curricula but also to become more specific, particularly in the context of specialist medical training.



5 Conclusion

This systematic review has shown that the literature on EPA-based curricula in spinal surgery is scarce, and professional societies are equally sporadic in their current work on corresponding educational concepts. In the context of the promising potential of EPAs and the time-consuming, costly nature of medical training, further research and implementation efforts are warranted. Together with the results and the suggested potential EPAs for this discipline, this systematic review offers a benchmark for future studies and aims to encourage continued research in the field of spinal surgery.
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Items The content of the questionnaire

Personal information Lage

2.Gender
Students'recognition of 3. You think it is necessary to integrate ideological and political content into the professional course of Otolaryngology.
Lo 4. You have a good understanding of the spiritual beliefs, moral qualities, and professionalism that medical students need to have.

5. You have a good understanding of what ideological and political education needs to be implemented in the medical professional curriculum.

6. Combined with the major, what do you think are the most important spirit, quality and

racy for you? (select 5)

a. Professionalism b. Professional ethics c. Patri

ism d. Respect for lfe ¢. Humanistic spirit . Dedication g. Service consciousness h. Legal
consciousness i. Humanistic care j. Scientific spirit k. Crafismanship spirit . Integrity and innovation m. Teamwork n. Cultural self-confidence o.

honesty and trustworthy

Students’ evaluation of 7. In Otolaryngology course, you deeply feel the integration of the ideological and political content of the course.
integrating ideological 8. You are very interested in the ideological and political content integrated into Otolaryngology course.
content into case-based

9. You believe that the current ideological and political content in Otolaryngology course i rich and comprehensive.
professional courses
10. You believe that integrating ideological and political content and case-based teaching in Otolaryngology course is done in a subtle and natural
way, without feeling abrupt.
11. Combining with your major, which three of the following methods for CIPE do you most recommend?
a. Teacher-led instruction based on course content

b. Clinical case analysis

c. Clinical scenario si

wlation teaching
d. Group discussion

e. Problem-oriented debate in a free context
g Video resources

Students' feeling of the 12, CIPE has enhanced my motivation and enthusiasm for learning Otolaryngology.

integration of ideological

13. CIPE in Otolaryngology course has improved my professional competence and ethics.

content into professional N X X
14, CIPE in Otolaryngology course has strengthencd my commitment to medical practice.
courses

15. CIPE in Otolaryngology course has helped me establish correct lfe perspectives and values.

16. CIPE in Otolaryngology course has helped me recognize my shortcomings and unleash my potential.

17. This teaching method and it effectiveness surpass traditional one and are suitable for widespread implementation.
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Group Very satisfied Satisfied Neutral Dissatisfied Overall satisfacti

Control Group (1 = 180) 90 (50%) 45 (25%) 14(7.8%) 31(17.2%) 135 (75%)
Observation Group (1 = 186) 135 (72.6%) 38 (20.4%) 13.7%) 00 173 (93%)
pel 36 438

p-Value 003 0.024
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Articles

Courses

Research
sample

Teaching objectives

Case content

Ideological and political
elements

Chenetal.
(2024)

Duetal.
(2023)

Yang etal.
(2023)

Jiangetal.
(2025)

Internal
Medicine—
Taking
hyperthyroidism

asan example

Medical
Information
Retrieval

pediatric nursing
teaching

Pharmacology

209 clinical medicine
undergraduates in
internal medicine
dlerkship

171 undergraduates
from different

medical majors

226 third-year
undergraduate

nursing students

34 students from the
2017 cohort and 36
students from the
2018 cohort

Master the etiology
classification, pathogenesis,
clinical manifestations
(including special clinical
features), diagnosis, differential
diagnosis, and treatment
principles of hyperthyroidism.
Understand the introduction to
library resources, CNKI
database, and Wanfang

database.

1.Growth and development,
and pediatric health care:
2neonatal care

3.nursing for children with

discases of various systems

Master the pathogenesis and

clinical characteristics of peptic

ulcer.

“The patient has been
experiencing heat intolerance
and excessive sweating for

2 months, along with

hypocholesterolemia

COVID-19 prevention and
control and the application of
artificial intelligence in the

Beijing Winter Olympics.

For example, Neonatal
jaundice

Taking Chapter 32, ‘Drugs for
the Treatment of Peptic Ulcer'
from the textbook as an

example.

“The scientific spirit of exploration, the
spirit of ‘unity and cooperation—
multidisciplinary collaboration; and
the concept of for medical
practitioners, compassionate heart and
skillful hands?

‘The pursuit of values and career
development, medical ethics and skills,
humanistic spirit, national sentiment
and social responsibility, scientific
spirit, and honesty and integrity.
1Professional identity and sense of
responsibility

2.Spiritual civilization

3 Humanistic lteracy

Synergy, teamwork, professional sense
of mission, cherishinglife, and social

responsibility for drug safety awareness.
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Perceived satisfaction with the course content (N = 34)

Satisfied 30 (88.24%)
Basically satisfied 4(11.76%)
Neutral 0
Mostly unsatisfied 0
Completely unsatisfied 0
Perceived difficulty of the course (N = 34)

Very easy 4(11.76%)
Basically easy 14 (41.18%)
Neutral 16 (47.05%)
Basically difficult 0
Very difficult 0

Perceived interest in the course (N = 34)

Interesting 24(70.59%)
Neutral 10 (29.41%)
Boring 0

Ranking score of modules based on perceived utility of the course (N = 30)

Mean Standard deviation  Statistics

Health and Medicine Knowledge 416 091 Kruskal-Wallis H test between different contents
Public Health Knowledge 356 101 x=6662

p<0.001
Public Health Methodology and Philosophy 303 101
Proper View on Health Issues 290 145
Values Education 133 038
Ranking score of segments based on perceived difficulty of the course (N = 33)
Public Health Fundamentals and Population Research Methods 203 131 Kruskal-Wallis H test between different
Chemical Safety and Health 264 086 segments

x=2163
Diet, Nutrition, and Health 215 L12 £

p<0.001
Immunology, Microbiology, and Infectious Diseases 318 101
Ranking score of segments based on perceived interest of the course (N = 33)
Public Health Fundamentals and Population Research Methods 258 1.20 Kruskal-Wallis H test between different
Chemical Safety and Health 254 1.00 segments

7=916
Diet, Nutrition, and Health 285 097

p=0027

Immunology, Microbiology, and Infectious Diseases 203 118
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The primary reason for electing the course (N = 34)

For the Credit 7 (20.58%)
For Health and Medical Knowledge 17 (50.00%)
For Public Health Knowledge/Concepts 9 (26.47%)
Other 1(2.94%)

Do you expect the following content in the course? (N = 34)

Health and Medical Knowledge 29 (85.29%) Chi-squared test
Public Health Knowledge 21 (61.76%) between different
et
Public Health Methods 11(32.35%) contents
£=1991
Public Health Concept 19 (55.88%) p<0.001
Biological Knowledge 20/(58.82%)

Do you think the content should be increased/decreased?
=34

Personal Health/Medical Knowledge Increase 18 (52.94%)
Maintain 16 (47.06%)
Decrease 0
Public Health Knowledge Increase 13 (38.24%)
Maintain 20 (58.82%)
Decrease 1(294%)
Public Health Methodology and Increase 8(23.53%)
Philosophy Maintain 26 (76.47%)
Decrease 0
Proper View on Health Issues Increase 14 (41.18%)
Maintain 20 (58.82%)
Decrease 0
Values Education Increase 5(14.71%)
Maintain 25(73.53%)
Decrease 4(11.76%)

Do you suggest increasing/reducing the proportion of flipped
classrooms? (N = 34)

To increase 1(294%)
To maintain the status quo 32(94.12%)

To reduce 1(2:94%)
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Do you think your major is relevant to public health?
(N = 34)

Before the course  After the course

Irrclevant 13.(38.24%) 5(1471%)  Chi-squared test
Indirect 21(61.76%) 27(7941%) | beforeandafier
the course.
Direct 0 2(5.88%)
7=6306
p=0013

Are you willing to devote yourself to public health in the
future? (N = 34)

Yes 7(20.59%)
No 2(5.88%)

Undlear 9(26.47%)
Yes, but unable to do 16 (47.06%)

Have you ever taken/are currently taking/plan to take other
public health or health-related courses

Yes 7(20.59%)
No 26 (76.47%)

Unclear 1(2.94%)
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Segments

Public Health Fundamentals
and Population Research
Methods

Chemical Safety and Health

Diet, nutrition, and Health

Immunology, Microbiology,

and Infectious Diseases.

“Teaching content: 1. Health and M

Course n:

Overview of Public Health 2
History and Frontiers of Public Health 2
Introduction to Preventive Medicine 2
Research Methods for Population-based study 2
Healthy Lifestyle and Diseases 2
Group Presentation and Discussion (1) 2
Chemical Pollution and Prevention 2
Environmental Hygiene and Health 2
‘The Concept and Content of Food Safety 2
Nutrients and the Nutritional Value of Food 2
Nutrition and Disease 2
Dietary Guidelines for Chinese Residents 2
Group Presentation and Discussion (2) 2
Microorganisms and Immunity 2
Antibodies and Vaccines 2
Bacterial Food Poisoning 2
Group Presentation and Discussion (3) 2

Class hours

Teachin

Teaching
Teaching
Teaching
Teaching
Teaching
Flipped classroom
Teaching
Teaching
Teaching
Teaching
Teaching
Teaching
Flipped classroom
Teaching
Teaching
Teaching

Flipped classroom

ethods

Teaching content
2,3,and5

1,2,3,and5

2and3

14

14

1.2,and 4
1,2,4,and5

2.4,and5

icine Knowledge; 2. Public Health Knowledge; 3. Public Health Methodology and Philosophy; 4. Proper View on Health Issues; and 5. Values Education.
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2 weeks.
before class
starts

16 Weeks,
Biweekly, 4
Hrs/Session

2 Weeks
after

Teacher

Student

Teacher

Student

Teacher

Student

Publish teaching PPTs and micro-
video resources

Study the provided learning
materials
Complete pre-class quizzes

Demonstrate gross specimens.
and slide specimens

Answer students' in-class
questions

Summarize and highlight the
key points of the lesson

Observe pathological specimens
Ask questions freely

Provide online Q&A support

+ Submit pathology lab reports
+ Complete post-class case
assignments (2 cases)

Publish teaching PPTs and micro-video
resources

Share clinical cases used during class
instruction

Study the provided learning materials
Complete pre-class quizzes

Display gross specimens and slide
preparations

Provide CPC reviews

Summarize and emphasize key points
of the course

Observe pathological specimens
Group discussions on clinical cases

Provide online Q&A support

« Submit pathology lab reports
* Complete post-class case assignments
(6 cases)
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Derivation

Validation

De-novo development of a guideline for the
focus group discussion

'

Conduction of qualitative
group discussions, verbatim transcribtion

'

Anonymization, screening and examination
of the qualitative material

l

Selection of case examples,
detemination of analysis

I

Paraphrasing, generalisation,
reduction and summary

\ 4

Inductive derivation of a category system

A

v Crosscheck of inductively formed
categories with the matenal

v' Validation of results in an
interdisciplinary research workshop
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Items
1. Limitations of laboratory space and instruments

2. Insufficiency of funding support
3. Insufficient time of students

4. Insufficient time of teachers

5. Evaluation policy of university

6. Shortcomings in basic knowledge and research advance
7. Changes of learning methods.

8. Shortcomings in research methods and experimental skills
9. Lack of team collaboration

10. Lack of self-confidence.

000 10 200 300 400 500 00
Strongly disagree Strongly agree
Likert Scale of Agreement
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Experimental design
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Before After

Research project applications
and management
ns -
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Dimension Reform group (mean Traditional group (mea

Do you think that practical teaching is helpful with regard to learning theoretical 4.66 4.57 0310
knowledge?

Are you satisfied with the practical curriculum system for the professional core 4.59 441 0.069
courses?

Do you think that practical teaching is helpful with regard to cultivating 4.58 4.43 0.160
innovative ability?

Are you satisfied with the quality of the teaching staff for practical teaching? 4.64 4.43 0.034*
Are you satisfied with the facilities and equipment used in the practical teaching 455 441 0.183
process?

Are you satisfied with the assessment method for practical teaching? 4.56 4.37 0.057

*Represents statistical significance, specifically: *p < 0.05.
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Population Pre-intervention Post-intervention

N (%) Mean + SD N (%) Mean + SD
Median Median
Strongly Disagree Neutral Agree Strongly (IQR) Strongly Disagree Neutral Agree Strongly (IGR)
disagree (2) (3) (4) agree disagree ) (3) (4) agree
(1) (5) (1) (5)
1. Knowledge 3254120 4194096
School students 104(99) 1320126) | 326(1) | 37021 152(145) 18(1.7) 50(438) 14(36) | BSGL)  501(47.7) 0,001
about the 3 4
locomotor 3754095 4034082 .
School teachers 0(0) 40125) 7QLY | 14@8) 7018 0(0) 2(63) 4025) 763D 9(81) 0,004
system 403) 4(3)
3114125 4024096
Schoolstudents | 130(124)  246(235) | 219(208) | 271(258)  185(17.6) %23 60(57) 152(145) | 4242 373(355) 0,001+
2 Knowledge 30) 4()
about MSKD 416+0.63 4.68+0.59
School teachers 0(0) 000) 4025 | 19(94) 9081 o 0(0) 0(0) 2(63) 6188) 24(75) s 0,001
3334126 4054099
3 Knowledge  Schoolstudents  165(157)  167(159) | 247(235) | 267(254)  205(195) 50 20 57(5.4) 191082)  343(326)  428(407) 0 0,001
about physical
4274068 4824047
therapy School teachers 0(0) 162 162 18G9 12013) o 0(0) 0(0) 162 4025 27(343) o 0,001+
4. Knowledge 3264129 4324089
Schoolstudents  130(124)  125(119) | 216(205)  284(27) | 296 (28.1) 39(37) 72(68) 167(159)  406(386) 367 (349) 0,001
about MSKD 30 5()
pevenonand | 4184093 4754057 -
slftreament | School teachers 162) 162) 2(63) 15468 13405 . 0(0) 0(0) 2(63) 4025 26(812) s 0,004
5. Self-body 3724101 4244081
Schoolstudents | 139(132)  159(15.1) | 269(256) | 249(237)  235(224) 15(1.4) 27(26) 1350128)  298(284)  576(548) 0,001+
awareness in 42 4
different 413£091 4445076
- School teachers 162) 162) 2(63) 16(50)  12(37.4) 0(0) 162 2(63) 1G44)  18(562) 0,002+
situations. 4Q) 52)
6. Knowledge 3594125 4304090
School students 55(52) 121(115) | 260(247) | 328(312)  287(27.3) 3(03) 30(28) 143(136) | 406(38.6) 469 (44.6) <0001
about MSKD 4) 5(1)
derived from
3474107 4544076
inadequate School teachers 2(63) 40125) 70219 | 14@8) 5056 0(0) 162 2(63) 8(25) 21(656) <0.001%4
postures. 405 503)
3444122 4224097
7-Usefulnessof ot udents | 10297) 135128) | 256(244) | 293(279)  265(252) 212 S4GD) | 209(199) 412092 355(38) <0001+
knowledge on 4 5
MSKD 408 £0.78 454076
. School teachers 0(0) 2(63) 2063 19694) 981 0(0) 0(0) 162 9(81)  22(688) 0,002+
prevention. 4 50)
8. Interest in 3604117 441091
School students 82(78) 1320126) | 209(199) | 322(306)  306(29.1) 15 (14) BEY 1320125)  313(298)  558(53.1) <0001
MSKD 4) 5()
prevention 4314065 4504062 -
e School teachers 0(0) 000) 3(94) 16(50)  13(406) . 000) 0(0) 2063) 12075 18(562) 0 0031
280(267) 259 (246) 3594125 18(1.7) 51(48) 146(139)  296(281)  540(51.4) 3945105 <0001+
9. Curiosity School students 93 (88) 148 (141) | 271(258)
4(2) 42)
about MSKD
prevention, School teachers 0(0) 162) 162) 1(343) | 19(594) 4504072 0(0) 0(0) 162) 60188)  25(78.1) 4754051 0,008+
50) 52
10. Disposal to School students 68(65) M1(134) | 243(231) | 299(284)  300(286) 3554119 18(17) 2908 n7QL) 20213 663(63.1) 3974096 <0014
advise others 4) 42
sbout the School teachers 13.2) 5(15.6) 7(21.9) 15(46.9) 4(125) 350+ 1.02 0(0) 2(63) 5(15.6) 16 (50) 9(28.1) 4.00 £ 0.80 <0.001%
aoquired 44 40
knowledge

MSKD, musculoskeletal disorders; SD, standard deviation; IQR, interquartile range.
p <0.05; **p < 0.001.'Using paired Student’s r-test; *Using Wilcoxon signed-rank test.
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Metric Value

1 Cronbach’s & 0.987
2 KMO value 0.948
3 Bartlett’s test statistic 60.772
4 Bartlett’s test p-value 0.0005*

*Represents statistical significance, specifically: *p < 0.05.
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Variable Reform  Traditional p-value
teaching teaching
(n=96) (n=92)
Gender Male 27(28.12%) | 26(28.26%) 0.651
Female 69 (71.88%) | 66 (71.74%)
Origin In-province 87(90.62%) | 86(93.48%) 1.000
Out-province 9(9.38%) 6(6.52%)
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Core course Dimension Reform group (mean) = Traditional group (mea
Epidemiology Course content 4.69 4.51 0.076
Teaching methods 4.72 458 0.205
Teaching effectiveness 4.70 453 0.080
Health statistics Course content 4.65 4.43 0.043*
Teaching methods 474 450 0.010*
Teaching effectiveness 471 4.46 0.013*
Instrumental analysis Course content 4.64 435 0.016*
Teaching methods 4.64 438 0.043*
Teaching effectiveness 4.61 438 0.036*
Virology testing Course content 4.60 4.42 0.066
Teaching methods 4.60 439 0.030*
Teaching effectiveness 4.61 437 0.032*
Food physical and chemical inspection Course content 4.57 437 0.035*
Teaching methods 455 440 0214
Teaching effectiveness 455 4.40 0.158
Physical and chemical inspection of air Course content 457 438 0.058
Teaching methods 456 4.40 0.112
Teaching effectiveness 4.53 4.40 0.238
Physical and chemical inspection of water quality | Course content 4.70 4.51 0.028*
Teaching methods 473 4.49 0.007*
Teaching effectiveness 475 450 0.005*
Bacteriological examination Course content 447 434 0.175
Teaching methods 452 436 0.103
Teaching effectiveness 450 434 0.258

*Represents statistical significance, specifically: *p < 0.05.
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DHL influence Increase  Decrease

Prepared workforce +

Morbidity

Mortality

Hospitalization time

o+ [+

Chronic health conditions

Control over chronic health conditions +

Polypharmacy and medication usage

Emergency medicine services

Overall health and wellbeing +

Extensive health-spendings +
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Variable category = Variable name

Explained variable Manner

Sociodemographic indicators

Explanatory variables Past experience

Re

ient of a gift

Patients potential perceptions of doctors

Is it necessary to send red packets

during medical treatment?

Gender

Age

Educational qualifications
Have you ever sent red packets?
Doctor level

Hospital level

Ifyou do not receive the red packet, do

not worry about treatment.

Def

n

Not necessary = 0, Necessar

Male = 1, Female = 0

Under 45 years old = 1, 45-60 years old = 2, Over
60 years old =3

Elementary and Junior high school =1, High school/
vocational high school/junior college = 2,

Undergraduate = 3, Graduate student and above = 4

Yes=1,No=0

Senior doctor 0

. Resident physici

Extra large tertiary hospital = 1, Ordinary tertiary
hospital = 2, County hospital = 3, Township hospital = 4

Worit = 0, Probably
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Risk factor Overall Urban Rural

OR (95% ClI) OR (95% CI) OR (95% CI)
Gender
Male Reference Reference Reference
Female 0953 (0.739, 1.230) 0713 1.103 (0.758, 1.604) 0.609 0.856 (0.601, 1.220) 0390
Age groups
15-34 Reference Reference Reference
35-49 0.679 (0.485,0.950) <0.05* 0.959 (0570, 1.613) <0.874 0.533 (0.337, 0.843) <0.01%*
50-69 0.387(0.245,0.611) <0.001*** 0.575 (0.285, 1.161) <0.123 0.284 (0.154, 0.524) <0.001%**
‘Education level
ary school and
Reference Reference Reference
below
Junior high school 2.336(1.039, 5.249) <0.05% 4.797 (0.632, 36.383) 0.129 2,051 (0.827, 5.087) 0.121
Senior high school/
14,675 (1.952,
vocational/ technical 5.489 (2.439, 12.356) <0.001%%% 110.305) <0.01%* 3.935 (1.561, 9.920) <0.01%%
secondary school -
Junior college/
11,187 (4.894, 35618 (4.718,
bachelor degree and <0.001*** <0.01%% 5.890 (2.235, 15.520) <0.001%#*
25.573) 268.913)
above
Occupation
Urban workers Reference Reference Reference
“Teacher 0.846 (0.422, 1.696) 0.637 1.231 (0.357, 4.250) 0.742 0.830 (0.346, 1.991) 0.676
Leading cadres and
2.698 (1.661, 4.383) <0.001%%% 1.303 (0.524, 3.243) 0.569 3.932(2.092,7.389) <0.001%#%
civil servants
Peasantry 1.038 (0.718, 1.500) 0.843 1.039 (0.611, 1.766) 0.887 0.988 (0.588, 1.660) 0.962
Student 2.129(1.434,3.162) <0.001%% 3.366 (1.892, 5.988) <0.001%%% 1.367 (0.775, 2.410) 0.280
“The emeritus and
0.339(0.077, 1.484) 0.151 0.530 (0.110, 2.548) 0428 * 0.998

retired

Others 0886 (0.449, 1.749) 0727 0715 (0257, 1.987) 0519 1035 (0411, 2.608) 0.941
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Variables Category Number of Level of EHL
survey

Rate (%)  Weighted rate

Male 1,156 172 1488 13.20 0.633 0426
Gender
Female 1,081 174 16.10 13.97
1534 709 208 2034 290 179.168 < 0,001+
Age groups 3549 706 100 1416 13.25
50-69 822 38 462 400
Urban 1,065 162 1521 13.76 0.102 0750
Region
Rural 1172 184 15.70 13.23
Primary school and
334 7 210 094 250,120 <0.001%
below
Junior high school 853 62 727 626
Senior high school /
Education level vocational / technical 539 9 1763 1346
secondary school
Junior college/
bachelor degree and si1 182 3562 3029
above
Urban workers 504 78 15.48 1288 216122 < 0,001+
Teacher 5 13 2453 219
Leading cadres and
107 48 44386 3478
civil servants
Occupation Peasantry 1,090 8 761 611
Student 328 110 3354 2969
“The emeritus and
7 2 282 603
retired
Others 84 12 1429 1254
Environmental Yes 18 2 18.64 13.60 0.962 0327
protection worker No 219 324 15.29 1287

Total 2,237 346 1547 1525
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Dimensions Unstandardized Standardized

coefficients coefficients
Constant ~0.021
Basic concepts 0.264 0.280
Basic knowledge 0430 0418
Basic skills 0.306 0.348

-3.945

20051

29502

24783

<0.001%%+
<0.001%5%
<0.001%5%

<0.001%5%
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Indicator items

Al Training objectives
Al Knowledge objectives
ALLI Master PI definition
A112 Understand PI epidemiological characteristics and hazards
A3 Understanding PI mechanisms
A114 Understand PI staging and clinical manifestations
A115 Understand P risk factors

A116 Understand the population and sites prone to PI

A117 Familiarize with the characteristics and causes of PI occurring in nursing homes.
A118 Familiarize with PI common types and selection of dressings associated
ALY Learn how to differentiate PI from other wounds such as incontinence-associated dermatitis and diabetic foot ulcers
AL110 Understand the types and functions of common pressure relief equipment
A1111 Familiarize with the key points of nutrition care
ALL12 Master skin care methods
AL113 Understand PI common treatments
A12 Skill objectives
A121 Beable to correctly determine PI dlinical stage, especially correctly identify stage 1 PI
A122 Learn to use the Braden PI Risk Assessment Tool
A123 Learn the technique of repositioning
A124 Learn the skl of position transfer.
A125 Learn to instruct the older adult on the use of walking aids.
A126 Learn the technique of wound dressing change.
A13 Attitude objectives

A131 Be able to respect and care for the older adult and love older adult care work

A132 Be able to understand the laws and regulations related to PI in nursing homes, and respect and protect the legal rights and
interests of the older adult

A133 Through active participation in training courses, enhance self-efficacy, build the right attitude and confidence in preventing
and managing PI

A134 Cultivate teamwork spirit, share experience and skills with colleagues, and jointly improve the quality of care

A135 Develop a high level of concern for the physical and mental health of the older adult, and always maintain patience, care and

responsibility.

A136 Master the communication skills with nurses, the older adult, and their families, and provide psychological care for the older
adult

B1 Training Content
B11 Theoretical knowledge module
BI11 Professional ethics and code of conduct for nursing home caregivers
B112 Legal and ethical issues related to older adult care and PI
B113 Definition and epidemiological characteristics of PI
B114 The dangers of PI
B115 The mechanisms of occurrence and risk factors for PI
B116 Staging and clinical manifestations of PI
B117 Susceptible populations and common sites for PI
B118 Causes and characteristics of PI among the older adult in nursing homes
B119 Methods for risk assessment of PI

BI110 Methods for differentiating PI from other common skin conditions (such as incontinence-associated dermatitis, diabetic

foot ulcers)
BI111 Nutrition care
B1112 Skin care
BI113 Treatment and management of PI
B1114 Types and functions of pressure relief equipment.
B1115 The selection and use of dressings
BI116 Psychological care for patients with PI
B1117 Communication skills for PI

B12 Practical Skills Module

B122 Position transfer techniques
B123 Wound dressing change technique.

B124 Use of walking.

s
B125 The selection and usage methods of dressings.
Cl Training methods

CIl Trai

ing format
111 Online theoretical knowledge training (watching educational resources on the learning platform of the online course, setting
"o fast-forward” viewing learning function, and adding an “answering questions” function at important points of video
knowledge, the platform can monitor the learning progress and learning effect of the students).
€112 Offline practical skills training

CI2 Teaching methods

CI21 Attention: Online self-learning by watching videos + offline learning by observing and imitating role models (expert

workshops + case teaching);

€122 Retention: Online knowledge quizzes (insert “answering questions” function at important points in online teaching videos
for quizzes to ensure learning effectiveness) + ofline self-practice + offline situational simulation + offine peer learning + offline

collaborative learning.
€123 Motor Reproduction: Knowledge feedback (theory and skills feedback and real-time feedback).

C124 Motivation: encouraging teaching (giving positive feedback), policy support (such as reduced workload, improved income,

improved working conditions).
C13 Training time

C131 Online course training: Each video is <10 mi

long, with a total of 10-15 videos, and can be completed within 2 weeks

€132 Offline training; instructional demonstration for 2 h + self-directed practice in class for 1 h (to be completed within the

same week) + self-directed practice afer class for 2 h (to be completed within the second week), complete offine training and

practice within 2 weeks.
DI Training Evaluation
D11 knowledge evaluation

D111 Use the “PI Knowledge Questionnaire “designed by Zhou Dongmei, measuring the results pre-training and post-training. It
consists of 25 items, 1 point for correctness, 0 point for otherwise, and the total scores range from 0 to 25 points. The higher the

total score, the higher the level of PI knowledge.

D12 Practice evaluation

D121 Use the “PI Practice Questionnaire” designed by Zhou Dongmei, measuring the results pre-training and post-training. The

scale consists of 20 items and 4 dimensions, including 10 items for repositioning behavior, 4 items for skin care, 4 items for wound

care, and 2 items for nutritional support. Scoring criteria “Never” is scored as “0;"“sometimes” is scored as “1,” “most of the time”
i scored as “2,"“always” is scored as “3) reverse items are scored in order from 3 to 0, The total score of the scale is 0~60 points.

“The higher the score, the better the caregiver’s implementation of caring practice.

D122 Use “Pl identification skills questionnaire” (including PI staging and differentiation from other skin conditions) (sef-
designed); measuring the results pre-training and post-training. It s a set of photographs of different wound types. This will

be measured by an assessment tool including a set of photographs depicting various PI stages (e.g. Stage I, II IL, IV, deep pressure
tissue injury, unstageable, or medical device-related) of Pl and other skin conditions (such as diabetic foot ulcer, incontinence-
associated dermatitis). The photographs are contributed by the researchers, and they are obtained from the dlinical practice or
Internet. The content validity of the instrument i validated by experts. The higher the total scores, the higher the degree of PI
identification ability.

DI3 Auitude evaluation
DI31 Use the “PI Atttude Questionnaire*designed Zhou Dongmei, measuring the results pre-training and post-training. A total
of eight items and items are scored from 1 to 4 points with the scores increasing from “strongly disagree; “disagree;” “agree” and
“strongly agree” for each item; The higher the score, the higher the level of PI prevention and management.

D132 Use the General Self-Efficacy Scale, measuring the results pre-training and post-training. There are 10 items in total, and
each item is scored from 1 to 4. “completely incorrect” i scored as I point, “somewhat correct” s scored as 2 points, “mostly
correct” is scored as 3 points, and “completely correct” is scored as 4 points. The higher the score, the stronger the self-confidence
to deal with diffculties.

D14 Process evaluation
D141 During the training process, the online in-class tests and offline independent practice effects will be evaluated.

DI5 satisfaction evaluation
DI51 After the training, the nursing assistants evaluated their satisfaction and gave feedback on the training format, teaching

methods, time schedule, teachers, and content, etc.
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Indicator items

Al Training objectives
Al Knowledge objectives
AI11 Master PI definition
A112 Understand PI epidemiological characteristics and hazards
A3 Understanding PI mechanisms
A114 Understand PI staging and clinical manifestations
A115 Understand PI risk factors
AL16 Understand the population and sites prone to PI
A7 Understand P characteristics in the older adult
A8 Familiarize with PI characteristics and causes in nursing homes
A119 Familiarize with PI common types and selection of dressings associated
ALL10 Learn how to differentiate PI from other wounds such as incontinence-associated dermatitis and diabetic foot ulcers
ALL11 Understand the types and functions of common pressure relief equipment
A1112 Familiarize with the key points of nutrition care
ALLI3 Master skin care methods
Al114 Understand PI common treatments
A12 Skill abjectives
A121 Beable to correctly determine PI dlinical stage, especially correctly identify stage 1 PI
A122 Learn to use the Braden PI Risk Assessment Tool

A123 Learn to master effective PI prevention and management techniques by observing and imitating the behaviors of

teachers and excellent caregivers
A124 Develop the ability to assess P1 risk and develop a personalized prevention plan
A125 Learn proper nursing skills, including moving and turning techniques, to reduce Pl occurrence
A126 Learn simple wound care techniques

A13 Attitude objectives
A131 Be able to respect and care for the older adult and love older adult care work

A132 Be able to understand the laws and regulations related to Pl in nursing homes, and respect and protect the legal rights

and interests of the older adult

A133 Through active participation in training courses, enhance self-efficacy, build the right attitude and confidence in

preventing and managing PI
A134 Cultivate teamwork spirit, share experience and skills with colleagues, and jointly improve the quality of care

A135 Developa highlevel of concern for the physical and mental health of the older adult, and always maintain patience,

care and responsibility.

A136 Be familiar with the characteristics of the older adult, master the skills of communicating with the older adult, and

provide psychological care
A137 Learn to commaunicate effectively with nurses and be able to work together to solve patient problems
B1 training content

B11 Theoretical knowledge module
B111 Professional ethics and code of conduct for nursing home caregivers
B112 Legal and ethical issues related to older adult care and PI
B113 Definition and epidemiological characteristics of PI
B114 The dangers of PI
B115 Causes and risk factors for PI
B116 Staging and clinical manifestations of PI
B117 Causes and characteristics of P1 among the older adult in nursing homes
B118 Methods for risk assessment of PI
B119 Differentiate PI from other common skin problems
B1110 Nutrition care
BI111 Skin care
B1112 Treatment and management of PI
BI113 Types of pressure relief equipment
B1114 Dressing selection and use
B1115 Psychological care for patients with PI
B1116 Communication skills for PI

BI2 practical knowledge module
BI21 Repositioning skills
B122 Position transfer techniques
B123 Wound dressing method and process
B124 PI risk assessment methods and process
B125 Use of walking aids

Cl training methods

Cl1 training format
C111 Online theoretical knowledge training
C112 Offline practical skills training

C12 Teaching methods

C121 Attention: Online self-learning by watching videos + offline learning by observing and imitating role models (expert
workshops + case teaching);

€122 Retention: Online knowledge test + offline independent practice + ofline scenario simulation + offline peer learning

+ offline cooperative learning;
€123 Reproduction: Knowledge feedback (theory and skills feedback and real-time feedback)

C124 Motivation: encouraging teaching (giving postive feedback), policy support (such as reduced workload, improved

income, improved working conditions)
CI3 Training time
C131 Online course training: Each video is <10 min long, with a total of 10-15 videos, and can be completed within 2 weeks
€132 Offline training: 2 h of teaching demonstration and 3 h of independent practice, completed within 1 week.
D1 training evaluation
D11 knowledge evaluation
D111 Use the “PI Knowledge Questionnaire” designed by Zhou Dongmei, measuring the results pre-training and post-
training.
D12 Skills evaluation
D121 Use the “PI Practice Questionnaire” designed by Zhou Dongme and “PI identification skills questionnaire (including PI
staging and differentiation from other skin problems) (self-designed); measuring the results pre-training and post-training.
DI3 Attitude evaluation

D131 Zhou Dongmei version of the PI Attitude Questionnaire and the general self-efficacy scale will be used, measuring the

results pre-training and post-training
D14 Process evaluation

D141 During the training process, the online in-class tests and offine independent practice effects will be evaluated.
D15 Satisfaction evaluation

DI51 After the training, the nursing assistants evaluated their satisfaction and gave feedback on the training format,

teaching methods, time schedule, teachers, and content,etc.
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Indicator items

Firs-level indicator

Added indicator

Second-level Indicator
Third-level Indicator
1.1.11 Understand the types and functions of common

pressure relief equipment

1.2.5 Learn proper nursing skill, including moving and

Repositioning techniques, to reduce Pl occurrence

126 Learn simple wound care techniques

13.6 Be familiar with the characteristics of the older adult,

master the skills of communicating with the older adult,

and provide psychological care

1.3.7 Learn to communicate effectively with nurses and

beable to work together to solve patient problems

2.1.5 Causes and risk factors for PI

219 Differentiate PI from other common skin problems

2.1.3 Types of pressure relief equipment

Added Indicator

Added Indicator

3.1.1 Online theoretical knowledge training

332 Offline training: 2 h of teaching demonstration and
3 h of independent practice, completed within 1 week.

422.1 Zhou Dongmei version of the PI Care Practice
Questionnaire and PI identification (including PI staging
and differentiation from other skin problems) skills
questionnaire (self-designed) will be used to compare the

results before training and with the control group.

Experts’ opinions

One expert suggested: “Training Time" should be considered as a primary

indicator, rather than being placed under “Training Methods” as a secondary

indicator.

No suggestions for modification

One expert suggested: Change “understand” to “be familiar with.”

One expert suggested: Divide the abjectives into smaller skill objectives, such
as learning to transfer positions, learning to turn over, learning to use a
walking aid, etc.

Two experts suggested: Modify it to “Understand the technique and process of
wound dressing change”

One expert suggests: Merge the two items into one indicator, and modify it to
“Master the skills of communication with nurses, the older adult, and their

families, and provide psychological care for the older adult

One expert suggested: Modify it to “The mechanism and risk factors of PI”
‘Tiwo experts suggested: It is necessary to provide a detailed explanation on
what are the other common skin problems

‘Two experts suggested: Modify it to “Types and functions of pressure relief
equipment”

“Two experts suggested: Add a third-level indicator item under the secondary
indicator “Theoretical Knowledge Module” for “High-risk groups and
common body sites for PI”

One expert suggests: Add a third-level indicator item under the secondary
indicator “Skill Knowledge Module” for “The selection and usage methods of
dressings.”

Tuwo experts suggested: It is recommended to provide a detailed description of
how to ensure that the video is completed in online learning,

“Two experts suggested: It is recommended to provide a detailed explanation

of the self-practice schedule arrangement.

One expert suggested: Splt the two questionnaires into two separate

indicators.

Modifications

After discussion within the
research team, it was.
decided not to agree with

the modification.

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change

Agree and make the change
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Model kelihood df AIC value BIC value

Intercept only 62555

Final model 45521 17034 7 0 47121 506.877
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Variable type  Variable name Regression std.Err p-value

coefficients
Intercept —4155 0959 0001
Gender Male (female) ~0045 0249 0921
High school (Primary and Junior high school) 1284 0785 0133
University (Primary and Junior high school) 1777 0727 0015

Sociodemographic | Educational qualifications

. Graduate students and above (Primary and
indicators 277 0.784 0.001%
Junior high school)

45-60 years old (Under 45 years old) 0.256 0303 038
e 60 and above (Under 45 years old) -0.027 1042 0926
Past experience Have you ever sent red packets? Yes (no) 3.260 0313 0.000%
Doctor level Senior doctor (Resident physician) 0381 0.261 0.176
Extra large tertiary (Township hospital) ~0.801 0708 0177
Gift object
Hospital level Ordinary tertiary hospital (Township hospital) -1351 0652 0.038%
County hospital (Township hospital) ~0476 0593 0502
Patients potential Do not pay attention to treatment if
perceptions of you have not received the red packet  Maybe (will not) ~0.247 0273 0372

doctors from the patient
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Stage I: Construction of the initial draft of SLTbT program of Pl

Objective of this stage is to develop the initial draft of the SLTbT program Of PI
for nursing assistants. The stage involved two Substages: systematic reviewS and
qualitative study (focus group and In-depth interview)

l

Stage 1a: Systematic reviews

Two systematic reviews will be conducted: 1) to determine the pooled
prevalence, incidence, and risk factors of Pl among older adults living in nursing
homes; 2) to explore the effects of Pl training programs on nursing assistants.

|

Stage 1b: Qualitative study: focus group and in-depth interviews

Focus group and in-depth interviews with nursing assistants and key stakeholders
will be performed to explore the PIPM competencies of nursing assistants,

current training status, barriers and facilitators, training needs, the appropriate
training methods, and information to be included in the intervention.

Based on findings from stage 1a and 1b, the initial draft of SLTbT program will be
prepared.

3

Stage lI: Content validation of SLTbT program of Pl

The content of program will be validated by a panel of several experts from the
field of wound care, clinical nursing, nursing education, and community nursing.

|

Formulation of final version of Pl SLTbT program of Pl

Based on the comments received from the content validation, the program will
be revised and the final version of program will be prepared. The version will be
reviewed and approved by nursing specialists in wound care and geriatric care.
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A pilot study conducted among 20 students

Revise and distribute the questionnaires

11265 target students receiving the survey

Rule out the invalid questionnaires

10901 sets of data filtered out to be analyzed

Categorize according to university

AirForce || Capital Fujian || Harbin Ve peking || Sout - Zheng
Medical Medic Medical || Medical 0 oximg Medical ongi Zhou
Medical g s University [ 7
University || University University || Universiy || University || Yiiet! || University y o || vniversiey
526 334 2533 853 706 o 325 534 674
1304
Clarify the correlation between GPA and MSWE
Case
control
Study

Pearson Chi-Square test

Welch’s ANOVA test

Exclude the confounding factors

Multivariate analysis and subgroup analysis

Construct a model to predict MSWE with GPA

Nomogram with calibration and validation
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Gender

Age

Male
Female
Male

Female

2017-2018
School students School teachers School students
288 (503%) 9 (45.0%) 241 (50.3%)
284 (49.7%) 11(55.0%) 238 (49.7%)
1120 380499 121428

109422 37.7450 119418

2018-2019

School teachers

3(25.0%)
9(75.0%)
50370

415498
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Population N (%) Mean + SD

" Median(IQR)
Strongly Disagree Neutral Strongly
disagree () 3) agree
(1) (]
i 1482082
Queston 1. Thave increased | 501 4 dents 130.2) 19.(18) 89(85) 266 (25.3) 664(632)
my knowledge about the 5()
human body and MSKD. 4602052
N School teachers © © © 13(40.6) 19(59.4)
prevention 50)
436+087
School students 15.(14) 23(23) 116 (11.0) 307(29.2) 590 (56.1)
Question 2. T have enjoyed 5(1)
getting to know my body 1604052
School teachers (O] ©) © 13 (40.6) 19(59.4) s
4402088
School students 19018 26(235) 89(85) 303(28.8) 614 (58.4)
Question 3. What I have 5(1)
learned is useful to me 1204092
School teachers () 4(125) © 13 (40.6) 15 (46.9) 0
1422084
School students 12011 29028 82(78) 312(29.7) 616 (58.5)
Question 4. What I have 51
learned is useful to help others 390£099
School teachers () 304) 7(219) 12(7.5) 10(312) i
4372097
Question 5.1 would like to School students 32(30) 26(25) 104 9:9) 254(24.2) 634 (60.3) i
participate in this type of
R 4702048
initiatives in the future School teachers © © ©) 10(61.2) 22(688) iy

MSKD, musculoskeletal disorders; SD, standard deviation; IQ]

nterquartile range.
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State (FU)|capital Number of participants Professional area

VL|VAIVE AS|other

Acre (AC) 71 16 46 9
Rio Branco 67 (94%)

Alagoas (AL) 90 12 57 21
Maceié 67 (74%)

Amapé (AP) 92 57 25 10
Macapi 64 (70%)

Amazonas (AM) 67 23 20 24
Manaus 45 (67%)

Bahia (BA) 7 19 12 9
Salvador 40 (56%)

Ceara (CE) 88 65 14 9
Fortaleza 61 (69%)

Distrito Federal (DF) 90 55 27 8
Brasilia 64 (71%)

Espirito Santo (ES) 73 22 40 11
Vitéria 39 (54%)

Goids (GO) 80 41 24 15
Goinia 55 (69%)

Maranhio (MA) 112 72 11 29
Sio Luis 84 (75%)

Mato Grosso do Sul (MS) 78 32 31 15
Campo Grande 48 (62%)

Mato Grosso (MT) 75 34 20 21
Cuiabi 51 (68%)

Minas Gerais (MG) 95 60 26 9
Belo Horizonte 39 (41%)

Pernambuco (PE) 73 40 22 11
Recife 52 (71%)

Piaui (PI) 86 18 44 24
Teresina 61 (71%)

Rio de Janeiro (R]) 95 55 16 24
Rio de Janeiro 56 (59%)

Rio Grande do Norte (RN) 92 78 12 12
Natal 54 (59%)

Rondénia (RO) 89 23 42 24
Porto Velho 64 (72%)

Roraima (RR) 89 42 36 11
Boa vista 76 (85%)

Rio Grande do Sul (RS) 73 34 15 24
Porto Alegre 50 (70%)

Paraiba (PB) 90 36 32 22
Jodo Pessoa 70 (78%)

Parand (PR) 92 46 26 20
Curitiba 60 (65%)

Santa Catarina (SC) 92 51 30 11
Florianépolis 34 (37%)

Sao Paulo (SP) 103 57 27 19
Séo Paulo 76 (74%)

Sergipe (SE) 83 46 27 10
Aracaju 73 (88%)

Tocantins (TO) 101 58 29 14
Palmas 78 (77%)

Total 2,241 1,122 711 416

'VESP, Public Health Emergencies Surveillance (CIEVS, RENAVEH, Vigidesastres); VL, Laboratory Surveillance; VA, Environmental Surveillance; VE, Epidemiological Surveillance; AS, Health
Assistance; Other, Civil Defense, Anvisa, Military, CONASEMS, and CNS.
Source: The authors (2024).
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Procedure/structure  Description

Briefing Preparatory meeting to align roles, clarify
objectives, and select scenario.

Auditorium setup Preparing the main venue with suitable seating
and technological resources.

Support room Dedicated space for organizing materials and
providing logistical support.

Basic and specific setups Ensuring all materials for group dynamics and
activities are ready in advance.

Debriefing sessions Daily and final evaluations to capture lessons
learned and foster continuous improvement.

Source: The authors (2024).
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Methodology advisor Presents the methodology, leads discussions, and
supports facilitators during practical sessions.

Facilitators Guide group discussions, mediate dynamics, and
assist in achieving workshop goals.

Event focal point Oversees logistics, venue preparation, and
participant support.

Territory focal point Coordinates local participation and ensures
alignment with territorial contexts.

Management representative | Represents the institution and emphasizes
workshop objectives and follow-ups.

Primary reporter Documents key discussions, outcomes, and
activities, compiling a comprehensive final report.

Specific reporter Records group discussions and outcomes in detail
for dissemination.

Source: The authors (2024).
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Test N Pass (%) Mean (SD) Me
[IQR]

1 328 192 (59%) 74 (14) 70 [60-90]

2 139 79 (57%) 79 (16) 70 [60-100]

3 97 56 (58%) 77 (15) 80 [60-90]
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Knowledge Overall

items N =943 N =108
Adverse drug reactions in the oral cavity exclusively caused by the use of expired drugs or drug overdose by a patient 0.033
0 109 (11.6%) 56 (9.8%) 33 (17.1%) 10 (9.3%) 10 (14.5%)
1 834 (88.4%) 517 (90.2%) 160 (82.9%) 98 (90.7%) 59 (85.5%)
If an O-ADR occurs following the use of drugs already established as effective on the market, it is considered 0.7
a‘medical incident’
0 226 (24.0%) 134 (23.4%) 51(26.4%) 23 (21.3%) 18 (26.1%)
1 717 (76.0%) 439 (76.6%) 142 (73.6%) 85 (78.7%) 51(73.9%)
According to current regulations, healthcare professionals such as doctors, dentists, dental hygienists, 0.004
pharmacists, and nurses can independently report O-ADR information
0 82 (8.7%) 40 (7.0%) 29 (15.0%) 6 (5.6%) 7 (10.1%)
1 861 (91.3%) 533 (93.0%) 164 (85.0%) 102 (94.4%) 62 (89.9%)
Under current regulations, patients are allowed to independently report O-ADR information 0.11
0 429 (45.5%) 277 (48.3%) 84 (43.5%) 40 (37.0%) 28 (40.6%)
1 514 (54.5%) 296 (51.7%) 109 (56.5%) 68 (63.0%) 41 (59.4%)
An O-ADR can only be reported when it is confirmed th;t the adverse reaction is caused by drug intake 0.001
0 451 (47.8%) 249 (43.5%) 114 (59.1%) 57 (52.8%) 31 (44.9%)
1 492 (52.2%) 324 (56.5%) 79 (40.9%) 51 (47.2%) 38 (55.1%)
As a healthcare professional or student, | have/will have sufficient knowledge to identify a suspected O-ADR <0.001
0 362 (38.4%) 201 (35.1%) 64 (33.2%) 68 (63.0%) 29 (42.0%)
1 581 (61.6%) 372 (64.9%) 129 (66.8%) 40 (37.0%) 40 (58.0%)
Oral leukoplakia is an O-ADR <0.001
0 152 (16.1%) 69 (12.0%) 53 (27.5%) 14 (13.0%) 16 (23.2%)
1 791 (83.9%) 504 (88.0%) 140 (72.5%) 94 (87.0%) 53 (76.8%)
Gingival enlargement can be an O-ADR 0.015
0 56 (5.9%) 26 (4.5%) 14 (7.3%) 6 (5.6%) 10 (14.5%)
1 887 (94.1%) 547 (95.5%) 179 (92.7%) 102 (94.4%) 59 (85.5%)
Osteonecrosis of the jaw can be an O-ADR 0.7
0 145 (15.4%) 84 (14.7%) 30 (15.5%) 17 (15.7%) 14 (20.3%)
1 798 (84.6%) 489 (85.3%) 163 (84.5%) 91 (84.3%) 55 (79.7%)
Dentists Students Dental hygienists Physicians

573 N = 1e)5 N =108 N =69
O-ADR reports sent to AIFA can improve drug safety 02
0 4(0.4%) 2(0.3%) 2 (1.0%) 0(0.0%) 0(0.0%)
1 22(2.3%) 13 (2.3%) 6(3.1%) 0(0.0%) 3 (4.3%)
2 917 (97.2%) 558 (97.4%) 185 (95.9%) 108 (100.0%) 66 (95.79%)
Gathering information on O-ADR through reports sent to AIFA is advantageous for patients and benefits everyone 0.14
0 2(0.2%) 0(0.0%) 2 (1.0%) 0(0.0%) 0(0.0%)
1 19 (2.0%) 10 (1.7%) 7 (3.6%) 1(0.9%) 1(1.4%)
2 922 (97.8%) 563 (98.3%) 184 (95.3%) 107 (99.1%) 68 (98.6%)
It is important for healthcare professionals to provide patients with detailed information on O-ADR 0.055
0 11(1.2%) 6(1.0%) 2(1.0%) 0(0.0%) 3(4.3%)
il 36 (3.8%) 20 (3.5%) 12 (6.2%) 1(0.9%) 3 (4.3%)
2 896 (95.0%) 547 (95.5%) 179 (92.7%) 107 (99.1%) 63 (91.3%)

It is essential to promote the importance of O-ADR reporting to the general public -

0 19 (2.0%) 9 (1.6%) 6(3.1%) 1(0.9%) 3(4.3%)

1 72 (7.6%) 48 (8.4%) 10 (5.2%) 6(5.6%) 8 (11.6%)

2 852 (90.3%) 516 (90.1%) 177 (91.7%) 101 (93.5%) 58 (84.1%)

It is important to regularly read news and reports published on the AIFA website 0.3
0 7 (0.7%) 3(0.5%) 3(1.6%) 0(0.0%) 1(1.4%)

1 29 (3.1%) 22 (3.8%) 5(2.6%) 1(0.9%) 1(1.4%)

2 907 (96.2%) 548 (95.6%) 185 (95.9%) 107 (99.1%) 67 (97.1%)

O-ADR reporting should be considered a personal professional responsibility -

0 20 (2.1%) 11(1.9%) 6(3.1%) 1(0.9%) 2(2.9%)

1 98 (10.4%) 60 (10.5%) 16 (8.3%) 16 (14.8%) 6(8.7%)

2 825 (87.5%) 502 (87.6%) 171 (88.6%) 91 (84.3%) 61 (88.4%)

It would be very useful if AIFA, in addition to its website, provided an easy-to-use app for reporting ADRs 0.05
0 8 (0.8%) 4(0.7%) 4(2.1%) 0(0.0%) 0(0.0%)

1 38 (4.0%) 18 (3.1%) 14.(7.3%) 2 (1.9%) 4(5.8%)

2 897 (95.1%) 551 (96.2%) 175 (90.7%) 106 (98.1%) 65 (94.2%)

Practice Overall Students Dental hygienists

items N =943 N = 1le)5 N =108

Have you ever reported a suspected adverse drug reaction? 0.005
0 830 (88.0%) 494 (86.2%) 182 (94.3%) 98 (90.7%) 56 (81.2%)

1 113 (12.0%) 79 (13.8%) 11(5.7%) 10 (9.3%) 13 (18.8%)

Do you know how to report a suspected ADR? <0.001
0 677 (71.8%) 387 (67.5%) 159 (82.4%) 88 (81.5%) 43 (62.3%)

1 266 (28.2%) 186 (32.5%) 34 (17.6%) 20 (18.5%) 26 (37.7%)

Are you aware that, regardless of your personal expertise, you can report any suspected ADR, 0.006
not only those affecting the oral cavity?

0 390 (41.49%) 233 (40.7%) 94 (48.7%) 46 (42.6%) 17 (24.6%)

1 553 (58.6%) 340 (59.3%) 99 (51.3%) 62 (57.4%) 52(75.4%)

Each cell contained n (%), p-value corresponded to Pearson’s Chi-squared test or Fisher’s exact test.
~ P-value omitted, not available.
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Agreement or disagreement Scores of 4 or 5(n = 20), Scores of 5 ¥ Stability

Objectives (O)

O1.Physical capability Agreement 18 (90) 15(75) YES
02 Healthy behaviors Agreement 19.(95.5) 15.(75) YES
03 Motor cognition Agreement 19.95.5) 11(55) YES
Tasks (T)

T1.Physical fitness Agreement 18 (90) 17(85) YES
T2.Motor skills Agreement 17(85) 10(50) YES
T3Body health Agreement 19.955) 15(75) YES
T4 Psychological health Agreement 18 (90) 15.(75) YES
T5 Rule awareness. Agreement 18 (90) 14(70) YES
T6 Safety awareness Agreement 19.955) 18(90) YES
T7. Teamwork awareness Agreement 19.95.5) 943) YES

Indicators (1)

11.Body coordination Agreement 19(95.5) 14(70) YES
12.Quality of velocity Agreement 16 (80) 8(40) YES
13.Balance Agreement 19(95.5) 14(70) YES
14.Quality of strength Disagreement 15(73) 8(40) YES
15.Quality of endurance Agreement 15(75) 3015) YES
16Body movement skills Agreement 18 (90) 12(60) YES
17.0bject control skills Agreement 18 (90) 11(55) YES
18.Body stability skills Agreement 17(85) 12(60) YES
19.Physical activity Agreement 19(95.5) 14(70) YES
110.Motor behavior Agreement 18 (90) 10 (50) YES
111.Emotional mastery Agreement 18(90) 12(60) YES
I2.self-recognition Agreement 18 (90) 10(50) YES
113.Dare to challenge Agreement 17(85) 14(70) YES
114.Friendly competition Agreement 19(95.5) 9(45) YES
115 Respect for order Agreement 18 (90) 16 (80) YES
116.Self-protection Agreement 19(95.5) 17(85) YES
117.Willingness to cooperate Agreement 17(85) 7(35) YES
Contents (C)

Cl.Hand-eye coordination Agreement 19(95.5) 16 (80) YES
(C2.Hand-foot coordination Agreement 19(95.5) 12 (60) YES
C3.Reaction velocity Agreement 19(95.5) 8(40) YES
CA.Displacement velocity Disagreement 15 (75) 9(45) YES
C5.Dynamic balance Agreement 18.(90) 13(65) YES
CoStatic balance Agreement 17(85) 10(50) YES
C7.Upper body Strength Agreement 17(85) 7(35) YES
C8.Lower body strength Agreement 17(85) 7(35) YES
C9.Cardiorespiratory endurance Agreement 18 (90) 8(40) YES
C10.Walk Agreement 19(955) 17(85) YES
C11.Run Agreement 19(95.5) 17(85) YES
C12.5kip Agreement 19(95.5) 17(85) YES
C13.Climb Agreement 18 (90) 14(70) YES
Cl4.Straddle Agreement 17 (85) 11(55) YES
Cl15.8lide Agreement 17 (85) 5(25) YES
C16.Racket the ball Agreement 18 (90) 12(60) YES
C17.Hit the ball Agreement 18 (90) 8(40) YES
C18.Passing and receiving the ball Agreement 18 (90) 9(43) YES
C19:Throwing the ball Agreement 18 (90) 10(50) YES
C20.Kick the ball Agreement 17(83) 9(43) YES
C21.Roll Agreement 19(95.5) 9(45) YES
C22.Whirl Agreement 18 (90) 8(40) YES
C23.Hedge Agreement 18.(90) 8(40) YES
C24.Motor instruction Agreement 18 (90) 9(45) YES

C25Music thythm Agreement 19.95.5) 12(60) YES
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Items Agreement or disagreement Scores of 4 or 5 (n = 21), n (%) (n) Scores of 5 (n = 21), n (%) Stal

Objectives (O)

O1.Physical capability Agreement 19.(905) 16(76.2) YES
02 Healthy behaviors Agreement 21(100) 15(71.4) YES
03 Motor cognition Agreement 18 (85.7) 11(52.4) YES
Tasks (T)

T1.Physical fitness Agreement 20(95.2) 16 (81) YES
T2.Motor skills Agreement 17(809) 10(47.6) YES
T3Body health Agreement 20(95.2) 15(71.4) YES
T4.Psychological health Agreement 20(95.2) 16 (81) YES
T5 Rule awareness. Agreement 18 (85.7) 14(66.7) YES
T6 Safety awareness Agreement 20(95.2) 19.(90.5) YES
T7. Teamwork awareness Agreement 20(95.2) 9(429) YES

Indicators (1)

11.Body coordination Agreement 20(95.2) 14/(66.7) YES
12.Quality of velocity igreement 16 (76.2) 8(38.1) YES
13.Balance Agreement 18 (85.7) 14(66.7) YES
14.Quality of strength igreement 16(76.2) 7(33.3) YES
15.Quality of endurance Agreement 14(66.6) 4019) YES
16.Body movement skills Agreement 20(952) 12(57.1) YES
17.0bject control skills Agreement 19.(90.5) 11(52.4) YES

18 Body stability skills Agreement 18 (85.7) 11 (524) YES
19.Physical activity Agreement 21 (100) 14(66.7) YES
110Motor behavior Agreement 18 (85.7) 11(52.4) YES

111 Emotional mastery Agreement 19.(90.5) 13(61.9) N/A
T12self-recognition Agreement 18 (85.7) 10 (47.6) N/A
113.Dare to challenge Agreement 18 (85.7) 14/(66.7) N/A

114 Friendly competition Agreement 19.(90.5) 9(429) N/A

115 Respect for order Agreement 18 (85.7) 16(76.2) YES

116 Self-protection Agreement 20(952) 18 (85.7) YES
117.Willingness to cooperate Agreement 17(809) 7(33.3) NO (0.008)
Contents (C) YES
C1.Hand-eye coordination Agreement 21 (100) 16 (76.2) YES
C2Hand-foot coordination Agreement 21 (100) 12(57.1) YES
C3.Reaction velocity Agreement 19.(90.5) 7(333) YES
C4.Displacement velocity Disagreement 16 (76.2) 9(429) YES
C5.Velocity of body movement Disagreement 15 (71.4) 9(429) NO (0.032)
C6.Dynamic balance Agreement 19.(90.5) 13(61.9) YES

C7 Static balance Agreement 17.(80.9) 10(47.6) YES
C8.Upper body Strength Disagreement 16 (76.2) 8(38.1) YES
C9.Lumbar and abdominal strength igreement 14(66.7) 5(238) YES
C10.Lower body strength Agreement 18 (85.7) 7(333) YES
C11.Cardiorespiratory endurance Agreement 18 (85.7) 8(38.1) YES
Cr2walk Agreement 20(95.2) 17(80.9) YES
Cl3Run Agreement 21 (100) 18 (85.7) NO (002)
Claskip Agreement 21 (100) 18 (85.7) NO (0.005)
C15.Climb Agreement 19.(905) 14/(66.7) YES
C16Straddle Agreement 18 (85.7) 11 (524) YES
C17.5lide Agreement 16 (76.2) 5(23.8) NO (0.039)
C18 Racket the ball Agreement 18 (85.7) 12(57.1) YES

CI9 Hit the ball isagreement 16.(76.2) 8(38.1) YES
C20.Passing and receiving the ball Agreement 17(809) 5(23.8) YES
C21.Throwing the ball Agreement 17(809) 10(47.6) YES
C22.Kick the ball Agreement 18 (85.7) 9(429) YES
C23.Roll Agreement 20(952) 9(429)

C24.Whirl Agreement 18 (85.7) 7(33.3) YES

C25 Hedge Agreement 18 (85.7) 8(38.1) YES

€26 Movement instruction Agreement 17(809) 9(429) N/A

C27.Music rhythm Agreement 21 (100) 13(61.9) N/A
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Items Agreement or disagreement

Objectives (O)
OLPhysical capability Agreement
02 Healthy behaviors Agreement
03.Motor cognition Agreement
Tasks (T)
T1.Physical fitness. Agreement
T2 Motor skills Agreement
T3Body health Agreement
T4 Psychological health Agreement
“T5.Competitive awareness Disagreement
T6.Rule awareness. Agreement
T7 Safety awareness Agreement
T8 Teamwork awareness Agreement
Indicators (1)
11.Body coordination Agreement
12.Quality of velocity Agreement
I3.Balance Agreement
14.Quality of strength Agreement
15.Quality of endurance Disagreement
16Body movement skills Agreement
17.0bject control skills Agreement
18.Body stability skills Agreement
19.Physical activity Agreement
110.Motor behavior Agreement
otional mastery Agreement
112.Pro-social behavior Disagreement
113.Courage to challenge Agreement
114.Dare to take risks Disagreement
115 Respect for order Agreement
116 Respect for discipline Agreement
117.Self-protection Agreement
118 Sense of responsibility Disagreement
119.Teamwork spirit Agreement
120.Willingness to cooperate Agreement

Contents (C)

Cl.Hand-eye coordination Agreement
C2Hand-foot coordination Agreement
C3.Reaction velocity Agreement
C4.Displacement velocity Agreement
C5.Velocity of body movement Agreement
C6.Dynamic balance Agreement
C7.Static balance Agreement
C8.Upper body Strength Agreement
C9.Lumbar and abdominal strength Agreement
Cl0.Lower body strength Agreement
Cl11.Cardiorespiratory endurance Agreement
Cl2.Muscle endurance Disagreement
Cl3.Walk Agreement
Cl4Run Agreement
C15.5kip Agreement
C16.Climb Agreement
C17.5traddle Agreement
C183lide Disagreement
C19.Racket the ball Agreement
C20.Hit the ball Agreement
C21Passing and receiving the ball Agreement
C22Throw the ball Disagreement
C23.Throwing a ball Agreement
C24.Kick the ball Agreement
C25Roll Agreement
C26.Whirl Agreement
C27.Leap Agreement

C28 Hedge Agreement

Scores of 4or 5 (n

21(95.5)
21(955)

19(86.4)

19(86.4)
18(81.8)
20(90.9)
19(86.4)
15(68.2)
20(90.9)
21(955)

21(955)

20(90.9)
17(77.3)
20(90.9)
17(77.3)
15(68.2)
21(95.5)
21(955)
19(86.4)
20(90.9)
19(86.4)
21(95.5)
19.(86.4)
20(90.9)
15(68.2)
22(100)
20(90.9)
22(100)
18(81.8)
21(95.5)

22(100)

21(95.5)
20(90.9)
19(86.4)
19(86.4)
20(90.9)
21(955)
19.(86.4)
17(77.3)
20(90.9)
19.(86.4)
17(77.3)
15(68.2)
21(95.5)
21(95.5)
21(955)
20(90.9)
21(95.5)
16(72.7)
21(95.5)
17(77.3)
17(77.3)
16(727)
17(77.3)
18(81.8)
17(77.3)
17(77.3)
20(90.9)

22(100)

Scores of 5 (n = 22), n (%)

15(68.2)
12(54.5)

8(36.4)

15(68.2)
11(50)
16(72.7)
15(68.2)
7(31.8)
14(63.6)
17(77.3)

15(68.2)

17(77.3)
10(45.5)
15(68.2)
9(40.9)
9(40.9)
16(72.7)
14(63.6)
14 (63.6)
12(54.5)
12(54.5)
14(63.6)
12(54.5)
14(63.6)
10 (45.5)
18(81.8)
14(63.6)
19 (86.4)
10(45.5)
12(54.5)
15(68.2)

15(68.2)
14(63.6)
12(545)
8(36.4)
10(45.5)
15(68.2)
12(54.5)
9(409)
12(545)
11(50)
10(45.5)
8(36.4)
11(50)
15(68.2)
14(63.6)
13(59.1)
9(40.9)
7(31.8)
9(40.9)
8(36.4)
5(227)
8(36.4)
6(27.3)
8(36.4)
10(45.5)
10 (45.5)
12(545)

13(59.1)

Results

Reservation
Reservation

Reservation

Reservation
Reservation
Reservation
Reservation
Remove

Reservation
Reservation

Reservation

Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Revise
Remove
Revise
Remove
Incorporation
Incorporation
Reservation
Remove
Incorporation

Incorporation

Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Remove
Reservation
Reservation
Incorporation
Reservation
Reservation
Reservation
Reservation
Reservation
Reservation
Incorporation
Incorporation
Reservation
Reservation
Reservation
Incorporation

Reservation
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Characteristics

Round 1 (n = 22), n (95.65%)

Round 2 (n = 21), n (95.45%)

Round 3 (n = 20), n (95.24%)

Gender

Male

Female

Total

Academic qualifications
Bachelor’s degree

Master's degree

Ph.D. degree

Total

Field of research
Kinesiology

Pre-primary education

Total

Years of experience
15 years

6-10 years

11115 years

Over 15 years

Total

Working organization
Research organization(College)
Early education organization

Educational and training

institutions

Total

14 (63.64%)
8(36.36%)
2

9(40.91%)
8(36.36.91%)
5(22.72%)
2

9(40.91%)
3 (59.09%)
2

4(18.18%)

6(27.27%)

7(31.82%)

5(22.73%)
2

5 (68.18%)
5(22.73%)

2(9.09%)

2

14/(66.67%)
7(33.33%)
21

8(38.1%)
8(38.1%)
5(23.80%)

21

10 (47.62%)
11(52.38%)
2

5(23.81%)

6(28.57%)

5(23.81%)

5(23.81%)
21

14/(66.67%)
5(23.81%)

2(9.52%)

21

14(70.00%)
6(30.00%)

20

8(40.00%)

8(40.00%)

4(20.00%)
20

10 (50.00%)
10 (50.00%)
20

5(25.00%)

5(25.00%)

6(30.00%)

4(20.00%)
20

14(70.00%)
4(20.00%)

2(10.00%)

2
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Factor contributing to caring Qualified caregivers (n, %) Non-qualified caregivers (n,

mistakes %)

Food textures. Recipient has difficulties in 39,11% 12,3% <0.001
swallowing

No access to medical instructions 12,3% 51% 0049
Caregiving mistakes stemming from lack of skill 14,4% 3,1% 0.002
Recipients refusal and defiant behavior toward 1,0% 6,2% 0131

receiving care
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Avoidable Caregivers who

medication error  have committed
this error (N, %)

Total frequency
of errors last
year

Related to dosage 307 (44.8)
Medication confusion 138 (20.1)
Related to schedule 216 (315)

administration

Related to storage 106 (15.5)
conditions

Any type of error 396 (57.8)
Errors based on the Average per
medication caregiver per year
presentation (mean, SD)
Pills, capsules, tablets 26(125)
Injection 32073)

Others 26(15.1)

5793
250

2042

1151

9,236

Total frequency of
errors last year

1,79
2220

1777





OPS/images/fmed-11-1494771/fmed-11-1494771-t003.jpg
Variable Average Total frequency 95% Cl p value

frequency of of errors last
errors per year
caregiver per
year
Non-qualified 339 143 4832 23 (1682,27.02)
Qualification <0.001
Qualified 346 127 4404
Female 530 16 6155 08 (0.64,1.06)
Sex of the caregiver 012842
Male 76 198 1,508
Direct relatives of the | Yes 18 208 2454 13 (1.25,141)
<0.001
care recipient No 480 108 5453
Yes 500 12 5524 06 (0.57,0.64)
Full-time caregiving <0.001
No 98 206 2019
Sole caregiver forthe | Yes 339 1 3746 08 (0.80,0.89)
<0.001
individual No 263 148 3,901
Be sure ofall Yes 621 131 8,118 035 (032,038)
<0.001
medications’ quantity | No I3 18 L7
Usingan external aid | Yes 500 126 6324 12 (1.13,130)
for medication <0.001
- 91 “ 1317

‘management
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Type of

medication
error

Dosing errors with

pills

Confusion with pills

Dosing errors with
injected medication
Confusion with
injected medication

Dosing errors with

nebulizers

Confusion with

nebulizers

Dosing errors with eye

drops

Confusion with eye
drops

Dosing errors with
syrups

Confusion with syrups

Inappropriate storing

conditions

Non-compliance with

schedule

Dosing errors with
pills

Confusion with pills

Dosing errors with
injected medication
Confusion with
injected medication
Dosing errors with
nebulizers

Confusion with
nebulizers

Dosing errors with eye
drops

Confusion with eye
drops

Dosing errors with
syrups

Confusion with syrups
Inappropriate storing

conditions

Non-compliance with
the administration

schedule

Dosing errors with
pills

Confusion with pills

Dosing errors with
injected medication
Confusion with
injected medication
Dosing errors with
nebulizers

Confusion with
nebulizers

Dosing errors with eye
drops

Confusion with eye
drops

Dosing errors with
syrups

Confusion with syrups
Inappropriate storing

conditions

Non-compliance with
the administration
schedule

Dosing errors with
pills

Confusion with pills

Dosing errors with
injected medication
Confusion with
injected medication
Dosing errors with
nebulizers

Confusion with
nebulizers

Dosing errors with eye
drops

Confusion with eye
drops

Dosing errors with
syrups

Confusion with syrups
Inappropriate storing

conditions

Non-compliance with
the administration
schedule

Male (%,
n/N)

102,741

9.8, 4/41

357,514

0,0/14

125,18

0,08

167,2/12

0,012

0,07

0,07

14,6/43

39517143

No direct
relative (%,
n/N)
93.9,275/293
5.8,10/173
226,21/93
1.1,1/93
23,2/88
0,0/88
13.6,12/88
143,214

114,5/44

0,0/44

8.5,25/293

344,95/293

Not full-
time

dedicat

(%, n/N)

19.6,10/51

7.8,4/51

438,7/16

0,0/16

273,311

0,011

158,3/19

0,019

25,218

0,078

77,4152

38.5,20/52

Without any

aid (%, n/N)

47,2043

23,143

214,314

0,0/14

667,213

0,03

83,112

83,112

0,078

0,078

7.8,4/51

216, 11/51

Qualified caregivers

Female (%,
n/N)

17.1,29/283

25,7283

20.6,20/97

1,197

18, 11/61

49,3/61

15.1,13/86

12,1/86

128, 6/47

0,047

7.9,24/302

32.5,98/302

Direct
relative (%,
n/N)
94,47/50
10.4,7/67
235,417
0,017
222,219
11,19
333,39
333,39

10, 1/10

0,010

10,5/50

40,20/50

Full-time
dedication
(%, nIN)

95,26/273

26,7273

189, 18/95

11,195

155,9/58

52,3/58

152,12/79

13,178

87,4146

0,0/46

89,26/293

324,95/293

Using at

least one aid

(%, n/N)

12.1,34/280

3.6,10/280

227,22/97

1,197

15.2,10/66

45, 3/66

163, 14/86

0,0/86

13, 6/46

0,0/46

89,26/293

345,104/293

p value

0.189

0.038

0.301

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0241

0.389

pvalue

1.000

0.261

1.000

1.000

0.041

0.093

0142

0402

1.000

1.000

0.785

0332

p value

0.049

0.077

0.048

1.000

0.390

1.000

1.000

1.000

0213

1.000

1.000

0426

p value

0.195

1.000

1.000

1.000

0.076

1.000

0.686

0122

1.000

1.000

1.000

0.055

OR (95%
Cl)

180 (062,
463)

423087,
17.62)

212(050,
8.04)

0.00(0.00,
269.08)

065 (0.01,
6.01)

0.00(0.00,
19.86)

L12(011,
6.24)

0.00(0.00,
278.29)

0.00(0.00,
6.25)

0.00 (0.00, )

187 (059,
5.12)

136 (066,
274)

OR
(95% CI)

0.98(0.18,
3.54)

053(0.17,
1.71)

095 (0.26,
442)

- (0.00,-)

0.09(0.01,
1.35)

0.00(0.00,
3.99)

0.32(0.06,
224)

0.35(0.02,
3.95)

115011,
60.54)

0,00 (0.00,

084(0.29,
2.96)

0.72(0.37,
1.41)

OR (95%
(o)}

231(092,
5.41)

3.22(0.66,
13.25)

3.28 (091,
1L51)

0.00(0.00,
23073)

202(029,
10.77)

0.00(0.00,
13.35)

105 (017,
4.55)

0.00(0.00,
159.71)
339(0.26,
30.64)
0.00 (0.00, =)
086 (021,
263)

130 (067,
249)

OR
(95% CI)

035 (0.04,
147)

064 (001,
4.74)

093(0.15,
397)

0.00(0.00,
269.08)

1059 (051,
668.55)

0.00(0.00,
70.29)

047 (0,01,
3.75)

-(0.18,-)

0.00(0.00,
5.21)

087 (0.21,
2.69)

050(0.22,
105)

Male (%,
n/N)

258,8/31

7,231

333,39

0,09

167,1/6

0,0/6

0,07

0,07

0,03

0,03

6.1,2/33

424,14/33

No direct
relative (%,
n/N)
92.5,173/187
43,9/275
13.3, 8/60
3.3, 2/60
16.3,7/43
0,3/46
109, 5/46
39.1,18/46

179,5/28

35,128

9.1,17/187

29.9,56/187

Not full-
time
dedication
(%, n/N)
227,104
13.6,6/44
125,118
0,018
429,317
143,17
333,206
0,0/6

0,04

25,14

152,7/46

54.3,25/46

Without any

aid (%, n/N)

15.4,6/39

7.7,3/39

231,313

0,013

1L 19

11,19

77,113

0,013

125,18

125,18

9.3,4/43

30.2,13/43

Non-qualified caregivers

Female (%,
n/N)

113,24/215

65,15/212

13.2,9/68

29,2/68

15.4,8/52

9.6,5/52

125,7/56

17.6,6/34

29,134

9.6,221228

329,75/228

Direct
relative (%,
n/N)

98.5,67/68

247

25,4/16

0,0/16

70,113

65,0114

143,214

39.1,18/46

143,117

0,07

103,7/68

47.1,32/68

Full-time
dedication
(%, n/N)

113,22/195

57,11/194

164,11/67

29,2/68

12.2,6/49

82,4149

5/53

38,2/53

20,6/30

0,0/30

82,17/207
304,63/207
Using at
least one aid
(%, n/N)
12.2,24/196

7.1, 14/196

145,9/62

17, 8/47

8.5,4/47

13.6,6/44

45,2044

185,5/27

0,027

9.2,19/207

36.2,75/207

p value

0.041

1000

0142

1000

1000

1.000

1000

1000

1.000

1.000

0.749

0327

pvalue

0078

0.666

0265

1000

1.000

1000

0,661

0111

1000

1000

0.809

0017

p value

0052

0097

1000

1000

0074

0501

0144

1.000

1000

0118

0.164

0.003

p value

0.601

1.000

1000

1.000

1000

1000

1.000

1000

0229

1000

0488

OR (95%
Cl)

275 (0.96,
7.31)
091 (0.10,
4.23)
321 (044,
18.69)
0.00 (0.00,
41.89)
110 (0.02,
11.97)
0.00 (0.00,
10.81)
0.00 (0.00,
6.13)
0.00 (0.00,
44.94)
0.00 (0.00,
13.64)
0.00 (0.00,
438.98)
061007,
267)
150 (0.66,
3.36)

OR
(95% CI)

0.19 (0.00,
1.26)
076 (0.15,
7.47)
047(0.10,
247)

-(0.05,-)

230(0.25,
113.74)

0.00(0.00, )

074 (0.10,
865)

100 (040,
251)

129011,
7181)

- (.01,

0.87(0.32,
261)

048 (0.26,
0.89)

OR
(95% CI)

230 (0.89,
5.64)
261(0.75,
8.29)
073 (001,
6.71)
0.00 (0.00,
47.42)
5.14 (061,
39.91)
185 (0.0,
2357)
461034,
43.67)
0.00 (0.00,
50.19)
0.00 (0.00,
7.71)

- (0.1

2,00 (0.6,
5.51)
2710135,
5.51)

OR
(95% CI)

130 0.40,
361)
1.08(0.19,
4.17)
175(0.26,
8.85)
0.00 (0.00,
26.02)
061001,
5.84)
134(0.02,
16.12)
053 (0.01,
5.13)
0.00 (0.00,
18.39)
0,64 (0.01,
7.30)

-(0.09,-)

101(0.24,
3.29)
0.76 (0.34,
1.62)
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Question Pre- Post- Change

training training
survey survey

Tunderstand the

tobacco use

prevalence rates

sinog Affiean 398 434 +9%

Americans in the

USA and WV

Lunderstand the

patterns of tobacco 393 436 +11%
use.

Lunderstand the

health effects of 424 152 +6.6%

tobacco use.

Tunderstand the

dangers of 419 450 +7.39%
secondhand smoke.

Tunderstand

marketing

strategies used in

391 444 +13.55%
African American

targeted
advertising.

Tcan explain the

WV Tobacco 339 125 +2536%
Quitline Services.

1t highlights the pre-training responses, post-training responses, and the percent change.
N=220 (77% of participants).
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Question Bres Post- Change

training training
survey survey

Twant to quit using
386 419 +8.5%
tobacco.

Tunderstand
431 449 +4.17%
nicotine addiction

Tunderstand the
391 441 +12.78%
steps to quitting
Lunderstand how
the body responds
3.74 437 +16.84%
o nicotine

withdrawal.

Tknow about
‘medicines that can 362 428 +18.23%
help me quit.
Tam confident
Tean stop using 377 401 +6.36%
tobacco.
Tam confident
I can control my

354 401 +13.27%
urges to use
tobacco.
Tknow how to deal
with the stress of 355 399 +12.39%
quitting tobacco.
My friends and
family will support 424 430 +14%
my efforts to quit.

It highlights the pre-training responses, post-training responses, and the percent change.
N =160 (75% of Participants)
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Variables Qualified Non-qualOified Total informal

caregivers N (%) caregivers N (%) caregivers N (%)
Years (mean, SD) 340 511(147) 258 516 (139) 598 514(143)
Females 345 302(87.5) 261 228 (87.4) 606 530 (87.5)
Spanish nationality 345 213(61.7) 260 173 (66.5) 605 386 (63.8)
Undergraduate level of studies 314 125 (363) 255 126 (49.4) 599 251 (41.9)
Full-time caregiving 345 293 (84.9) 253 207 (81.5) 598 500 (83.5)
. 343 50(146) 255 68(26.6) 598 18019.7)
recipient
Cares several people
oy 345 119 (345) 253 81(32) 598 200 (33.4)
Sole caregiver for the individual 345 183 (53.0) 257 156 (60.7) 602 339.(53.3)
Medication administered
Eye drops 346 98(28.3) 339 89(26.5) 685 187 (27.4)
Inhaled 346 69(199) 339 78 (23.1) 685 147 (21.5)
Injection 346 112(325) 339 101 (30.0) 685 213(2.2)
Pill, capsules, tablets 346 325 (94.2) 339 315(93.5) 685 640(93.8)

Syrups 346 54(157) 339 53(15.7) 685 107(15.7)
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Pre-survey Post-survey

How confident are you in generating x x
occupation-based interventions during

your Level I fieldwork placements?

How confident are you in generating x x
therapeutic exercise-based interventions

during your Level II fieldwork

placements?

How comfortable are you with using x x
ChatGPT to generate intervention ideas

for occupational therapy clinical

practice?

How knowledgeable are you about x x

ethical and safety considerations related
to using Al technology like ChatGPT in

occupational therapy practice?

How much do you believe ChatGPT x x
technology can enhance treatment

planning efficiency in occupational

therapy practice?

“To what extent do you believe ChatGPT x
can assistin generating diverse and

relevant intervention ideas?

Do you think ChatGPT can contribute x
to improved efficiency in the
intervention planning process?

nce-based research x

findings should always align with
suggestions generated by ChatGPT?

Describe the benefits of using ChatGPT x
to support intervention planning (Open

Response)

Describe the limitations of using x

ChatGPT to support intervention

planning (Open Response)
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interventions during your Level Il Fieldwork placements? Post
How comfortable are you with using ChatGPT to generate intervention Pre
ideas for occupational therapy clinical practice? Post

How knowledgeable are you about ethical and safety considerations related | Pre

to using Al technology like ChatGPT in occupational therapy practice?

Post
How much do you believe ChatGPT technology can enhance treatment Pre
planning efficiency in occupational therapy practice? Post

To what extent do you believe ChatGPT can assist in generating diverse and | Post

relevant intervention ideas?

Onasale from 1 to'5, how likely are you to recommend the integration of

Post
ChatGPT in occupational therapy education?

Question Time
Do you think ChatGPT can contribute to improved efficiency in the Post
intervention planning process?

Do you think evidence-based research findings should always align Post
suggestions generated by ChatGPT?

Onascale from 1 to 5, how likely are you to recommend the Post
integration of ChatGPT in occupational therapy education?

Question Time

Do you think ChatGPT can contribute to improved efficiency in the ~ Post

intervention planning process?

Do you think evidence-based research findings should always align Post

with suggestions generated by ChatGPT?
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Categories i Median (Pso) Interquartile range

(P2, P75)

Gender -2192 0.028
Man (n = 88) 7.00 35.00 31.00 (28.00, 35.00)
‘Woman (1 = 266) 7.00 35.00 28.00 (28.00, 34.00)

Nationality 0325 0.850
Han (n = 220) 7.00 35.00 28.00 (28.00, 34.00)
Zhuang (n = 106) 15.00 35.00 28.00 (28.00, 35.00)
Others (n = 28) 20.00 35.00 28.00 (28.00,34.00)

Birthplace -2424 0.015
Urban (1= 113) 2100 35.00 29.00 (28.00,35.00)
Rural (n = 241) 7.00 35.00 28.00 (28.00, 33.50)

Major -3.932 0.000
Health service
managerment (n=240) 7.00 35.00 28.50 (28.00,35.00)
Public health (n = 114) 7.00 35.00 28.00 (25.75,33.00)

Serve as a class leader -0.442 0.659
Yes (n=153) 7.00 3500 2800 (28.00,34.00)
No (n =201) 7.00 35.00 28.00 (28.00, 35.00)
Necessity of learning 38.460 0.000
Necessary (n = 318) 7.00 35.00 28.00 (28.00,35.00)
Not care (n = 29) 14.00 35.00 25.00 (21.00, 28.00)
Unnecessary (n=7) 20.00 28.00 24.00 (21.00, 28.00)

Difficulty of the learning -3.244 0.001
Difficult (n = 171) 7.00 35.00 28.00 (27.00, 33.00)
General and Easy
(n=183) 7.00 35.00 29.00 (28.00, 35.00)

Preview before class 14.568 0.001
Often (n =25) 7.00 35.00 33.00 (28.00, 35.00)
Occasionally (n = 263) 7.00 35.00 28.00 (28.00, 34.00)
Never (n = 66) 7.00 35.00 28.00 (23.75,32.25)

Willingness to appl,

knnwlfdg: oﬂ::rl;;/ng 7 9008
Willing (n = 337) 7.00 35.00 28.00 (28.00, 34.00)
Unwilling (n = 17) 1400 35.00 24.00 (2100, 31.00)

is the value of the method of the Mann-Whitney U-test; H is the value of the method of the Kruskal-Wallis test.
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Contents Max Median (P50) Interquartile range (P25, P75)
Teaching contents 1 5 4 (4.00,5.00)
Teaching schedule 1 5 4 (4.00,5.00)
PPT of course 1 5 4 (4.00,5.00)
Lectures by teachers 1 5 4 (4.00,5.00)
Appearance of teachers 1 5 4 (4.00,5.00)
Interaction in class 1 5 4 (4.00,5.00)
Guidance in and out of class 1 5 4 (4.00,5.00)

‘The overall satisfaction 7 35 2 (2800, 34.00)
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Preview before class Willingness to apply knowledge

Categories Often Occasionally Never Willing Unwilling
n - n n

Gender 1974 0373 0500 | 0.481
Man (1= 88) 7 fl ] 784 1216 85 966 3 34
Woman (1 = 266) 1868 194 729 54 203 3 917 m 53

Nationality 1302 0861 2200 033
Han (n = 220) 673 161 732 43 195 20 955 10 45
Zhuang (n = 106) 6 57 82 774 B 7 99 934 7 66
Others (n = 28) 3107 20 714 5179 8 10 0 0

Birthplace 0453 0797 0050 | 0820
Urban (n = 113) 7 62 8 735 23 204 108 956 5 44
Rural (n = 241) 1B 75 180 747 58 20 95 12 5

Major 14929 0001 0660 | 0417
Health service
ansgement(n— 240 o ss 193 804 B s 20 958 10 12
Public health (1 = 114) noo9 70 614 3 289 107 939 7 61

Serve as a class leader 4134 | 0127 0030 | 0862
Yes (n = 153) 15 98 14 745 24 157 146 954 7 46
No (n=201) 0 s 149 741 2 209 1 9% 10 5

Total 3 71 263 743 66 186 37 952 17 48
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Categories

Gender
Man (n = 88)
Woman (= 266)
Nationality
Han (n = 220)
Zhuang (n = 106)
Others (1 = 28)
Birthplace
Urban (n = 113)
Rural (n = 241)
Major
Health service
‘management
(n=240)
Public health
(n=114)
Serve as a class leader
Yes (n = 153)
No (n=201)

Total

Necessity of learning

Necessary Indifferent ~ Unnecessary Difficult
n % n % n %
4631 0099
82 | 932 3 34 3 34 30 31
26 87 26 98 4 L5 s
5893 0207
196 81 21 95 3 14 107 486
91 887 8 75 4 38 52 491
28 | 1000 0 0 0 0 JERX
3402 0183
03 912 10 88 0 0 43 381
25 892 19 79 7 29 128 53l
3392 0183
20 916 17 7.1 3 13 21 504
9% | 860 12 105 4 35 50 439
0917 0632
137 895 14 92 2 13 75 49
181 900 15 75 5 25 9% 478
38 898 29 82 7 2 171 483

Difficulty of the learning

General ~ Easy
n

11.987
57 s 1 L1
125 47 0 0

0.993
112 50.9 1 0.5
54 509 (] 0
16 57.1 0 0

8.750
® o 1 09
113 46.9 0 0

3.278
19 496 0 0
63 553 1 09

0.799

7% 51 0 0

182 514 1 03

0002

0911

0013

0194

0671
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Categories Frequency (n) Percentage (%)

Gender

Man 88 219
Woman 266 751
Nationality

Han 20 621
Zhuang 106 29
Others 28 79
Birthplace

Urban area 13 319
Rural area 211 68.1
Major

Health service - -
‘management

Public health 14 322
Serve as a class leader

Yes 153 52

No 201 56.8
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The following questions are related to teaching methods: - - - - - 75 3.66 0.65
Iam better prepared for the application session thanks to the 1 1 19 47 7 75 3.77 0.69
iRAT/tRAT.

The combination of the preparation day and the iRAT/tRAT have 2 4 14 45 10 75 3.76 0.85
prepared me for the exam.

TBL sessions increase student participation. 1 5 14 43 12 75 3.80 0.84
Working in small groups has improved my understanding of the 2 0 17 49 7 75 379 0.72
material.

TBL has helped me integrate various different concepts. 1 6 24 38 6 75 3.56 0.81
TBL sessions have taught me how to approach real dentistry related 5 13 27 27 3 75 3.13 0.98
problems.

TBL is a useful addition to lectures and work groups. 4 4 11 37 19 75 3.84 1.04
The following questions are related to the teacher 3.54 0.60
The TBL teacher creates a safe environment in which I feel free to 0 2 23 37 10 75 3.69 0.79
talk as a student.

The TBL teacher encourages me to contribute to the discussions. 0 7 21 40 7 75 3.63 0.79
The TBL teacher makes me enthusiastic to learn more about the 0 13 28 30 4 75 3.33 0.83
subject.

The TBL teacher guides the discussions without passing judgment. 0 5 18 40 12 75 379 0.79
The TBL teacher has good time management. 0 13 33 24 5 75 3.28 0.83
The following questions are related to organization 75 3.73 0.43
It was clear what was expected of me in TBL. 1 0 16 51 7 75 3.84 0.64
I could easily find the information necessary for TBL. 0 2 17 46 10 75 3.85 0.67
I mostly had enough time for the iRAT. 0 0 3 33 39 75 4.48 0.58
I mostly had enough time for the tRAT. 0 1 2 33 39 75 4.47 0.62
I thought the mini-lecture after the tRAT was useful. 7 16 28 20 4 75 2.97 1.04
I thought that how the time was divided in the TBL application 2 25 18 28 2 75 3.04 0.97
sessions was good.

I thought the online version of TBL was enjoyable. 2 4 11 38 20 75 3.93 0.94
The technical support for TBL went well (for example, entering and 0 4 9 46 16 75 399 0.74
leaving breakout rooms).

I think the presence of the teacher in the breakout rooms is helpful. 4 9 24 25 3 75 3.05 0.99
The following questions are related to collaboration in your team: 75 4.22 0.78
Tliked being in the same team for a whole year. 1 3 7 29 35 75 4.25 0.89
Throughout the year, we developed as a team. 1 2 9 27 36 75 4.27 0.88
I felt comfortable giving my team-members feedback through 0 4 12 28 31 75 4.15 0.88
Feedback fruits.

Bold values indicate the average of the Likert -Scale scores of that category. 1-5 Likerts Scale: -, firmly disagree to ++ firmly agree; #, number; M, mean; SD, standard deviation.
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Team-Based Learning

Team Based Learning is an interactive teaching method that stimulates students to learn as a team about diverse and complex
issues. This allows them to develop problem solving skills which are of great value for their future careers. TBL follows a clear
structure for active learning. The main goal of TBL is to let groups of students directly apply newly acquired knowledge to
relevant professional cases, enabling them to process the subject matter thoroughly and in an active way.

Planning

There are 10 TBL-sessions throughout the
academic year: approximately 1 session

every 4 weeks. Every block contains at

least 1 TBL-session. Every TBL-session 5

consists out of 3 phases.

individual
study preparation
material

0@;-"3&@92%130&‘0&6
RAT + minicollege

individual team
individual team testing with
testing direct feedback and

optional rebuttal

Groups

TBL-groups are identical to the
groups within clinical
education. Every TBL-group
consists out of half of the
cohort, divided in 12 TBL-
teams of £ 5-7 random
students. Students remain in
their TBL-group and TBL-team
throughout the academic
year.

DAY 1

Application Phase
(3 seeced

lecturer
lecturer provides application
assignment

application assignment JdiScussion
team
lecturer is available for questions

Test

The following applies to
TBL-assessment :

The iRAT en tRAT are

« identical, they consist out of
multiple choice questions
with 3 or 4 choice options

« Acquired grades count as
bonus points

“ The iRAT & tRAT are
scheduled outside of exam

weeks

simultaneous response

;»siczeo«a';.pa}g,r.
group lecturer
lecturer lecturer summarises
moderates and clarifies when
needed
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Indicator m village mbarwet village
1 Number of individuals screened for TB 440 19
2 Number of presumptive TB persons identified 1 1 2
3 Number of active TB persons identified 0 0 0
4 Number of household contacts/close contacts identified 2 2 4
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Feedback questions Reponses (score)

Strongly Disagree (2)  Neutral (3)  Agree (4)
disagree (1)

Patients (n = 97)

1. Qualified doctor - - - 9
2. Appropriate treatment - - - 12
3. Effective counseling - - - 4
4. Rigorous medical ethics - - - 1
5. Well privacy protection - - - 13
6. Safe and comfort Environment - - - 2
7. Satisfaction of overall experience - . - 2

8. Recommendation for others - - - 13

Strongly
agree (5)

88
85
9

9
95

Mean
score + SD

4914029
4884033
4964020
499£0.10
4874034
4944043
4944043

4874034
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Background Characteristics Individual Beliefs Individual Behaviors

Actions
*  Perceived Susceptibility to DFD
+ Sociodemographic
Factors +  Perceived Severity of DFD
. i n Cues to action
+  Diabetes-Related Perceived Benefits of Preventive Action

+ Educational intervention (i
small group sessions, hands-
on training, reminders, and
preventive care tips)

+ Family Support

Health Indicators
*  Perceived Barriers to Preventive Action

+ Perceived Self-efficacy
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+ Included: Successfully completed the
baseline assessment phase (n=37)
+ Excluded: No baseline assessment (a-2)

‘Eligibility Screening
I (=187 Excluded (a=70)
] . Moderatehigh risk of DFD (n = 37)
. Unable unwilling to comprehend educational materials (n = 12)
+  Cognitive impairments or mental health conditions (n = 5)
+ Refused to participate in the study (n = 16)
e
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Feedback questions Reponses (score) Mean
score + SD

Strongly Disagree (2)  Neutral (3)  Agree (4) Strongly
disagree (1) agree (5)

Students (n = 64)

1. Necessary for clerkship - - - 5 59 492027
2. Meeting the training expectations - - 2 6 56 484+ 044
3. Systematic and logical - - 3 9 52 4774052
4. Improving your practice skills - 5 6 15 38 4344094
5. Improving your clinical judgment - - 6 1 47 464+ 065
6. Improving your counseling skill - - - 9 55 486+ 035
7. Satisfaction with overall experience - - 3 7 54 4804051

8. Expectation of more STC chances - - 2 8 54 4814046





OPS/images/fmed-11-1498393/fmed-11-1498393-t002.jpg
Subjective opinions collected through interviews

Necessary for clerkshi
Helpful and meaningful for undergraduates

A challenge for both students and tutors

Mini-CEX is great to evaluate students’ performance
Surprised of patients’ high satisfaction

Inefficiency
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A

Clinic shadowing (Cs)

Clinic Room

Y
O=0)

Medical students of 5 year (n=144)

crl goup (n=80)

1 Evaluation of general self-efficacy.

Gynecological clinic rotation (CR)

STC group (n=64)

1% Evaluation of general self-efficacy

Supervised teaching clinic (STC)

Clinic Room,

Cliic Room

o4
CLS)

(Crbprecs) (STCprecR)
L
Clinic shadowing for 5 days [ ic shadowing for 3 days |
‘
Supervised teaching clinic for 2 days
4
2% Evaluation of general sefefficacy 2% Bvalation o general selfefficacy
(ctrpostcR) (STCpostcR)
| 4

Evaluation for the performance of
standard patient consultation (min-CEX)

Evaluation for the performance of
standard patient consultation (mini-CEX)
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Question to be asked to

each family member

Do you have any of the

following symptoms?

o Cough for more than 14 days

o Fever for more than 14
days/fever with night sweats

o Weightloss

 Blood in sputum

Instruction

If answer to any one of
these is “yes,” then that
person is identified as a
“presumptive TB”
person.

Is/are there any member(s) in your
family who is currently taking TB
treatment?

Any “yes” to be reported
asa person with active
TB

‘Was there any member in your
family who was diagnosed with
TB/took treatment for TB in the
past 5 years?

Any “yes” to be reported
asa source of contact
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Vomiting (24 h) Joint Pressure Infection
stiffness injury
Observation (n = 105) 5 (4.76%) 4(3.81%) 0(0%) 2(1.90%) 0(0%) 1(0.95%) 12 (11.43%)
Control (n = 105) 7 (6.679%) 6(5.71%) 4(3.81%) 7 (6.67%) 3 (2.86%) 5 (4.76%) 32 (30.48%)
P-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.001
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Characteristic ~Observation Control P-value

group group
(n = 105) (n = 105)
Age (years), mean 21324225 22.12£235 >0.05
+SD

Education level, n (%)

- High school 74 (70.48%) 73 (69.52%) >0.05

- College 41 (39.05%) 32 (30.48%) >0.05

Diagnosis, n (%)

- Ligament injury 58 (55.24%) 53 (50.48%) >0.05
- Meniscus injury 35 (33.33%) 28 (26.67%) >005
~ Patellar 11 (10.48%) 12 (11.43%) >005
chondromalacia

- Knee synovitis 5 (4.76%) 5(4.76%) >0.05
- Fracture 6(5.71%) 7 (6.67%) >0.05

Data presented as mean  SD or n (%). P-values indicate no significant differences between
groups (P> 0.05).
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Variable Category Less than 120 min More than

120 min

Social media stes affect 0.002

your study time negatively | irongly disngree 6(3.6%) 7(27%) 13 (3.0%)
Disagree 27 (16.3%) 22(84%) 49 (11.4%)
Neutral 59 (35.5%) 74 (28.1%) 133 (31.0%)
Agree 55 (33.1%) 69 (26.2%) 124 (28.9%)
Strongly agree 19.(11.4%) 91 (34.6%) 110 (25.6%)

Social media stes affect <0.001

your study time positively | gyrongly disagree 27 (16.3%) 74 (28.1%) 101 (23.5%)
Disagree 47(283%) 101 (38.4%) 148 (34.5%)
Neutral 64(38.6%) 62 (23.6%) 126 (29.4%)
Agree 25(15.1%) 19(7.2%) 44(10.3%)
Strongly agree 3(1.8%) 7(2.7%) 10(2.3%)

Social media stes are 0.007

distracting you from Strongly disagree 5(3.0%) 6(23%) 11(2.6%)

suidyios Disagree 20(12.0%) 190.2%) 39.9.1%)
Neutral 49(29.5%) 53 (202%) 102 (23.8%)
Agree 58(34.9%) 85 (32.3%) 143 (33.3%)
Strongly agree 34/(20.5%) 100 (38.0%) 134 (31.2%)

Social media helps 0511

you reach out to your Strongly disagree 10 (6.0%) 24(9.1%) 34(7.9%)

il e 23(13.9%) 33 (125%) 56.(13.1%)

casier way
Neutral 36 (21.7%) 67 (25.5%) 103 (24.0%)
Agree 51(30.7%) 75 (28.5%) 126 (29.4%)
Strongly agree 16(27.7%) 64(243%) 110 (25.6%)

Social media use increases 0055

during exams Strongly disagree 33(19.9%) 39.(14.8%) 72(16.8%)
Disagree 42(25.3%) 50 (19.0%) 92 (21.4%)
Neutral 37 (22.3%) 65 (24.7%) 102 (23.8%)
Agree 37(22.3%) 53(20.2%) 90 (21.0%)
Strongly agree 17(10.2%) 56 (21.3%) 73(17.0%)

Social networking has <0.001

impacted your academic  Negative 65(39.2%) 169 (64.3%) 234 (54.5%)

s Noeffect 55(33.1%) 56 (21.3%) 111 (25.9%)
Positive 16 (27.7%) 38 (14.4%) 84(19.6%)

“The integration of social 0372

media with educational Disagree 19 (11.4%) 38 (14.4%) 57(13.3%)

I Agree 147 (88.6%) 225 (85.6%) 372 (86.7%)

education process . i :

Integration of social media 0015

within the education Disagree 84(50.6%) 159 (60.5%) 243 (56.6%)

PO MR e 82(49.4%) 104 (39.5%) 186 (43.4%)

concerns

Academic staf are capable 0377

of integrating social media  pyjgagree 76 (45.8%) 109 (41.4%) 185 (43.1%)

into educational platoems |7 e 90 (54.2%) 154 (58.6%) 244 (56.9%)

Social media aids group 0295

work Disagree 21(12.7%) 43.(163%) 64(14.9%)
Agree 145 (87.3%) 220 (83.7%) 365 (85.1%)

Social medial aids in 0807

collaborative work Disagree 75 (45.2%) 122 (46.4%) 197 (45.9%)
Agree 91 (54.8%) 141 (53.6%) 232 (54.1%)

How has social media 0.018

affected your research Negatively 104 (62.7%) 128 (48.7%) 232 (54.1%)

skilse Noeffect 30 (18.1%) 67 (25.5%) 97 (22.6%)

Positively 32(19.3%) 68 (25.9%) 100 (23.3%)
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Variable

Followed social media

content

Time spent on social media

affects your study time

Impact of social media

Using social media affects

your medical knowledge

Academic social media usage
purposes

Bold p-values are significant.

Category
Educ

Entertainment
Political

Sports

No

Yes

Delays tasks

Decreases focus.

Increases focus

Relives stress

No effect

No

Yes

Finding conferences
Educational courses
Finding scientific journals
Online study groups

No academic benefit

Less than 120 min

128 (77.1%)
130 (78.3%)
26 (15.7%)
50 (30.1%)
29(17.5%)
137 (82.5%)
88 (53.0%)
92 (55.4%)
15 (9.0%)
54(32.5%)
18 (10.8%)
33 (19.9%)
133 (80.1%)
46(27.7%)
98 (59.0%)
60 (36.1%)
88 (53.0%)

22(13.3%)

More than 120 min

183 (69.6%)
226 (85.9%)
51(19.4%)
75 (28.5%)
17(6.5%)
246 (93.5%)
177 (67.3%)
188 (71.5%)
13 (49%)
87 (33.1%)
11(42%)
81(30.8%)
182 (69.2%)
57 (21.7%)
148 (56.3%)
73 (27.8%)
147 (55.9%)

50 (19.0%)

0.089

0.041
0327
0722

<0.001

0.003
0.001
0.095
0.906
0.007

0.013

0.154
0.573
0.067
0.559

0.120

Total
311(725%)
356 (83.0%)
77 (17.9%)
125 (29.1%)
46 (10.7%)
383 (89.3%)
265 (61.8%)
280 (65.3%)

28 (6.5%)
141(32.9%)
29(6.8%)
114.(26.6%)
315 (73.4%)
103 (24.0%)
246 (57.3%)
133 (31.0%)
235 (54.8%)

72(16.8%)
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Variable
Gender

Age

Year of study

University

GPA

Used social media

platforms

me spent of

social media

Category
Female

Male

16-17

18-19

20-21

2-23

2-25

25

1

5
6

Al-Yarmouk University
Al-Balga Applied University
JusT

Mutah University

‘The Hashemite University
‘The University of Jordan
Fair

Good

Very good

Excellent

Instagram

Facebook

YouTube

Twitter

WhatsApp

TikTok

Snapchat

Discord

Reddit

Telegram

Less than 30 min

3010 60 min

6010 120 min

More than 120 min

Total
300 (69.9%)
129 (30.1%)

1(0.2%)
144 (33.6%)
152 (35.4%)
109 (25.4%)

20 (4.7%)

3(0.7%)
119.27.7%)
104 (24.2%)
62(14.5%)

37(8.6%)
65 (15.2%)
42(9.8%)
14(33%)
23 (5.4%)
49 (11.4%)
11(26%)
306 (71.3%)
26 (6.1%)

9(2.1%)
89 (20.7%)
169 (39.4%)
162 (37.8%)
374 (87.2%)
396 (92.3%)
367 (85.5%)
177 (41.3%)
355 (82.8%)
122 (28.4%)
238 (55.5%)

3(0.7%)

3(0.7%)

4(0.9%)

6(1.4%)

24 (5.6%)
136 (31.7%)

263 (61.3%)
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J 6 cities in Shaanxi Province ‘

Simple random sampling -—»{

‘ 1 person per household ‘
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Three visits to a household
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Outcome measures Unadjusted model Adjusted model

OR (95% CI) p-value aOR (95% CI) p-value

Foot care practices

Intervention Group 1 vs. Control (Baseline) 15(08-23) 018 13(07-2.4) 025
Intervention Group 2 vs. Control (Baseline) 1.8(1.0-3.4) 0.10 1.6 (0.9-3.1) 0.18
Intervention Group 1vs. Intervention Group 2 (Baseline) 12(07-21) 015 11(06-20) 020
Group x Time Interaction (Intervention 2 vs. Intervention Group 1) 1.8(1.1-3.0) 0.005%* 17(1.2-29) 0.02*
Group x Time Interaction (Intervention 2 vs. Control) 2.8(1.4-5.6) <0.001** 25(1.3-5.1) <0.001**
Group x Time Interaction (Intervention 1 vs. Control) 1.7(09-3.2) 0.07 1.6 (0.8-3.0) 0.09

Self-efficacy

Intervention Group 1. Control (Baseline) 16(09-28) on 14(08-26) 019
Intervention Group 2 vs. Control (Baseline) 20(1.1-3.7) 0.05 1.9(1.0-3.5) 0.06
Intervention Group 1 vs. Intervention Group 2 (Baseline) 1.3(0.8-2.2) 0.14 1.2(0.7-2.1) 0.18
Group x Time Interaction (Intervention 2 vs. Itervention Group 1) 20012-35) 0003 18(11-32) [
Group x Time Interaction (Intervention 2 vs. Control) 3.0(1.6-5.7) <0.001%* 2.7(14-5.2) <0.001%*
Group x Time Interaction (Intervention 1 vs. Control) 1.8(0.7-3.3) 0.05 1.7 (0.9-2.6) 0.08

p <005 *p <001
The final model adjusted for all participants’ characteristicslisted in Table |

OR, odd ratio; aOR, adjusted odd ratio; C1, confidence interval.

“Intervention Group 1 vs. Control: Indicates between-group differences at baseline between the Control Group and Intervention Group 1

“Intervention Group 2 vs. Control " Indicates between-group differences at baseline between the Control Group and Intervention Group 2.

“Intervention Group 1 vs. Intervention Group 2”: Indicates between-group differences at baseline between the Intervention Group 1 and Intervention Group 2.

Group x Time Interaction (Intervention 1 vs. Control): Indicates differences between Intervention Group 1 and the Control Group in the change of outcomes at 2 months relative to baseline.
Group x Time Interaction (Intervention 2 vs. Control): Indicates differences between Intervention Group 2 and the Control Group in the change of outcomes at 2 months relative to baseline.
Group x Time Interaction (Intervention 1 vs. Intervention 2): Indicates differences between Intervention Group 1 and the Intervention Group 2 in the change of outcomes at 2 months relative:
(0 baseline.
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Variable Control group Intervention Intervention group 2 Total (n = 76) p-value
(%)

(n=27) group 1 (n = 26) (n =23) n (%
n (%) n (%) n (%)

Age in years (Mean, SD) 590444 557+64 53.0+74 56562 0022
Education in years (Mean, SD) 12319 115424 138428 128424 0043
Marital status
Single/Widow/Divorced 5(23.8%) 10 (47.6%) 6(28.6%) 21 (27.6%) 0.263
Married 22 (40%) 16 (29.1%) 17 (30.9%) 55 (724%)
Employment status
Unemployed/Housewife 10(33.3%) 10 (33.3%) 10 (33.4%) 30 (40.8%) 0978
Retired 9 (34.6%) 9 (34.6%) 8(30.8%) 26 (34.2%)
Employed 8 (40%) 7(35%) 5(25%) 20 (25%)
Area of residence
Rural 8(36.4%) 7(31.8%) 7(31.8%) 22(28.9%) 0.960
Urban 19.(35.2%) 19(35.2%) 16 (29.6%) 54(71.1%)
Smoking
Never smoked 16 (34.8%) 13 (28.9%) 17 (37.8%) 46 (60.5%) 0.449
Former smoker 6(42.9%) 5(33.3%) 3 (20%) 14 (18.4%)
Current smoker 5(31.3%) 8(50%) 3(18.7%) 16 (21.1%)
Income adequacy
Inadequate 13 (41.9%) 10 (323%) 8 (25.8%) 31 (408%) 0604
Adequate 14(31.1%) 16 (35.6%) 15 (33.3%) 45 (59.2%)
Health insurance
No 5(33.3%) 6(40%) 4(267%) 15 (19.7%) 0.866
Yes 22(36.1%) 20 (32.8%) 19 (31%) 61 (80.3%)
Self-perceived health status
Poor 12(50%) 7(29.2%) 5(208%) 24 (31.6%) 0.006
Average 6(26.1%) 4017.4%) 13 (56.5%) 23(30.3%)
Excellent 9(31%) 15 (51.7%) 5(17.2%) 29(38.1%)
BMI
<185 kg/m? 3(42.9%) 2(28.6%) 2(28.5%) 7(9.2%) 0.868
18.5 10 <25 kg/m’ 5(26.3%) 6(31.6%) 8(42.1%) 19.(25%)
25t <30 kg/m* 11(34.4%) 12 (37.5%) 9(28.1%) 32(42.1%)
230 kg/m’ 8 (40%) 6 (40%) 4(20%) 18 (23.7%)
Diabetes duration in years 110 (8-14) 100 (7-12) 110 (8-13) 107 (8-13) 0641
(mean, D)
FBG (mmol/l) (mean, SD) 7.2(65-8.0) 7.7 (67-82) 7.9 (68-8.4) 76 (67-82) 0322
HDAIC (%) (mean, SD) 7.4 (69-8.1) 7.7(7.2-83) 79(7.3-85) 7.7(7.2-83) 0.201
Presence of comorbidities
None 10(35.7%) 8(28.6%) 10 (35.7%) 28 (36.8%) 0629
12 11(31.4%) 15 (42.9%) 9(25.7%) 35 (46.1%)
>3 6(46.2%) 3(23%) 4(308%) 13 (17.1%)
Physician’s gender
Male 21(33.3%) 22(35%) 20 (30.7%) 63 (829%) 0.663
Female 6(46.2%) 4(30.8%) 3(23%) 13 (17.1%)
No. of visits to the diabetes clinic per year
13 17 (42.5%) 13 (32.5%) 10 (25%) 40 (52.7%) 0392
45 7(31.8%) 9(40.9%) 6(27.3%) 22(28.9%)
>5 3(21.4%) 4(28.6%) 7(50%) 14 (18.4%)
No. of hospitalization in the last year
0 16.(37.2%) 15 (34.9%) 12(27.9%) 43 (56.6%) 0452
12 5(22.7%) 9(40.9%) 8(36.4%) 22(28.9%)
>3 6(54.5%) 2(18.2%) 3(27.3%) 11(14.5%)

BMI, Body Mass Index; FBG, Fasting Blood Glucose; HbA1C, Glycated Hemoglobin; SD, Standard Deviation. Control Group, Patients who received standard clinical care; Intervention
Group 1, Patients who received standard care supplemented with weekly text reminders and follow-up calls; Intervention Group 2, Patients who received all components of Intervention
Group 1, plus small group education sessions and hands-on foot care training.
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Outcome  Dimension/items Control group p-value’ Interventiongroupl  p-value' Interventiongroup2  p-value®

measures

Baseline Follow-up Baseline Follow-up Baseline  Follow-up
Foot care Personal self-care 182 205 0.22 172 28 0.02* 165 259 0.001%
practices 1. Do you generally examine your foot yourself? 33 36 015 30 37 012 38 44 0.08
2.Do you inspect your nails? 28 37 0.04% 37 41 018 35 43 015
3.0 you look for sores and examine the state of 26 30 018 25 31 015 23 42 0.001%

the skin of your feet by yourself?

4.Ts it hard for you to dry your feet after 25 28 022 33 40 0.12 24 38 0.004%
showering?

5. How often do you cut or treat your toenails? 29 35 0.02* 31 40 0.08 34 41 0.15
6. Do you dry your feet? 33 37 019 34 46 0.03% 32 47 0,003+
7. Do you heat your feet? 27 32 0.03* 26 41 0.03% 27 39 005
Podiatric care 105 16 0.30 10 132 0.12 99 177 0.001%
8. Do you treat skin sores, dry skin patches, and 29 31 0.26 27 36 0.20 28 35 0.10
calluses?

9. Regarding summer footwear, with excessive 30 33 0.20 31 38 013 32 44 00014

heat, do you take any precautions?

10. Regarding conventional footwear, do 30 31 0.18 28 43 0.18 3.0 45 0.02*
you check it before using it?

11. Regarding socks, do you select them with 29 30 0.24 32 40 0.08 28 42 0.03*
care?

Footwear and socks 126 131 019 132 160 025 n3 22 0.01
12. Regarding new shoes, do you take any 27 29 028 26 39 0019% 29 38 015

specific steps before wearing them?

13. Is it hard to find comfortable shoes for your 29 33 0.05 28 34 0.12 27 39 020
feet?

14.1s it hard to find socks that are right for your 28 30 0.18 34 39 0.12 29 40 0.02%
feet?

15. How important do you consider personal 31 34 022 31 34 025 30 43 0001+
care of your feet?

16. Regarding the recommendations on how to 30 33 0.24 28 35 0.08 29 43 0.002%*

take care of your own feet, do you follow them?
Overall scores of the foot care practices 402 422 0.18 409 632 0.02% 362 73.1 0.001%*

Extracted using Wilcoxon test; *p < 0.05; *4p < 0.01.
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Outcome Control group p-value® Intervention group 1 p-value® Intervention group 2 p-value®

measures

Baseline Follow-up Baseline Follow-up Baseline Follow-up
Self-efficacy 1.1 can protect my feet 25 34 0,02 28 37 004 25 41 0,001+
2. Even without pain/discomfort, 22 28 012 26 32 0.08 27 40 0,003

Tcan look at my feet daily to check

for cuts, scratches, blisters, redness

or dryness

3. After washing my feet, I can dry 22 32 0,04 27 38 0,02+ 29 43 0,001+
between my toes

4.1 can judge when my toenails 24 27 026 29 33 012 28 34 012

need to be trimmed by a podiatrist

5.1 can trim my toenails straight 27 3.0 0.07 28 32 0.18 3.0 42 0.002%*
across
6.1 can figure out when to use a 28 31 030 33 37 015 29 41 00015

pumice stone to smooth corns
and/or calluses on my feet

7.1 can test the temperature of the 26 30 on 1 38 004 28 39 002¢
water before putting my feet into it

8. 1f I was told to do so, I can wear 25 29 0.18 26 34 0.03* 27 4.0 0.001%*
shoes and socks every time I walk

(includes walking indoors)

9. When I go shopping for new 24 28 022 27 33 0.07 32 38 0.05
shoes, I can choose shoes that are

good for my feet

10.1 can call my doctor about 23 29 o 32 37 025 27 41 0.03*
problems with my feet

11. Before putting them on, I can 24 29 0.10 25 30 0.13 29 4.0 0.002%*
check the insides of my shoes for

problems that could harm my feet

12. If directed to do so, I can 28 a1 0.03* 3.0 38 0.04* 24 42 0.01%
routinely apply lotion to my feet

Overall scores of the self-efficacy 340 357 021 31 393 003+ 345 82 00015

Extracted using Wilcoxon test; *p < 0.05; *4p < .01
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38(8.4%) | \
Tliness and death Love and responsibility
102.29%) 63(13.9%)





OPS/images/fpubh-13-1569881/fpubh-13-1569881-g001.jpg
Records identified from online course
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Unrelated topic(n=16)
Records screened(n =172) Live courses (n =1)
Examination training courses
(n=3)
. Reports excluded(n=4)
Reports assessed for eligibility Missing information
(n=152) courses(n=4)

Studies included in review

China University MOOC(n=24)
Xuetang Online(n=15)

Xueyin Online(n=37)

Smart Education of China(n=15)
Cousera (n=9)

edX (n=10)






OPS/images/fpubh-13-1569881/crossmark.jpg
©

2

i

|





OPS/images/fpubh-13-1573811/fpubh-13-1573811-g002.jpg
14 week 1 week in-
online

course exposure rom building

Real-world Network






OPS/images/fpubh-12-1478376/fpubh-12-1478376-t001.jpg
Variables
Age
Variables
Gender

Male

Female
Marital status

Married

Single/Divorced/Widowed
Educational level

Primary school or below

Junior high school

Senior high school or above
Income (¥)

<2000

2000 ~ 4,000

>4,000
Medication use

DMARDS (yes)

b/SDMARDs (yes)

Traditional Chinese medicine (yes)
Variables
Symptom duration (years), median (IQR)
Diagnosis duration (years), median (IQR)
Disease activity; mean  SD
Physical function, median (IQR)
Self.efficacy, mean £ SD
Quality of life

PE mean £ SD

RE median (IQR)

RE, median (IQR)

VT, mean + SD

MH, mean £ SD

SE, mean + SD

BE, mean & SD

GH, mean + SD

5D, standard deviation; IQR, interquartile range; HRQoL, health-related quality of lie; PF, physical functioning; R role-physicals BP. bodily pain; GH, general health; V'T, vitali

Mean + SD

57.97 +11.64
N (%)

41(27.2%)

110 (72.8%)

131 (86.8%)
21 (13.2%)

68 (45.0%)
51(33.8%)
32(21.2%)

88 (58.3%)
48 (31.8%)
15 (9.9%)

80 (53.0%)
33 (21.9%)
100 (6.2%)

Mean + SD/Median (IGR)

6.00(15.00)
4.00 (13.50)

22321097
0.75 (1.63)

4754204

514542923
0(0)
0(33.30)
580142139
58,07 +22.09
552543175
315219.63

3851419.23

Range

20-86

functioning; RE, rle-emotional; MH, mental health; cDMARDS, conventional discase-modifying antirheumatic drugs; b/tsDMARDS, biologicalor targeted synthetic discase-modifying

antitheumatic drugs.
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Model AIC BIC SABIC Entropy RT BLRT Class cou
1 11250.103 11298.379 11247.741 151

2 10896.059 10971.491 10892.369 0921 03697 0.0000 108/43
3 10753.468 10856.056 10748.450 0919 0.0428 0.0000 92/45/14
4 10674.554 10804.297 10668.206 0899 0.5057 0.0000 59/12/65/15

AIC, Akaike information criterion; BIC, Bayesian information criterion; SABIC, sample size-adjusted Bayesian information criterion; LMRT, Lo-Mendell-Rubin likelihood ratio test; BLRT,
bootstrap likelihood ratio test. Bold indicates 3-profile model was selected.
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Spearman correlation = Cortisol difference | PCR difference | IL-1p difference @ IL-6 difference | Perceived stress
Cortisol difference 1 0.326 —0.026 —0.040 —0.521*

PCR difference - 1 0.222 0.631** —0.196

IL-1B difference - - 1 —0.077 —0.050

1L-6 difference - - - 1 0.174

Perceived stress

*Statistically significant at p < 0.05. **Statistically significant at p < 0.001.
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Stage VI

Time: Unlimited time

Object: Develop the ability to write

research projects and articles and

project management skills and

broad academic perspective

Steps and measures:

® Put forward scientific questions.
based on previous preliminary
work

® Writing and submission of grant
proposals

® Applying for funding.

® Training budgeting skills

Stage |

Time: 1 month

Object: Recruit team members and
investigate their scientific lteracy
level

Steps and measures:

® Poster presentation

@ lecture promotion.

® questionnaire survey.

Stage | Team member.

recruitment

A

Stage VI Research

grant applications
N

Stage V
months

Object: Presentation of project

results and cultvates effective

scientific communication skills.

Steps and measures:

® Website establishment

@ Poster production

@ Report presentation

® Media communication experience

® Working with non -scientists (e .
&. children in schools )

® Attended various academic
conferences

Stage V Presentation of
project results

Stage IV The project
implementation

Stage Il Academic
training and literature

Stage IV

Time: 8 months

Obiject: Project implementation and

cultivate solid technical expertise,

project management skills,

collaborating skills.

Steps and measures:

© Ordering reagents

® Experimental operations.

© Data analysis

® Mathematical modeling

® Lab meeting planning and
management

reading

Stage Ill Design of the

project

Stage Il

Time: 3 months

Object: Accumulate knowledge and

cultivate active learning and

communication abilties

Steps and measures:

@ Experts present new research
progress and experiences

@ Read classic terature and conduct
discussion

® Learn knowledge of research
areas

@ Analyzing and critiquing scientific
literature

@ Careful and clear note taking

Stage Il

Time: 3 months

Object: Design projects and cultivate

critical thinking and scentific

‘communication skills

Steps and measures:

® Discussion on the project’s
background rationale, and
scientifc goals

® Designing rigorous experiments

® Understand the rationale of
experiments

® Master technical skills through
iterative and patient practice
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Variables Control group (n =18) Intervention group (n = 18) otal (N =36)
Age (years) 1633£077 16.56+0.70 16442073
Height (cm) 166.20+8.37 166.48+7.84 166342800
Weight (kg) 66.03+9.44 6263£9.25 6433937
Q 51504575 5343758 524646.67
BMI 24042298 2724357 23364341
n (%) (%) (%)
Gender
Boys 9 (50%) 12.(66.7%) 21(58.3%)
Girls 9(50%) 6(33.3%) 15 (427%)
D
1(61.1%) 12.(66.7%) 23(63.9%)
Moderate (1Q:35-54) 7(38.9%) 6(33.3%) 13(36.1%)
Comorbidities
Down syndrome 2(11.1%) 2(11.1%) 4(11.1%)
Autism 1(5.6%) 2(11.1%) 3(8.3%)

Intellectual disability only 15 (83.3%) 14 (77.8%) 29(80.6%)
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Preparation Phase

1) Training for PE teachers and school
stafl

2) Parent education and training

3) Adaptive modifications to the physical
education curriculum content

1) Frequency: 3 times
week

2) Duration: 45 minutes.
each

1) Adjustments to activity

difficulty 1) Frequency: 3 times
2) Modifications to week

instructional strategies 2) Duration: 30 minutes
3) Va each

formats

1) Social media support
eroup

2) Regular video
conferencing

3) PA self-monitoring
(Gym Smart app)

Follow-Up Phase

1) Assessment of physical
activity participation

2) Assessment of physical
activity enjoyment scale

3) Assessment of daily life
improvements
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Enrollment

Assessed for eligibility (n=40)

Randomized (n=36)

Excluded (n=4)

+  Declined to participate (n=2)

+  Unable to complete follow-
up tests (n=2)

{

Intervention Group (n=18)

Withdrew (n=0)

Analysed (n=18)

Analysed (n=18)

Follow-up

!

Control Group (n=18)

Withdrew (n=0)

Analysed (n=18)

Analysed (n=18)
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Variables Z P

Cortisol — Pre; Cortisol — Post —2.624 <0.05*
PCR - Pre; PCR - Post —1.199 0.230
IL 1P - Pre; IL 1B - Post —0.156 0.876
IL 6 — Pre; IL 6 — Post —2.068 <0.05*

*Statistically significant at p < 0.05.
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Variable Mean SD Minimum Maximum Kolmogorov-Smirnov test P-value
Cortisol pre 398.5 246.1 63.6 999.1 0.109
Cortisol post 290.5 250.9 51.7 882.3 <0.05*
Cortisol difference —108.2 166.7 —501.6 168.5 0.200
PCR pre 81.9 78.9 13.7 366.4 <0.001**
PCR post 81.9 527 17.2 2213 0.093
PCR difference —0.04 61.6 —173.2 106.3 <0.001**
IL1 B pre 30.2 25.1 1.3 77.4 0.061
IL 1B post 28.4 20.2 1.8 69.8 0.200
IL 1 B difference —-1.7 16.4 —45.5 25.8 0.184
IL 6 pre 24 1.6 1.3 7:9. <0.001**
IL6 post 3.1 2.5 0.7 11.9 <0.05*
IL6 difference 0.7 14 —1.8 4.1 0.200

SD. Standard deviation. *Statistically significant at p < 0.05. **Statistically significant at p < 0.001.
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Variable Categories n
Gender Male 10
Female 11 52.4
Academic course First-year 12 57.1
Second-year 9 429
Smoker status No 15 71.4
Yes 6 28.6
Perceived stress Never or almost never stressed 6 28.6
Occasionally stressed 13 61.9
Frequently stressed 2 9.5
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Coefficient of variation

Intra-assay Inter-assay
PCR 3.20% 2.60%
IL-1p 2% 4.50%
1L-6 4.80% 6.60%
Cortisol 4.60% 6%
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References

Country

Assessment
scale

Study type

Outcome

Tiwari et al., 2006 China CCTDI Nursing Randomized controlled trial The PBL approach significantly
enhanced the critical thinking skills
Lee and Son, 2021 Korea CTDI Nursing Randomized controlled trial PBL has not significantly improved
critical thinking.
Zhou et al., 2023 China CTAES Clinical medicine Randomized controlled trial The PBL approach significantly
enhanced the critical thinking skills
Choi, 2004 South Korea CCTST Nursing Non-equivalent control PBL has not significantly improved
group pretest-posttest design critical thinking.
Ozturk et al., 2008 Turkey CCTDI Nursing Descriptive analytic study The PBL approach significantly
enhanced the critical thinking skills
Yuetal, 2013 China CTDI Nursing Crossover-experimental The PBL approach significantly
study enhanced the critical thinking skills
Choi et al., 2014 South Korea CTASCS Nursing Quasi-experimental PBL has not significantly improved
non-equivalent group critical thinking.
pretest—posttest design
Mok et al., 2014 China CMAP Language pathology Cohort study The PBL approach significantly
enhanced the critical thinking skills
Gholami et al., 2016 Iran CCTST Nursing Single group pretest-posttest The PBL approach significantly
design enhanced the critical thinking skills
Gavgani et al., 2021 Iran CCTDI Medical education Self-controlled study The PBL approach significantly
and medical library enhanced the critical thinking skills
information science
Puranik et al., 2023 USA TJA Dentistry Observational cohort study PBL has not significantly improved

critical thinking.
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Study or Subgroup

Post-test

Mok et al. (2014) year 3
Mok et al. (2014) year 2
Choi 2004 (2004)
Gholami et al. (2016)
Zhou et al. (2023)

Choi et al. (2014)
Zarea et al. (2021)

Mok et al. (2014) year 1
Lee & Son (2021)
Tiwari et al. (2006)

Total (95% CI)

14.61
14.89
20.88
10.75
19.12
53.41
11.37
17.13
111.37
276.32

3.54
2.90
3.47
2.41
3.45
5.46
2.96
2.32
12.67
25.80

458

Pre-test

16.50
14.92
20.22
9.72
17.52
51.21
9.01
13.05
105.92
270.40

2.67

3.1
3.17
2.44
2.35
5.61
2.92
3.23
11.56
22.27

38
38
34
40
12¢
46
f §
38
52
40

460

Heterogeneity: Tau? = 2.46; Chi* = 48.31, df = 9 (P < 0.00001); I? = 81%

Test for overall effect: Z = 2.36 (P = 0.02)

12.4%
12.5%
11.8%
13.4%
14.2%
9.7%
7.5%
12.8%
4.5%
1.1%

100.0%

Mean Difference

Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference

-1.89 [-3.30, -0.48]
-0.03 [-1.38, 1.32]
0.66 [-0.92, 2.24]
1.03 [-0.03, 2.09]
1.60 [0.87, 2.33]
2.20 [-0.06, 4.46]
2.36 [-0.72, 5.44]
4.08 [2.82, 5.34]
5.45 [0.79, 10.11]
5.92 [-4.80, 16.64]

1.43 [0.24, 2.62]

IV, Random, 95% CI

—

|+H”“

¢

-10 0 10

Pre-test

Post-test

20
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PBL Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Choi (2004) 20.88 3.47 34 2198 333 42 13.9% -1.10 [-2.64, 0.44]

Puranik et al. (2023) 8.70 0.70 121 860 060 111 29.1% 0.10 [-0.07, 0.27]

Gholami et al. (2016) 100 029 40 -005 025 40 29.3% 1.05[0.94, 1.17]

Zhou et al. (2023) 19.12 345 127 1744 322 140 22.6% 1.68 [0.88, 2.48] -

Lee & Son (2021) 1135 1267 52 10645 1167 53 2.6% 4.92[0.26, 9.58]

Ozturk et al. (2008) 266.00 24.00 52 255.80 23.70 95 09% 10.20[2.12, 18.28] .
Yuet al. (2013)(LBL+PBL) 12.08 24.62 39 1.38 19.75 37 0.6% 10.70[0.69, 20.71] .
Tiwari et al. (2006) 276.32 25.80 38 263.11 2164 36 0.5% 13.21[2.38, 24.04] -
Yu et al. (2013)(PBL+LBL) 9.34 26.13 37 -531 3144 39 0.4% 14.65[1.68, 27.62] N
Total (95% Cl) 540 593 100.0% 0.98 [0.19, 1.77] b

Heterogeneity: Tau? = 0.55; Chi? = 115.46, df = 8 (P < 0.00001); I? = 93% ' ’
Test f Il effect: Z = 2.42 (P = 0.02 i . 2
est for overall effect: Z = 2.42 (P = 0.02) Control PBL
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SPG RPG Time vs. int.

Pre-test Post-test Retention-test Pre-test Post-test Retention-test B (95% CI) p-value®
n=64 n=64 n=63 n=62 n=62 = Gl
Knowledge
>70% of PCC-MCQ 7(11%) 45 (70%) 38 (59%) 10 (16%) 38 (61%) 37 (61%) —0.42 (0.30-1.46) 031
answered correctly

Self-efficacy

>70% achieved in PCC-SES 35 (55%) 54 (84%) 46 (73%) 34 (55%) 53 (85%) 52 (85%) 0.67 (0.69-5.60) 021

Communication skills

>3 points achieved in 21 (33%) 60 (94%) 59 (64%) 17 (279%) 54 (87%) 54 (88%) —0.15 (0.14-5.36) 0.87
PCC-Checklist

Patient-centered communication competence

Overall competence achieved® 1(2%) 35 (55%) 27 (43%) 2(3%) 33 (53%) 32(52%) —0.50 (0.27-1.38) 023

SPG, Standardized Patient Simulation Group; RPG, Role-Play Group; PCC-MCQ, Person-Centered Communication Multiple-Choice Questionnaire; PCC-Checklist, Person-Centered Checklist; PCC-SES, Person-Centered Communication Self-Efficacy Scale; CI,
Confidence Interval.

*GGE analysis: p-value in time vs. intervention group interaction. Significance is reached at 0.025, according to the Bonferroni correction = 0.05/2.
bPatient-centered communication competence: >70% of PCC-MCQ answered correctly, >70% achieved in PCC-SES; and >3 points achieved in PCC-Checklist.
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Cortisol difference PCR difference IL-1B difference IL-6 difference

U Mann- P-value U Mann- P-value U Mann- Sig U Mann- P-value

Whitney Whitney Whitney Whitney
Academic course 47 0.619 44 0.477 47 0.619 41 0356
Gender 44 0.439 53 0.888 45 0.481 47 0573
Smoking status 39 0.640 33 0.350 36 0.484 37 0533
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SPG e SPG vs. RPG SPG vs. RPG

pre-test post-test
Pre-test Post-test p-value? Pre-test Post-test p-value? p-valueb p-valueb
n =64 n =64 n =62 n =62
Knowledge
>70% of PCC-MCQ answered correctly 7 (11%) 45 (70%) <0.001 10 (16%) 38 (61%) <0.001 0.39 0.29

Self-efficacy

>70% achieved in PCC-SES 35 (55%) 54 (84%) <0.001 34 (55%) 53 (85%) <0.001 099 0.86

Communication skills

>3 points achieved in PCC-Checklist 21(33%) 60 (94%) <0.001 17 (27%) 54 (87%) <0.001 051 0.20

Patient-centered communication competence

Overall competence achieved® 1(2%) 35(55%) <0.001 2(3%) 33 (53%) <0.001 0.54 0.87

SPG, Standardized Patient Simulation Group; RPG, Role-Play Group; PCC-MCQ, Person-Centered Communication Multiple-Choice Questionnaire; PCC-Checklist, Person-Centered Checklist; PCC-SES, Person-Centered Communication Self-Efficacy Scale.
*McNemar test.

Chi-squared test.
©Patient-centered communication competen

70% of PCC-MCQ answered correctly, >70% achieved in PCC-SES; and >3 points achieved in PCC-Checklist.
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SPG vs. RPG

retention-
test
Post-test Retention-test  p-value® Post-test Retention-test  p-value® ;r)—valueb
n=63 n=63 n=62 n=61
Knowledge
>70% of 45 (70%) 38 (59%) 0.14 38 (61%) 37 (60%) 1 0.97
PCC-MCQ
answered
correctly

Self-efficacy

>70% achieved 53 (84%) 46 (73%) 0.09 52 (85%) 52 (85%) 1 009
in PCC-SES

Communication skills

>3 points 59 (94%) 59 (94%) 1 53 (87%) 54 (89%) 1 032
achieved in
PCC-Checklist

Patient-centered communication competence

Overall 35 (55%) 27 (42%) 012 33 (53%) 32 (52%) 1 029
competence
achieved

SPG, Standardized Patient Simulation Group; RPG, Role-Play Group; PCC-MCQ, Person-Centered Communication Multiple-Choice Questionnaire; PCC-Checklist, Person-Centered
Checklist; PCC-SES, Person-Centered Communication Self-Efficacy Scale.

*McNemar test.

Chi-squared test.

“Patient-centered communication competen 70% of PCC-MCQ answered correctly, >70% achieved in PCC-SES; and >3 points achieved in PCC-Checklist.
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SPG RPG

Pre-test Retention-test Pre-test Retention-test p-value?®
n=64 n=63 n=62 n=61
Knowledge
>85% of 7(11%) 38 (59%) <0.001 10 (16%) 37 (60%) <0.001
PCC-MCQ

answered correctly

Self-efficacy

>70% achieved in 34 (54%) 46 (73%) 0.004 34 (56%) 52 (85%) <0.001
PCC-SES

Communication skills

>3 points achieved 21 (33%) 59 (94%) <0.001 17 (28%) 54 (89%) <0.001
in PCC-Checklist

Patient-centered communication competence

Overall competence 1(2%) 27 (42%) <0.001 2(3%) 32 (52%) <0.001
achieved®

SPG, Standardized Patient Simulation Group; RPG, Role-Play Group; PCC-MCQ, Person-Centered Communication Multiple-Choice Questionnaire; PCC-Checklist, Person-Centered
Checklist; PCC-SES, Person-Centered Communication Self-Efficacy Scale.

*McNemar test.

bPatient-centered communication competence: >70% of PCC-MCQ answered correctly, >70% achieved in PCC-SES; and >3 points achieved in PCC-Checklist.
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Variables Profiles 1 Profiles 2

OR (95% CI) OR (95% CI)
Age 1,056 (0.984, 1.134) 0133 1070 (0.997, 1.148) 0.062
Self-efficacy 0.851 (0.607, 1.193) 0350 0996 (0.716, 1.385) 0982
Physical function 61162 (4.066,919.918) 0.003 16574 (1.100, 249.725) 0.042
Disease activity 1,069 (0977, 1.170) 0.146 1.088 (0.995, 1.190) 0063

Educational level (reference: Senior high school or above)
Primary school or below 0.233 (0025, 2.186) 0.202 0.084 (0009, 0.762) 0.028
Junior high school 0.171 (0,020, 1.485) 0.109 0.118 (0.014,0.965) 0.046

Reference group: profile 3. Bold indicates p < 0.05.
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Total sample

(N = 126)
M £+ SD
Age (years) 22.77 £ 670 2229+ 6.03 2253636 —0.44 0.66
n (%) n (%)
Gender 054 0.46
Female 51(79.7) 46 (74.2) 97 (77.0)
Male 13(20.3) 16 (25.8) 29 (23.0)
Education level 248 048
Upper secondary 62(96.9) 61(98.4) 123 (97.6)
Degree 2(3.1) 1(1.6) 3(24)

SPG, Standardized Patient Simulation Group; RPG, Role-Play Group; M, mean; D, Standard Deviation; X2, Chi-Squared test.
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Variables
Age, mean + SD
Gender, N (%)
Male
Female

Marital status, N (%)

Married

Educational level, N (%)

Primary school or below

Junior high school

Senior high school or above
Income, N (%)

<2000

2000 ~ 4,000

>4,000
Medication use, N (%)

cDMARDs (yes)

b/tsDMARDs (yes)

‘Traditional Chinese medicine (yes)
Symptom duration (years), median (IQR)
Diagnosis duration (years), median (IQR)
Disease activity, mean + SD
Physical function, median (IQR)
Self.efficacy, mean + SD
HRQoL

PE mean £ SD

R, median (IQR)

RE, median (IQR)

VT, mean + SD

MH, mean £ SD

SF, mean + SD.

BE mean + SD

GH, mean £ SD.

HRQoL, health-related quality of lif P, physical functioning; RP, role-physical; BP, bodily pain

health. Bold indicates p < 0.05.
one-way analysis of variance (ANOVA).
7 test

‘Kruskal-Wallis test.

Class 1

5959+ 1175

26 (28.3%)

66 (71.7%)

77 (83.7%)
15.(16.3%)

50 (54.3%)
26(28.3%)

16 (17.4%)

59 (64.1%)
23 (25.0%)

10(10.9%)

47 (51.1%)
19/(20.7%)
63 (68.5%)
600 (15.25)
4.00 (13.50)
239421075
1.38 (1.63)

4345182

397242649
0(0)
0(0)

4761+ 1809

47.40£17.27

34842004

24571748

29,40+ 14.00

Class 2

5693+ 1155

13 (28.9%)

32(71.1%)

41 (91.1%)
4(8.9%)

13 (28.9%)
18 (40.0%)

14 (31.1%)

23 (51.1%)
19 (42.2%)

3(6.7%)

24(53.3%)
11 (24.4%)
30 (66.7%)
7.00 (12.50)
3.00 (13.00)

21201129
0.38 (0.63)

5254218

67.11423.66
0(25)
33.30(66.70)
72,00+ 1459
734241658
85,83+ 15.90
392241606

5100+ 17.04

Class 3

50714819

2(14.3%)
12.(85.7%)

13 (92.9%)

1(7.1%)

5(35.7%)
7(50.0%)

2(14.3%)

6(42.9%)
6(42.9%)

2(14.3%)

9(64.3%)
3(21.4%)
7(50.0%)
9.50 (14.00)
9.00 (16.50)
15294843
0(0.28)

5774235

782142136
100 (31.25)
100 (41.65)

814341525

7886 22.92

9107 £ 19.87

525042033

58.21+19.18

F/2IH
3935

1298

1946"

10114

5755"

0853
0252
1773
0.444¢
0675
4300
45,633

5.188°

26416°
86.748°
53.636°
46.400°
43,558
137911
22078

41987

P
0.022

0523

0378

0.039

0218

0653
0881
0412
0801
0714
0015

<0.001

0.007

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

H, general health; V'T, vitality: SF, social functioning; RE, role-emotional; MH, mental





