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Editorial on the Research Topic
Schools as an arena for health-promoting physical activity


Regular physical activity among children and adolescents is linked to better physical fitness (1), cardiometabolic health (2), bone health (3), academic performance (4), executive function (5), quality of life (6), mental health and overall well-being (7). Yet, sedentary lifestyles are on the rise globally, driven by factors such as increased screen time and motorized transport (8).

Given this trend, schools—attended by nearly all children in most countries, represent a powerful and accessible setting for promoting health-enhancing physical activity. However, their effectiveness depends not only on programme availability but also on key delivery elements that determine quality and impact (9).

This Research Topic brings together 23 contributions examining how physical education (PE) and school-based opportunities for physical activity can be structured, implemented, and evaluated within a health-promotion framework. In the following sections, these contributions are grouped into four interrelated themes, each illustrating different approaches to making schools supportive, engaging, and sustainable environments for regular physical activity.


Quality and implementation of PE and school-based physical activity opportunities

Several studies underscore that successful programmes depend on thoughtful design and execution. In Denmark, Hartman et al. adapted the Resistance Training for Teens (RT4T) program in a small-scale study and found increased self-efficacy among lower secondary school students, though sustaining motivation was challenging. Similarly, Koch et al. evaluated the FIT FIRST 10 multi-sport programme in a cluster RCT and found high fidelity in both full and reduced intervention formats, with implementation constrained by time, facilities, and modest teacher motivation.

Using an ecological perspective, Hoy et al. observed in Swedish middle schools that opportunities for physical activity were often negotiated within school cultures in ways that tended to favour already active pupils. In a longitudinal evaluation, Vedøy et al., reported from a three-year longitudinal evaluation of the FYSAK model in Norway that one model school showed higher device-measured activity and greater adherence to national recommendations than comparison schools, particularly on weekdays.

These findings highlight that effective programme delivery relies on contextual relevance, seamless integration into daily school life, and sustained commitment from teachers.



Whole-school and multicomponent approaches

School culture and environment can shape how children engage in physical activity. Lemberg et al. found that daily outdoor recess, when embedded in a supportive school setting, was linked to more positive attitudes toward physical activity among pupils and parents, as well as greater participation in leisure-time activity. In a Swiss context, Ferrari et al. evaluated an “open gym” lunchtime programme in all-day primary schools, reporting 37% participation across a socio-culturally diverse pupil group, with higher attendance among boys but increased engagement among girls.

Pupil participation in shaping activities emerged as a theme in Pardali et al., who reported that opportunities to influence physically active learning and recess varied with age and school context. The influence of family was evident in Vorlíček et al., where device-based and survey data showed that parental activity habits and active transport were associated with children’s school-day activity levels.

Taken together, these studies suggest that whole-school strategies which combine supportive environments, meaningful pupil involvement, and family engagement may contribute to sustaining physically active school cultures.



Inclusive and supportive strategies for participation and wellbeing

Creating school environments that are both inclusive and supportive can help ensure that all pupils, regardless of ability, background, or personal circumstances, have opportunities to engage in meaningful physical activity and experience associated wellbeing benefits. Within this broader focus, several studies examined how school-based physical activity can be promoted among pupils with different needs and situations. Bertills and Björk described how PE teachers facilitate participation for students with disabilities through inclusive mindsets, careful preparation, and adaptations, supported by ongoing teacher–student communication. Wiklund et al. found that school nurses, who are well placed to promote children’s physical activity, used varied approaches to motivate participation but lacked common guidelines, which may contribute to unequal access to opportunities for activity. Altenburg et al. added the perspective of pupils themselves, identifying outcomes they considered most important in school-based health programmes, including “being healthy,” “having fun,” and “feeling happy.”

Jochum et al. evaluated a six-week adapted folk-dance programme for at-risk adolescents, reporting improvements in mental well-being and reduced sedentary time, supported by qualitative findings indicating high enjoyment and increased willingness to be active. Furthermore, Grasaas et al.  explored the relationship between physical activity levels and satisfaction with life, finding that self-efficacy partially mediated this relationship. Gender differences suggested the need for tailored approaches. In line with these findings, Olsen et al. reported that the FIT FIRST FOR ALL intervention in the Faroe Islands improved health-related quality of life, particularly among boys and younger pupils.

Together, these studies highlight that inclusive and supportive strategies can promote both participation and wellbeing, especially when interventions are responsive to pupils’ diverse needs and circumstances.



Evaluation, evidence, and policy implications

Evaluation studies have provided important insights into the design, delivery, and sustainability of school-based physical activity. Barene et al. described the MOVE12 pilot, using the Intervention Mapping protocol to integrate short daily activity breaks into Norwegian upper secondary lessons, emphasizing motivation, environmental support, and stakeholder involvement. Bloch et al. found that an additional weekly PE hour produced sustained improvements in movement, fitness, and motor competence one year later.

Evidence syntheses further strengthen the knowledge base. Li et al. meta-analysed links between fine motor skills and academic performance, especially mathematics. Liersch et al. reviewed studies showing cognitive benefits from embedding physical activity across school contexts. Becerra-Patiño et al. mapped research on the 20 m shuttle run, underscoring its role as a standardised fitness measure.

Policy contexts influence implementation. Reyes Rodríguez and Martínez Rojas examined Chile’s decision to make PE optional in upper secondary school, potentially conflicting with public health aims. Toscani and Pedersen found Italian teachers’ fitness estimates often misaligned with measured results, suggesting a need for better assessment tools. Andermo et al. identified fun, inclusivity, timetable integration, and leadership as key to extending school-day activity. Nielsen et al. highlighted organisational factors, such as leadership support and resource coordination, that shape early implementation.

Collectively, these studies demonstrate that effective scaling of school-based physical activity depends on rigorous evaluation, a strong evidence base, and supportive policy frameworks.



Concluding remarks

The 23 contributions illustrate the potential of schools as arenas for health-enhancing physical activity, with evidence of sustained increases in activity (Vedøy et al.), improvements in well-being (Jochum et al.), gains in self-efficacy (Hartman et al.), and varied, context-dependent outcomes across age, gender, and ability. The diversity of methods, from RCTs and ethnographies to meta-analyses, strengthens the evidence base, yet variability in effects, implementation challenges (Koch et al.), and persistent equity gaps (e.g., Grasaas et al., Bertills and Björk) highlight the importance of contextual adaptation and inclusive delivery.

Key challenges include limited time and resources, misaligned policies (Reyes Rodríguez and Martínez Rojas), and disparities in access and participation (Ferrari et al., Hoy et al.). Moving forward, promising directions include strengthening school–family links (Vorlíček et al.), embedding pupil perspectives in programme design (Pardali et al.), and capturing both cognitive and physical outcomes (Li et al., Liersch et al.). Expanding research in older adolescents and underrepresented settings, combined with rigorous and scalable evaluation designs, will be key to translating potential into sustained practice.
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The purpose of this text is to point out the contradiction existing in Chilean educational public policy regarding the curricular reform that converted the subjects of Physical Education and Health, History, Arts, and Religion into optional subjects for the 3rd and 4th years of high school. As far as Physical Education is concerned, scientific evidence shows that such conversion to the status of optional subject goes against the policies of other executive ministries and against the possibilities of reversing the statistics that show Chile as one of the countries in America with the highest percentage of overweight and obese children and adolescents.

KEYWORDS
public policy, physical education, health, overweight, obesity






1 Introduction

In recent years, the paradigm of public policy as an integrated and multidimensional instance has been gaining strength (1), and it seems to be understood today that a public policy generated and attended to from the particularity and the disciplinary or technocratic solitude, whatever the field, is a thing of an increasingly distant past. Along with this, evidence-based public policy is also a current paradigm that occupies public attention, and points to the correspondence and coherence between political decisions, scientific evidence, contexts and national, regional and local realities. Although it is true that the latter paradigm has some disadvantages (2), “scientific evidence should be above any a priori consideration regarding of the goodness of a public management model” (3), in addition to the fact that it is necessary to understand that public policy is multifactorial, and that it is enriched by several approaches. approaches, trends, contexts, scenarios, regulatory frameworks, the telos of the policy itself, and without having to depend exclusively on scientific evidence, it does not seem a wise decision to dispense with it either (4, 5). If the question is asked about the number of studies that can be scientific evidence, and of what type, well, this could be answered by stating that the number of studies will be determined by the saturation points of the same evidence, and the typology, by its diversity and epistememethodological quality (5).

The object of this analysis reports an educational policy in which there is a curricular reform for secondary education notified in Agreement N° 057/2019 (6), and which implies that the subject of Physical Education and Health, together with those of History, Arts and Religion, became optional subjects from the third year of secondary education in Chile [See Table 1]. This decision has materialized important political and professional contradictions, that are not minor.


TABLE 1 General education curriculum, secondary education, Chile.

[image: Table displaying a common general education plan with class hours per week for various subjects under TP, HC, and Artistic categories. Subjects include language and literature, mathematics, and others, with specified hours for each category and plan variant. Additional sections outline common elective plans, differentiated plans for technical-professional, humanistic-scientific, and artistic disciplines, as well as hours of free disposal. Total hours vary across each category and plan type. A source note credits the Library of the National Congress of Chile.]



2 Political implications

The decision of the Ministry of Education (MINEDUC) argues that the curriculum has not been weakened as long as the aforementioned subjects do not disappear, but rather, from the 3rd and 4th grades, they become optional among a wide range of other options, responding to students' interests and vocations (7). The measure was applied as of the 2020 school year, despite the fact that, in 2019, a request for the annulment of such measure was presented (8), and, despite the fact that bodies and institutions such as the College of Teachers of Chile, the National Academic Council of Physical Education (CANEF), the College of Physicians, the Chilean Olympic Committee, the Institute of Nutrition and Food Technology, the ELHOC Research Group “Epidemiology of Lifestyles in Chile”, in short, a good part of the academic and scientific community in Chile produced public documents arguing with scientific evidence and requesting a reversal of the measure (9–12).

According to the Ministry of Education (13), the measure places Chile within the framework of a worldwide trend, in which, according to the educational authority, young people in 3rd and 4th year of secondary education have greater possibilities of vocationally choosing their training in the last years of schooling. In addition to this, there is the known deficit (and the projection of such deficit) of Physical Education teachers in Chile, as well as in other areas (14–16), and that the institutional framework does not have close possibilities of reducing existing gaps in terms of facilities, equipment, material-teaching resources, the decrease of applicants in pedagogy careers (17), among other elements and reasons put forward by different sectors that support the ministerial measure.

The School of Physical Education of the Pontificia Universidad Católica de Valparaíso (18), in a public statement, said:


It is paradoxical and somewhat disappointing that this CNED agreement goes in the opposite direction to the presidential discourse of the current government, which has expressed its willingness to advance public policy, in order to contribute to the development of physical activity and sport in all social strata (sec. 1/1; p. 4).



Now, why is there a contradiction in Chilean public policy in this particular case? Well, the scientific evidence shows vehement data that question such a decision, specifically in relation to the conversion of the subject of Physical Education and Health as an optional from the 3rd and 4th year of secondary education in Chile. Evidence that, in addition, questions the inconsistent way in which public policy was generated without consultation, despite the fact that in Chile there are support instances such as the Evidence-Informed Health Policies Unit (19).

Although, on the one hand, progress was made with the implementation of policies such as the programs “Elige Vivir Sano”, “Elige Vivir sin Drogas”, “Crecer en Movimiento”, “Política Nacional de Actividad Física 2019–2025”, “Plan Nacional de Actividad Física Escolar”, on the other hand, making the subject optional for the courses indicated, generates a contradiction at the level of public policies, and it implies a significant setback.

Scientific evidence shows that, although it is true that the time dedicated to the school Physical Education class is not enough to cover the minimum physical activity recommendations of organizations such as the World Health Organization (20), without their help it will be impossible to reverse the statistics that indicate that Chile is one of the countries with the greatest problems of childhood obesity in America (21, 22). In addition, the benefits, not only of physical exercise in children's health, but also of its promotion from the Physical Education class for the adoption of healthy lifestyles, are already well documented (23–26). “The more hours of Physical Education per week, the higher the levels of physical activity” (p. 2) (27).

In 2018, Chile reported the penultimate place among 49 countries in terms of physical activity in children and young people (21). It is known that 3 out of ten children under 5 years of age perform at least 3 h of physical activity per day in Chile, and 2 out of ten adolescents register 1 h per day (28). Between 12.8% and 33% of Chilean students participate 3 or more times per week in Physical Education and Health class, while 1 in 4 students present positive reinforcement (29). This latest study reveals that 80% of school-aged children are physically inactive, and as children grow older they perform less physical activity (30), having that, in 2016, the prevalence of physical inactivity in children between 11 and 17 years old was in the order of 84.2% in Chile, and in girls, 91.2%.

The Childhood Obesity Radiography (31) shows that obesity grew in Chile by 66.3% between 2005 and 2018 in children under six years of age; between 1997 and 2018, overweight and obesity in children in 1st grade increased by 50.9%; while in 1st grade children it increased by 46.4% between 2009 and 2018. In Chile: “In the case of adolescents, the prevalence of obesity will increase from 13.5% to 19.8% between 2016 and 2030” (32). In addition, 58.3% of school children in Chile present excess malnutrition (overweight + total obesity) (33), “with Chile being one of the four countries with the highest prevalence of childhood overweight and obesity in the American continent” (34). Chile was, along with Qatar, the country with the highest combined prevalence of thinness and obesity in school-aged children and adolescents in 2022 (22).

Students in 3rd and 4th grade have the highest prevalence of physical inactivity in Chile, exceeding 80% in both men and women (22, 34). By 2020, 38% of children in Chile had a high body mass index (BMI), and it is estimated that by 2025, that percentage will increase to 49% (35).

Studies reinforce the stated need for the increase of weekly hours for the compulsory Physical Education subject (36–38). An example of this can be found in countries such as Venezuela, where the subject now occupies three weekly class sessions with six mandatory hours in total, which is added to the elective training areas of Physical Activity, and Leisure and Recreation, which can add up to two hours per week each and can be chosen simultaneously, which would even allow increasing the hours to 10 h per week available for the promotion of physical exercise and adoption of healthy lifestyles (39, 40). In the case of Mexico, the policy of quality Physical Education aims at increasing weekly hours of Physical Education (41). In countries such as Colombia, Chile, Spain, Portugal, Dominican Republic, the need to increase weekly hours for school Physical Education is reinforced (37), reinforcing the guidelines of the World Health Organization (42).

Questions arise about what has been reported, is: how is it that the MINEDUC decided to make the subject of Physical Education and Health optional for the last two years of Chilean secondary education, when the evidence shows data that place Chile as one of the countries in the Americas with the highest rate of obesity and overweight in the child and adolescent population, and with one of the most worrisome projections in the region?, how is it possible to ignore the exercise of public policy that contradicts the efforts of other ministries of the national executive?

Reversing such a measure is sensible. There's still time. Given that public policy requires scientific evidence, among other indicative sources of information, being coherent in public management is an urgency in any country (5). Hence, it is considered that the public policy considered has not been coherent, and contradicts the data presented by the scientific evidence, even though Chile uses the paradigm of evidence-based public policy to guide decision-making.

An evidence-based educational policy must be based on rigorous research that allows to sustain educational practices aimed at achieving reliable results, in such a way that decisions should not be based on the ideology of the government of the day, but on effectiveness in solving problems, thus seeking that society demands the continuity of those successful programs. Even if the government is changed (4).



3 Practical recommendations

Among the recommendations that can be considered are: (a). creation of a National Advisory Council on Physical Education, and its integration in working sessions with the Ministry of Education; (b). national consultation with teachers and specialists in the field; (c). review of scientific evidence and constitution of a body of considerations pointing out the incongruence of Agreement No. 057/2019; (d). work and analysis meetings with the Curriculum and Evaluation Unit, the General Education Division and the Center for Improvement, Experimentation and Pedagogical Research of the Ministry of Education, in order to generate the in-depth review of the educational public policy that defines the electivity of the subject of Physical Education for 3rd and 4th year of high school; (e). reversal of this policy by making Physical Education compulsory again; (f). increase of hours per week for Physical Education in the Curriculum; (g). articulated work between the Ministry of Education, the Ministry of Sports and the Ministry of Health in the definition of policies public associated with physical exercise, sports and recreation as public health issues; (h). building the national network of schools promoting healthy lifestyles.

In relation to potential challenges that could affect the implementation of the recommendations provided, the following could be considered: financial costs that would involve reversing Agreement No. 057/2019 insofar as it implies that Physical Education teachers should cover the subject on a mandatory basis raising the annual budget of MINEDUC, and to this is added the necessary investment in terms of infrastructure and equipment; curricular reformulation that would involve slowing down administrative processes at the national level, and that would imply the adhesion of other areas that, like Physical Education, were also affected by the measure (e.g.,.: History and Geography, Arts); different agendas of the actors that could be participating in ministerial decision-making; political cost of a possible reversal of Agreement No. 057/2019, inasmuch as it is understood that a measure of such magnitude implies political agreements between different sectors of national life.



4 Conclusions

There are several elements that appear to be key to the public policy framework. As has already been pointed out, articulation in the generation, development, management, execution and evaluation of public policy is, as of today, a sine qua non condition for governance. Disciplinary, technical and political solitude must have counterproductive effects which, precisely because they are public policies, have an effect on the lives of thousands and millions of people who are affected by the implementation of programs and policies that have not been sufficiently dialogued, articulated and brought together in a multiplicity of responsible authors. Secondly, it is necessary to understand that, although it is true that scientific evidence cannot constitute the first and only element for decision making, it does not seem sensible, either, to ignore what it has to dictate. And, in Chile, both things have happened in the context of the approval of Agreement No. 057/2019, that is: (1). it ignores what scientific evidence dictates by erecting a public policy that condemns just the population with greater vulnerability in terms of physical inactivity, overweight and obesity; and, (2). the decision is made by a public policy, ignoring the articulation with other instances that go in opposite ways to the decision taken by the ministry responsible for education in the country. In Chile there are interlocutors who, despite the time, are able and willing to dialogue and collectively build new spaces, scenarios and regulatory provisions to correct the mistake.

International experience shows that the trend in Latin America is to recognize the need to increase the number of hours per week for physical education in schools. Mexico, Colombia and Ecuador have already incorporated statements in this regard in their curricular guidelines. And, moreover, given that the argument given by MINEDUC in Chile focuses on the vocational experience of young people, there are examples such as the Venezuelan case in which the vocational experience has been focused as a priority in secondary education, but not at the cost of Physical Education, but, on the contrary, there is evidence of an increase in the sessions and weekly hours of compulsory Physical Education, even creating vocational training areas for physical activity, sport and recreation.

The school should be a space that promotes healthy lifestyles, the adoption of healthy habits that allow the adherence to physical exercise, not as a hedonistic pattern, but as a public health issue. And public policy should accompany such efforts, from the curriculum and from other extracurricular spheres.
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School nurses are in a key position to promote children's physical activity. They engage all children in health dialogues and use different approaches to inform children about physical activity and motivate them to change their physical activity level. In a school context, it is important to explore and problematize school nurses’ views of children's physical activity and the influence of these views on their professional practice in the school health service. Identifying and problematizing school nurses' views of physical activity would enable them to create improved guidelines and equivalent ways of working in the future. Therefore, this study aims to discursively explore Swedish school nurses' views on school children's physical activity and its promotion and elucidate them through a discursive framework based on sensitizing concepts. This study uses a qualitative research design with a constructivist grounded theory approach. Semi-structured interviews were conducted with 24 school nurses. The analysis resulted in a core category describing how school nurses use intertwined views to lead children from sedentarity to physical activity. Furthermore, the school nurses' practices were identified in three categories: fostering everyday movement as a tool for health, battling children's sedentarity under difficult conditions, and promoting everyday movement and compensating for unequal access. The results indicate that school nurses lack common and clear guidelines for their mission to promote physical activity to children, which may lead to inequality in access to physical activity for children and young people.
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Introduction and previous research

Promoting children's physical activity has become an important public health goal (1). Physical activity is an important predictor of physical and psychological health in children (2, 3), and it reduces the risk factors of many lifestyle diseases, such as obesity and type 2 diabetes (3). Consequently, promoting physical activity has been emphasized in the 2030 Agenda for Sustainable Development, where physical activity is directly or indirectly a part of 13 of the 17 goals (1). However, the number of children and adolescents who meet the WHO's recommendations for physical activity has been decreasing (4). This has raised political focus on the role of educational environments in increasing physical activity to promote health and result in an increased number of campaigns and interventions aiming at promoting children's physical activity (5–7).

School has been identified as an important health-promoting arena (8), since it has the potential to reach all children (9) and equip them with health literacy to make healthy decisions in the future (10). This is in accordance with the United Nation's Sustainable Development Goals (1). In the Swedish school context, the subject of physical education and health (PE) aims to promote physical activity and knowledge about health. PE should lead to children developing knowledge of the way their own bodies function and the importance of lifestyle choices, including the consequences of physical activity and inactivity (11). The school health service (SHS) also plays an important role in promoting children's health and physical activity. Through SHS, school nurses offer general health check-ups, vaccinations, and vision and hearing examinations, as well as simple healthcare interventions (12). School nurses are the only professionals in schools who meet all children, and health dialogues are especially important in their health promotive and preventive work (13). These consist of conversations between the school nurse and the child about lifestyle habits, including physical activity during free time, based on the child's own needs and resources (13). The health dialogues are voluntary and are held in strict confidentiality. Problems identified during the regular health visits are followed up and documented in the child's record (13). Physical activity on prescription is one method school nurses use in the health dialogues to promote physical activity during the child's free time (14). All children, regardless of socioeconomic conditions, are entitled to at least three health dialogues during their nine-year compulsory school education (12).

Historically, the school nurses' mission has been more remedial and based on a pathogenic view in the light of the child malnourishment and poverty of the twentieth century in Swedish society (15). Changes in the contemporary society may have led to physical inactivity and increased sedentarity which negatively influence children's health (4). For example, the use of new technology and social media can increase screen time (16), at the same time as it can facilitate social interaction and community (17). This may place new demands on school nurses' competence and work. Although their goal is to primarily work with disease prevention and general health promotion, school nurses today also have a central role in promoting children's physical activity (12). However, they have experienced challenges in transforming their role from mainly medical care and disease prevention to salutogenesis and health promotion (18).

According to research, school nurses use different approaches to inform children about physical activity and motivate them to change their physical activity level (19, 20). However, research also indicates that they have limited skills in supporting children and their parents to increase physical activity (21). In addition, school nurses' challenges include limited time and resources, communication barriers, and multiple documentation requirements (22). Taken together, these challenges can hinder school nurses from fulfilling their mission to promote health and physical activity on equal terms.

In order for the SHS to create guidelines and equivalent ways of working in a school context, it is important to explore and problematize school nurses' perceptions of children's physical activity and how these perceptions influence their professional practice in the SHS. Therefore, this study aims to discursively explore Swedish school nurses' views on school children's physical activity and its promotion, and to elucidate them through a discursive framework based on sensitizing concepts.


Discursive framework and sensitizing concepts

This grounded theory study is confined by a discursive framework where sensitizing concepts function as an analytic lens and interpretive tool throughout the process (23–25). Sensitizing concepts offer ways of seeing, organizing, and understanding experience (23). The inductively developed discursive framework comprises the contrasting pairs of the sensitizing concepts “pathogenic” and “salutogenic” and “individualistic” and “collectivistic,” as well as concepts indicating social constructions of the child as “being” or “becoming” human.


Pathogenic and salutogenic views

Derived from a biomedical perspective, the pathogenic view is based on a dichotomous classification of people as either sick or healthy (26). It is the conceptual basis for the work of health professionals in Western societies (26), including school nurses (27), for example, as seen in their practices of measuring and documenting children's weight and height. From a pathogenic perspective, physical activity is primarily promoted to maintain good health and prevent disease (28). Although the logic of the pathogenic perspective has been influential in Western society (5), it has also been criticized. In particular, critics argue that the pathogenic view tends to lead to simple and reductionist solutions to health problems that risk losing sight of the individual (29, 30). Therefore, in relation to school children and their physical education, a salutogenic approach has been put forward instead (30).

The salutogenic view, as first formulated by Antonovsky (26), challenges the pathogenic view by focusing on factors and resources that create and perpetuate health (29). Contrary to the pathogenic view of health as a dichotomy, the salutogenic view assumes a continuum, with “ease” at one end and “disease” at the other, and explains that people move along this continuum between better and worse health during their lives. The question of what makes people healthy reflects a central issue of the salutogenic model (26).



Individualistic and collectivistic views

In our analytical framework, individualistic societal discourses are represented by the concept of “healthism.” Studies have problematized such discourses in relation to the constructions of individuals' health (31–34). For instance, in notions of healthism, individuals are ascribed a moral responsibility over their own bodies and an obligation to stay healthy and physically active to avoid illness (31). From this view, individuals are constructed as rational, self-governing, and autonomous and consequently responsible for their own health (35, 36). Consequently, individuals who cannot control their lifestyles are seen as irresponsible, lazy, and lacking self-discipline (31, 37). Fullagar (38) associates such an individualized view of the body with dissatisfaction and critical self-assessment.

The opposite of the individualistic view of physical activity is the collectivistic view, which focuses on the community and holds society responsible for its citizens' health and wellbeing. This view is reflected in the collectively oriented ideology of the Swedish/Nordic welfare state, sometimes defined as “paternalistic” (39). Historically, this ideology, where society was responsible for children's health and wellbeing, meant that school had an important role in providing civic education for a “healthy citizen.” This idea was the basis of the school health service (40). The collectively oriented ideology of the Nordic welfare state is also the basis for present-day public health policies. The goal of public health policies is good and equal health for the entire population. This means that all people must have the same opportunities for good health (41), which is reflected in the Sustainable Development Goals (1).



Being and becoming human

Studies in the sociology of childhood have pointed out different constructions of children. Traditionally, childhood has been viewed as a time of preparation for adulthood (42). Thus, children are constructed as human “becomings” rather than human “beings” (43). In this study, we found both being and becoming valuable for understanding the data. In childhood research, “the ‘being’ child is seen as a social actor actively constructing ‘childhood’,” whereas “the ‘becoming’ child is seen as an ‘adult in the making’, lacking competencies of the ‘adult’ that he or she will ‘become’” (44).

The discursive framework with sensitizing concepts is further utilized in the results and discussion sections, and in the conceptual grounded theory model (Figure 1).


[image: Diagram illustrating intertwined views on leading children from sedentarity to physical activity. Central circle emphasizes movement for health, battling children's sedentarity, and promoting access. Surrounding layers point to salutogenic, collectivistic, pathogenic, and individualistic views. Outer rings address fostering well-being and combating social injustice.]
FIGURE 1
Conceptual grounded theory model representing a synthesis of empirical and discursive elements in the main results.






Method


Study design and context

This study uses a qualitative research design with a constructivist grounded theory approach (20), which is well suited for empirically exploring and building theory in relatively unexplored areas (such as in this study). In a process of empirically grounded theory generation, and throughout the research process, the participants and researchers are viewed as co-constructors of knowledge. In this emergent and flexible research process (23), also existing theories and concepts are synthesized into the final grounded theory model (Figure 1).

The study context is SHS in southern Sweden. Six municipalities in different areas with different socioeconomic indexes were strategically selected to obtain a variety of sociodemographic conditions. The municipalities varied in number of inhabitants (small, medium, and large cities) and geographic areas (rural and urban).



Participants and procedure

After the selection of municipalities, the recruitment of school nurses was initiated. All school nurses in the selected municipalities (200 nurses) were contacted via email with information about the study and an invitation to participate in the study. Of the 200 contacted school nurses, a total of 24 were interested in participating in the study, and all of them were included. The participants comprised 23 women and one man, which reflects the reality that most school nurses in Sweden are women. The participants had 1–20 years' (7.5-year mean) experience of working in SHS. They worked with different age groups in compulsory schools: 13 nurses with the age group 6–12 years, 4 nurses with the age group 13–16 years, and 7 nurses with the age group 6–16 years. The schools where the participants worked had a socioeconomic index that ranged from 33.7 to 289.2, where a higher number equals higher socioeconomic vulnerability (45). Some of the schools were in areas ranked as Sweden's most vulnerable, characterized by low socioeconomic status, income, and educational level. These schools had a wide variation in the children's first language, where Arabic and Somali were the most common. Several schools were also in areas with a high proportion of residents with a foreign background (both parents born in another country), particularly from non-EU countries. All participating school nurses had completed training and had the authority to prescribe physical activity. All participants gave oral informed consent to participate in the study. Ethical approval was obtained from the Swedish Ethical Review Authority. To ensure the participants’ anonymity, we used pseudonyms throughout the study. Different terminology is used, to indicate that the school nurses view of physical activity and their promotion are reflected in various terms, such as movement, physical activity and healthy lifestyle.



Data collection and data analysis

The data were collected by the first author through 24 semi-structured interviews. An interview guide was used to explore experiences related to five thematic areas: children's physical status, SHS function and competence, school nurses' work with PA, collaborations, and prospects. In addition, each interview was supplemented with background questions and follow-up questions based on the participants' answers. A pilot interview was conducted, and minor adjustments were made to fine-tune the interview guide about SHS function and competence. The interviews were conducted by videoconferencing tools (Zoom or Teams) or by mobile phone, and they were recorded. The interviews lasted between 36 and 57 min (43-min mean).

In line with the chosen grounded theory approach (23), the analytical process started in parallel to the data collection. The first analytical phase was inductive, close to empirical data, followed by a more theory-driven phase. To support this emergent and flexible process, analytical memos were made immediately after each completed interview. The aim of this memo was to summarize and capture the first naive understanding of the interview to support later in-depth analysis and theory generation. After each interview, a verbatim transcription of the interview was made and imported into the software Open Code. Thereafter, the analysis followed the analytical steps of grounded theory: In the first step, open coding was carried out by the first author (23). The coding was inductive and close to the data, with a limited degree of abstraction. The next step involved selective coding, where codes with common denominators and similar meaning were summarized on a more abstract level in subcategories and then overarching categories. Thereafter, theoretical coding, was based on the previous steps and defined how the categories relate to each other. Seen together, the categories were conceptualized in one core category. Last, a conceptual grounded theory model was developed (Figure 1), where the final step of synthesizing empirical and discursive elements with existing theories is presented in the discussion.

Especially, in the theory-driven part of the analytical process, the authors discussed and triangulated several conceptual and theoretical perspectives to understand the meaning of the data in a more abstract and interpretative way. During this process, some central “sensitizing concepts” were formulated and used for analytical guidance following Charmaz (20). Inductively derived, the salutogenic and pathogenic views on health and physical activity were formulated as sensitizing concepts. Additional discursively shaped notions were brought in, such as “individualism” and “healthism,” and contrasted with more collectivistic views, such as public health policies rooted in the ideologies of the Nordic welfare state (tied to the foundation of the SHS). Later, theoretical concepts indicating social constructions of childhood, the child understood as a “being” or a “becoming” human, were included. These concepts were also used to describe aspects of temporality in the school nurses' talk (health benefits in the present and the future). This discursive framework was used to conceptualize and develop a model grounded in empirical data. The model is further described in the results and discussion section (Figure 1): in the results section more empirically driven (inner circles in Figure 1), and in the discussion section more theoretically driven (outer circle in Figure 1) establish the trustworthiness of the analysis (46), triangulation between the authors was carried out in the form of meetings to discuss emerging interpretations (digital and face-to-face), combined with continuous discussions in written form (shared documents/digital platform). All authors contributed with different skills and perspectives through their backgrounds in physical education, sport science, physiotherapy, youth health, and public health. The emerging model was also peer-reviewed and discussed at a research seminar in sport science.



Findings

The results represent a gradual synthesis of the empirical data together with the discursive elements that permeate and contextualize the data to generate a grounded theory model (Figure 1). The discursive framework based on sensitizing concepts was developed and employed to throughout the analytical processand revealed one core category and three subcategories. That is, we interpreted the school nurses' concepts and ideas based on the pathogenic or salutogenic view and the individualistic or collectivistic view. In addition, we explored the school nurses' understanding and promotion of physical activity and health from a time perspective, in terms of present and future outcomes, which were reflected in the concepts of “being” and “becoming” human.

In the following, the categories with interrelated subcategories are presented together with quotes from the interviews—as well as with references to the sensitizing concepts within our discursive framework. In the grounded theory model (Figure 1), this part of the synthesis is presented in the inner parts of the circle.



Intertwined views on leading children from sedentarity to physical activity

When the school nurses talked about their work, they used different terms to indicate activities that could promote children's health and wellbeing, such as “play”, “movement”, “sports”, “physical activity” and “healthy lifestyle”. These terms all indicate the different contexts in which children and their (physical) activities took place, as well as the school nurses' differing views on physical activity and its purpose.

The core category, “intertwined views on leading children from sedentarity to physical activity,” reflects the school nurses' various perceptions of their mission. The core category comprises three subcategories of discursively shaped perceptions and practices: fostering everyday movement as a tool for health, battling children's sedentarity under difficult conditions, and promoting everyday movement and compensating for unequal access.



Fostering everyday movement as a tool for health

When the school nurses were asked to talk about their perceptions on children's physical activity, they approached physical activity as a “health” issue and as a matter of individual “lifestyle” and social conditions. They emphasized that physical activity is a means of achieving physical as well as mental health—both in the present and in the future. Physical activity (and health) was thus seen as an inner emotional state as well as a form of risk management extending into the future. The school nurses’ perceptions and practices can be understood as originating both from a holistic and socially aware salutogenic view and from a medically informed pathogenic view focusing on “risk.”

By starting from a holistic health perspective in the health dialogues with children and parents, school nurses stated that they could discover aspects in the children's life, such as unhealthy living conditions or diseases, that could affect “the level” of physical activity. For instance, some of them expressed that “sometimes you have to start with other problems than physical activity to reach the child” or that “when children have problems, it is often complex; it is not possible to only focus on physical activity.” According to the nurses, they focused on the positive benefits of healthy lifestyles during the health dialogues. They avoided blaming the families and talking about overweight; instead, they talked about physical activity as “movement” that creates an inner state of wellbeing or that is beneficial for school performance:


You don't talk about weight or anything like that with the kids. It's more that you should feel that you feel good in your body. Just as it is important to sleep to have energy and to be able to concentrate, the same goes for physical activity. That you feel good about it, that you go out at recess and play, that you perform better at school afterwards, too. (School nurse 1)



The school nurses' focus on the positive benefits of healthy lifestyles reflects a salutogenic view on health and well-being, while simultaneously putting forward the biomedical health benefits and improved school performance.

Furthermore, the school nurses talked about their opportunity to “catch” children at an early stage, and they regarded physical activity as a means for disease prevention and optimal health outcomes—both in the present and in the future. Namely, they worked to create good habits for the child today, but they emphasized that these habits would also be good for the child in the future. In this way, they could “equip the children for the future” with knowledge about health and physical activity. This mirrors the view on children as both “beings” and “becomings,” which can be informed both by a holistic and socially aware salutogenic view and by a medically informed pathogenic view.



Battling children's sedentarity under difficult conditions

In the interviews, the school nurses talked about schoolchildren's physical inactivity as a concern. They emphasized that children's sedentary time in front of screens has significantly increased. They referred to screen time as an “enemy,” and they used the term “battle” to describe their work.


Then there's this constant battle against screen time, because it's a sedentary person's best friend. And it is hard to compete with. Screen time. It feels like it is the worst enemy of physical activity. (School nurse 2)



The school nurses singled out teenagers as the age group for whom the sedentary lifestyle and screen time had increased the most. They perceived the teenagers to be “addicted” to screen time, often at the expense of movement and physical activity. They raised the fact that many teenagers had stopped participating in organized sports activities during leisure time and instead spent a lot of time sedentary in front of various screens. Even at school during the breaks, they had noticed that many teenagers were sedentary and played with their mobile phones. Furthermore, they shared their thoughts about the future consequences of an inactive lifestyle in front of screens.


I think this is a very important question. Because it's a big problem, quite simply, which we haven't really seen the full extent of yet. I think they [the children] are extremely sedentary. And this screen time thing, it is so new. For them, it always has been, but for us… I think about how fragile this generation will be. This affects physical health as well. When you were little yourself, you ran around and were constantly on your feet. There is such an incredible difference in young people today. So where does it end up, like, in 20 years? So, I think it's a very important question. (School nurse 2)



Thus, the school nurses identified an enemy in sedentary and screen time, which they believed would affect children in the future. This imagined dark scenario of illness and sedentarity in front of screens creating a “fragile generation” reflects a pathogenic view that emphasizes future risk. Further, the school nurses attributed physical inactivity to screen time and detached it from the social context. This position represents the individualized view on physical activity that permeates the healthism discourse, where the responsibility for health is placed on the individual (31).

The school nurses' use of the term “battle” can be interpreted as a pathogenic and biomedical approach in congruence with public health policies and research showing parallels between increased sedentary time and reduced physical activity and emphasizing its negative consequences for health (47). This risk discourse focuses on the negative health consequences of an inactive lifestyle in front of screens, such as future illness.

To battle against children's sedentary lifestyle and screen time, some school nurses said that they see themselves as “role models” and “inspirers” for the children to start moving. To be role models, they participated in movement activities at school and encouraged physical activity. They described going on walks with students, attending physical education lessons, and being out on recess playing with the children.


I run with them and encourage them to run and be a little more active. (School nurse 3)



However, the context influenced whether it was easy or difficult for the school nurses to battle sedentary and screen time and act as role models. For instance, they described that their work conditions prevented them from working with physical activity from a health promotion and disease prevention perspective, which is the basis of their work.


We need to work more on health promotion and prevention. Unfortunately, we do not have those opportunities in the school health service. Our resources, as we work today, are more remedial than health promotion. (School nurse 4)



According to the school nurses, the difficult work conditions contributed to more medically remedial work. This reflects a pathogenic view of health that is imposed on the school nurses by their work circumstances (i.e., lack of resources).

Moreover, the school nurses used an individualized healthism discourse, when discussing the children's parents. Specifically, they emphasized that parents had the “ultimate responsibility” for and “power” over their children's health and physical activity. In contrast, they indicated a desire to move from the individualized view to a collective one by using a collectively oriented public health discourse.


Although this [children's physical inactivity] may be a problem for individuals, it is also very much a contemporary issue, a societal problem. I think it is important to counteract that, that this breeds shame and guilt on an individual level, in the child or in the parents, feelings of inadequacy. (School nurse 5)



In sum, the school nurses' actions to promote children's physical activity derived partly from their own professional responsibility and their position as role models, but they placed part of the responsibility on the parents. In addition, physical activity was lifted to a societal level, expressed as a social problem and an issue that “affects the whole world.” According to the school nurses, implementing work to promote physical activity both in school and in society requires an “increased interest from politicians.” This reflects a collectively oriented public health policies discourse.



Promoting everyday movement and compensating for unequal access

During the interviews, the school nurses focused on daily exercise, but they also talked about sports activities in different ways. They felt it was important to inform parents and children about key concepts such as “daily exercise,” “play,” and “spontaneous movement.” With these concepts, they conveyed a multifaceted view of physical activity, which they felt was not always shared by children and parents. According to the school nurses, the parents and children they encountered often had an image of physical activity as organized sports, primarily run by a sports club or an organization. The school nurses worked to broaden the children's and parents' view of physical activity by promoting physical activity as everyday movement rather than specific sports activities.


Many people [children and parents] think that they must go out and get active in sports. That they must be part of a sports club or an organization. But everyday exercise is just as important. (School nurse 6)



The school nurses used different starting points for promoting general physical activity and movement over sports activities depending on age. For younger children, they focused on “playful” and “joyful” activities. They used the concept of “movement through play” to promote the children's everyday exercise, for example, on playgrounds. They encouraged the children to do movement every day, focusing on “joyfulness” and “wellbeing.” This strategy conveys a holistic salutogenic health perspective.


We have a large park where there is a very large playground. Where you can play and be physically active. So, I usually say that it's not just going to an organized activity but being out. You might be cycling, walking, feeding the animals, playing in the playgrounds, climbing the stairs, or moving around. (School nurse 7)



For teenagers, most of whom had stopped participating in organized sports and were more interested in gym training, the school nurses used another approach. They portrayed physical activity as “daily exercise” to maintain “good health” and reduce the risk for illness in the future. This strategy is connected to a medically informed pathogenic discourse, where physical activity is primarily performed to maintain good health and prevent disease (28).

A strong reason behind school nurses promoting physical activity before sports activities was that they saw that children had different socioeconomic conditions influencing their physical activity or lack thereof, including their physical home environment, social class, and cultural background. Therefore, the school nurses tried to use different strategies to compensate for these social conditions that limited children's (equal) access to physical activity. Their actions can be understood as originating from a collectivistic view on health promotion, where physical activity should be accessible to all children.

School nurses who worked in socio-economically vulnerable areas talked about how the physical home environment and the surrounding area could limit children's opportunities for physical activity. For instance, they pointed to causes such as overcrowding and outdoor environments that are unsafe for children to play and be physically active in. Furthermore, they raised the family's economic situation as an aspect that affected the opportunities for children to be physically active; namely, the school nurses were aware that it was not financially possible for all parents to buy toys that promote physical activity or to enroll their children in organized sports activities.


We don't have many parents who have the financial means to give their children, for example, a bicycle or have the opportunity to pay for activities that cost money or to participate in sports clubs. (School nurse 8)



Moreover, school nurses promoted physical activity over sports activities because they felt that the view on physical activity differs in different cultures. For instance, children from non-Nordic cultures were not always aware of the Swedish sports associations and therefore, wanted to do other types of physical activity, especially dance.


Many of the children come from their own cultures. [Their parents] don't have the sports associational life that we have, where we get involved with our children and give rides, and attend the matches on the weekends, and stand and watch with buns and coffee. In their countries, they hardly know what sport associational life is. (School nurse 4)



In addition, the school nurses emphasized that parents from non-European countries, due to “ignorance and fear,” prevented their children from being physically active. This mainly pertained to girls. To support girls in physical activity, the nurses said it was important to “work small” and find domestic forms of physical activity.


I have some immigrant youth, and many of these girls are not allowed to go out and train. They are not allowed to go to a gym or be outside alone. They can't go anywhere without someone with them. And that's an obstacle. (School nurse 9)



The school nurses' actions to broaden the children and parents' view of physical activity by promoting physical activity as everyday movement rather than sports activities reflect a salutogenic health perspective. In addition, their actions to compensate for the lack of equal access to physical activity reflect a justice discourse where physical activity needs to be made available to all children.




Discussion

Our main results center around the development of a grounded theory model (Figure 1). In this model, empirically generated results are situated within a social and discursive context. The results thus represent a synthesis of the empirical data together with the discursive elements that permeate and contextualize them. Specifically, our grounded theory model demonstrates how the school nurses employed intertwined views to lead children from sedentarity to physical activity. It illustrates how they used different and sometimes dichotomous viewpoints and political ideologies. Although the discourses are seen as dichotomous, the study shows that in the school nurses’ talk about their work, the different discourses complement each other in different ways. Namely, the school nurses integrated salutogenic and pathogenic approaches, and they conveyed both a collectivistic and an individualistic view of children's physical activity. Furthermore, their discussion and promotion of physical activity and health revealed a time perspective (present and future outcomes), reflecting the sociological constructions of “beings” and “becomings.” In theory, the “being” child and the “becoming” human are commonly viewed as conflicting discourses (44). In practice, they are not so separate, and it is not possible to say that the school nurses see the children simply as beings or becomings. The following discussion is organized around three theoretically informed themes, still grounded in our empirical understandings as presented in the results. These themes are placed in the outer circle of our grounded theory model (Figure 1), representing a higher level of interpretation and abstraction in our empirically grounded theory.


Fostering children to (well) beings and (healthy) becomings

The school nurses' talk about children's physical activity indicates that they have taken on a heavy responsibility to turn the next generation into responsible “healthy citizens” (48). They regarded physical activity as a means for disease prevention and optimal health outcomes. This perspective is aligned with the “health literacy” discourse, which gives children the opportunity to exert control over their own health and strengthen it (self-care) (49).

The school nurses described seeing themselves as responsible for fostering good habits in the children, in the present and in the future. This reflects a view on children as both “beings” and “becomings.” On the one hand, the “being” child is seen as a social actor with co-determination, here and now, actively constructing “childhood” (44), which is in accordance with the Convention on the Rights of the Child (50). Such a view is holistic and salutogenic, since it also focuses on well-being in the present instead of biomedical health benefits in the future. On the other hand, the school nurses' talked about physical activity to avoid illness even in the future, which can be linked more to a medically pathogenic view. Presenting physical activity as a means for achieving physical and mental health in the future constructs health as a “project,” which parallels the healthism discourse (31).

The school nurses’ pathogenic reasoning in this study is in line with previous studies. For instance, Magnusson et al. (21) have shown that school nurses talk about the importance of physical activity as “a duty” for being healthy. Meanwhile, the school nurses' reasoning does not emphasize the main reasons that children who participate in sports activities often state as their strongest motives for participating, such as having fun and meeting friends (51). The pathogenic view to physical activity has been criticized for its construction of physical activity as “a duty” to be fulfilled to reduce the risk of diseases such as obesity, diabetes, and cardiovascular diseases (5). Quennerstedt (30) argues that limiting health and physical activity to a matter of physical characteristics and outcomes can create negative body experiences or destructive behavior. Furthermore, Gard and Wright (52) argue that the hegemonic pathogenic health discourse, with a focus on obesity, classifies individuals as “good” or “bad” citizens.



Painting horror scenarios of a “Fragile generation”

The school nurses' “battling” of sedentary and screen time echoes the pathogenic alarm-oriented “risk-discourse.” The school nurses in our study appear to have created horror scenarios of future health problems and a “fragile generation.” They talked about the “fragile generation” based on a comparison with older generations, expressed in statements such as “it was better before” and “how will it be for today's youth?” This comparison with older generations reiterates a discourse of “reversed ageism,” in which the elderly look down on the young, instead of the other way as in conventional ageism (53). In addition, the alarmist risk discourse evident in the school nurses' statements can be characterized as “moral panic”. Moral panic has been used to describe the “obesity epidemic discourse” (52) and the risks with young people's physical inactivity and sedentary behavior (2).

In relation to the school nurse's one-sided view of screen time as a “battling”, there is research on technology which might aid positive strategies for children's wellbeing (54) and physical activity, like YouTube and smartphones (55, 56). Children can also find positive social contexts and a sense of belonging through for example social media (17) and video online gaming (57). Therefore, it is important that physical activity takes place in contexts and with technologies the children feel safe (58) regardless of whether it is in real life or via technology. However, the school nurses expressed negative views regarding screen time, and did not consider technology as a means to devise effective strategies for promoting physical activity engagement.The school nurses discussed physical inactivity as caused by screens and as detached from the social context. As mentioned, this reflects an individualized healthism discourse, which places the moral responsibility on the individual to become more physically active. The individual, through their own decisions, is expected to prevent ill health. The phenomenon of healthism, which is considered to have become a dominant ideology (36, 59), has faced criticism. For instance, Tolvhed (60) argues that the healthism discourse presents contrary realities of public health: it makes the individual responsible, whereas people's health is linked to their socio-economic conditions. Malcolm et al. (61) argue that by centering on the individual, the healthism discourse reflects a neoliberal view of physical activity. Furthermore, Larsson and Thedin Jakobsson (62) claim that many school-based physical activity interventions match “neoliberal governmentalities” because they aim to change individuals and their behavior rather than school environments and their workings.



Fighting social injustice in an individualized society

The school nurseś statements described how they tried to fight social injustice caused by socio-economic determinants, such as social class, and cultural background. Socio-economic determinants were highlighted as obstacles for children to be physically active, which is also shown in previous research (63). These determinants prevent the opportunity for good health from being equally attainable for all individuals in society (64). For example, children from socio-economically vulnerable areas or with a foreign background are less active in sports organizations (65). The school nurses in our study particularly pointed to girls with non-European backgrounds as a less physically active group, which is not surprising. Higher prevalence of physical inactivity among girls is found in almost all countries globally (4, 66), and religious and cultural restrictions are seen as potential causes (67). The school nurses' interpretation of culture and the immigrant girl in their care can be seen as normative. There is a notion of “the other” and of other cultures as less enlightened. This approach has been heavily criticized for placing the blame on certain girls and cultures and not on how physical activity and sports are organized and adapted to different groups and cultures (68). Hence, future research and development of physical activity interventions must be context- and gender-sensitive.

Furthermore, the school nurses argued that parents and children often had an image of physical activity as a sports activity. Instead of promoting physical activity through organized sports activities, they promoted everyday movement to compensate for unequal access to organized sports. Organized sports activities have also been criticized; for instance, they lack the ability to reach children in vulnerable areas (65), and they are driven by a competitive logic that eliminates those who are not “good enough” (69). However, the school nurses in this study did not consider this type of criticism as a reason to not promote sports activities. Instead, they highlighted social determinants as barriers to physical activity and organized sports activities. Engström et al. (70) argue that physical activity or movements are always socially situated and relate to several social determinants, such as social upbringing and the social context here and now. To compensate for the social determinants limiting children's (equal) access to physical activity, the school nurses in our study tried to find movements and physical activities that are adaptable and accessible to all children. Therefore, they talked about free physical activities before organized sports activities because the latter were often subject to fees.

The school nurses' practices reflect a collectively oriented public health policy and a social justice discourse: they promoted physical activities that are available to all children, regardless of social conditions. Social justice is also emphasized in the school context by Gerdin et al. (71), who believe that school health and physical education has an important role in addressing and acting on social inequalities that affect the well-being of both students and society as a whole. School nurses are the only professionals in school who meet all children through the health dialogues. Therefore, health dialogues are an important opportunity to reach all children and compensate for socioeconomic background, which otherwise risks affecting children's opportunity to maintain good health. The school nurses in this study expressed that they had an important role in promoting health to schoolchildren, but they need to be available (72). However, in this study, the conditions and resources for the school nurses to work with promoting physical activity differed and were often limited. They had different resources in terms of time depending on the school's socioeconomic index and number of students. Previous studies have described health dialogues as challenging in terms of being a comprehensive and time-consuming process (73), and some have discussed challenges with adapting the dialogues based on each child's needs and wishes (74). The fact that school nurses have different conditions to work with physical activity in health dialogues is problematic. The lack of common and clear guidelines for their mission to promote physical activity risks leading to inequality in access to physical activity; namely, children receive different support from school nurses based on their school's resources. Inequality in access to physical activity goes against the 2030 Sustainable Development Goals (75) and the public health policy goals in Sweden (41). More research about the school nurseś fight with social injustice caused by socio-economics determinants is important. Not least to create sustainable guidelines for school nurses to promote physical activity.



Strengths and limitations

By using reflexivity throughout the research process, the authors have identified both strengths and limitations of this study. Regarding limitations, selection bias may have occurred because all the included school nurses had completed training and had the authority to prescribe physical activity. It is possible that only school nurses with a specific interest in physical activity signed up for the study, whereas those with less interest and knowledge in physical activity might have been less inclined to participate. In terms of transferability, the specific Swedish school context may limit the transferability of the results to other international contexts. There may be differences regarding the role of the school nurse across various contexts, to be explored in future studies. However, one strength is the broad range of experiences created by the strategic sampling of school nurses from different schools and SHS programs and municipalities with different socioeconomic conditions (e.g., social class and ethnicities). Another possible strength could be that the interviewer was a neutral person, with no relationship to the school nurses, the schools, or the geographic area—and that the school nurses were therefore able to talk more openly about their experiences. To maintain reliability, the researchers, who had different backgrounds and competence areas, performed triangulation throughout the analysis. In addition, a peer-debriefing at a research seminar in sport science was used to add to the reliability of the study.




Conclusion

The ways in which school nurses talk about children's physical activity can be interpreted and conceptualized through dichotomous views and discourses. This study shows that they use intertwined views when they try to lead children from sedentarity to physical activity through pathogenic/salutogenic and individualistic/collectivistic views as well as through temporal sociological constructions of children as “beings” or “becomings.” The results indicate that even though school nurses lack common and clear guidelines for their mission to promote physical activity in children, they are guided by intertwined discourses in their daily work. Clear guidelines are essential for future implementation of PAP and for school nurses to ensure equitable health for all children. Our findings can assist school nurses in developing guidelines to navigate and coordinate their work in promoting physical activity among children.
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Introduction: The objective of this study is to describe how Physical Education (PE) teachers work to facilitate participation for students with disability in compulsory, mainstream inclusive, secondary school. Inclusive school-based Physical Education (PE) is an important context for students to share the benefits of physical activities with peers, especially for students with disability whose opportunities for participation in extracurricular physical activity are limited.



Methods: Two focus group interviews were performed with eight experienced PE teachers who teach students with disability in regular PE. Qualitative content analysis was used to analyze the interviews. Two themes emerged, the importance of having a structured and welcoming environment and the need to adapt the PE environment.



Results: Student mastery experiences is emphasized and achieved by teaching approaches encouraging peer collaboration before physical performance and competition. Key aspects to participation for students with disabilities are inclusive mindsets, proper preparation, and adaptations. Special arrangements when participation in-class is not possible require regular and close teacher-student communication and, when needed, additional support.



Discussion: Experiences of participation are important matters for further advancement of equality and social inclusion for students with disability. Schools need to develop support structures to provide students with disability with “real-life” experiences that optimize participation.



KEYWORDS
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1 Introduction

Physical Education (PE) teachers face challenges to create and implement appropriate learning environments for students with disability to participate and feel included in regular school-based PE (1). Teacher attitudes toward inclusion are affected by knowledge about various disabilities, type and degree of disability, class size, teaching assistance, and peer attitudes (2). Inadequate training, lack of training and experience of how to successfully include students with disability are reported in literature as reasons why PE teachers are negative to inclusion (3). For students with disability compulsory school-based PE is an important context to gain the benefits of physical activity (4), especially since opportunities for participation in extracurricular physical activity are restricted (5). Studies show that students with disability may experience participatory gains in inclusive PE, but also that they are less active and feel excluded when participation is restricted (6–9). Inclusive education is stipulated in international policy documents (10–14) to increase participation, community, compassion, and respect for diversity (15). However, discrepancies remain between policy and practice. How diversity is expressed in policy documents vary and therefore provide little guidance to PE teachers on how to implement inclusive practices (16). Differences have been found in what role teachers attribute PE, emphasizing PE as being either an educational or a physical subject (17). Research findings from Scandinavian countries show that PE is dominated by physical activities influenced by competitive sports, which may exclude or negatively impact for example students with disability (18). Additionally, there are challenges concerning insufficient support to properly accommodate students with disability in PE, which limit the effects of policy documents (19).

School-based PE is a context where norms, values, and attitudes can be questioned, which can advance equality and social inclusion for vulnerable groups such as persons with disabilities (20). Inclusive PE practices focus on capability and community support (21), and have a strength-based approach that provides extended opportunities for learning (22). A 15-year follow-up study from Morley et al. (23) about inclusive PE, showed that little had changed in teachers’ perceived ability to include students with disability in regular PE (24). According to Hutzler et al. (25) who conducted a narrative review of PE teachers' attitudes and self-efficacy toward inclusion there are a number of environmental, contextual and individual factors that affect teaching behaviors. It was concluded that teacher attitudes and self-efficacy toward inclusion are interrelated and may work as moderators to inclusive practices, i.e., both facilitators and barriers. Additionally, more research is needed on interventions aiming at changing teachers' attitudes toward inclusion (25). Although showing positive attitudes toward modifying PE activities to fit individuals' special needs, closer collaboration between PE teachers and special educators is needed to inform each other about diversity and inclusive teaching strategies (26).

In the perspective of students with disability mere placement into regular PE settings does not mean inclusive experiences if instructional approaches are unchanged (7). Secondary school students' developmental processes in PE was studied in a 3-year longitudinal study (27), based on social cognitive theory (28). Academic (PE-specific) self-efficacy refers to feelings of competence and capability when successfully completing a task (29). The strongest predictor of future performance is mastery experiences, but also sources such as vicarious experiences (observing role-models), verbal persuasion (encouragement), and physiological states such as anxiety and stress contribute to individuals' sense of self-efficacy (30). Compared to students without disability (n = 420) individual self-reports showed that students with disability (n = 30) perceived lower PE-specific self-efficacy both in year 7 and year 9 (31). Observing the PE context to discern differences in teachers' ability to align curriculum with their teaching practice (high-/low PE teaching skills) all students showed higher engagement in high-level PE teaching conditions. Students with disability were more frequently observed to be in close communicative proximity to their teachers in high-level teaching (32).

PE-specific self-efficacy is closely related to the will to participate in PE (31, 33) and participation can be seen as an expression of inclusion (34). Participation is defined as “involvement in a life situation” (35). To conceptualize participation, there are two key components: being physically present and being actively involved in the activities while being there. Presence can be measured as frequency of attendance. Involvement includes elements of engagement, motivation, persistence, social connection, and level of affect (36). First, one fundamental component in inclusive practices is that disability is celebrated as an asset, not a problem (37). Teachers carry the responsibility to differentiate their instructions to heterogeneous groups of diverse learners. Consequently, the student is relieved from the sole responsibility of adapting his/her learning style to the teaching style offered (38). Mindsets affect the actual classroom practice, and teachers who have limited perceptions of students’ ability or understanding of their specific needs are less accommodating in their teaching approach (39). Secondly, assistance is a crucial component that may facilitate student learning and peer interaction (40). Issues concern assistants' preparedness, qualifications, and training to support students' specific needs properly (41). Individual assistance from non-PE qualified teachers may be inadequate and inappropriate (42). Excessive student-assistant proximity may for example hamper peer interactions (43), which may result in loss of social participation and control for students with disability (44). Thirdly, environmental adaptations may be required to gain access to educational contexts, products, and support services (45).

The voices of students with disability should be honored and a learning environment with student cooperation should be promoted (46). Previous research shows that learning environments that promote mastery experiences, as opposed to competitive environments, improve self-efficacy in PE (31) and motivational outcomes such as self-esteem, affective states, practice strategies and moral attitudes (47). The International Classification of Functioning, Disability and Health (ICF) (35) provides a biopsychosocial framework to understand relationships between disability and activity, and their interaction with environmental factors (48). Based on the ICF, five environmental dimensions were described by Maxwell et al. (49) as a research tool for investigating inclusion. The five A's: acceptability, adaptability/accommodability, affordability, accessibility, and availability can be used to evaluate how to facilitate participation in PE. Acceptability involves the social environment, whether presence is accepted by oneself or others. Adaptations/accommodation may be required to meet the needs of persons with disability. Affordability concerns whether it is worth the time or energy to participate. Accessibility refers to whether the context provides opportunity to participate and, finally, availability to whether the activity is offered or not.

Inclusive mainstream education in Sweden is compulsory to year nine and regulated by the national curriculum (50). The PE syllabus has a health-directed focus with the purpose to provide opportunities for students to develop skills and abilities necessary for lifelong physical activity. Core contents in PE are movement, health and lifestyle, and outdoor life and activities. In a quality report The Swedish Schools Inspectorate (51) summarizes that PE in secondary school is dominated by the core content movement. According to (52), Swedish PE teachers describe themselves as problem-solvers, safety creators, and organizers. Students with disability, compared to students without, were more frequently observed to be near the teachers (32). Either the student sought teacher support, or the teacher stayed near to be able to support, this finding indicates that teacher proximity is a necessary source of special support for the participation of students with disability in regular PE. School-based PE has the potential to provide learning experiences with positive social interactions, enjoyment, and relevant challenges to develop motor skills (53). However, school-based PE also holds environmental challenges to students with disability. Lessons encompass transitions to various sports facilities and activity specific equipment. Although inclusive education has been the norm for Swedish compulsory education for decades, The Swedish Schools Inspectorate (51) still identified individually adapted solutions for students with disability as one area in need of special attention. There is plenty research about teacher attitudes towards inclusion in PE (2, 3, 9), but teaching strategies for how to create positive learning opportunities for students with disability are needed (1). Considering the importance of attitudes and self-efficacy toward inclusion (25) PE teachers are a key environmental factor in facilitating inclusion. Focusing on environmental factors, the aim of this study is therefore to describe how PE teachers work to facilitate participation for students with disability in compulsory, mainstream inclusive, secondary school.



2 Materials and methods


2.1 Design

This study has a qualitative design where data have been collected in focus group interviews (54) and analyzed using qualitative content analysis (55). The current study is part of a comprehensive research project with 450 students from 26 schools and their PE teachers. Students with diagnosed disabilities in regular schooling were specifically targeted. The three-year longitudinal research project in mainstream inclusive secondary schools explored student self-efficacy and participation in relation to perceived functioning and final PE grades. Student questionnaires were distributed, and data collected year 7 and year 9 (31, 33, 56), and PE lessons were observed year 8 (32). Teachers' self-rated their teaching skills in questionnaires year 7 and inclusive teaching skills were observed year 8 (32).



2.2 Participants

All PE teachers in the comprehensive research study (n = 22) were contacted and invited to participate in focus group interviews. The sampling of PE teachers was random in the sense that students with disabilities (n = 30) integrated into regular schools were recruited first. In a second phase schools (n = 26) and PE teachers consented to participate. Four male and four female teachers who worked in the catchment area of a university in southern Sweden agreed to participate physically. Two teachers worked at city schools with more than 550 students, the others worked at schools with less than 300 students in regional towns. Three of the PE teachers had more than 16 years of teaching experience, four 6–15 years, and one less than 5 years. All teachers taught students with diverse types of disabilities in regular PE.



2.3 Data collection

Focus group interviews were used to gather diverse perspectives (54) on inclusive teaching strategies practiced in everyday teaching. Two semi-structured focus group interviews with four participants in each were conducted The focus group interviews were conducted without distraction. Before the interview, the participants were given verbal and oral information about the study. After having consented, the participants were invited to talk about how they work to facilitate participation for students with disability in regular PE, i.e., compulsory, mainstream inclusive, secondary school. A semi-structured interview guide based on previous data collection, i.e., student questionnaires (56), teacher questionnaires and observations of PE lessons (32) guided the focus group interviews. The interviews started with a question on how the teachers vary lessons to differentiate their teaching in general. The teachers were then requested to elaborate on more specific questions about how they plan and organize their lessons to meet the needs of students with disability, adaptations, modifications and support. Participants were encouraged to resume the discussion where others stopped and supplement with examples from their own experiences. The interviewer then probed participants to elaborate on more specific teaching realities covering areas of adaptations, support, and special arrangements. An assistant took notes and asked participants to exemplify and give further details to certify that the questions in the interview guide were enriched. The interviewing researcher and the assistant were both experienced PE teachers involved in PE teacher training at the university where the interviews were conducted. The interviews that lasted between 1.5 and 2 h each were audiotaped and transcribed verbatim. Transcriptions were then sent to the participants for confirmation of validity.



2.4 Analysis

Qualitative inductive content analysis was used to analyze the data (55). In the first step the authors read the transcripts of the interviews several times to get an overall understanding of the content. In a second step, meaning units, i.e., text that corresponded to the study purpose was identified manually and copied to a coding sheet. Meaning units that were too short were avoided to limit the risk of losing context and meaning. Each meaning unit was then in a third step condensed, which means that text that was repeated or not considered relevant was removed. Then, in the fourth step the condensed meaning units were labelled with a code. The code was close to the original transcript to keep a low level of abstraction. The study aim guided the coding process. Based on content similarities and differences the condensed units and codes were in a fifth step reviewed and grouped into sub-themes. Themes then emerged by combining sub-themes (see Table 1). The analysis went from parts to the whole and vice versa. All steps of the analysis were reviewed and discussed between the authors until consensus was reached.


TABLE 1 Example from the coding sheet.

[image: Table outlining strategies for inclusive education. The left column lists detailed meaning units, while the second column condenses them. The third column, labeled "Code," categorizes them as adapted support or lesson content. The fourth column, "Theme," addresses ensuring all students know what to expect and modifying activities for special support. The final column, "Sub-theme," emphasizes the importance of a structured environment and adapting physical education.]



2.5 Ethical considerations

Ethical approval was obtained from the Ethical Review Board, Linköping, Sweden (2013/508-31). Students in the comprehensive study were never identified by name in the interviews, instead the teachers referred to types of disability and included examples from previous experience.




3 Results

The analytical process resulted in two themes and five sub-themes, see Table 2.


TABLE 2 Identified themes and sub-themes.

[image: Table with two columns titled "Theme" and "Sub-theme." Themes include the importance of a structured and welcoming environment and adapting the PE environment. Sub-themes mention creating an inclusive climate, maintaining communication, ensuring student expectations, adjusting teaching styles, and modifying activities for support.]


3.1 The importance of having a structured and welcoming environment

A structured and welcoming environment is presented in the three sub-themes to create an inclusive classroom climate, to keep comprehensible communication and to ensure that all students know what to expect.


3.1.1 To create an inclusive classroom climate

For students with disability to participate in the PE lessons, a welcoming classroom climate was important. Most importantly, according to the teachers, was to create a climate with collaboration rather than competition. The PE teachers emphasized the importance of involving peers to assist students with disability. The teachers tried to arrange the lessons so that students with disability could always perform the exercises near their friends. The teachers stressed that when focusing on assisting a peer with difficulties, more energy was spent on learning and less on watching other classmates' accomplishments.


…collaborating with a friend who you trust, you listen to the friend, maybe even more than to the teacher…



A welcoming classroom was enabled by using different strategies. One strategy was to provide balls while waiting for the lesson to start. The first students entering the gym could choose to play around with the balls and others could choose to socialize with each other. This was also valuable student-teacher time when information about prerequisites for today's participation was shared, diverse needs were discussed, and terms for participation were agreed.


The students get a positive feeling, they never come late, they are always there and then when the lesson is about to start, the balls are put away. Some students get rid of energy, and I can spend time to chat with other students…



Another strategy was to kick-start the lesson by giving brief instructions that activated most students. This would give the PE teacher time to spend on additional instructions that made it possible for students with disability to join in as quickly as possible. Often, further instructions needed to be shorter and stricter, like “go there! do this! do that!.” Sometimes the PE teachers demonstrated how to do the exercise practically or how to use different equipment. In doing so, the students could imitate exercises and use the equipment properly. It was highlighted that it was difficult to give instructions once the student with disability was moving without stigmatizing the student owing to limited ability. One solution to this problem was for the teacher to “shadow” the student, i.e., to try and keep communicative proximity to these students.


And then some closer contact, without making it obvious to the others. Classmates often know who has difficulties, but one can always try to close the gap…so that it doesn't show.





3.1.2 To keep comprehensible communication

The PE teachers described that many students in need of special support needed more detailed information to make them want to participate and feel engaged in the PE lesson. Generally, the PE teachers made both long-term plans for the entire semester but also detailed weekly plans to prepare the students for upcoming activities. This information was spread differently depending on what communication tools the school used: it could be on paper, in class, in home classrooms, at meetings where parents were invited or via electronic platforms. Communication via e-mail to parents of students with disability was sometimes needed to ensure that these students were adequately prepared for upcoming events. Different strategies were used to make the information comprehensible in class. One strategy was to gather all students before the lesson. To facilitate participation for students with disability, one teacher used white-boards and/or projectors to visualize oral and/or written instructions. She experienced that she reached more students, irrespective of disability or not, and started to use visual supports more frequently.


I had a whole class preparing year 8 for an outdoor event, where I drew a sort of map on the whiteboard of what was going to happen. I drew pictures of equipment and everything which is usually fun because I can't draw. Students laugh, then it sticks, and they remember. Everyone brought a rubbish bag! Imagine that!



Gatherings were used to explain today's activities and to legitimize the lesson content. The PE teachers tried to explain the purpose by referring to the syllabus or general health aspects, for example, that the students would improve their well-being, fitness, strength, and motor skills by taking part in the PE lesson. Another strategy to motivate the students to participate in PE was to give authentic examples that emphasized the importance of the skills to be practiced.


…like yesterday, they were going to perform a group play about a fictitious accident presenting a feasible solution, I came late to class since I had been to a fire emergency and then of course they were curious, which makes it easier. I can give plenty of examples from reality and then they realize. Everyone needs to know this, not only talk, and read this paper and you'll understand…





3.1.3 To ensure that all students know what to expect

When ending the class, the PE teachers expressed that it was important to prepare for the next lesson. Generally, the PE teachers therefore gathered the students to evaluate today's lesson and to update them about upcoming lessons. Several reminders were needed to prepare for extraordinary events, i.e., future outdoor field days or events that require specific facilities or equipment, for example, swimming, orienteering, and ice-skating. After the finishing gathering, face-to-face information with students with disability was sometimes needed to make them feel prepared, safe, and secure for the next PE lesson. The PE teachers experienced that new activities might cause unnecessary stress, especially for students with neuro-developmental and/or intellectual disabilities. Examples of how they prepared these students before introducing a new activity were to explain rules, to practically demonstrate the activity and to provide opportunities to test specific skills or drills.


All students have a need to know in advance what will happen but students with disability want to know “a little deeper”. As a teacher I need to tackle this for these students to feel safe from the start.



At one school the students were provided with their own school computer and an electronic platform was used as the main source of information. This offered opportunities for the teachers to post films and links. The students could then practice for example gymnastics or dance choreographies in advance or after the class whenever they wanted.


I always write, so that they know what is going to happen in the next two weeks and then in class it's oral instructions and practical demonstrations. After that they can use their computers, like now for example when we do gymnastics, I have posted films with 50 different exercises that they can watch many times






3.2 The need to adapt the PE environment

Adaptations that are needed in PE are presented in the subthemes, to adjust teaching style and lesson content, and to modify the activities and provide special support.


3.2.1 To adjust teaching style and lesson content

Firstly, the PE teachers tried to adjust their teaching style. One way was to organize two parallel activities, one in a small group format and the other as a self-sustaining whole group activity. Meanwhile, monitoring the latter, they could focus on student progression in the smaller teacher-led group by individualizing instructions, support, feedback, and feedforward. To avoid stigmatization, they intentionally split students into small groups or pairs so that students with disability were always accompanied by at least one friend. Secondly, teachers made individual adjustments of lesson content to facilitate participation in PE for students with disability, preferably within regular PE class, but occasionally in a separate setting. The lessons were sometimes adjusted for students with disability by shortening the time span for the activities. For example, instead of playing the same game the whole lesson, one game could be played for 10 min, then be modified, or changed to another game and played for another 10 min and so on. By doing so, full participation was facilitated in at least some of the activities. Another strategy to adapt the teaching was to use a part-part-whole teaching style. This strategy has been proven to be successful when working with students with intellectual disability in adapted PE at special schools. Before playing softball for example, the students practiced striking the ball, catching the ball and how and when to run. When all parts had been practiced, the parts were put together into a game of softball. However, not all PE teachers planned their adjustment strategies in advance. Some PE teachers planned the same activity for all students without special arrangements. Once faced with a situation where participation was not possible, some teachers solved problems as they emerged and provided alternative solutions in relation to students' challenges and type of lesson. For example, when energy levels became too low, students with disability could take a rest or the teachers would provide individual motor skill activities in relation to lesson content.


I might use balance exercises, it works because both have poor motor skills, and the student with heart failure is also overweight, so then partly to train some motor control, with her, do some simple muscle-strengthening activities, which in short intervals, she manages to conduct



The teachers who solved participation problems as they emerged also said that they were more willing to adapt their teaching in advance if the student showed interest in PE and suggested alternative solutions themselves.



3.2.2 To modify the activities and provide special support

The PE teachers had a genuine willingness to modify activities during PE lessons to facilitate participation for students with disability. They strived to differentiate every PE lesson to optimize participation for all students. Examples of such general modifications were to provide clear rules, challenges at altered levels of difficulty in circuit training, alternative routes in obstacle runs and a variety of exercises and drills in gymnastics. Another strategy to differentiate teaching was to introduce Paralympic sports e.g., goalball that all students can play blind folded. Although the PE teachers had inclusive intentions in regular PE classes, this was not always possible. Activities were sometimes modified to facilitate individuals' participation, with or without personal assistance. Communication with the student was then vital to map possibilities and find feasible solutions that could be performed either integrated into the class or separate from the class.


I read in her blog that she was in pain after regular PE, so I talked to her and drew up a plan. Now she swims one lesson (with personal assistant) and I structure the other lesson so that she can participate to the best of her ability half the lesson, and the other half she does a workout program that she has constructed herself. (Girl, 14 years old, electric wheelchair user)



The PE teachers experienced that schedule-breaking activities with new group constellations, new environments, unexpected new situations, and unfamiliar teachers could be stressful to any student, but particularly for students with neuro-developmental disorders (NDD). According to the PE teachers, outdoor field days with winter/summer activities required innovative modifications. The PE teachers experienced that it was crucial to give additional information to students, parents, and staff about clothing, special equipment, and transportation back and forth for example. A variety of options were offered, including at least one activity in which anyone could participate in e.g., hiking, swimming, and sledding. Despite teachers' extra work-load and stressful new situations for some students, the teachers praised outdoor field days since they provided opportunities to fraternize on equal terms across classes. The most important aspect to enable participation for students with disability was the provision of additional assistance. In some cases, parents were engaged to assist their child during the outdoor field days, e.g., alpine skiing. In others, for example, a school staff janitor was responsible for one student or a small group of students to facilitate participation.


If it's winter, some students ski, some skate, and everything is nearby, then sometimes we gather for a BBQ so that they (students with NDD) at least can attend having lunch…that's one thing one can do…rather than staying home alone.







4 Discussion

Inclusion has been the norm in Swedish mainstream schooling for some time now and the immediate response from the PE teachers on how they facilitate participation for students with disability was I don't really know; I just do it! However, findings from this study show that participation in PE for students with disability is facilitated by environmental adaptations that concern classroom climate, communication, student preparation, adjusting teaching styles and lessons, as well as modification of activities and special support.


4.1 Inclusive PE practice

Participation of students with disability in PE may be facilitated or hindered owing to personal factors of restricted functioning or to factors in the environment. Environmental aspects of how inclusive PE practices were enacted will be discussed with the five A's: acceptability, adaptability/accommodability, affordability, accessibility, and availability (49).


4.1.1 Acceptability—fostering tolerance and respect

Acceptability relates to the social environment and refers to whether the presence of students with disability is accepted by themselves or others (49). In our findings the PE teachers pronounced an inclusive mindset. They had a genuine willingness to facilitate participation for students with disability and tried to create a classroom climate that recognized and accepted diversity. According to Falkmer (57) teachers' attitudes towards students with disability and good teacher-student relations promote positive peer interaction.

Primarily, collaboration between peers was emphasized by the teachers in this study. By collaborating with a peer, the teachers provided students with disability an opportunity to participate in PE that gave them vicarious experiences (observing role-models). Peers could encourage their efforts, reduce their anxiety so that they dared to make an effort, practice and persist practicing to successfully complete a task. Successful experiences can improve a general sense of capability (58), which may spread across other areas of competency and affect the overall functioning of students with disability (28). Additionally previous research shows that assisting peers with disability promotes levels of physical activity both for students with and those without disability (59).

However, contradictive findings show that PE is dominated by the core content movement (51), which often include activities influenced by competitive sports (18). A prerequisite for experiencing participation is that the student is physically present (36) but persons with functional restrictions can seldom (or never) participate on equal terms in competitive climates where physical performance is rewarded. In addition to being physically present, active involvement while attending the PE lesson is crucial to experiencing participation (36). Our findings showed teaching practices of acceptability, where efforts were made for students to feel welcome, and time was allocated for communication about participatory concerns. Additionally, how acceptability was promoted by preparing students with disability for the lesson, offering challenges at altered levels of difficulty, and how facilitating participation made out the ground for how the lesson content was planned, organized, and adjusted.

To differentiate instructions successfully there needs to be a coherence between teacher mindsets and actual classroom practice (39). The teachers in this study strived to create positive learning environments with tolerance and respect for diversity. Findings that are in line with international policy documents about inclusive education [e.g., (12)] and curricular intentions of providing opportunities to learn for lifelong physical activity (50). Observations of PE lessons (32) in the comprehensive study demonstrated that students with disability were equally highly engaged as their peers. Highly engaged students indicate that the teachers have adopted an inclusive teaching style and created a learning environment of acceptability, where effort is encouraged before competition. According to previous research, learning environments that promote mastery experiences boost self-efficacy in PE (31), self-esteem, affective states, practice strategies and moral attitudes (47).



4.1.2 Accomodability/adaptability—creating meaningful learning experiences

Adaptability refers to whether the activity is adequately adapted to accommodate students with disability (49). Firstly, the teachers strived to adapt their teaching strategies to facilitate participation integrated in class. A general approach to differentiate teaching was to provide a variety of exercises at diverse levels of difficulty and alternative activities or routes in e.g., obstacle runs. More specific strategies were to introduce Paralympic sports, shorten the time span and change traditional team sports into more playful games. A successful strategy to provide individualized feed-back and support was to organize the lesson into one teacher-led small group activity, and one self-sustaining and easily monitored whole group activity. The small groups were intentionally composed by the teachers to ensure that students with disability could practice skills with friends they trusted. Visual supports were established into regular PE since also other students without disability proved to benefit from an additional source of information.

Secondly, when functional limitations hindered participation, the lesson content had to be modified. The teachers expressed a wish for further advice but experienced a lack of competence in special educators concerning modifications in a practical subject like PE. Similar findings in Finland show that closer collaboration between PE teachers and special educators is required to optimize learning opportunities for students with disability (26). Frequent check-ups and regular communication with students with disability were highlighted by the teachers in this study. Some teachers made plans in advance with the student with disability while others dealt with problems as they emerged during class. According to Bredahl (60), participation is enhanced when adaptations are made in mutual communication where students with disability are offered a choice of alternative activities, either integrated in or separate from the class. Haegele and Sutherland (61) report that students with disability experience meaningful learning when accommodations are made during class.



4.1.3 Affordability—making participation worth-while

Affordability concerns a person's willingness to invest effort, or energy into participating in an activity (49). Challenging environments and functional limitations sometimes required additional assistance. Our results showed one example when an electric wheelchair user who due to pain after regular PE-class needed additional adaptations. Rather than to adhere to the image of disability, an inclusive PE practice recognizes students' strengths (22). The teacher honored the student's voice (46), recognized strengths and abilities and together they planned affordable participation. In this case support from a personal assistant was required, or participation would not have been possible at all. In-class participation was preferred but if not possible, the student could choose from activities separate from the class. Lesson content was modified in collaboration with the assistant, which optimized opportunities for participation and made PE participation affordable, i.e., worth both the effort and energy for student engagement.

Although Haegele (7) questions the inclusiveness of regular PE a change towards more inclusive PE practices seem to be taking place. In the most recent articles about student experiences of inclusion in PE Rekaa et al. (9) found students with disability who “love PE”. Swedish PE teachers describe themselves as problem-solvers, safety creators and organizers (52), which was supported in this study. Findings in this study show that the teachers' have changed attitudes and self-efficacy toward inclusion (25) and implemented inclusive teaching strategies with a primary aim to facilitate in-class participation. The teachers gave plenty of examples of innovative modifications to facilitate participation for students with disability, including additional assistance from parents and janitors.

Outdoor field days are commonly organized by PE-teachers within the subject's core content, outdoor life and activities (50) and entail activities for students, colleagues, and co-workers. Notably, outdoor field days concern the whole school, but PE-teachers experienced additional work-load due to insufficient school support when facilitating participation for students to whom outdoor field days were especially stressful. Previous research shows that collaborative strategies improve sense of belonging, school satisfaction, and self-efficacy for new experiences among students with disability (62). Although the teachers claimed that students' participatory gains made their extra work-load worthwhile, they wished for more school support when planning adjustments to facilitate affordable participation.



4.1.4 Accessibility—setting up safe PE environments

Accessibility concerns whether access to the facility or to the specific context is possible (49). The teachers in this study did struggle to make their lessons accessible and facilitate participation for students with disability in regular PE. This finding is similar with previous findings that teachers are positive to inclusion but find it impossible to achieve (9). The strategy to try and stay near to be able to assist whenever support was needed confirms previous observations where PE teachers seemed to be the primary source of support for students with disability in regular PE (32). By keeping close communicative proximity to students with disability teachers can encourage them to achieve mastery experiences. Prior accomplishment is the strongest predictor of future performance (30). Staying near, teachers can also promote the other sources of self-efficacy by acting as role-models, encouraging effort and performance, and reducing anxiety.

Preparation and communication were vital to make PE activities accessible to students with disability, especially when new unfamiliar activities were introduced. PE instructions commonly require close teacher-student proximity and may require visual support, repeated oral and kinesthetic information in various forums, and additional face-to-face information to make students with disability feel safe. Accessibility also increased when the teachers created short “timeslots” where students with disability were given additional instructions. These timeslots took place in before-class activities, by kick-starting lessons to activate typically developing peers, by staying near students in need of special support during class or by explaining and demonstrating future PE activities after ending a lesson.

Swedish gym facilities are generally supplied with elevators, hearing loops, technical aides etcetera to be accessible to all, but there are situations or activities where participation is impossible. Accessibility to outdoor environments e.g., forest or gravel-yard may be problematic for students with physical disability to be able to participate. Accessibility to school-based PE may also be hampered by prevailing norms and values of a fit body (9, 63) and of traditional competitive sports (8). The common teaching approaches with peer collaboration may be helpful to gain access to PE-specific contexts, but assistance from non-PE qualified friends may be inadequate and inappropriate (42). Events like swimming, orienteering, and ice-skating often take place outside school premises and accessibility may require personal assistance or students with disability will lose social participation and control (44).



4.1.5 Availability—participation promoting support structures

Availability relates to the physical environment and refers to whether the activity is offered or not (49). The main issue concerning availability in this study was the lack of sufficient support. Previous studies show that assistants are rare in PE (3, 32) and insufficient support may make PE lessons unavailable and thereby limit the effects of policy documents (19). In the current study there was only one teacher who experienced sufficient teacher support and student assistance. Availability means prerequisites for teaching practice that PE teachers are not in control of but need to be taken into account when teaching PE. In the absence of support, the PE-teachers developed innovative solutions to make regular PE available to students with disability. To facilitate participation and effectively include students with diverse needs they implemented clear classroom structures, new teaching strategies, and adaptations (both general and specific).

Participation-based interventions for youth with disability emphasize the merit of meaningful “real-life” experiences. Results from previous studies show promising synergy effects of community participation on physical, cognitive and affective body functions (64) and on goal attainment, social self-efficacy, and engagement (65). Resource allocation in school is a matter of concern. Due to lack of adequately trained support team and allocation of assistance favoring academic performance before participation in PE, the PE teachers do what they can to facilitate participation for students with disability. School support to make everyday situations like school-based PE available to students with disability may need to target participation to be effective. Being able to attend and experiencing engagement while attending (36) in school-based PE may underpin further advancement of equality and social inclusion (20). Collaborative teaching approaches (62) are required to optimize participation in PE for students with disability.





5 Strengths and limitations

Findings from this study can be used in pre-service teacher training and complementary in-service training to develop inclusive PE practices and teaching strategies. The participants were taking part in a comprehensive study focusing on students with disabilities. It is reasonable to assume that the participants had considered inclusion and therefore paid extra attention to how they facilitate participation in PE for students with disability. Teaching conditions were similar, they could easily relate to each other and add experiences from their own practices.

There are limitations in this study that need to be addressed. There were only two focus interviews but the participants in this study had plenty of teaching experience. Focus interviews provide the potential for getting further into a subject owing to the interaction. Individual interviews with teachers, and students' views of their everyday life situations in PE may have enhanced the overall picture. Moreover, only eight of the invited twenty-two teachers agreed to participate in the focus interviews, possibly those most favorable of inclusion.



6 Conclusion

Environmental barriers cause exclusion by limiting or preventing a person with disability from fully participating in school-based Physical Education (PE). Restricted participation occurs when disability is treated as a problem, and when adaptations and support are insufficient. The five A's, acceptability, affordability, adaptability/accommodability, accessibility and availability provide PE-teachers with a useful tool to assess their PE environment and evaluate how to provide equal access to their practice. A key environmental factor to facilitate participation for students with disability in regular PE is the teacher. PE teachers' views in this study show that a classroom climate with respect and tolerance toward diversity is vital. Additional instructions are often required for students with disability to feel prepared and safe in regular PE. Collaboration with friends they trust reduces anxiety and promotes experiences of mastery. Close teacher-student communicative proximity provides opportunities for encouragement and additional support. In-class participation requires adapted teaching strategies, modified activities and extended instructions, e.g., visual support. Concerns are raised regarding school support to optimize participation in PE. Schools need to develop support structures that focus “real-life” participation experiences to facilitate positive outcomes of regular PE for students with disability. Effective school support structures with adequately trained support team can supply PE teachers with collaborative teaching approaches and practical guidance on how to optimize learning opportunities in PE for students with disability. Further practice-based research is needed on how to adequately support students with disability in PE. Additionally, effects of “real-life” participation experiences on overall everyday functioning of students with disability need further investigation.
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Background: A robust association between physical activity (PA) and satisfaction with life (SWL) has been established, wherein self-efficacy has been identified as a mediator across different populations. However, there is a need to further examine the relationship between PA and SWL and whether self-efficacy act a as mediator within different levels of PA among Norwegian adolescents. Thus, the objective of this study was to explore the relationship between levels of PA and SWL by testing for self-efficacy as a possible mediator.



Methods: Cross-sectional data from the 2022 Norwegian Ungdata Survey was utilized. Data included demographics and various health data that was collected anonymously. The electronic survey took place in classrooms and was administered by the respective teacher. Permission to access and use data was approved by the Norwegian Agency for Shared Services in Education and Research (SIKT). Statistical analyses were conducted using the PROCESS macro by Andrew Hayes for SPSS software.



Results: Descriptive findings revealed that girls reported lower self-efficacy than boys (14.2 vs. 15.5, with a maximum of 20) and lower SWL (6.8 vs. 7.6, with a maximum of 10). About one out of five girls and one out of seven boys reported no days of weekly PA, whereas 4% of girls and 9.5% of boys adhered to the PA-recommendation of 60-min of daily exercise. Associations between PA levels and SWL was mediated by self-efficacy (all p < 0.05), with the highest indirect effect (56.3%) revealed in the association between those adhering to the PA-recommendations and SWL.



Conclusions: Norwegian girls reported more sedentary behavior, less PA, lower self-efficacy, and lower SWL than boys across all grade levels. Mediation analysis revealed that up to 56.3% of the enhancement in SWL among those adhering to 60-min of PA recommendations was explained by increased self-efficacy. Norwegian government and policymakers should promote initiatives and regulations focusing on higher levels of PA to foster a resilient adolescent population with higher individual beliefs and higher subjective wellbeing.
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1 Introduction

Physical activity (PA) is crucial for adolescent health (1). It is defined by the World Health Organization (WHO) as “any bodily movement produced by skeletal muscles that requires energy expenditure” (2). Research consistently shows that higher sedentary behavior increases the risk of various non-communicable diseases and reduces life expectancy (3–7). However, most adolescents do not meet the WHO recommendation of at least 60-min of moderate-to-vigorous intensity PA per day (2). Globally, about 8 out of 10 adolescents fail to meet PA recommendations, with girls being less active than boys (8). A recent Norwegian study found similar trends, with girls consistently reporting lower PA levels than boys (9). This study also highlighted strong links between PA levels and self-efficacy across genders and grade levels.

Self-efficacy, a concept developed by Bandura, plays a significant role in health behavior (10–13). It refers to one's belief in their ability to overcome obstacles (14). Previous research has explored various self-efficacy measures, which are all constrained to the specific task at hand (15). However, the general self-efficacy scale is a concept with a broader applicability, making it relevant to implement across genders and different dimensions of life. Self-efficacy and PA have a bidirectional relationship: PA increases self-belief and feelings of success, while self-efficacy influences activity choices and coping with barriers (16–18). Gender differences in PA levels among adolescents may be partly explained by variations in self-efficacy, with boys typically showing higher levels than girls (19–21). However, this relationship is complex (22), and self-efficacy is proposed as a mediator between efforts and health outcomes (23).

Satisfaction with life (SWL), a measure of subjective well-being, is positively influenced by PA in adolescents (24). SWL reflects one's overall life satisfaction, including all dimensions of life (25, 26). Studies have consistently found a positive relationship between PA and SWL, with sedentary behavior negatively impacting SWL (27, 28). Other relevant factors that are previously reported to affect PA and SWL in adolescence are socioeconomic status and stressor experiences (29, 30). Both PA and SWL tend to decrease during adolescence (31–34), highlighting the need to understand their underlying mechanisms. Higher self-efficacy is associated with higher SWL (31–33), suggesting a potential indirect pathway from PA to SWL through self-efficacy. In this specific context, self-efficacy stands out as a natural intermediate variable, due to the appliance to intrapersonal factors, such as the sense of achievement related to physical activity and interpersonal aspects related to observational learning and role modelling described by Bandura (14). Self-efficacy has been incorporated in several theoretical health behaviour models, such as in the health belief model and in the theory of planned behaviour (35, 36). Even though other societal factors and expectations, such as socioeconomic status and perceived stress, may also influence associations between PA and SWL (34, 37), this paper specifically focuses on self-efficacy to further our understanding of underlying behavioural mechanisms.

Previous models have suggested self-efficacy as a mediator between PA and SWL (38, 39), with emerging research exploring psychological mechanisms (40, 41). Recent studies among Chinese adolescents suggest that self-efficacy and stress management mediate the relationship between PA and mental health (42). According to Hayes, a mediator explains the process or mechanism through which the independent variable influences the dependent variable (43). Thereby, understanding how self-efficacy act between different levels of PA and SWL could inform interventions to enhance SWL by promoting PA, particularly among Norwegian adolescents.

This study aims to describe PA, self-efficacy, and SWL among Norwegian adolescents, to explore the relationship between PA and SWL with self-efficacy as a potential mediator. We hypothesize lower levels of PA, self-efficacy, and SWL in girls compared to boys, a positive association between PA and SWL, and a significant indirect role of self-efficacy in these associations.



2 Methods


2.1 Data collection

Ungdata is a national survey conducted yearly by Norwegian Social Research (NOVA) at Oslo Metropolitan University in collaboration with the regional center for drug rehabilitation (KoRus) and the municipal sector's organization (KS). Ungdata provides national reports every year, often comprised of data collected over the last three years. The annual survey entails a mandatory module; however the municipalities are provided with a set of optional questions they might consider incorporating in the survey (such as the self-efficacy measure). The municipalities provide information to their respective schools, and the survey is conducted electronically during a school hour. Non-participating adolescents are provided with other schoolwork task provided by their teacher. According to Ungdata, data retrieved from these surveys is well-suited for planning and initiating interventions related to adolescents and public health (44). Ungdata is financed from the Norwegian national budget through grants from the Norwegian Directorate of Health (44).



2.2 Study design and participants

This study employed cross-sectional data from the 2022 Norwegian Ungdata Survey, which included 108,843 participants. In 2022, all municipalities within the following Norwegian counties participated: Agder, Rogaland, Nordland, Akerhus and Østfold, as well as a selection of municipalities from the Møre and Romsdal county (45). In total, this included 124 Norwegian municipalities from Southern, Northern and mid-part of Norway, wherein most surveys were conducted in March and April 2022. The study includes Norwegian adolescents from lower (age 13–16 years) and upper secondary school (age 16–19 years).



2.3 Study variables

The Ungdata study comprises demographic measures and various health-related questions. Due to the survey's anonymity, age data is not available.

Levels of physical activity (PA) were assessed using the question, “Think about the last seven days. On how many days were you so physically active that you were short of breath or sweaty for at least 60 min in total in one day?”. Respondents could choose from five response alternatives ranging from “no days” (inactive), “1–2 days”, “3–4 days”, “5–6 days” and “7 days” (daily). Herein, we used “7 days” as a proxy for adhering with WHO recommendations of 60-min daily PA for adolescents (2). Single-item assessments of PA have exhibited robust reliability and validity (46), relevant in settings where extensive questionnaire or device-based measures are not feasible (47).

Self-efficacy was assessed using the Norwegian 5-item version of the General Perceived Self-Efficacy Scale (GSE) (48). GSE is a concept developed for evaluating the general confidence in one's abilities to cope with the upcoming challenges and demonstrated as a psychometric scale with high validity and reliability (49–51). Respondents are provided with five statements, rated on a scale from 1 (completely wrong) to 4 (completely right). A total score is summed ranging from 5 to 20, wherein higher scores indicate higher GSE levels.

Relevant covariates in regression models were socioeconomic status (SES), gender, perceived school stress as an indicator of psychological well-being, and over-the-counter analgesics (OTCA) use as an indicator of health status. Ungdata provides a validated construct for SES (52), which includes assessments of parental educational level and level of prosperity. Perceived school stress was assessed by the statement “I get stressed by the schoolwork?”. Responders were provided five response alternatives: “never”, “seldom”, “sometimes”, “often” and “very often”. OTCA use was assessed by using the question “How often have you used non-prescription drugs (Paracet, Ibux and similar) during the last month?”. Responders were provided five response alternatives: “never,” “less than once a week,” “at least weekly,” “several times a week,” and “daily”. Given the current study design and available variables from Ungdata, mediation analysis by Hayes was considered to be most fitting method for answering the research questions and to enlighten the underlying mechanisms.



2.4 Ethical consideration

The Norwegian Agency for Shared Services in Education and Research (ref. 821474), known as SIKT (53), has approved all questions used in Ungdata. Informed written consent was obtained from all responders and participation in the study was voluntary. Adolescents from the 1st grade (16 years or older) did not need parental consent, however adolescents from 8th to 10th grade need additional parental consent. All data are anonymous. The Ungdata survey is conducted in accordance with the Helsinki Declaration. This current study has structured the reporting according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (54).



2.5 Statistical analyses

All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive measures for continuous variables are reported as means and corresponding standard deviation (SD). Categorical variables are presented as counts and percentages. Descriptive measures were stratified by gender and by grade levels (8th to 3rd grade). Multiple regression analyses were conducted to explore the association between levels of PA and SWL, and the association between levels of PA and self-efficacy. In addition, the association between self-efficacy and SWL was performed stratified by the levels of PA (Supplementary File S1). Simple dummy coding for the predicting categorical variables with binary indicators were performed. Visual inspection and kurtosis and skewness between −1 and 1 indicated a relative normal distribution of continuous study variables. Multiple regressions included covariates such as SES, gender, OTCA use and perceived school stress. Simple mediation analyses (Figure 1) were conducted using the PROCESS macro designed for SPSS by Andrew Hayes. Mediation analyses were entered with same covariates such as SES, gender, OTCA use and perceived school stress. The indirect effect was regarded statistically significant if the 95% confident interval (CI) did not include zero. According to Hayes, a calculation of the indirect effect does no longer need evidence of association between dependent and independent variable as a precondition for a mediation analysis (55), thus we included the non-significant association between PA “1–2 days” and SWL in the mediation analyses. However, opposite directions were revealed, making interpretation not feasible based on our assumptions of the causal path. The total effect (C) and direct effect (C') are presented in figures and the contribution of the indirect and direct effect is illustrated separately as percentage by dividing their effect on the total effect multiplied by 100. P-values <0.05 were considered statistically significant, and all tests were two-sided. Given the high response rate in the presented study variables and large sample size, imputation nor bootstrapping was not considered necessary.


[image: Diagram illustrating the mediation model. "Levels of PA" is the independent variable, "SWL" is the dependent variable, and "Self-efficacy" serves as a mediator between the two. Arrows indicate the relationships.]
FIGURE 1
A simple meditation model of physical activity levels as independent variables, self-efficacy as mediator and satisfaction with life as dependent Variable.





3 Results


3.1 Participants

A total of 108,843 Norwegian school-based adolescents participated in Ungdata 2022, whereof 65,572 (60.2%) were responders from lower secondary school (8th to 10th grade) and 43,271 (39.8%) responders from upper secondary school (1st to 3rd year). The study sample comprised of 50.5% boys and 49,5% girls. Herein, 95,450 boys and girls reported their PA level, 18,868 their self-efficacy level and 103,653 their SWL, revealing a response rate of 87.7%, 97.5% and 95.2%, respectively.



3.2 Descriptive statistics

More girls than boys reported inactivity (no days of PA) (19.5% vs. 13.7%, respectively). The highest levels of inactivity were reported in the 2nd year for both genders (Tables 1 and 2). 13.6% of the girls and 21.2% of the boys reported being physical active 5–6 days a week. The highest relative difference in total scores between genders were revealed amongst the ones being physical active for minimum 60-min per day, herein 4.0% of the girls and 9.5% of the boys reported daily PA.


TABLE 1 Overview of study variables for girls stratified by grade level and total score.

[image: Table displaying physical activity, self-efficacy, and life satisfaction for students from 8th grade to 3rd year. It includes frequency of physical activity from "No days" to "Everyday," with corresponding percentages and sample sizes. It also shows self-efficacy and life satisfaction scores with standard deviations. Total scores are summarized.]


TABLE 2 Overview of study variables for boys stratified by grade level and total score.

[image: Table showing physical activity, self-efficacy, and life satisfaction across different grade levels. Percentages and sample sizes (N) are provided for physical activity frequencies, along with average scores for self-efficacy and satisfaction with life. Total score columns aggregate all grades.]

Lower mean (SD) total scores of self-efficacy were exhibited in girls [14.2 (2.9)] than in boys [15.5 (3.1)]. There was a tendency of increasing self-efficacy scores throughout the grade levels, with highest scores in 3rd year for both girls and boys [(14.6 (2.5) vs. 15.9 (2.9)]. Lower mean (SD) of SWL were reported in girls [6.8 (1.9)] than in boys [7.6 (1.8)], whereas the SWL scores remained consistent across the grade levels for girls and a small decrease among boys (Tables 1 and 2).



3.3 Regressions analyses

Regressions between the ones being inactive and SWL revealed an inverse association [B = −0.23; 95% CI (−0.31 to −0.15)] after adjusting for SES, gender, OTC analgesics use and perceived school stress (Table 3). Positive associations were revealed among adolescents reporting PA 3–4 times a week, 5–6 times a week or every day and SWL (B = 0.07, 0.08 and 0.08 respectively, all P < 0.01).


TABLE 3 Linear regressions of physical activity levels (independent) on satisfaction with life (dependent) adjusted for SES, gender, OTC analgesics use and perceived school stress.

[image: Table displaying the relationship between physical activity levels and associated statistical values. Activity levels range from no days to active every day. The B coefficient, 95% confidence interval (CI), and P value are given for each level: no days (-0.23, -0.31 to -0.15, <0.01), 1–2 days a week (0.03, -0.01 to 0.07, 0.13), 3–4 days a week (0.07, 0.04 to 0.09, <0.01), 5–6 days a week (0.08, 0.06 to 0.10, <0.01), active every day (0.08, 0.06 to 0.09, <0.01).]

Regressions between the ones with no days of PA and self-efficacy revealed an inverse association [B = −0.76; 95% CI (−1.21 to −0.30)] that remained significant after adjusting for SES, gender, OTC analgesics use and perceived school stress (Table 4). Significant positive associations with self-efficacy were revealed amongst adolescents reporting PA 5–6 days a week and PA every day (B = 0.16 and 0.14, respectively). In addition, self-efficacy was positively associated with SWL across all PA levels (all p < 0.01) after adjusting for SES, gender, OTC analgesics use and perceived school stress (Supplementary File S1).


TABLE 4 Linear regressions of physical activity levels (independent) and self-efficacy (mediator) adjusted for SES, gender, OTC analgesics use and perceived school stress.

[image: Table showing the association between physical activity levels and outcomes. It lists physical activity days with corresponding B values, 95% confidence intervals, and P values. No days show B = -0.76, CI = -1.21 to -0.30, P < 0.01. Active everyday shows B = 0.14, CI = 0.05 to 0.24, P < 0.01. Further details for 1–2, 3–4, and 5–6 days are included.]



3.4 Mediation analyses

Self-efficacy had a significant indirect effect across all models (p < 0.05), after adjusting for SES, gender, OTC analgesics use and perceived school stress. The highest indirect effect in the association between PA and SWL was identified amongst the adolescents being physical active everyday (Table 5), herein 56.3% of the increase in SWL could be explained by the indirect effect (improvement in self-efficacy). This association was mediated by self-efficacy by revealing a non-significant direct effect (Figure 2).


TABLE 5 Direct and indirect effects presented as percentage.

[image: Table showing physical activity levels versus direct and indirect effect percentages. No days: 66.8% direct, 33.2% indirect. One to two days: n.a. for both. Three to four days: 59.7% direct, 40.3% indirect. Five to six days: 57.2% direct, 42.8% indirect. Active every day: 43.7% direct, 56.3% indirect.]


[image: Five diagrams labeled A to E represent the effect of exercise frequency on satisfaction with life, mediated by self-efficacy. Each shows arrows between three variables: exercise frequency (independent), self-efficacy (mediator), and satisfaction with life (dependent). Panel A indicates no exercise days, B shows one to two days, C presents three to four days, D depicts five to six days, and E describes daily activity. Each arrow is annotated with coefficients indicating relationships, and mediation is represented by different values labeled as 'a', 'b', 'c', and 'c’'.]
FIGURE 2
Mediation by self-efficacy of the association between different physical activity levels and satisfaction with life. Path a and b illustrates the mediating effect through self-efficacy, expressed as indirect effect. The direct effect (C’) represents the isolated effect of the independent variable on the dependent variable. The total effect (C) represents the combined effect of the direct and indirect effects. **p < 0.01, *p < 0.05.


A tendency of higher indirect effect amongst adolescents being more frequently physical active was found, revealing an indirect effect of 40.3% (95% CI 0.010 to 0.021), 42.8% (95% CI 0.026 to 0.035), and 56.3% (95% CI 0.016 to 0.032) amongst adolescents being physical active 3–4 for days a week, 5–6 days a week and physical active every day, respectively. The reduction in SWL amongst the inactive adolescents was explained by an indirect effect of 33.2% (95% CI −0.177 to −0.133), whereas the majority of the association was explained by the direct path (66.8%) between inactivity and SWL. The opposite directions of indirect and direct effect amongst adolescents being physical active 1–2 days a week, made interpretation not feasible based on our assumptions and was therefore not included in Table 5.




4 Discussion

In this study, our aim was to describe PA, self-efficacy, and SWL among Norwegian adolescents, and to explore the relationship between PA and SWL with self-efficacy as a potential mediator. Our descriptive findings underscored that girls reported lower levels of PA, self-efficacy, and SWL than boys. Regression analyses revealed that the associations between PA levels and SWL were mediated by self-efficacy, with the highest indirect effect mediating the association between those adhering to PA recommendations and SWL. These findings suggest that higher life satisfaction among physically active adolescents can be explained by an increase in self-efficacy, while lower life satisfaction among inactive adolescents can be explained by a decrease in self-efficacy.

Our findings revealed that most Norwegian adolescents failed to meet PA recommendations, which aligns with previous global findings (8, 56). However, a notable difference in prevalence across countries and cultures has been reported, although lower PA levels among girls compared to boys seems to be consistent (56). Previous findings across Europe have reported about two-thirds of European adolescents being inadequately physically active (57). In Norway, Steene-Johannessen and colleagues revealed that about half of 15-year-old adolescents adhered to PA recommendation, assessed with objective accelerometer measures (58). Furthermore, a recently published study based on Norwegian Ungdata material from 2017 to 2021 revealed PA adherence ranging from 15% to 30% in adolescents, with girls consistently exhibiting lower adherence to PA recommendations compared to boys (9). As hypothesized, our study also unveiled that girls report lower PA levels than boys, with the highest relative differences in the most active category of minimum 60-min of daily physical activity.

However, it is important to highlight methodological considerations when interpreting these results, as studies may operate with operational definitions of adherence to PA recommendations based on different measurements, age variations, and sample sizes. Thus, comparisons should be interpreted with caution. For instance, previous Ungdata surveys did not include a category of a minimum of 60-min of daily physical activity. Therefore, the previous study from 2017 to 2021 examining the adherence of PA among this population used the category “at least five times a week” as a proxy for PA recommendations (9). Thereby, our findings among girls and boys seem to be aligned with previous years’ proportions of Norwegian adolescents being active at least 5–6 days or more often. However, by utilizing the new single-item category of adhering to a minimum of 60-min of daily PA in this current study, findings revealed that only 4% of girls and 9.5% adhered to PA recommendations. We argue that the category of a minimum of 60-min of daily PA aligns closer to WHO recommendations for PA and thus presumably indicates an underestimation of previous findings, which most prominently conveys a worrying status among the proportion of Norwegian adolescents failing to adhere to the PA recommendations.

Our findings of lower life satisfaction and self-efficacy in girls are in accordance with our hypothesis and with previous evidence among Norwegian adolescents (21, 29, 59, 60). There are several factors potentially influencing the gender disparities, such as differences in peer relations, academic aspirations and/or pressure of appearance and performance. A recent study by Kleppang and colleagues examined the variance in self-efficacy among Norwegian adolescents (61), in which the items “felt mastering things” and “felt useful” revealed the strongest contributions to the variance in self-efficacy, followed by “support from friends” and “parental support”. Societal expectations, both by others and themselves, might impact girl's self-efficacy and resilience. Earlier findings have suggested that higher self-efficacy in adolescence underscores higher resilience (62), which is can be crucial for coping with everyday stressors and thereby impacting adolescents' perception of life satisfaction (29).

As hypothesized, a positive association between higher PA levels and SWL was revealed, and a significant indirect role of self-efficacy were identified in these associations. The robust findings of a positive impact of higher PA on SWL and the inverse association between inactivity and SWL aligns with previous studies (27, 28). Furthermore, Deng and colleagues investigated the relationship between PA and SWL among university students in China and explored the mediating role of self-efficacy and resilience, and found that both self-efficacy and resilience mediated this relationship (41). Thereby, PA does not only enhance SWL directly, but also indirectly by improving their self-efficacy and resilience (41). Similar findings has been revealed in adolescents, revealing both self-efficacy and stress-management as chain mediation effect on the relationship between PA and mental health (42). The authors recommend that future research should aim to identifying types of physical activities that has the greatest potential to enhance self-efficacy (42). Examining how various types of physical activities, considering factors such as duration, intensity, and frequency, may contribute to enhancing self-efficacy among adolescents is intriguing, as it could offer more targeted recommendations and guidelines for physical activity in a school-based setting. However, despite the potential insights that such research could provide, our study's robust findings highlight the significant impact of higher levels of physical activity on life satisfaction, particularly through the mechanism of increased self-efficacy. This underscores the importance of implementing more physical activity programs in Norwegian lower and upper secondary schools to nurture a resilient upcoming population. From a psychological perspective, our findings further strengthen the theoretical view of self-efficacy acting as an explanatory health behavior variable that increases during high levels of physical activity and boost the feeling of success and thereby life satisfaction. Accordingly, adolescents with low levels of physical activity seems to have low resilience and belief in their own capacity, and thereby lower life satisfaction.


4.1 Strengths and limitations

Several strengths have contributed to the robustness of this study. However, foremost among the limitations is the use of a single-item measure for assessing PA, which should be acknowledged. Employing more comprehensive measures, such as validated questionnaires or objective measures, could have enhanced the validity of the data. Nonetheless, it is worth noting that the category of a minimum of 60-min of daily exercise aligns well with the WHO's guidelines for PA among adolescents, which can be considered a strength, particularly as our findings suggested that those adhering to these guidelines exhibited the highest indirect effect of self-efficacy. Furthermore, the study benefits from a large sample size and a low number of missing data, ensuring a high level of representativeness and supporting the validity of the study (52). Another strength is the inclusion of a validated variable for socioeconomic status provided by Ungdata, a well-known Norwegian survey with established procedures for data collection and cleaning (52). In addition, ninety-seven percent of the adolescents participating in the 2022 Ungdata survey reported that they answered honestly to the questions and eighty-seven percent reported that the questions were easy to answer (45). Additionally, adherence to STROBE guidelines enhances transparency and accurate reporting in the study.

The optional nature of the self-efficacy measure for municipalities resulted in fewer adolescents being able to report, as only 20 out of 124 municipalities included this measure, leading to a lower sample size, which should be considered a limitation. Additionally, our mediation model is constructed based on theory, research evidence, and our own assumptions. Therefore, there is no guarantee that the directional nature of the model is accurate, as there may be opposing directions. While we explored self-efficacy as a potential causal pathway between PA levels and life satisfaction, we do not claim to establish causality. Furthermore, the cross-sectional design of the study does not allow for understanding over time, and there may be a risk of recall bias as adolescents are asked to assess their PA levels over the last seven days. Moreover, ideally other relevant co-variates, such as BMI, comorbidities, and other health-related variables could have been included.



4.2 Clinical implications

This study contributes to the field by elucidating the underlying mechanisms of self-efficacy in the relationship between PA levels and life satisfaction among Norwegian adolescents, while adjusting for several covariates. From a public health perspective, these findings imply that the Norwegian government should prioritize initiatives and regulations aimed at promoting increased physical activity among school-based adolescents. This could involve incorporating more mandatory physical education in both lower and upper secondary schools, along with integrating more daily activity across various school subjects to foster a general higher activity level. Moreover, our findings highlight the clear negative consequences of inactivity, leading to lower life satisfaction attributed to a decrease in self-efficacy. Considering the potential benefits of cultivating a resilient adolescent population through increased mandatory physical activity in Norwegian schools, we strongly advocate for policy and practice efforts to be combined, thereby promoting higher individual beliefs and greater subjective well-being among Norwegian adolescents.




5 Conclusions

In this current study, Norwegian girls consistently reported more sedentary behavior, less PA, lower self-efficacy, and lower SWL compared to boys across all grade levels. Regression analyses indicated a positive association between PA and SWL, with self-efficacy playing a significant indirect role in these associations. Mediation analysis further demonstrated that up to 56.3% of the improvement in SWL among those adhering to the 60-min PA recommendations was attributed to increased self-efficacy. The implications of this study are pertinent for the Norwegian government and policymakers, emphasizing the need to promote initiatives and regulations aimed at increasing PA to cultivate a resilient adolescent population with higher individual beliefs and greater subjective well-being.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: Data supporting the results of this study is available upon request from the Norwegian Agency for Shared Services in Education and Research (SIKT) (45). Reference to dataset from SIKT: NOVA & Bakken, Anders. (2024). Ungdata 2010-2023 https://doi.org/10.18712/NSD-NSD3157-V1.



Ethics statement

The studies involving humans were approved by the Norwegian Agency for Shared Services in Education and Research (ref. 821474), known as SIKT (45), has approved all questions used in Ungdata. Informed written consent was obtained from all responders and participation in the study was voluntary. Adolescents from the 1st grade (16 years or older) did not need parental consent, however adolescents from 8th to 10th grade need additional parental consent. All data are anonymous. The Ungdata survey is conducted in accordance with the Helsinki Declaration. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

EG: Conceptualization, Formal Analysis, Investigation, Project administration, Software, Visualization, Writing – original draft, Writing – review & editing. SO: Writing – original draft, Writing – review & editing. ØS: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

Ungdata survey is financed through grants from the Norwegian Directorate of Health (44). The University of Agder provided support for the publication costs.



Acknowledgments

We wish to thank the Norwegian Directorate of Health for funding the survey, NOVA and SIKT for the availability of the data, and all participating Norwegian adolescents providing us with valuable research data.



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fspor.2024.1437747/full#supplementary-material



Abbreviations

PA, physical activity; SWL, satisfaction with life; SES, socioeconomic status; CI, confidence interval; SD, standard deviation; NOVA, Norwegian Social Research; Korus, regional center for drug rehabilitation; KS, the municipal sector's organization; SIKT, Norwegian Agency for Shared Services in Education and Research; WHO, World Health Organization; GSE, General Self-Efficacy; OTCA, Over The Counter Analgesics; STROBE, Strengthening The Reporting Of Observational Studies.



References

	1. Kumar B, Robinson R, Till S. Physical activity and health in adolescence. Clin Med (Lond). (2015) 15(3):267–72. doi: 10.7861/clinmedicine.15-3-267
	2. WHO. Physical Activity (2022). (cited September 4, 2024).
	3. Guinhouya BC, Samouda H, de Beaufort C. Level of physical activity among children and adolescents in Europe: a review of physical activity assessed objectively by accelerometry. Public Health. (2013) 127(4):301–11. doi: 10.1016/j.puhe.2013.01.020
	4. Glenmark B, Hedberg G, Jansson E. Prediction of physical activity level in adulthood by physical characteristics, physical performance and physical activity in adolescence: an 11-year follow-up study. Eur J Appl Physiol Occup Physiol. (1994) 69(6):530–8. doi: 10.1007/BF00239871
	5. Barnekow-Bergkvist M, Hedberg G, Janlert U, Jansson E. Prediction of physical fitness and physical activity level in adulthood by physical performance and physical activity in adolescence -an 18-year follow-up study. Scand J Med Sci Sports. (1998) 8(5):299–308. doi: 10.1111/j.1600-0838.1998.tb00486.x
	6. Granger E, Di Nardo F, Harrison A, Patterson L, Holmes R, Verma A. A systematic review of the relationship of physical activity and health status in adolescents. Eur J Public Health. (2017) 27(suppl_2):100–6. doi: 10.1093/eurpub/ckw187
	7. Hallal PC, Victora CG, Azevedo MR, Wells JCK. Adolescent physical activity and health: a systematic review. Sports Med. (2006) 36(12):1019–30. doi: 10.2165/00007256-200636120-00003
	8. Guthold R, Stevens GA, Riley MR, Bull FC. Global trends in insufficient physical activity among adolescents:a pooled analysis of 298 population-based surveys with 1·6 million participants. Lancet Child Adolesc Health. (2020) 4(1):23–35. doi: 10.1016/S2352-4642(19)30323-2
	9. Grasaas E, Sandbakk Ø. Adherence to physical activity recommendations and associations with self-efficacy among Norwegian adolescents: trends from 2017 to 2021. Front Public Health. (2024) 12:3–7. doi: 10.3389/fpubh.2024.1382028
	10. Holloway A, Watson HE. Role of self-efficacy and behaviour change. Int J Nurs Pract. (2002) 8(2):106–15. doi: 10.1046/j.1440-172x.2002.00352.x
	11. O’Leary A. Self-efficacy and health. Behav Res Ther. (1985) 23(4):437–51. doi: 10.1016/0005-7967(85)90172-X
	12. Strecher VJ, DeVellis BM, Becker MH, Rosenstock IM. The role of self-efficacy in achieving health behavior change. Health Educ Q. (1986) 13(1):73–92. doi: 10.1177/109019818601300108
	13. Ashford S, Edmunds J, French DP. What is the best way to change self-efficacy to promote lifestyle and recreational physical activity? A systematic review with metaanalysis. Br J Health Psychol. (2010) 15(Pt 2):265–88. doi: 10.1348/135910709X461752
	14. Bandura A. Self-efficacy. In: Ramachaudran VS, editor. Encyclopedia of Human Behavior. New York: Academic Press (1994). p. 71–81.
	15. Schwoerer CE, May DR, Hollensbe EC, Mencl J. General and specific self-efficacy in the context of a training intervention to enhance performance expectancy. Hum Resour Dev Q. (2005) 16(1):111–29. doi: 10.1002/hrdq.1126
	16. Biddle S, Atkin AJ, Cavill N, Foster C. Correlates of physical activity in youth: a review of quantitative systematic reviews. Int Rev Sport Exerc Psychol. (2011) 4(1):25–49. doi: 10.1080/1750984X.2010.548528
	17. Tikac G, Unal A, Altug F. Regular exercise improves the levels of self-efficacy, self-esteem and body awareness of young adults. J Sports Med Phys Fitness. (2022) 62(1):157–61. doi: 10.23736/S0022-4707.21.12143-7
	18. Cataldo R, John J, Chandran L, Pati S, Shroyer ALW. Impact of physical activity intervention programs on selfefficacy in youths: a systematic review. ISRN Obes. (2013) 2013:586497. doi: 10.1155/2013/586497
	19. Spence JC, Blanchard CM, Clark M, Plotnikoff RC, Storey KE, McCargar L. The role of self-efficacy in explaining gender differences in physical activity among adolescents: a multilevel analysis. J Phys Act Health. (2010) 7(2):176–83. doi: 10.1123/jpah.7.2.176
	20. Grasaas E, Helseth S, Fegran L, Stinson J, Småstuen M, Haraldstad K. Health-related quality of life in adolescents with persistent pain and the mediating role of self-efficacy: a cross-sectional study. Health Qual Life Outcomes. (2020) 18(1):19. doi: 10.1186/s12955-020-1273-z
	21. Haraldstad K, Stea TH. Associations between pain, self-efficacy, sleep duration, and symptoms of depression in adolescents: a cross-sectional survey. BMC Public Health. (2021) 21(1):1617. doi: 10.1186/s12889-021-11680-1
	22. Wilson KS, Spink KS. The relationship between self-regulatory efficacy and physical activity in adolescents with a caveat: a cross-lag design examining weather. Pediatr Exerc Sci. (2020) 32(4):210–6. doi: 10.1123/pes.2019-0247
	23. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev. (1977) 84(2):191–215. doi: 10.1037/0033-295X.84.2.191
	24. Villafaina S, Tapia-Serrano MA, Vaquero-Solís M, León-Llamas JL, Sánchez-Miguel PA. The role of physical activity in the relationship between satisfaction with life and health-related quality of life in school-age adolescents. Behav Sci. (2021) 11(9):121. doi: 10.3390/bs11090121
	25. OCED Better Life Index. Satisfaction with life. Available online at: https://www.oecdbetterlifeindex.org/topics/life-satisfaction/ (Accessed March 10, 2023).
	26. Diener E. Subjective well-being. Psychol Bull. (1984) 95(3):542–75. doi: 10.1037/0033-2909.95.3.542
	27. Buecker S, Simacek T, Ingwersen B, Terwiel S, Simonsmeier BA. Physical activity and subjective well-being in healthy individuals: a meta-analytic review. Health Psychol Rev. (2021) 15(4):574–92. doi: 10.1080/17437199.2020.1760728
	28. Rodriguez-Ayllon M, Rodriguez-Ayllon M, Cadenas-Sánchez C, Estévez-López F, Muñoz NE, Mora-Gonzalez J, et al. Role of physical activity and sedentary behavior in the mental health of preschoolers, children and adolescents: a systematic review and meta-analysis. Sports Med. (2019) 49(9):1383–410. doi: 10.1007/s40279-019-01099-5
	29. Moksnes UK, Eilertsen MEB, Ringdal R, Bjørnsen HN, Rannestad T. Life satisfaction in association with self-efficacy and stressor experience in adolescents - self-efficacy as a potential moderator. Scand J Caring Sci. (2019) 33(1):222–30. doi: 10.1111/scs.12624
	30. Stalsberg R, Pedersen AV. Effects of socioeconomic status on the physical activity in adolescents: a systematic review of the evidence. Scand J Med Sci Sports. (2010) 20(3):368–83. doi: 10.1111/j.1600-0838.2009.01047.x
	31. Azizli N, Atkinson BE, Baughman HM, Giammarco EA. Relationships between general self-efficacy, planning for the future, and life satisfaction. Pers Individ Dif. (2015) 82:58–60. doi: 10.1016/j.paid.2015.03.006
	32. Savi Çakar F. The relationship between the self-efficacy and life satisfaction of young adults. Int Educ Stud. (2012) 5:123–7. doi: 10.5539/ies.v5n6p123
	33. Haraldstad K, Kvarme LG, Christophersen KA, Helseth S. Associations between self-efficacy, bullying and healthrelated quality of life in a school sample of adolescents: a cross-sectional study. BMC Public Health. (2019) 19(1):757. doi: 10.1186/s12889-019-7115-4
	34. Jenum AK, Lorentzen CA, Ommundsen Y. Targeting physical activity in a low socioeconomic status population: observations from the Norwegian ‘romsas in motion’ study. Br J Sports Med. (2009) 43(1):64–9. doi: 10.1136/bjsm.2008.053637
	35. Green EC, Murphy EM, Gryboski K. The health belief model. In: Sweeny K, Robbins ML, Cohen LM, editors. The Wiley Encyclopedia of Health Psychology. Hoboken, NJ: John Wiley & Sons (2020). p. 211–4. doi: 10.1002/9781119057840.ch68
	36. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. (1991) 50(2):179–211. doi: 10.1016/0749-5978(91)90020-T
	37. Meyer S, Grob A, Gerber M. No fun, no gain: the stress-buffering effect of physical activity on life satisfaction depends on adolescents’ intrinsic motivation. Psychol Sport Exerc. (2021) 56:102004. doi: 10.1016/j.psychsport.2021.102004
	38. Elavsky S, McAuley E, Motl RW, Konopack JF, Marquez DX, Hu L, et al. Physical activity enhances long-term quality of life in older adults: efficacy, esteem, and affective influences. Ann Behav Med. (2005) 30(2):138–45. doi: 10.1207/s15324796abm3002_6
	39. Joseph RP, Royse KE, Benitez TJ, Pekmezi DW. Physical activity and quality of life among university students: exploring self-efficacy, self-esteem, and affect as potential mediators. Qual Life Res. (2014) 23(2):659–67. doi: 10.1007/s11136-013-0492-8
	40. Lubans D, Richards J, Hillman C, Faulkner G, Beauchamp M, Nilsson M, et al. Physical activity for cognitive and mental health in youth: a systematic review of mechanisms. Pediatrics. (2016) 138(3):8–11. doi: 10.1542/peds.2016-1642
	41. Deng J, Liu Y, Chen R, Wang Y. The relationship between physical activity and life satisfaction among university students in China: the mediating role of self-efficacy and resilience. Behav Sci. (2023) 13(11):889. doi: 10.3390/bs13110889
	42. Zhang G, Feng W, Zhao L, Zhao X, Li T. The association between physical activity, self-efficacy, stress selfmanagement and mental health among adolescents. Sci Rep. (2024) 14(1):5488. doi: 10.1038/s41598-024-56149-4
	43. Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. New York, NY, US: Guilford Press (2013). p. xvii, 507–xvii, 507.
	44. Frøyland LR. Ungdata – Lokale Ungdomsundersøkelser. Dokumentasjon av Variablene I Spørreskjemaet. Oslo, Norway: NOVA (2017).
	45. Bakken A. Ungdata 2022 Nasjonale Resultater. NOVA Rapport 5:2022. Oslo: Velferdsforskningsinstituttet NOVA/OsloMet (2022).
	46. Milton K, Bull FC, Bauman A. Reliability and validity testing of a single-item physical activity measure. Br J Sports Med. (2011) 45(3):203–8. doi: 10.1136/bjsm.2009.068395
	47. O’Halloran P, Kingsley M, Nicholson M, Staley K, Randle E, Wright A, et al. Responsiveness of the single item measure to detect change in physical activity. PLoS One. (2020) 15(6):e0234420. doi: 10.1371/journal.pone.0234420
	48. Roysamb ESR, Jerusalem M. Norwegian Version of the General Perceived Self-Efficacy Scale. University of Oslo, Norway: Electronic Citation, 1998 (1998).
	49. Schwarzer R, Bäßler JK, Kwiatek P, Schröder K, Zhang JX. The assessment of optimistic self-beliefs: comparison of the German, Spanish, and Chinese versions of the general self-efficacy scale. Applied Psychology: An International Review. (1997) 46(1):69–88. doi: 10.1111/j.1464-0597.1997.tb01096.x
	50. Romppel M, Christoph Herrmann-Lingen C, Wachter R, Edelmann F, Düngen HD, Pieske B, et al. A short form of the general self-efficacy scale (GSE-6):development, psychometric properties and validity in an intercultural non-clinical sample and a sample of patients at risk for heart failure. Psychosoc Med. (2013) 10:Doc01. doi: 10.3205/psm000091
	51. Lei H, Yuan Y, Wang Z, Chen J, Li Z. Measurement invariance and intergenerational parallelism of general self-efficacy in adolescent and parent dyads. Front Psychol. (2020) 11:1251. doi: 10.3389/fpsyg.2020.01251
	52. Bakken A, Frøyland LR, Sletten MA. Sosiale Forskjeller I Unges liv. Hva Sier Ungdata-Undersøkelsene? Oslo: NOVA Rapport (2016).
	53. SIKT – Kunnskapssektorens tjenesteleverandør. Norwegian Agency for Shared Services in Education and Research (SIKT). Available online at: https://sikt.no/en/home (Accessed May 10, 2023).
	54. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC. Vandenbroucke JP; STROBE initiative. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. Ann Intern Med. (2007) 147(8):573–7. doi: 10.7326/0003-4819-147-8-200710160-00010
	55. Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects in simple mediation models. Behav Res Methods Instrum Comput. (2004) 36(4):717–31. doi: 10.3758/BF03206553
	56. Araujo RHO, Werneck AO, Martins CL, Barboza LL, Tassitano RM, Aguilar-Farias N, et al. Global prevalence and gender inequalities in at least 60 min of self-reported moderate-to-vigorous physical activity 1 or more days per week: an analysis with 707,616 adolescents. J Sport Health Sci. (2023) 13(5):709–16. doi: 10.1016/j.jshs.2023.10.011
	57. Steene-Johannessen J, Hansen BH, Dalene KE, Kolle E, Northstone K, Møller NC, et al. Variations in accelerometry measured physical activity and sedentary time across Europe – harmonized analyses of 47,497 children and adolescents. Int J Behav Nutr Phys Act. (2020) 17(1):38. doi: 10.1186/s12966-020-00930-x
	58. Steene-Johannessen JAS, Bratteteig M, Dalhaug EM, Andersen ID, Andersen OK. Kartlegging av fysisk aktivitet, sedat tid og fysisk form blant barn og unge 2018 (ungKan3) (2019). Available online at: https://www.fhi.no/globalassets/bilder/rapporter-og-trykksaker/2019/ungkan3_rapport_final_27.02.19.pdf (Accessed March 10, 2023).
	59. Grasaas E, Skarstein S, Mikkelsen HT, Småstuen M, Rohde G, Helseth S, et al. The relationship between stress and health-related quality of life and the mediating role of self-efficacy in Norwegian adolescents: a cross-sectional study. Health Qual Life Outcomes. (2022) 20(1):162. doi: 10.1186/s12955-022-02075-w
	60. Moksnes UK, Løhre A, Lillefjell M, Byrne DG, Haugan G. The association between school stress, life satisfaction and depressive symptoms in adolescents: life satisfaction as a potential mediator. Soc Indic Res. (2016) 125(1):339–57. doi: 10.1007/s11205-014-0842-0
	61. Kleppang AL, Steigen AM, Finbråten HS. Explaining variance in self-efficacy among adolescents: the association between mastery experiences, social support, and self-efficacy. BMC Public Health. (2023) 23(1):1665. doi: 10.1186/s12889-023-16603-w
	62. Sagone E, De Caroli ME, Falanga R, Indiana ML. Resilience and perceived self-efficacy in life skills from early to late adolescence. Int J Adolesc Youth. (2020) 25(1):882–90. doi: 10.1080/02673843.2020.1771599












	
	TYPE Original Research

PUBLISHED 08 August 2024
DOI 10.3389/fspor.2024.1415469






[image: image2]

Cross-country adaptation and feasibility of an evidence-based resistance training intervention in the school setting

Caroline R. Hartman1, David R. Lubans2,3,4 and Lars B. Christiansen1*

1Department of Sports Science and Clinical Biomechanics, University of Southern Denmark, Odense, Denmark

2Centre for Active Living and Learning, College of Human and Social Futures, University of Newcastle, Callaghan, NSW, Australia

3Hunter Medical Research Institute, New Lambton Heights, NSW, Australia

4Faculty of Sport and Health Sciences, University of Jyväskylä, Jyväskylä, Finland

EDITED BY
Svein Barene, Inland Norway University of Applied Sciences, Norway

REVIEWED BY
Pedro Forte, Higher Institute of Educational Sciences of the Douro, Portugal
Johannes Carl, Deakin University, Australia

*CORRESPONDENCE Lars B. Christiansen lbchristiansen@health.sdu.dk

RECEIVED 10 April 2024
ACCEPTED 24 July 2024
PUBLISHED 08 August 2024

CITATION Hartman CR, Lubans DR and Christiansen LB (2024) Cross-country adaptation and feasibility of an evidence-based resistance training intervention in the school setting.
Front. Sports Act. Living 6:1415469.
doi: 10.3389/fspor.2024.1415469

COPYRIGHT © 2024 Hartman, Lubans and Christiansen. 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.



Background: Physical activity that strengthens muscles and bones at least three times per week are recommended, but few adolescents meet this target. The aim of our study was to adapt and evaluate the feasibility and preliminary efficacy of the Resistance Training for Teens (RT4T) program in Danish lower secondary schools.



Methods: Developed and evaluated in Australia, the aim of RT4T is to provide adolescents with competence, confidence, knowledge, and motivation to participate in resistance training. Translation and adaptation were based on the PRACTIS-guide and involved workshops with physical education teachers. Three 7th-grade classes and three 9th-grade classes were recruited for the feasibility study and followed the program over eight weeks. Participants completed a push-up test, a standing long jump test, and a beep-test before and after the intervention. In addition, they completed a survey about their self-efficacy, motivation, and resistance training competency. Four qualitative interviews were performed with participants and their physical education teachers.



Results: The participating teachers were motivated for the program, but they had difficulties providing students with appropriate feedback. Students were motivated by the equipment, games, and their improvements in fitness, but motivation declined during the program. A total of 57 students completed the physical tests and answered the survey. Resistance training self-efficacy improved significantly, while most other measures improved over time, without reaching significance.



Conclusion: Overall, the RT4T was acceptable and feasible in lower secondary schools in Denmark, but adjustments need to be made to increase the reach and efficacy of the program.
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adolescent, muscular fitness, physical activity, physical education, skill competency





1 Introduction

The World Health Organization (WHO) recommends children and adolescents participate in an average of 60 min of moderate-to-vigorous physical activity every day, with three sessions of muscle and bone strengthening activity every week (1). Although the benefits of aerobic activity for young people are well established (2), there is an emerging evidence base highlighting the importance of muscle-strengthening activities for children and youth (3–5). Recent reviews have demonstrated that young people's muscular fitness is associated with improved fundamental movement skill competency, mental health, cognitive performance, and cardiometabolic health (6–10). However, few adolescents meet the muscle strengthening guidelines and reap the extensive benefits of this form of physical activity (11, 12).

Schools have previously been pointed out as key settings for physical activity promotion, and this is also the case, when it comes to resistance training (13). In many countries “physical fitness and training” is included in physical education curricula, but it is not known to what extent teachers implement resistance training in their classes. A review of school-based studies has found that resistance training among youth can yield positive results (9). Various methods, such as calisthenics, circuit training and suspension training, have led to significant improvements in strength and physical competencies (14, 15). Moreover, several studies have found that school-based resistance training can improve students' perceived fitness, self-efficacy, and motor competence (8, 16). In conclusion, these studies highlight the value of incorporating resistance training into school physical education programs.

During the last decade, a research team at the University of Newcastle in Australia has developed and evaluated a range of school-based resistance training programs (17–19). This work has resulted in an evidence-based program called Resistance Training for Teens (RT4T), which is being disseminated in Australia and beyond. The program was found to be effective in a cluster randomized controlled trial involving 16 schools and was then scaled-up across New South Wales, Australia (20, 21). In the scale-up study, 249 schools and around 10,000 adolescents participated in RT4T (20).

The aim of the RT4T program is to provide adolescents aged 12–16 years with competence, confidence, knowledge, and motivation to participate in foundational resistance training. The program consists primarily of a 90-minute session of fun and engaging muscle strengthening activities delivered by teachers. The sessions are supported by circuit cards, equipment, a purpose-built smartphone application (app), and training materials. Furthermore, the sessions have been supplemented by student seminars, lunch time fitness sessions and incorporated broader health messages (17, 20, 21). Finally, teachers are provided with training to deliver the sessions using the SAAFE principles (Supportive, Active, Autonomous, Fair and Enjoyable). These principles are designed to promote a psychologically supportive environment, foster a mastery climate, and enhance young people's autonomous motivation (22). The RT4T program follows the recommendations for resistance training for youth: include warm-up and cool-down, supervised resistance training by a trained teacher, prioritize the technical aspect, provide adolescent-size equipment or equipment where it is possible to prioritize a good technique (5).

In Denmark, Physical Education (PE) is part of the curriculum for 135 min per week in lower secondary school (7th to 9th grade). During PE, the students should develop physical, athletic, social, and personal competences and grow motivation for lifelong physical activity (23). Knowledge and skills related to resistance training is part of the national learning objectives belonging to the content area physical exercise, where the focus is on various forms of exercise, creating warm-ups and training programs for muscles, cardiovascular system, flexibility, strength, and endurance. Teacher have no standardized curriculum and prioritization and quality of resistance training education varies between teachers as many have limited content knowledge, as seen in other countries (13). The RT4T could provide an evidence-based approach for promoting resistance training in Danish schools. Therefore, the main aim of our study was to adapt the Australian RT4T program and assess the feasibility of the program in Danish secondary schools. Our secondary aim was to examine the preliminary efficacy of the adapted program.



2 Methods

Our study was designed using the CONSORT checklist for pilot trials (24) (Supplementary File) and the guidelines for reporting feasibility trials (25). Our method section will include information on the translation and adaptation of the original Australian trial as well as the information on the feasibility trial in Denmark.


2.1 Trial design

Our feasibility trial was a mixed methods 8-week uncontrolled trial. We collected and analyzed quantitative and qualitative data to address the aims of the study. The quantitative data consisted of a survey and physical tests prior to and after the 8-week intervention. The qualitative data consist of interviews with the teachers after the intervention.



2.2 Participants

Schools were recruited through invitations send to the school managers of local schools in the Copenhagen area and followed up by personal phone calls from April to June 2022. Additionally, an open invitation was shared on LinkedIn, newsletters, and website. Eligible teachers were those teaching PE to students in the upper grades (7th-9th grade) willing to allocate the necessary time to deliver RT4T during PE classes. Furthermore, the teachers should be able to participate in a training and adaptation workshop. Since this was a pilot study, we did not conduct a sample size calculation. We aimed to recruit classes from different grades (7th to 9th) and from at least two schools to ensure diversity and reasonable sample size to inform us about the feasibility of delivering the RT4T program in Danish schools. Two schools responded to the invitations and participated in the project from August to October 2022 after conducting the 8-week program. One school participated with three 7th-grade classes and the other with three 9th-grade classes. All students with parental consent were eligible in the study. In Denmark, lower secondary schools consist of 7th to 9th grades, and the students were aged 12–16 years.



2.3 Intervention


2.3.1 Translation and adaptation

The Australian RT4T program was translated and adapted to the Danish school context using the PRACTIS-guide (26). The guide consists of four steps: (1) understand the implementation setting, (2) engage key stakeholders, (3) identify barriers for implementation and (4) address barriers for implementation. As part of the first step agreement and collaboration were established with the research team at the University of Newcastle. They provided original material, resources, and guidance on the adaptation and implementation to the Danish context. Here the experiences with the planning and implementation processes from the original studies were identified.

PE teachers were considered to be the key stakeholders in the planning phase, and students were involved after the program in the formative evaluation. One teacher from each school participated in a 2-hour training and implementation workshop where they were presented for the WHO's recommendations for physical activity and muscle strengthening, the evidence base for RT, and the RT4T program. Participating teachers received a protocol after the workshop. A protocol consisting of instructions about RT4T and procedures for the planned tests and surveys prior to and after the intervention. As part of the workshop, teachers were involved in the implementation process and assisted in identifying the implementation facilitators and barriers. The teachers were asked to write positive and negative thoughts down on post-it notes and put them on a poster. Afterwards the notes were discussed in relation to possible solutions and successful implementation. One important facilitator in program, was the flexible structure and possibilities to choose different activities. The main adaptations of the intervention were made in agreement with the Australian research group and are listed below. The description of the intervention are elaborated in a later section:


	•Due to organization in period between holidays the program was delivered in 8 weeks instead of 10 weeks.

	•Lunch time activity was implemented with different results in the Australian program and to reduce load on teacher it was removed from the Danish version.

	•To reduce cost and complexity suspension straps or agility ladder was removed from the equipment package.



The original study included motivational healthy messages (e.g., avoid sugary drinks), which were left out due to the specific focus on resistance-training related outcomes.

Based on their review of the program, the teachers affirmed that it did not contain potentially harmful elements and that the activities align with what students are normally presented with in their classes. Additionally, the activities are primarily based on body weight and resistance bands, and the focus is specifically on a supportive social environment. However, we did not investigate potential harmful consequences, and future studies should integrate this perspective.



2.3.2 Materials and resources

The recruited schools were provided with access to the smartphone app and an equipment package with five sets of boxing gloves and pads, eight Gymsticks™ with resistance bands, four training bands in two different levels, and three sets of circuit cards. Moreover, the schools supplemented with own materials and provided an open area (sports or gym hall) to run the RT4T program.



2.3.3 Intervention delivery

At the start of the intervention, the teachers conducted an interactive seminar introducing students to the 8-week program. The seminar included presentation of the national physical activity recommendations and the benefits of resistance training as well as interactive parts where students were invited to reflect and share thoughts on physical activity and resistance training. In the current trial, the intervention was limited to one 45–60-min RT4T session/week delivered during PE classes. The teachers from the implementation workshops were assisted by 1–2 additional PE teachers during the sessions, who received the manuals and circuit cards. The teachers were strongly encouraged to follow the SAAFE principles when delivering sessions to promote motivation for physical activity. The SAAFE principles were developed using self-determination theory and focus on building a supportive environment with an emphasis on student enjoyment, autonomy, and differentiation (22). Each session included the following structure: Warm-up, GymFit, and Cool Down and by the choice of teachers and students either HIRT, GameFit, BoxFit, CardioFit, and/or CoreFit (Table 1). Warm-ups consisted of four kinds of dynamic stretching and a short movement bases game. The aim of GymFit was to develop students’ resistance training skill competency. The teachers were recommended to prepare at least 6–8 exercises covering horizontal push, vertical pull, horizontal pull, lower body bilateral, lower unilateral, and trunk stability for full body training. The progression, sets, and reps were based on the existing consensus and guidelines (5, 10). HIRT (High Intensity Resistance Training) were done in pairs and focused on improving students' muscular and cardiorespiratory fitness. This was followed by a selective part with multiple activities and allowed for students' choice, which included a range of different activities e.g., games, yoga, boxing, and Pilates. Finally, the sessions were ended by a cool down with stretching and evaluation of the training.


TABLE 1 The structure of the RT4T sessions.

[image: Table showing five activities with their purposes, explanations, and durations. Warm-up is for safety, involving movement-based games, lasting three to five minutes. GymFit develops resistance training skills with exercises, lasting twenty to thirty minutes. HIRT improves fitness with high-intensity workouts, lasting eight to twenty-six minutes. BoxFit, CardioFit, CoreFit, or GameFit focus on enjoyment with various exercise sessions, lasting twenty to thirty minutes. Cool Down involves static stretching and light activities, lasting five minutes. The table references the RT4T structure source.]




2.4 Data collection

The data collection of the feasibility trial consists of three main parts related to the overall aims: student survey, physical fitness test and interview with teachers.


2.4.1 Translation and adaptation

The original student survey and physical test protocols were made available by the research team from University of Newcastle, Australia. They also provided guidance and advice on how the program could be adapted to the Danish context. The current trial focused on resistance training alone and therefore parts related to nutrition, sleep, and health behavior were excluded from the study. The questionnaire went through a translation, backtranslation and comparison process from English to Danish informed by published guidelines (27). The reliability of translated scales consisting of several items was assessed using Cronbach's alpha at baseline. The original physical test protocol was followed except a replacement of the step test to beep-test for aerobic performance.



2.4.2 Student survey

Before and after the 8-week trial, the students answered an individual online survey related to these areas: physical activity behavior, motivation and self-efficacy related to physical activity and resistance training, general well-being, and self-efficacy. To evaluate if students met the youth physical activity guidelines, a validated single-item physical activity questionnaire was used (28). The five-item International Fitness Scale was used to assess students’ perceptions of their strength, speed, flexibility, cardiorespiratory, and general fitness (29). Students' resistance training self-efficacy was assessed using the four-item Resistance Training Self-Efficacy Scale (30). The scale demonstrated good internal consistency with a Cronbach's alpha of 0.81. Selected items from the BREQ-2 were used to evaluate the students' motivations for regular exercise. The two subscales and a total of eight items were used to assess intrinsic and identified regulation (31). The subscales had Cronbach's alpha at 0.86. and 0.84, respectively. Finally, Diener's Psychological Flourishing Scale of eight items was used to evaluate students' general well-being (32). This translated scale showed also good internal consistency with a Cronbach's alpha at 0.83. After the trial, students completed the process evaluation questionnaire (i.e., satisfaction with the program) used in the original RCT (21).



2.4.3 Physical fitness test and resistance training skills battery

The teachers were provided with the test instructions and printable test sheets. They were informed to conduct the tests before and after the 8-week program. Each teacher organized the test on their own and involved the students to record the results and uphold the quality requirements. The physical fitness tests included the standing long jump, push-up, and beep tests. The purpose of a standing long jump test was to measure the students' lower body power and was used because it was a valid measurement of youth (33). The student started the test by standing behind a line and then did their longest jump. The distance was measured from the start line and to the heels of the nearest foot. Students completed the jump twice and the longest jump in centimeters was used for the evaluation. The 90°push-up-test was used to evaluate students' upper body muscular endurance. This is also a valid measurement of youth (30). The test started with the students standing in plank position and a classmate counting the repetitions. Each repetition was counted in the measurement when the student could go down to a 90° angle at the elbows, could keep the body straight, and did it to the rhythm of 40 bpm cadence. Finally, the students were tested on their aerobic capacity using the beep-test, also called the 20-m shuttle run test (34). In the original RCT study, the students completed a step-up test to measure their VO2 max with a heart rate monitor (21). Due to practical reasons (i.e., availability of step platforms) and due to the integration of the beep-test in the RT4T smartphone app the beep-test was used to assess their aerobic capacity. The test started by standing behind a line and then running to the line 20 m apart prior to the sound of a beep. Then they had to cross the opposite line before a beep in an increasing pace. The students' results were the final completed shuttle. The evaluation was in meters and the 0.1 level is 20 m.

The Resistance Training Skills Battery was used to assess students' progress, provide feedback, and measure movement skill competency (35). It consist of six exercise with four or five defined performance criteria, capturing essential movement proficiency relevant to resistance training in adolescents (35).



2.4.4 Interviews

The purpose of the interviews was to elaborate on the quantitative data and to gain knowledge of the experiences with RT4T (explanatory sequential mixed methods design). The interviews where structured as group interviews with 4–5 students or 2 teachers and followed a semi-structured guide, which was based on key elements of evaluating feasibility studies: Acceptability, fidelity, reach, dosage, adaption, resources, motivation, and maintenance (24, 26, 36, 37). The interviews were led by the first author and lasted between 20 and 45 min.




2.5 Analyses


2.5.1 Quantitative analyses

Paired sample t-tests were used to compare students' performance on the physical fitness tests and surveys before and after the RT4T program using Stata BE 17. A paired sample t-test was used due to the repeated measurements in the same small group of participating students.



2.5.2 Qualitative analyses

The group interviews were fully transcribed, and a deductive content analysis approach was used lead by the first author (38). The deductive content analysis is a structured strategy that allows the use of predetermined codes from literature or theories to approach the data. The analysis followed three phases: Preparation, Organization, and Reporting. The first phase was to get familiar with and prepare the data by reading all the transcribed interviews a couple of times. The next step was to organize the data deductively using codes from implementation literature in unconstrained analyses matrix: Acceptability, Fidelity and Adaptations, and Delivery and Support (24–26, 36). Within each theme the data was grouped, categorized, interpreted and reported (38).




2.6 Ethics approval and consent

This feasibility study was approved by the Research Ethics Committee of South Danish University in August 2022 (ID 22/24049) and the data processing was accepted by the SDU Research and Innovation Organization (ID 11.606). This was a condition for the collaboration with the University and Newcastle in Australia. Both teachers, students, and parents were provided with informed consent to provide the results from measurements prior to and after the 8 weeks of RT4T. Moreover, all involved were provided with information about RT4T and data processing.




3 Results


3.1 Participant flow and baseline characteristics

A total of six classes from two schools participated in the feasibility trial. All students participated in the RT4T sessions during PE and written informed consent to be included in the research study was obtained from 67 students. A total of 57 participants answered both rounds of survey and were included in the study. The mean age was 13.7 years, and a small majority were from the 7th-grade classes (56.1%) and males (68.0%) (Table 2). Average number of self-reported days with moderate to vigorous physical activity for at least 60 min was 4.3 days at baseline (Table 3).


TABLE 2 Characteristics of the included participants.

[image: Table showing characteristics of an RT4T intervention group with 57 participants. Average age is 13.7 years with a standard deviation of 1.13. There are 39 male participants (68.4 percent). Seventh-grade classes include 32 participants (56.1 percent), and ninth-grade classes include 25 participants (43.9 percent).]


TABLE 3 Results of the physical fitness test, RT skills battery and survey.

[image: Table presenting results of physical tests, RT skills battery, perceived fitness, self-reported physical activity, exercise autonomous motivation, and well-being. Metrics include baseline and follow-up data, mean difference, t-value, and p-value. Significant improvement is noted in "RT self-efficacy" and the "beep-test" with p-values of 0.005 and 0.002, respectively. Other areas show minor changes.]



3.2 Quantitative analyses

The outcome evaluation is presented in Table 3. We observed small non-significant increases in the push-ups and standing long jump test results. Running distance on the beep test increased from 712.0 m to 914.4 m (p = 0.002). Only one school completed both rounds of the Resistance Training Skills Battery due to lack of time. For the students who did both rounds, we found small non-significant increases for most items. Small insignificant increases were also found for self-reported physical activity and perceived fitness, with muscular fitness approaching significance (p = 0.057). Motivation for physical activity (BREQ-2) was almost unchanged, while there were found a significant increase in Resistance Training Self-Efficacy (p = 0.005).

Table 4 presents the mean results of four questions related to the students' satisfaction with the program. The students' overall rating of the program was just above average at the 1–5 scale with a mean of 3.1, while the rating of teachers' delivery was 3.2. Average of the enjoyment of the sessions was 3.3 on the 1–5 scale, and most of the students never used the smartphone app due to technical and practical issues (1.3).


TABLE 4 Students’ satisfaction with the 8-week RT4T program (n = 56).

[image: Table displaying mean scores and standard deviations for four questions: "Rating of program" at 3.1 (1.1), "Rating of teacher delivery" at 3.2 (1.0), "Session enjoyment" at 3.3 (1.1), and "Usage of smartphone app" at 1.3 (0.7). Scales: 5-point for questions a and b, and 4-point for question c.]



3.3 Qualitative analyses

The analyses of the interviews with teachers and students are presented in Table 5 in the following three themes: (1) Acceptability and Relevance, (2) Fidelity and Adaptation, (3) Delivery and Support.


TABLE 5 Qualitative analyses of two interviews with teachers and two group interviews with students (school 1: 9th grade; school 2: 7th grade).

[image: A table presents three main columns: "Central themes," "Key points," and "Examples." The themes include "Acceptability," with points on teacher inspiration, student familiarity, and motivation decline. "Fidelity and adaptations" addresses structural use, prioritization, and test reliability issues. "Delivery and support" discusses challenges in adjusting activities and language barriers with equipment use. Each key point is supported by example quotes from teachers and students.]

Teachers and students found the activities and structure of the sessions relevant and inspiring. The students were familiar with many exercises and could participate at different competency levels. Although students initially enjoyed the new activities and equipment, their motivation decreased over the 8-week period.

The implementation of the program demonstrated fidelity with some adaptations: the intended structure, activities, and materials were used, but certain parts were prioritized, and others omitted. For instance, the cool-down part was sometimes forgotten, and the HIRT sessions were shortened to allocate more time to other activities, driven by student motivation. However, providing choices for students was not prioritized. Additionally, during physical fitness test recordings, some teachers observed overly friendly behavior among peers, raising concerns about the reliability of the test results due to potential cheating and excessive assistance with technique.

Teachers faced challenges in including students with different skill levels and providing effective feedback. While all students could participate, differentiation was a struggle for some teachers. The equipment and circuit cards were motivating and useful, but the Gymsticks™ (elastic resistance bands) posed difficulties for some. Boxing gloves were particularly enjoyable for most students. The smartphone app wasn't utilized due to technical and practical issues, and English language barriers caused difficulties for students in understanding information on the circuit cards.




4 Discussion

The aim of our study was to investigate if the RT4T program could be adapted and feasibly delivered in two Danish schools and produce similar effects to those observed in the original study. More specifically, our study was designed to determine if teachers are willing and able to deliver the RT4T program—and if it works as effectively in the Danish context?


4.1 Are teachers willing and able to deliver the RT4T program?

Recruitment of teachers and schools to the trial was difficult and before scaling up RT4T in Denmark attitudes, possibilities and recruitment strategies should be investigated further. This could be due to general lack of time, project overload, as well as reluctance to deliver resistance training in PE at the cost of other activities.

Participating teachers were very motivated for the program and found it very relevant. They found it aligned with elements of the PE curriculum under the mandatory theme “Physical Training”. They were able to deliver the sessions and received average ratings from the students' satisfaction questionnaire. These satisfaction ratings in Denmark were lower than the ratings observed in the original study (21). The teachers tried to build a supportive climate and verbally motivated students during the activities. One of the teachers focused on skill acquisition and asked the students to show or try new skills. All teachers tried to raise the activity levels but expressed the difficulties in supporting all students. Furthermore, the teacher expressed limitations in their experience with the new exercises and difficulties with providing the appropriate feedback and support to all students. One teacher found it difficult to prioritize the cool-down because of a lack of time, and another teacher used less time on the HIRT and more time on the BoxFit and GameFit to increase the motivation and enjoyment.

The primary aim of the RT4T program is to provide adolescents with competence, confidence, knowledge, and motivation to participate in resistance training. In the interviews the students expressed confidence with doing the exercises and the ability to adapt the activities to their own level. They were familiar with most of the exercises, but most of the students were not experienced with all of them before the intervention. One of the pillars in the SAAFE principles is to build autonomous motivation but providing students with choice. One teacher did not provide any choice at all, while another teacher only provided choice during parts of the program. The students expressed a lack of choice, and they recommended it as a priority for future trials and scale-up. Finally, students' motivation decreased during the 8-week program, and some of the students found it to be too long as they are accustomed to more variation in PE. Both students and teachers suggested more variation in future trials of the program. The variation could consist of different locations, training methods, and/or equipment.

Adaptations and flexibility are necessary in school-based programs, but the risk of missing out on key components and mechanisms are present (39). Some adaptations could be grounded in misconceptions of the intervention mechanisms and key components, or it could be due to an insufficient training and support system unable to develop the necessary teaching competences and quality in delivery. Another explanation could be grounded in cultural differences in PE practices and curricular requirements (36). The Danish teacher might be too flexible in their approach and adapt too much, which previously have led to a call for prioritization of description, promotion and evaluation of quality and wanted adaptations in school-based interventions (40).



4.2 Did the program work as well as the original?

In the beep-test the 50 students had a significant increase on 202.4 m. This increase is likely to be caused by other factors than improvements in aerobic capacity e.g., different motivations at the two test rounds or issues related to the field test set-up and the involvement of students as test personnel (41–43). It is not possible to compare the results directly with the original study, because they used the step-up test, but they found no significant effects (21). Other school-based resistance training interventions have found improvements in aerobic capacity, with two sessions per week (9).

For upper body strength, 50 students participated in both rounds of push-ups test. These results are directly comparable with the original studies, where a significant intervention effect from 12.3 to 14.1 push-ups were found after 6-months in the RCT study (21) and an increase from 15.2 to 18.4 in the scale-up study after 10-weeks (20). We found a smaller insignificant increase from 16.6 to 17.7 push-ups. Our average increase of one repetition may be attributable to the smaller number of sessions completed by participants in the current study (i.e., one session per week compared with two sessions/week in the previous cluster RCT). Previous resistance training studies with either one or two sessions a week found an intervention effect in the push-ups test after a school-based intervention (9, 14–16).

For the standing long jump test, the 49 students increased their jumping distance within average 4.1 cm (p = 0.194). In the original RCT study the intervention group increased their jumping distance from 164.4 cm to 166.6 cm after 6 months (21), and from 170.6 cm to 176.0 cm in the scale-up study (20). The increase in the Danish study is therefore approximately comparable with the original effects and a larger study population might have resulted in statistically significant effects. Previous school-based resistance training interventions have found intervention effects on the standing long jump with two sessions per week (9, 14, 16).

Overall, based by the evidence from the current feasibility trial lower body power reached approximately the same effect sizes as the original studies, upper body muscular endurance a little less and aerobic capacity in not comparable. The test set-up was organized without researcher and experts and relied solely on the teachers and the students themselves, who recorded rounds, lengths, and repetitions. The teachers observed that some of the students disregarded quality standards when judging each other in the push-ups test and standing long jump test. This contributed to a decrease in the reliability of the test results. On the other hand, it is important for the students' experience and learning, and it decreases the cost of the intervention and make it easier to potentially implement the interventions at scale at a later timepoint once the stage of initial testing is mastered.

As mentioned earlier, the aim of the RT4T program is to promote competence, confidence, knowledge, and motivation, and therefore the measured outcome of students' own perceptions of fitness, self-efficacy and motivation is important. In the current feasibility, we observed a significant increase in resistance training self-efficacy consistent with the original RCT and scale-up studies. Furthermore, we also observed small increases in perceived fitness from 0.1 to 0.2 points. This is also in line with the Australian scale-up study, which found increases of ∼0.2-points. For the autonomous motivation for exercise and for general well-being there were found no difference or a small decline. This is also the case for the original studies.



4.3 Implication for progression

As stated in the CONSORT guidelines, the rationale of pilot and feasibility studies is to investigate areas of uncertainty about a future definitive RCT (24). Or in a case like the current trial, to adapt and test an evidence-based program conducted in one setting to another. One of the points in the CONSORT checklist is to interpret the results of the study and make the implication for progression towards further upscaling. Based on the results presented three points for amendments and improvements will be underlined.


	•It was difficult to recruit teacher and schools to the study, and before progression to further trials or scale-ups it is important to investigate root causes to this and possible solutions and recruiting strategies.

	•Training and ongoing support/supervision could be improved, and could be informed by the latest research on effectiveness of different implementation support strategies from the Australian research group (44) and others (45). Teachers and students experienced low adherence to the SAAFE principles, and teacher experienced difficulties giving feedback and ensuring quality in the exercises for all students. Furthermore, the circuit cards should be translated to Danish to improve the students understanding of the exercises and written instructions. Finally, the smartphone app was largely not used in this trial due to practical and technical issues. Adaption and test of the smartphone app or alternative solutions is necessary before proceeding.

	•The motivation was decreasing during the 8-week period, and the students did not experience choices in most of the sessions. Future trials should investigate how students could maintain motivation through e.g., increased variation, progression, and choice during PE in 7th to 9th grade.





4.4 Strengths and limitations

This study adapted and evaluated an evidence-based program across countries and cultures. The adaptations of materials and resources were guided by the PRACTIS guidelines and included guidance from the research team from University of Newcastle as well as insights from the participating teachers. The tests have included two participating schools with two different age groups, and have used a mixed methods approach including surveys, physical fitness tests, and interviews with teachers and students. The different methods complement each other and target different parts of the aim. The questionnaire underwent a rigorous translation and comparison process and the included scales showed high internal consistency with Cronbach's alpha values over 0.8. However, we are not aware of any studies that have conducted additional psychometric testing (e.g., test-retest reliability) of the Danish versions of the scales. Only two teachers participated in the adaptation process, and the adapted program was only tested on two schools. More teachers are needed to test the program and materials before progressing to a definitive trial. Despite the possibility to compare the effects with the original studies and short follow-up period a control group would have improved the study design due to potential maturation effects and learning effects related to the physical tests. Another limitation is the relative low share of students' and overweight of boys consenting to participate in the study and providing test and survey data. Even though all students participated in the program during PE, the low participation rate and small gender imbalance in the study make us less certain on the results. One school did not finalize the second round of Resistance Training Skills Battery, and therefore it was not possible to use these tests. Finally, the physical fitness test set-up and preparation should be further improved to ensure reliability of the outcome measures.




5 Conclusion

The current study translated and adapted an evidence-based resistance training program to Danish school context and found it to be acceptable and feasible. The teachers found the program to be relevant and were helped by the structure, activities, equipment, and principles in the program. Students were able to participate in the program, and were motivated by the new activities, the equipment, and the game-based activities. Furthermore, students were motivated by the physical fitness test and to track their progress. The preliminary efficacy evaluation showed positive developments comparable to the original studies in most measures and tests.

Before progressing to further upscale of the RT4T-program in Denmark further studies and program refinements are needed. Firstly, the interest of resistance training programs should be investigated among a larger population of teachers and schools. Secondly, the training of the teachers should be improved by providing guidance and feedback during the 8-week period, the smartphone app should be made available and circuit cards should be translated to Danish. Finally, the finding that motivation was declining during the 8-week should be considered and different modes of delivery and structure should be tested further.
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We present the findings from a pilot study to evaluate the effects of a six-week adapted folk-dance intervention on physical and mental health for at-risk adolescents conducted in schools. At-risk adolescents are at particular risk for sedentary behavior, poor mental health, and lower quality of life, and are likely to benefit from motivating and health-promoting activities such as dance. However, it can be challenging to conduct and evaluate evidence-based interventions with this population. We conducted a convergent parallel mixed-method design using pre-post measures of mental well-being, as well as pre-post measures using inertial measurement units to assess physical activity during a 6-week adapted folk-dance intervention. At the completion of the study, we conducted semi-structured interviews with all stakeholder groups. We observed significant improvements in mental well-being, as indicated by increased WEMWBS and MHC-SF scores, while the UCLA score showed no significant change, with these outcomes independent of age and gender. Furthermore, at-risk adolescents reduced the time spent in stationary/resting position, while their heart rates were also reduced by ∼15% in such conditions. Our results suggest that at-risk youth who participated in adapted folk-dance became more enthusiastic and showed more willingness to move over the course of the intervention. Quantitative results were supported by interviews, which found that participants responded positively to the adapted folk-dance classes, and reported both elevated physical exertion and high levels of enjoyment. The mixed-method research design also provided insights into the suitability of data collection methods for this hard-to-reach population. We report on these outcomes, including best practices for working within schools on health-promoting physical activities.

KEYWORDS
folk-dance, at-risk adolescents, mental health, physical health, well-being, physical activity, arts & health






1 Introduction

Physical inactivity is a major global health challenge, particularly among adolescents. A report by the WHO found that 81% of adolescents worldwide are insufficiently physically active (1), and do not experience the enjoyment and social, physical, and mental health benefits of regular physical activity (2). The association between physical activity, sedentary behavior, and mental health for adolescents is well established (3–5). Higher levels of physical activity are associated with better health-related quality of life, while sedentary behavior is linked to lower health-related quality of life among adolescents (6). Poor physical health in adolescents is often associated with poor mental health, as adolescents that exhibit sedentary behaviour will also experience higher levels of anxiety and depression, as well as lower self-esteem, self-image, and life satisfaction (5, 7). These patterns often continue into adulthood: mental health outcomes of participants with predominantly internalizing problems in childhood or adolescence are often poorer, report lower life satisfaction, decreased psychological health, and physical health-related quality of life during young adulthood (8). The lack of physical activity associated with poor dietary habits places adolescents at greater risk of co-morbidities such as obesity, cardiovascular diseases, type II diabetes, chronic kidney diseases, various types of cancer and musculoskeletal disorders (9). Furthermore, sedentary behaviour is associated with poor cardiorespiratory capacity, leading to increased resting heart rate and greater stress to the cardiovascular system during more vigorous physical activities (10). Ultimately, performing simple walking might become difficult for obese adolescents (11), possibly leading to a negative cycle of physical inactivity. In short, poor physical and mental health during adolescence has been shown to contribute to an increased incidence of obesity, depression, anxiety, and poorer quality of life throughout adulthood (3). Therefore, it is imperative that society focus on initiatives to increase physical and social activities, for both healthy and at-risk adolescents for whom there is relatively little good-quality data available (5, 8, 12, 13).

Schools offer an ideal arena for health-promoting physical activities, particularly for at-risk or vulnerable youth. At-risk adolescents may be defined as those who due to professional, personal, or social reasons are educationally and socially-demographically disadvantaged, and/or those have already had contact with hospital system or social services due to mental health or behavioral disorders, or due to other circumstances have been designated vulnerable (14). Intervention research that aims to combat sedentary behavior, increase physical activity, and promote mental health for adolescents typically focus on exercise and sports (15–19). However, dance has also been shown to promote physical activity and social interaction. Studies show that structured dance activities can significantly improve physical and psychological health (20–23), as well as the potential to counteract loneliness, social isolation, and sedentary behavior across populations, including developing social and emotional skills (24) and reducing depressive symptoms (25). In their systematic review and meta-analysis of dance and structured exercise interventions, Fong et al. found that structured dance activities of any genre are equally and on occasion more effective than other types of structured exercise for improving a range of health outcome measures (26). However, high-quality research in the area is still scarce, with significant challenges such as low statistical power, insufficient sample sizes, lack of follow up measures, and other research biases prevalent throughout the literature (23). Moreover, most dance studies are frequently conducted with older adults (27–31), whereas far fewer studies focus on at-risk adolescents, a population that is at particular risk for sedentary behavior and social isolation (5). Of the few studies focused on adolescents, the majority focus on female adolescents. Staiano et al. reported that dance-based exercise activities for obese adolescent females reduced body fat and mineral density, as well as improved motor coordination, agility, aerobic and anaerobic capacity, strength, and flexibility (32). Folk-dance and social dances were found to promote greater loss in body fat when compared to a classical physical exercise program (33), while Duberg et al. found that dance was an enjoyable and empowering activity that fostered emotional expression, supportive environments, and self-acceptance for females with internalizing problems (21).

Dance is a multimodal activity that combines physical and cognitive activity through physical activity, musical listening, and social interaction (34). However, the interplay between physical and psychosocial research outcomes of dance interventions appears to be under addressed in the literature. Within dance and health research, there are several categories of dance interventions, including diverse genres of dance (e.g., ballet, jazz, folk, West African, hip hop); exercise dance; and Dance and Movement Therapy (DMT) [also known as Dance Movement Psychotherapy, or Movement Psychotherapy (MP) in the UK], which is a form of psychotherapy that leverages the creative uses of movement and dance, and led by credentialed professionals and conducted either in group or individual sessions (35). Most of the clinical research concerning dance and mental health has been conducted with DMT. Studies show that DMT can reduce internalized symptoms such as anxiety and depression among adolescent girls, reducing the concentration of dopamine and increase serotonin levels (22) and improving the mood states of adolescents suffering from a variety of psychiatric illnesses (36). DMT interventions have also been shown to support and improve academic performance (37), as a promising treatment for neurological disorders (38), to manage and prevent stress in children and adolescents (39), and to support quality of life and manage depression and anxiety for diverse patient populations (23, 40), including managing stress and anxiety for cancer patients (41). A DMT study by Punkanen et al. with working age people with mild, moderate, or severe depressive episodes found that following 20 DMT group sessions improved depression, lowered anxiety, decreased the measure of neuroticism, and increased measures of extraversion and life satisfaction. These are promising results, but the authors note their study was marked by similar methodological challenges facing other DMT studies –lack of a control group, low sample size, and no follow up measures. While this study evidences the strong link between movement/motion and emotions, there are still important knowledge gaps such as the links between dance, mental health, and physical health, especially for hard-to-reach populations like at-risk youth.

Furthermore, the prior published outcomes on the impact of dance and DMT on health-related outcomes have considerable limitations, the clinical methods are not always clearly described or reproducible, and the findings are of limited generalizability. For example, one of the larger published studies on DMT and mood conducted by Andersen et al. (36) retroactively examined the effects of a single DMT on mood changes for adolescents within a larger psychotherapeutic day treatment program conducted at a hospital. But the study is a retrospective analysis based on a chart-review study, and mood changes were assessed using a visual guide with an emotion picture and adjectives. Furthermore, no details of the actual intervention are described in the study. A study by Salihu et al. with internally displaced persons with depressive symptoms found that DMT sessions significantly reduced depressive symptoms from severe to mild, as well as reduced anxiety and stress, with high recruitment and relatively low dropout rates (25). However, the authors caution that the treatment effect might be overstated given the imbalance in the baseline characteristics of the groups: the baseline scores showed higher depressive symptoms in the intervention group compared to the control group. Limitations like this are not uncommon in dance and mental health research. Koch et al.'s systematic review on the health-related psychological effects, including clinical outcomes of dance and DMT studies, document the promising effects as well as the significant methodological shortcomings in the published research (23).

Conducting intervention and prevention research for at-risk adolescents is widely known to pose specific challenges when it comes to recruitment, participation, and engagement (8, 42, 43). Efforts to improve adolescent physical activity surveillance, research, intervention implementation, and policy development are urgently needed (13), as well as change mechanism research on those factors that support increased physical activities for at-risk youth (12). More good quality, evidence-based research is needed to fully understand the impact of dance on the combined physical and mental health and well-being for at-risk adolescents. A deeper understanding of this relationship can help inform more engaging and motivating dance programs, and a better understanding of the underlying mechanisms of change. Interpreting physical or psychosocial variables is highly complex even in isolation, and combining the two requires careful design of study protocols and multi-factorial approaches to understand and explain research outcomes. Therefore, the aim of this pilot study was to evaluate the effects of a six-week adapted folk-dance program on psychosocial (e.g., loneliness, mental health, well-being) and physical fitness (e.g., physical activity levels, heart rate) outcome measures in at-risk adolescents. We created a mixed method approach to assess holistically the progress of the adolescents, while taking into account interactions with school staff, dance instructors and musicians to adapt to the needs of the participants. Our main hypothesis was that adapted folk-dance with live music would improve mental health and well-being for at-risk adolescents, and would also improve physical fitness by increasing the amount of movement performed and reducing heart rate at low-level physical efforts.



2 Methods


2.1 Design

Pilot studies are useful for testing the effectiveness of proposed interventions and evaluation instruments and can help to identify potential issues before committing to a full-length research study. They can also be useful for gaining insight into populations that are underrepresented in the literature or difficult to study (44). We conducted a mixed-methods, parallel convergent research design using pre-post study measures within a post-positivistic paradigm. The intervention consisted of six dance sessions (one session per week, 90 min total with a half hour break) during school time. Participants answered a questionnaire before and after each session to provide data related to mental health, wellbeing, and loneliness. In sessions two and six, participants wore an inertial measurement unit (IMU) to measure their physical activity level and heart rate. Moreover, participants, teachers, and folk-dance professionals were interviewed after the conclusion of the intervention, to explore the experience of participating from multiple perspectives.



2.2 Recruitment

The intervention took place at alternative schools that cater to a broad target group that are high risk for poor mental health, such as young people who have been in contact with the hospital system due to a mental disorder, have substance abuse problems, cognitive impairments, behavioral disorders, limited schooling, dysfunctional families, or otherwise require professional assistance (14). Participants were recruited during informational sessions held during school hours at three different schools offering professional development for young people who have been deemed unable to follow standard public schooling or enter employment due to professional, personal, or social reasons (14).

During the information sessions, participants were introduced to the research design and data collection methods, including the IMU handling and placement and questionnaire formats. Participants were eligible to participate if they were currently enrolled in the school, aged 16–25, and spoke fluent Danish. The exclusion criteria for the movement analysis/heart rate study included under the age of 18, inability to stand and/or walk independently, lack of ability to cooperate, and participation in medical trials or other training interventional trials throughout the study period. The project was conducted in accordance with regional guidelines for medical ethics research and was approved by the regional medical ethics committee (VEK, Journal numbers: 2022-000764; 20230001). Written informed consent was obtained prior to participation.



2.3 Participants

A total of 63 adolescents (35 females aged 16–28 years/28 males aged 16–26 years) agreed to voluntarily participate in the adapted folk-dance activity, of whom a total of 46 students elected to participated in the research study. Of these 46, only 16 completed both pre- and post questionnaires, and only 6 of those wore activity sensors. Additionally, 6 staff from the schools and 6 dance/music instructors were interviewed, but they did not participate in the questionnaires. Several adolescents have diverse diagnoses, including mild to severe levels of stress and anxiety-related challenges, among other mental health and physical problems. One student was deaf and attended classes with an interpreter. Thirty-five at risk adolescents answered the questionnaires on mental health and loneliness before the intervention, and twenty-six answered the questionnaires after the activity. Only 16 at risk adolescents (∼25% of the study sample) answered the questionnaires both before and after the intervention. Pre/post mental health questionnaire results are based on these 16 participants. Six at risk adolescents (∼10% of the study sample) volunteered to wear the IMU sensor, and a total of 35 at risk adolescents (∼52% of the study sample) agreed to be interviewed after the intervention. Based on the interview feedback from 35 participants, mean participation in the six sessions was 70% (Table 1). Furthermore, six staff members and six artists (2 dance instructors and 4 musicians) agreed to be interviewed. Complete demographic information in the data collection in Appendix 1.


TABLE 1 Study participants.

[image: Table comparing data collection methods: Questionnaires with 46 at-risk adolescents (16), Interviews with 35 at-risk adolescents, 6 staff, and 6 artists, and Activity sensors with 6 at-risk adolescents.]



2.4 Folk-dance intervention

Each weekly session consisted of a 90 min adapted folk-dance workshop led by professional folk-dance instructors and musicians with experience working with vulnerable populations. The intervention was offered as an integrated part of daily activities and occurred during regular school hours. The dance instruction and live music were adapted to the needs and capacity of the participants. Each session consisted of three parts: two 30-minute dance sessions and one 30-minute break in between. During the dance sessions, one instructor welcomed the group and provided instructions on specific folk-dances, adapting to the participants’ needs and energy levels along the way. A team of three musicians accompanied with live music that was also adapted, for example, slowing down or speeding up, depending on the capacity of the participants. Young people, supporting professionals, and teachers danced together following the folk-dance instruction and music. Refreshments were served during the break, during which there were storytelling and group singing activities.

The movement of the folk-dance classes consisted of ever-changing dynamic formations and included a combination of group dancing, partner dancing, and dancing in small groups. The movement was always centered on moving together as an individual or with a partner and was only on a few occasions in smaller groups of four pairs. Group dancing usually took place in a circle or else in parallel lines standing across from each other. The dance classes would often build in intensity with starting slower and building in pace and difficulty. The focus was rarely on mastering the technical elements of folk dancing and more on the feeling of togetherness, mastering the pace, directions and partnering. The dance classes progressed during the six sessions, with some of the choreographies evolving by introducing variation or more complex movement patterns (e.g., the different steps or directions added). The progression involved altering the pace (faster or slower) or the possibility to choose one's own variation with your partner such as faster turns, covering a greater distance or modifying the position of the hands (called “holds”). While some dances were repeated across all 6 sessions, new dances or elements (such as walking in long lines covering more space than when moving in circles) and small variations were added each session. The dance is considered adapted as the musicians and dance instructors received training in adapting the dance instruction and music to the needs of the study population. Specifically, a separate intervention study was run in parallel by the dance instructors and musicians working in assisted living facilities for adults and elderly with cognitive impairments. Although the music and dance followed the same overall structure, the specific accommodations and instruction were tailored to the individuals and groups, and adapted with consideration of their physical and psychological needs and constraints (e.g., offering alternatives for people who do not want to or are unable to hold hands).



2.5 Outcome measurements


2.5.1 Mental health, loneliness and well being

Mental health was assessed using three different questionnaires to provide a more comprehensive and nuanced picture of the participants’ mental health (45). The first is the Mental Health Continuum Short Form (MHC-SF), which measures emotional and functional (social) dimensions, as well as psychological well-being. The assessment is based on the presence of one or more symptoms measured by the three dimensions, leading to a classification of complete or incomplete mental health determined by the number of symptoms. Mental health is termed “flourishing” for complete mental health and “languishing” for incomplete mental health, with moderate mental health in between (46). MHC-SF was translated into Danish by the Danish National Institute of Public Health and verified (47). The second questionnaire assessed loneliness through the UCLA Loneliness Scale (Version 3) (48). The 20-item scale examines objective and subjective measures of loneliness as well as feelings of social isolation. The scoring is based on a four-point scale, with higher scores indicating a greater expression of loneliness. The scale has shown high internal consistency and test-retest reliability with a coefficient alpha of over 0.90. A Danish translation has been validated previously (49). The third questionnaire assessed mental health through the Warwick-Edinburgh Mental Well-being scale (WEMWBS). The scale is designed to capture a broad conception of well-being, including affective-emotional aspects, cognitive-evaluative dimensions, and psychological functioning. The scoring is based on answering seven items on a five-point Likert scale ranging from 1 (no time) to 5 (all the time). The Danish translation of the WEMWBS scale has been validated in Denmark (50).



2.5.2 Physical health

Physical activity levels and heart rate were assessed during the 60 min of dancing for multiple study participants (N = 6 simultaneously using inertial measurement units (IMU) with the capability of measuring tri-dimensional linear acceleration and angular rates, as well as electrocardiographic (ECG) signals (Shimmer3, Shimmer Research, Dublin, Ireland). For males, the IMU was fixed using a compatible chest strap provided by the IMU manufacturer. For females, the IMU was fixed on top of the upper region of the sternum bone, firmly secured using medical tape. The IMU weights 0.011 Kg and measured tri-axial accelerations and five electrocardiography (ECG) signals using standard Ag/AgCl electrodes (Kendall H124SG, Cardinal Health, Dublin OH, USA). Therefore, we expected that participants would not be influenced by the presence of the IMU on their bodies during the folk-dance sessions. The ECG electrodes were placed on the upper chest and lower trunk bilaterally, with a fifth sensor being placed on the right low ribcage. Both accelerations and ECG signals were sampled at 512 Hz. Data was recorded continuously throughout the whole 90 min during sessions two and six.



2.5.3 IMU data processing

Firstly, the data from different accelerometers were synchronized through the individual timestamps. The tri-axial accelerations time series were low-pass filtered (3rd Order Butterworth) with a 10 Hz Cut-off frequency (51) and converted from m/s2 into g forces. Subsequently, the resultant acceleration (ACC) was calculated:

ACC=√(x2+y2+z2)

Where, x, y and z are the anterior-posterior, medial-lateral and vertical accelerations (respectively).

Physical activity levels found by computing the mean activity deviation (MAD) from the resultant acceleration as described elsewhere (45). The MAD computed the distance of individual datapoints with respect to the mean of all points in the time window. In this study, the MAD was computed at every 10 s and classified as “rest”, “slow walk”, “normal walking”, “brisk walking” or “jog/running”. The total time in each class was normalized by the total time of the folk-dance activity (% total). In addition, we estimated the total amount of steps performed during the folk-dance activities, by computing the number of acceleration peaks above the standard deviation of the 10-second windows.

The ECG signals were converted into instantaneous heart rate using the manufacturer data acquisition software (Shimmer3, Consensys ECG, Shimmer, Dublin, Ireland). The raw heart rate data was low-pass filtered using a 30 s moving average with steps of 1 s). Subsequently, the heart rate was normalized by the maximum expected heart rate based on the participant's ages, using a widely used formula from the literature (maximum heart rate = 208−0.7*age) (52). Heart rate data were averaged at every 10 s to match the duration of the windows from activity levels. Finally, each 10 s heart rate window was reduced to a single average point. Therefore, every 10 s of folk-dance performance was represented as an activity level and a heart rate value. The heart rate recorded during the “rest” class from the MAD classification is an estimate of the lowest heart rate during the session. However, it is not representative of the possible resting heart rate of the participants, since they were not seated/resting for an extended period of time during these recordings.



2.5.4 Interviews

A total of six focus group interviews were conducted with four to six participants per group (participants n = 33). Additional interviews were conducted with teachers (n = 4), and folk-dance professionals responsible for the intervention (n = 4). All six interviews with participants were held in-person on site at the school. Interviews with teachers, musicians, and dance instructors were conducted online. Participants reported different experiences based on the number of times they participated in the dance sessions, and whether they participated physically in the dance (active participation), by observing (passive participation), or a combination of the two (see Appendix 1). The interview guide was based on a semi-structured interview, in which the interviewer followed a list of topics to be covered but was permitted to pursue lines of discussion that wandered from the guide when necessary (35).

The interviews lasted between 28 and 48 min (average: 36 min); audio recordings were made and transcribed using an automatic transcription tool and following manual corrections and were manually reviewed by the interviewer and corrected for typographical mistakes or spelling errors. Transcripts from the interviews were analyzed independently by three members of the research team: the interviewer who took part in all dance sessions, and two researchers familiar with the study but not present at the interviews. Thematic analysis was conducted of the textual data separately, following the six general steps outlined by Braun and Clarke (53) using a combination of inductive and deductive approaches, and following their 15-point criteria for ensuring good research practice. After the researchers completed this task independently, they met to discuss commonalities and differences, and then repeated the steps together. Textual data was coded, and themes and sub-themes emerged, which were then presented in plenum to the entire research team. Qualitative data analysis was conducted in Danish, and the themes and data were subsequently translated into English by the research team.




2.6 Statistical analysis

We investigated the changes observed from pre-measurements to post-measurements across six dance sessions. This analysis employed Analysis of Covariance (ANCOVA), with pre-measurements serving as covariates for WEMWBS, MHC-SF, and UCLA as there were only two measurement time points. The analyses adhered to the principles of intention-to-treat, wherein all relevant available data were included. Statistical analysis was only conducted for the 16 individuals who completed both pre and post questionnaires. Due to the limited size of the participant cohort in this pilot study, adjustments for multiple comparisons were not applied, and the significance threshold remained at 0.05. Regarding step count, MAD and heart rate, only descriptive statistics are presented due to the small sample size.




3 Results


3.1 Questionnaires

The questionnaire data included eight females with the average age of 19.25 years and with a standard deviation of 1.58. Eight males participated with the mean age of 18.38 years, showing a standard deviation of 0.92. An analysis of demographic variables was examined showing age and gender evenly distributed among participants. We observed a significant increase in the WEMWBS score from pre-intervention (M = 41.88, SD = 13.04) to post-intervention (M = 46.44, SD = 9.73), t(16) = 0.00, p < 0.05, with a moderate effect size (η = 0.60). There was also a significant increase in the MHC-SF score from pre-intervention (M = 34.63, SD = 16.82) to post-intervention (M = 40.19, SD = 13.55), t(16) = 0.00, p < 0.05, with a moderate effect size (η = 0.56). The UCLA score showed no significant changes (pre M = 34.06, SD = 6.70; post M = 33.94, SD = 5.07), t(16) = 0.70, p > 0.05, η = 0.01 (See Table 2). Overall, there was a significant improvement in mental well-being for the at-risk adolescents over time. Loneliness decreased from pre- to post- measure, but not significantly. The ANCOVA analyses did not depend on or covary with either age or gender.


TABLE 2 Mental health survey data.

[image: Table showing results for a study with 16 participants. It compares pre-intervention and post-intervention mean scores with standard deviations for WEMWBS, MHC-SF, and UCLA loneliness scale. Effect sizes follow, with significant improvements marked for WEMWBS and MHC-SF. Significance levels are noted below.]



3.2 Resting duration and heart rate

Data from heart rate and physical activity levels were assessed in the post-test from only four participants, since we had two drop-outs in the post-test. Heart rate data was only collected during the times the participants were actively dancing (approximately 60 min of the 90 min sessions), and no recordings were taken during the singing break. The average active time during the folk-dance sessions was 50 min (range: 44–55 min) across the pre- and post-intervention sessions. The average difference between the total amount of steps taken was ∼5% when comparing pre- (2,987 ± 434 steps) and post-intervention (2,773 ± 138 steps). The stationary periods throughout the sessions (Figure 1A) and its respective heart rate (Figure 1B) were reduced by ∼25% and ∼15% from pre- to post-intervention, respectively.


[image: Bar charts compare pre and post data for rest period and heart rate. Chart A shows time in percent; post-rest time generally increases. Chart B shows heart rate in beats per minute, which decreases post-test. Six colored lines represent different subjects.]
FIGURE 1
Mean (gray bars) and individual data for the duration of the stationary periods (A) and the respective heart rate during stationary periods (B) before (Pre) and after intervention (Post). Each color represents a participant (S) and their trend from Pre- to Post-intervention.




3.3 Activity levels and heart rate

Overall, the heart rate of participants ranged between 60% and 70% max. There were reductions on the time participants spent at a slow walk activity level (−15%, Figure 2A), whereas the time at normal walk (Figure 2B) and brisk walk (Figure 2C) increased by 22% and 24% respectively. At the Jog/Run activity level there were highly inconsistent patterns across participants, which on average increased their time by 8% (Figure 2D). Regarding heart rate, there was an overall reduction across all types of activities (slow walk: −11%; normal walk: −6%; brisk walk: −2% and Jog/Run: −17%; Figures 2E–H). However, there were inconsistent patterns across participants, especially for the brisk walk (Figure 2G).


[image: Eight graphs comparing time and heart rate percentages across activities. Graphs A to D show time percentages during different exercise intensities (slow walk, normal walk, brisk walk, jog/run) pre- and post-activity. Graphs E to H show corresponding heart rate percentages. Each graph contains distinct colored lines representing subjects S1 to S6.]
FIGURE 2
Mean (gray bars) and individual data for the duration of physical activity levels (upper row (A–D)) and their respective heart rates (bottom row (E–H)) before (Pre) and after intervention (Post). Each color represents a participant (S) and their trend from Pre- to Post-intervention.




3.4 Interviews

Of the 63 study participants in the study, 35 took part in post intervention interviews along with dance instructors (n = 2), musicians (n = 4), teachers/staff (n = 6) at the schools. Five main themes were identified: (1) Relation, (2) Progression, (3) Physical Experience, (4) Facilitation, (5) Motivation & Participation. Table 3 presents the main themes and subthemes identified through thematic analysis.


TABLE 3 Interview data.

[image: A table with five themes: Relation, Progression, Physical Experience, Facilitation, and Motivation & Participation. Each theme lists associated concepts. Relation includes openness and community. Progression covers motor skills and endurance. Physical Experience mentions challenges and live music. Facilitation highlights roles and inclusivity. Motivation & Participation addresses expectations and mood.]


3.4.1 Relation

Within this main theme, four subthemes were identified: openness, equality, self-consciousness, and community. Initially, one of the main challenges for participants was interacting and being physically close with other participants whom they did not know. Such experiences were perceived as potentially anxiety-inducing and transgressive because they require participants to engage in unfamiliar activities with new people, to learn new and unfamiliar choreography together with strangers, and to physically interact with each other (e.g., holding hands, partner dance). Participants reported that these initial stressful feelings changed relatively quickly over time, and they promptly grew accustomed to switching dance partners and did not find the experience frightening:


Maybe it’s because I can find it difficult to be close to someone that I don't know very well. It could be challenging sometimes if you changed partners and ended up with someone you had never talked to before. Then there is dancing with them, it could seem just a little uncomfortable. But then it was a safe space anyway. So it wasn't exactly that I thought “now I'm going to leave.” But it could be a bit challenging sometimes. But I managed it very well. -Participant



Participants also commented that it was enjoyable to have the teachers participating in the dance sessions, because it provided a new way to relate to them on equal footing:


Your relationship with the teachers didn't get any worse anyway. You could almost have a bit of fun afterwards when you had danced with them. It was kind of funny that you had been in the same boat with them. But you were on the same level. They weren't better at anything than you were yourself. -Participant



Both participants and teachers commented on the sense of being part of a community and of having fun failing together:


It’s always the social thing. It is always the social aspect that is the focus. -Teacher




You are not exposed or made fun of, or anything of the sort. We laugh together. -Teacher




There is also a huge sense of community. It's not like you dance on your own, you dance with each other… Already after the first time, you felt a bit that we were in the same boat. The thing about folk dancing is that it brings about such a sense of community. I don't know why. But it feels like a fun dance. You laugh a lot. -Participant





3.4.2 Progression

Within this main theme, four subthemes were identified: motor skills, confidence, social mastering, and endurance. The subthemes reflect the variety of ways that study participants participated, and whether or not they experienced a change in their progression. While many participants self-reported an experience of progress and improvement, others did not:


Yeah, so for me, it got easier to dance with some new people… it wasn't something I was as afraid of. So for me, there was a progression. -Participant




When it comes to learning a new dance, I feel like I have to do it several times to get the hang of it. I can quickly become nervous about whether I'm doing it right. It was actually a bit difficult to keep up. But on the other hand, after a while, it was like—okay. -Participant




Yeah, well, it was still uncomfortable from time to time. But after the first time, maybe you were also a bit prepared to know that you had to dance with a person you probably didn't know. So, it was maybe not as bad the second time as it was the first time. -Participant



The teachers’ and folk-dance instructors’ observations were useful in identifying subtle changes in participation that may have not been captured in self-reporting by the participants. For example, one dance instructor stated:


It was one of the last sessions, where there had been a young man who had just sat—just sat and not participated at all. But during the singing portion, I noticed so clearly that his foot just followed the rhythm. So, somehow, it was clear that he had “been there” after all. -Dance Instructor





3.4.3 Physical experiences

Within this main theme, three subthemes were identified: physically challenging, anxiety and touch, and live music and dancing. The subthemes show that although many participants found the dance activities physically demanding—participants frequently became out of breath and perspired a lot—they also found themselves to be energized by the dancing. One deaf participant who participated with a sign-language interpreter commented:


At first, I felt it was actually quite hard. I had to look at the dance instructor and the interpreter. It was actually a bit difficult. I used a lot of resources to concentrate. Even if you had fun and thought it was fun. But afterwards, I was completely tired and done. I thought it was hard physically and mentally. I thought it was cool that I was there. And there were also many who praised me and said that it was great that I was there. Whether I had an interpreter or no interpreter, I still participated. I tried to keep up as best I could. -Participant



The dance instructors also observed that the dance was physically challenging for some participants:


What we found was that the young people’s fitness—or rather their lack of fitness—was simply a challenge. They became really, really tired, really, really fast. … There were many people who simply sweated and gasped after just half an hour of dancing. -Dance Instructor



Some participants commented directly on the experience of dancing to live music and how it supported the dancing.


I think it’s strange music to start with. But after you begin to learn the dance to those songs, I think it fits quite well together…I liked it. Not because I've ever heard anything like it before. But there was a good rhythm to it, and then you could make a stomp on the ground, and snap and count. I thought it was really good. -Participant





3.4.4 Facilitation

Within this main theme, four categories were labeled: adjusting and flow, roles, inclusivity and flexibility, and supportive and non-judgmental atmosphere. There was consensus among the teachers and dance instructors that there was an overall supportive atmosphere that was customized to the needs and challenges of the individuals and each school group:


We should remember not to set too high expectations for (the students). It’s not something they have to necessarily be able to do. There are no steps they have to master. So you just adapt it based on who you're dancing with. You can still be part of a community even if you're not actively participating, even peripherally. -Dance Instructor



Many participants commented on the inclusive and non-judgmental space and how it made them feel safe in the dance session where the learning and progression just happened in a natural flow:


It was nice that everyone was included …I felt like there was room for everyone, including those who might not want to dance. It was just nice like that. -Participant




That it was so fun while learning it. It was so impressive that we didn't just stand there… It just happened. I liked that. -Participant



Teachers, dance instructors, and musicians understood that non-verbal guidance and being a role model was important to support the young participants and sustain their motivation.


I definitely experienced that it was important for us to be there. Because if they were going to do it, then we should too. Yes, I think so. Because then they would also feel more inclined to dance: “Because if she’s dancing, then we should too,” -Teacher




He [the dance instructor] was very positive and also very good at teaching us like that. And he was also good at noticing if you didn't understand at all what he said. Then he just demonstrated it with you so you felt like you could do the movements at least to somewhat. -Participant





3.4.5 Motivation & participation

Within this main theme, four subthemes were identified: expectations, self-improvement, chaotic and unfamiliar, and mood. It was clear that many participants felt reluctance towards dancing folk-dance at the beginning, and their initial interest and expectations were quite low. Some participants described how this first impression changed quite quickly, while others continued to experience some discomfort in the unfamiliar setting.


Just when I heard about it, I thought it wasn't something I should try. I don't know why. It’s folk dancing. Many people. It wasn't exactly the coolest thing, I thought when I heard about it. But it was actually a lot of fun. It was exciting. -Participant




It was much better than I expected. It was fun, and it brought good vibes… and we laughed at each other, and with each other. -Participant



Some participants welcomed the challenge and saw it as an opportunity to improve, and some participants expressed how the dancing changed their mood and the mood of others.


It was a bit boundary-crossing, yeah. But I think they were some good boundaries to cross. -Participant



The main themes identified in the interviews provide insights into how the intervention was perceived and experienced by participants, teachers, dance instructors and musicians. This makes it possible to consider these results alongside the quantitative data to gain deeper insight into the impact and underlying mechanisms of change.





4 Discussion

The primary aim of this study was to pilot an adapted folk-dance intervention in schools for at-risk adolescents as a health promoting activity to strengthen mental health, physical fitness, and well-being. Our main findings suggest that the adapted folk-dance had a positive effect on mental well-being and physical fitness. For those participants who completed the pre-post mental health questionnaires, the results suggest that the adapted folk-dance had a positive effect on their mental well-being. There was a significant increase in both WEMWBS and MHC-SF scores from pre- to post-intervention, indicating an improvement in their mental health status. The moderate effect size (η) indicates that the intervention had a notable impact on the participants. The cut-off score for WEMWBS is 42, which adds an additional dimension of significance to the results. Prior to the dance activity, the average WEMWBS scores for young participants were below 42 (M = 41.88, SD = 13.04), indicating a low level of mental well-being. After the intervention, average WEMWBS scores significantly increased above the cut-off level (50), which is encouraging. There were no significant changes in the self-rating of loneliness and social isolation (UCLA Loneliness Scale) following the intervention. For those participants who wore IMU sensors, at-risk adolescents increased by 20%–25% the time performing moderate or high-intensity movements at the end of the intervention. Moreover, there were reductions in average heart rate at both low- (−11%) and high-intensity movements (−17%). The results from the interviews revealed that the dance sessions were experienced as providing a strong sense of community and equality across participants, teachers, dance instructors, and musicians. Most importantly, participants experienced a greater sense of belonging during the sessions. Taken together, our results show that at-risk adolescents were more enthusiastic and willing to move more at the end of the intervention, and they experienced increased well-being and sense of belonging. The increase in activity time in the post-test measurement may be a combination of voluntary effort to maintain the engagement during the dancing activity, as well as due to the improved physical fitness. This means that participants were more motivated to move and were also better prepared (physically) to move. Overall, these results are encouraging and suggest that the intervention could be an effective method for enhancing mental well-being and promoting physical health for this population. Although we are encouraged by our findings, they must be interpreted with caution as there is not significant sample size to to carry out a well-powered statistical analysis.

While device-based research is an important aspect of physical activity monitoring, collecting enough good quality data for this population can be difficult. We found that while many participants across the three schools were interested in participating in the dance sessions, very few of them wanted to be directly involved in the research dimensions of the study that would require them to fill out survey data and wear an IMU. We also found absenteeism to be a major hurdle for collecting good quality data, making it difficult to gather pre/post data for the all the participants who agreed to the study. We strongly agree with van Slujis et al. (43) that research on school-based and community-based interventions would do well to focus on mechanisms of change (mediation), implementation (i.e., adoption, dose delivered, reach, fidelity, and sustainability), and the determinants of implementation (e.g., feasibility, adaptability, and acceptability) in addition to device-based research (43). Such insights are vital if interventions are going to be realistic and sustainable over the long term. Accordingly, we opted for a mixed methods research design that would enable us to both conduct device-based research as well as evaluate change mechanisms with a focus on implementation, thereby gaining deeper insights into the relationship between physical activity and mental health and well-being effects of adapted folk-dance. Our study thus confirmed the difficulties involved with recruiting and collecting sufficient statistical data for this population previously identified in the literature (2, 42, 52). We discuss these challenges in more detail in the Limitations section. Overall, the results and experiences from this pilot study are promising, and also raise important considerations that can help inform future interventions in schools to promote health and well-being, and promote authentic engagement from all stakeholders.


4.1 Mental health (well-being, loneliness, and social isolation)

During the interviews, participants self-reported experiences of poor mental health and social anxiety. They also face greater vulnerabilities due to their socially-disadvantaged position. The improvements observed in the scores from two of the three self-reported mental health measures (WEMWBS and MHC-SF) indicate potential for adapted folk-dance in school as a promising intervention to promote physical activity and to strengthen mental health and well-being. We know from research that functioning well in life not only involves individual emotional and psychological well-being, but also refers to how well individuals function in their respective communities and society (46, 54). Research also shows that dance can have a positive influence on mental health by reducing anxiety and depression (55), reducing the concentration of dopamine and increase serotonin levels (22), and managing and prevent stress for children and adolescents (39), and improving psychological well-being for adolescent females (20). Our study focused of the effects of adaptive folk-dance on mental health for at-risk adolescents addresses a gap in the literature for which there is relatively little data available. Although no significant changes were observed for loneliness, this could be explained by the fact that the pre- mean for this group was already relatively low (pre M = 34.06, SD = 6.70), suggesting that their initial level of loneliness was not clinically significant (normally scores of 20–34 denote a low degree of loneliness). The improved well-being could be related to reduction in anxiety levels, as well as the increased sense of belonging during the activities, could explain the reduced the anxiety levels. The mental health and well-being survey data is supported by interview data which found that participants responded positively to the intervention overall, and reported high levels of enjoyment, positive shifts in social participation, and mastery of social skills. The qualitative data from the teachers and dance instructors further supports the survey data, as they observed that study participants showed more willingness and comfort moving in a group. We are therefore encouraged by the positive changes in mental health.



4.2 Physical fitness (heart rate, activity levels)

For those participants who wore IMUs, we found that participants reduced the time spent in stationary/resting position, while their heart rates were also reduced by ∼15%. Such results may suggest that the adolescents who participated in adapted folk-dance became more enthusiastic and willing to move more at the end of the intervention. It is well known that sedentary behavior increased the risk of depression (56), whereas physical activities have been proven as effective in reducing sympathetic nervous system and hypothalamic-pituitary-adrenal axis reactivity (16). A corroborating result from our study is that participant's heart rates during the resting/stationary periods was ∼25% lower at the end of the intervention. It has been shown that specific types of exercises such as endurance training and yoga can reduce resting heart rate (57). Although we did not access resting heart rate, our assessment during the resting periods of the folk-dance activity may suggest that resting heart rate can decrease following such type of intervention. Such a result may be a combination of slightly improved aerobic fitness due to the intervention, as well as a reduced anxiety feeling throughout the sessions.

Our study demonstrated that those at-risk adolescents who wore sensors increased time spent in moderate activities, as they increased their time in the normal walk and brisk walk categories (Figures 2B,C). Interestingly, there were also slight reductions in heart rate during these activity classes, demonstrating that adolescents participating in the adapted folk-dance intervention increased their engagement in moderate movements while experiencing lower heart rates. It is plausible that the beneficial effects of the intervention on any possible anxiety issues contributed to a positive modulation of parasympathetic function, such as the augmentation in vagal tone demonstrated in animal studies (16). Improved parasympathetic function can optimize cardiorespiratory function, ultimately reducing heart rates during exercises. Folk-dance has been shown to increase overall physical fitness in older adults (58) and female adolescents (20), and our study demonstrates that it can impact the physical fitness of at-risk adolescents, as they may be able to improve physiological functions along with cognitive/psychological benefits from the group classes.

We observed a notable drop in the amount of resting time and also in heart rate during Session 4. The notes from the observational data show that this session included more technically complex dances, which were observed to be challenging for the participants and required more focus. Therefore, it is plausible that the activity was more focused on mild movements rather than vigorous movements, reducing overall heart rate and increasing overall step count due to the longer periods participants were moving.

Although participants experienced certain physical challenges and fatigue during dance activities, they also reported an increase in confidence and a sense of achievement. This was supported by observations from dance instructors, who noted small but meaningful progress among participants, which may not always be captured by quantitative measurements. Again, this seems to align with the quantitative measurements for mental heath and well-being.



4.3 Combined evaluation and experiences—A 360° view

In the subsequent section, all results from questionnaires, activity sensors, and interviews, are consolidated into an integrative synthesis, highlighting the new emergent themes that surface when looking across the various data sources. Participants reported initially experiencing a degree of discomfort when it came to engaging in unfamiliar dance activities with new people. However, the qualitative results indicate that this sense of uncertainty was quickly replaced by an increasing sense of security and feelings of acceptance. Participants adapted quickly to the new situations and felt progressively more comfortable in the social environment created by the dance activities. This supports the existing literature that links successful treatment and interventions with the sense of self-efficacy, that is formed by experiences of self-mastery (21, 54).


4.3.1 Safety and acceptance

Participants initially reported some degree of discomfort in participating in unfamiliar dance activities with new partners. However, this sense of uncertainty was quickly replaced by a growing sense of security and acceptance. They quickly adapted to the new situations and felt more and more secure in the social environment that the dance activities created. The dance teachers also observed this positive development, noting an increased sense of safety and acceptance among the participants as they engaged more in the activities. The quantitative effect measurements showed an improvement in mental well-being, which seems to agree with these descriptions. The dance instructors reported observing positive development in the participants and noted an increased sense of security among them as they became more engaged in the dance activities. The comfort level was witnessed in the participants’ ease with wearing physical sensors, agreeing to be interviewed, and to participate in the study. It was therefore necessary to adopt a flexible approach to participation in the study.



4.3.2 Community and equality

A central part of the adapted folk dance was a sense of community and equality, which many participants experienced across age, professionals, and participants. Through the communal dance sessions, hierarchies were broken down and participants experienced a sense of belonging and being part of something bigger. Professionals and participants noted how the dance created a new way of being with each other, where everyone participated equally and where relationships were strengthened across previously experienced boundaries. These observations support the quantitative measures for mental well-being and the improvement for the at-risk adolescents. No significant reduction in loneliness was observed, but the pre-mean for this group was relatively low and not clinically significant to begin with and raises the question of whether the measurement of loneliness was relevant for this population. Another consideration is that the potential for change is smaller and requires more participants, or perhaps takes longer before the individual experiences a change.



4.3.3 Movement, flow, and energy

The quantitative results of the folk-dance intervention showed a significant increase in the time participants spent at normal and fast walking speeds. This suggests an increase in the level of activity and an increased physical exertion among participants. At the same time, the average resting period and heart rate were reduced, indicating an improved energy level and greater physical resilience in the participants. Describing their experiences of facilitating the folk dance, the dance instructors and musicians recounted how they focused on flow and on keeping the energy level in the room up, as they adapted to the participants’ needs to not become too self-conscious, and to be more attuned to the environment and allowing themselves to be guided by the company, the instruction, and the music.



4.3.4 Mastery and self-confidence

Although participants experienced some physical challenges and fatigue during the dance activities, they also reported an increase in self-confidence and a sense of mastery. This was supported by observations from the dance instructors who noted small but significant progress in the participants that may not always be captured by the quantitative measurements. These results also align with the quantitative measurements of mental well-being for participants. Furthermore, the participants self-reporting of feelings of mastery and self-confidence relate to the basic psychological needs theory (BPNT), articulated by Deci & Ryan (54). BPNT is sub theory of self-development theory that links the three basic psychological needs—the need for competence, autonomy, and relatedness—as central to motivation for a given activity. Each of these needs are strongly related to social environments, and the sense of belonging as essential to wellness. These basic needs facilitate intrinsic motivation, and it appears from the qualitative results that these needs were met by the adapted folk-dance activity.

Because the intervention was offered in schools during regular school hours, and schools are important (if not essential) arenas for health promoting activities, it was important to also include other stakeholders such as teachers and the facilitators leading the intervention. The intervention allowed for different levels of participation at the comfort level of the individuals. The drawback of this flexibility is the lack of a control group, but the benefit is that we were able to identify specific challenges and solutions for conducting a comprehensive research study with a population that is very difficult to reach and for whom there is not much research available.




4.4 Insights for future studies

Developing interventions for at-risk adolescents in schools might require involvement from diverse community stakeholders (teachers, administrators, facilitators) and might pose different challenges than conventional studies that happen in hospitals or community centers. It is therefore important to work from a needs-based perspective to better understand how to meaningfully involve both the young people as well as other community stakeholders to ensure the intervention is feasible, meaningful, and sustainable. Work by Diaz presents concrete strategies for fully engaging at risk adolescents in their own health care (59). While there is evidence that exercise can positively benefit mental health by reducing anxiety (18, 36), it is also true that working with at-risk youth who suffer from anxiety, depression, and other mental health problems requires carefully considered approaches to data collection and research design to ensure the evaluation techniques themselves do not trigger unwanted or increased anxiety by creating more tense situations.

Our pilot project was developed in close cooperation with a professional arts organization and school instructors. Our results confirm the research showing that this demographic is particularly challenging when it comes to conducting intervention research (45). Of the five challenges identified by Trivedi-Batemen and Martingano for working with at-risk youth, we experienced all of them in this pilot study: access to participants, recruitment, attendance, participation, and data collection/data quality (45). Learning from these challenges, we found that trust, continued contact and engagement, and the role of schools and teachers in facilitating the intervention to be essential for both ensuring access to the young people and also for ensuring good data collection and day-to-day running of the intervention, and overall coordination with the research team.

Responding to the global trends of insufficient physical activity among adolescents, researchers have called for innovative solutions and an urgent scaling up of interventions that are known to be effective at increasing physical activity levels in adolescents (2, 13, 43). Ideally, these solutions should address the unique challenges young people face as they transition into higher education, employment, marriage, or parenthood, which are compounded for at-risk and vulnerable youth. However, understanding what makes interventions effective and sustainable can be difficult to assess. Of the 63 participants that attended the dance classes, only 55% (n = 35) participated in the post-interview, only 26% (n = 16) completed pre/post surveys, and only 6% (n = 4) agreed to wear activity monitors.

The decision to use a mixed methods research design was deliberately meant to address the challenges of this particular population, and to pilot test a high-quality and realistic methodology for comprehensively evaluating the effects of the intervention. Our multi-dimensional approach considered the feasibility of acquiring bio-signals through device monitoring (IMUs), self-reporting questionnaire data, and qualitative interview data while addressing the practical aspects of implementing adapted folk-dance sessions in schools, and collected the experiences of all those involved in the study. We found it extremely important to important to use a variety of measures and triangulation to ensure collecting sufficient data and the experiences of as many participants as possible while making them feel safe. Device-based measurements of physical activities for adolescents is generally scarce. Furthermore, there are not global standard protocols for reporting device-based measurements, and in general there is a lack of comparability of results that make it difficult to monitor and evaluate physical activity.

We found obtaining device-based measures for this particular population to be difficult. This can be attributed to the general challenge of recruitment associated with at-risk youths (42, 52), but also due to factors that are perhaps not as well understood (body image, general discomfort, stigma, privacy concerns, etc.). We learned that trust is essential, not only for establishing good rapport between the research team and the participants, but also for facilitating the research. The teachers played a valuable role by modeling trust and willingness to participate. Several teachers volunteered to wear IMUs themselves, which contributed to the feeling that everyone was on equal footing. (The movement data from the teachers is not reported in this study). We scheduled follow-up visits with the schools after the completion of the study to communicate the results and share the research findings. These visits were welcomed by the participants, who were eager to see their own individual data and progress. We can recommend that informational sessions for recruiting (e.g., giving a live demo of the IMU sensor) as valuable to help motivate individuals to participate in the study. We also strongly recommend follow-up visits when possible, as motivational mechanisms and to increase stakeholder involvement in research practice.

Finally, in contrast to much of the intervention research on physical activities for adolescents, the dance activities were structured but purposely adapted. This means that the physical activities and music were adjusted on the fly to the specific needs of the group, and the dance instructors and musicians were trained in adaptive techniques for vulnerable populations. We found this to be an especially important aspect for addressing the various needs and challenges of at-risk youth. The weekly interventions were tailored to match the progression and other challenges, such as efforts to include students who were reluctant to dance for the entire 90 min session, but were still motivated to participate. For future studies, we recommend continuing to explore the effect of adapted folk dance on a wider range of population groups, including other vulnerable and at-risk groups as well as preventive measures aimed at all age groups. It will also be valuable to implement studies with an active control group to evaluate the effectiveness of adapted folk dance in relation to other forms of physical activity and social interaction.



4.5 Limitations

As this was a pilot study, no power analysis was conducted beforehand. Study participants showed reluctance and uncertainty about using body sensors, participating in interviews, and being part of the study. Therefore, we had to adapt our approach to data collection to be both ethical and flexible. Although this meant some missing data, this pilot study yielded important insights concerning the specific challenges and possible solutions for collecting data from this population. Based on the interview feedback from 35 participants, mean participation in the six sessions was 70%. The reasons for such varied levels of participation were directly related to the challenges of this population: absenteeism, one participant entered late in the process, some participants were sick or had other tasks such as internships and doctor visits. While our study did demonstrate improvement in mental health, and physical fitness, we did not secure enough data from a sufficient number of participants to carry out a well-powered statistical analysis. No control or active control was used, which is a limitation as we do not know whether the suggested change is due to the dance, the break, the music, or the entire combination. Nor do we know if the possible change is due to, for instance, regular change of season or any other outside factors. While the number of study participants is relatively high compared with many dance interventions studies (53, 55), there were far too few study participants to suggest any statistically significant results. Moreover, we did not assess resting heart rate in our study. Instead, we assessed the heart rate during the resting periods of the folk-dance activity. Given the study participants’ reluctance to wear body sensors, we only obtained physiological data from four participants, which is a limitation. Future studies assessing proper resting heart rate are necessary to appropriately demonstrate the effects of dancing interventions on this parameter. Treatment fidelity was negatively compromised because of the risks and challenges associated with this demographic (e.g., high rates of absenteeism) and also because we did not strictly monitor attendance. For all these reasons, we must therefore be cautious with regards to the generalizability of our results.




5 Conclusion

Based on our multi-dimensional data collection and analysis, the results from this pilot study suggest that adapted folk-dance can improve mental health and well-being, and may positively contribute to physical fitness for at-risk adolescents by offering enjoyable physical activities. The intervention also had positive effects on the participants’ experiences of community, belonging, and confidence. This suggests the potential of folk-dance to promote physical health and well-being for at-risk adolescents in schools. The challenges we faced with recruitment and data collection confirmed that this is a difficult group to study, but with effort and by meaningfully involving the school and other stakeholders, these challenges can be addressed. Future studies would do well to prioritise attention to adherence, both for attendance and also to level of involvement throughout the activity, which are limitations in our study. Our results contribute to evidence-based research on dance as a health-promoting activity to address sedentary behavior and the associated challenges with mental well-being among at-risk adolescents. With sedentary behavior and poor mental health on the rise, it is crucial to explore and implement innovative approaches in schools. Adapted folk-dance can be a powerful tool to strengthen physical and mental health, and contribute to strengthening feelings of community and confidence for at-risk adolescents.
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Introduction: School day structure has the potential to increase students’ physical activity (PA) levels and form positive attitudes about PA. Including various PA opportunities and free play possibilities in the school schedule, especially outdoor recess, can improve students’ moderate-to-vigorous PA (MVPA) levels during school time. Therefore, the main aim of the study was to investigate students’ and their parents’ attitudes about outdoor recess and PA opportunities in schools with different recess opportunities.



Methods: Students from grades three to six (9–13-year-olds) and their parents responded to a questionnaire about the effect of outdoor recess and opportunities for PA during the school day. Schools were divided into three groups based on the recess opportunities during the school day: (1) “outdoor recess”, (2) “outdoor recess on some days”, (3) “indoor recess”.



Results: Students and parents of the “outdoor recess” group had significantly more positive attitudes about outdoor recess and PA opportunities in school. Students of the “outdoor recess” group stated being significantly more active during their leisure-time compared to other groups. Parents of the “outdoor recess” group stated that the school has asked their opinion regarding PA opportunities during the school day significantly more compared to the other two groups.



Discussion: These findings emphasize the positive effect outdoor recess can have on students’ PA beliefs and habits. Parents of the “outdoor recess” group also had more positive attitudes toward PA which is important as parents most likely convey their attitudes and beliefs to their children. In addition, involving and informing parents is critical when changing the school schedule and introducing new school culture, to make the changes last.



KEYWORDS
outdoor recess, physical activity, attitudes, students, parents, school day





1 Introduction

Physical activity (PA) levels of children and adolescents have been dramatically decreased during COVID-19 pandemic (1). Lower levels of PA and cardiovascular and motor performance have been associated with poorer cognitive function and academic achievement in children (2). Children with higher cardiovascular performance show better cognitive functions which are required inside and outside the classroom, such as executive control, working memory, selective attention, and flexible thinking (3). Moreover, motor skills in childhood can play an important role in cognitive development in the future (4). Therefore, schools are ideal settings for implementing various PA interventions considering the amount of time students spend in school. Implementing PA interventions in schools holds the potential to engage all children from various socio-economic backgrounds (5), which is especially important for students whose only possibility to engage in PA is during school time. In addition, school culture and various activities included in the school schedule can be important factors in developing positive attitudes of PA and the behavioral habits of students (6, 7). However, to change different parts of school schedule and school culture, cooperation with various stakeholders is essential, especially involving parents in the decision-making process (8, 9).

School day structure plays a critical role in increasing students’ school day PA. Including various PA opportunities and free play possibilities in the school schedule, especially outdoor recess, can tremendously improve students’ moderate-to-vigorous PA (MVPA) levels during school time (10, 11). Students can acquire up to one-third of the total school time MVPA during outdoor recess (11). In addition to increased PA levels, spending time outdoors also has a positive effect on students’ cognitive functions, academic behavior, and relationships with other students (4, 12–14). However, to our knowledge, no previous study has explored how different recess opportunities and participation in outdoor recess can affect students’ attitudes of PA and academic behavior.

Systematic reviews show that physical fitness, acute PA, long-term PA interventions, and green time can promote children's cognitive functions and academic behavior (14–17), nevertheless, there is inconsistency in the findings and the impact of various factors related to PA and time spent in green spaces on cognition remain to be explored (15, 17). A meta-analysis by De Greeff et al. (16) highlighted that single-bout PA can restore attention, which is positive for learning processes, but longitudinal PA programs are more likely to improve all domains of executive functions among preadolescent children (18, 19). This emphasizes the importance of implementing changes in school schedules to provide students with more PA opportunities during school time, which in turn increases their PA levels and enhances cognitive functions.

PA during school time, especially outdoors, can have a restoring effect on students’ attention and create a more peaceful learning environment (20–23). Engaging in unstructured outdoor play provides students with a chance to reset their minds and redirect their energies (24). After a walking break outdoors students in Italy reported a reduction in perceived fatigue and a small perceived increase in their attention level in lessons, whereas only 37% of teachers reported an increase in students’ attention levels and 16% stated improved academic proficiency (20). In contrast, Haapala et al. (22) stated that most of the school staff agreed that increased PA during the school day enhanced satisfaction with school and created a more peaceful learning environment. Increased PA at recess is also related to better peer relationships and feelings of belonging (4). During active play, students develop social skills that help to establish and maintain friendships, be active team members, and guide others. Larouche et al. (25) found that every hour per day that was spent outdoors decreased the likelihood of social problems among 7–14-year-olds by 31%. Another study revealed that both parents and teachers emphasized a notable rise in behavioral issues during and after school on days when students had only indoor recess (26).

School is an important factor in developing positive beliefs about PA and PA behaviors, however, a supportive home environment is equally important. The socio-ecological model states that an individual's behavior influences and is influenced by the surrounding environment (27). Parents have the closest connection to their children and therefore can shape their behavior and habits. Consequently, parents’ awareness and knowledge about the positive effects of PA can affect students’ PA habits and behavior, which in turn has an impact on students’ cognitive functions. Pluta et al. (28) found that school-based interventions need to include family and teachers for social support for PA promotion. Moreover, parent engagement has been associated with improved child health outcomes (8, 9), and early support from parents and teachers has been reported as a significant predictor of self-promoted PA (29).

PA habits are mostly developed in childhood and carry on to adult life (30). Therefore, a school environment that supports PA and promotes positive PA habits among students can be a crucial factor in supporting students’ PA behavior during their leisure-time (31, 32). Estonian national program Schools in Motion focuses on promoting a positive PA culture in schools and increasing students’ PA levels by encouraging various PA opportunities throughout the school day (33). Outdoor recess is one of many possibilities that Schools in Motion can implement. The outdoor recess culture is relatively new in Estonia and many schools are at the initial stages of the implementation. Traditionally, in Estonia recesses are spent indoors, and the usual recess length is 10 min. Some schools allow their students to go outside during any recess, however, during the regular 10 min recess, students do not have enough time to go outside and engage in various activities. Furthermore, short recesses do not support the potential for developing positive PA habits and do not conduce to changes in school culture. Therefore, to achieve the aforementioned benefits of outdoor recess, it is important to formally include it in the school schedule to provide students with enough time to be active during outdoor recess and develop positive PA habits. This, in turn, needs changing the structure of the school day for outdoor recess to fulfil its purpose.

Previous research has investigated the effect of various school-related factors, for example, positive PA culture and the existence of various PA facilities in schools, on students’ PA habits and levels (10, 34). However, to our knowledge previous studies have not examined the effect of various recess opportunities on students’ perceptions about PA and their leisure-time PA levels. It is important to investigate the effect of recess opportunities on various PA related factors to provide stakeholders with valuable information on how changing the school day structure can influence students’ PA habits and beliefs, and academic behavior. Therefore, the main aim of this study was to investigate students’ and their parents “perceptions of outdoor recess and its benefits, and PA opportunities in schools with different recess opportunities. Additionally, to investigate whether the recess opportunities are related to students” leisure-time PA.



2 Materials & methods

The current article is part of a broader research project that aims to measure students’ PA levels with accelerometers and assess how various schoolyards with different equipment and affordances affect students’ PA levels and preferred activities during outdoor recess (35). Furthermore, the study aims to explore students’ and their parents’ perceptions about outdoor recess and its benefits, and PA opportunities in schools. To focus on how various recess opportunities are associated with students’ and their parents’ opinions about outdoor recess and PA opportunities in school, only part of the questionnaire data is presented in the current manuscript.


2.1 Participants

Initially, 19 primary schools in Estonia were contacted and 15 consented to participate in the main research project. All schools were part of the Schools in Motion program, located in different parts of Estonia, and varied in size and school day structure. All students from grades three to six (9–13-years-olds) and one of their legal guardians were invited to participate in the study. In total, 792 students (353 boys, 439 girls; age 10.5 ± 1.2 years) and 759 legal guardians (667 women, 89 men, 3 did not indicate; age 40.1 ± 6.3 years) completed the responded to the questionnaire.



2.2 Questionnaire

The questionnaire included questions about demographics, PA opportunities in school, outdoor recess, and leisure-time activities, however not all questions were used in the statistical analysis. As the focus of the current article was to explore students’ and their parents’ opinions about outdoor recess and PA opportunities in schools, only questions relevant to that are presented in this article. The questionnaire was developed and validated by the Schools in Motion program (33). The section about outdoor recess has been previously used by Brustio et al. (20) and was translated into Estonian and modified to fit the context of outdoor recess. All participants were asked to rate how much they agreed with the statements about outdoor recess on five-point Likert scale—(1) fully disagree, (2) disagree, (3) neither agree nor disagree, (4) agree, (5) fully agree. Parents were asked about their attitudes towards the opportunities and promotion of PA in their child's school. They rated the statements on four-point Likert scale—(1) not important at all, (2) not important, (3) important, (4) very important. In addition, students were asked how often they are physically active outdoors during leisure-time, whether (1) rarely, (2) 1–2 times a week, (3) 3–4 times a week, (4) almost every day, (5) every day. For the statistical analysis, responses every day and almost every day, and 1–2 times a week and rarely were grouped together to more clearly present the results of this question.



2.3 Data collection

Data collection was performed between September 2021 and December 2022. Before data collection written informed consent was obtained from all participants. Members of the research team handed out the questionnaires at school and participants, both students and parents, completed the questionnaire at home, and returned the completed questionnaire to the research team. All monitoring, collection of data, and analysis were treated anonymously and in line with ethical guidelines. The study was performed in accordance with the Declaration of Helsinki (World Medical Association, 2013), and approved by the Medical Ethics Committee of the University of Tartu, Tartu, Estonia, approval no. 330/T-7.



2.4 Data analysis

For the statistical analysis, the schools were divided into three separate groups based on the recess opportunities in schools—(1) “outdoor recess”; (2) “outdoor recess on some days”; (3) “indoor recess”. Schools in the “outdoor recess” group (6 schools; students n = 320; parents n = 309) had a daily outdoor recess in the school schedule and it was obligatory to go outside during this time. Schools in the “outdoor recess on some days” group (4 schools; students n = 229; parents n = 222) had one longer active recess every day, on some days of the school week it was an outdoor recess, and on other days it was an active indoor recess where students could access the gym or engage in other physically active activities. Schools in the “indoor recess” group (5 schools, students n = 243; parents n = 228) did not have outdoor recess as part of the school schedule, however, students were not forbidden to go outside during any recess.

SPSS software for Windows (version 29.0) was used for statistical analysis. The normality of the data was tested using the Shapiro-Wilk test. A Univariate General Linear Model (GLM) was used to examine differences in children's and their parents’ answers between school groups (mean ± SE). All models were adjusted for grade and gender. The distribution of being active (based on questionnaires) during leisure-time between school groups was analysed using Pearson Chi-Square Test. Statistical significance was set at p < 0.05.




3 Results


3.1 Students’ perceptions about outdoor recess, and leisure-time PA

Students’ perceptions about outdoor recess, and their leisure-time PA are presented in Table 1. The “outdoor recess” group had significantly more positive attitudes about outdoor recess compared to “outdoor recess on some days” and “indoor recess” groups (p < 0.05), except for the statement about concentration after outdoor recess for the “outdoor recess on some days” group. The “outdoor recess on some days” group had significantly more positive attitudes about concentration after outdoor recess and outdoor recess making the rest of the school day lighter when compared with the “indoor recess” group (p < 0.05).


TABLE 1 Students’ perceptions about outdoor recess, and their leisure-time PA (mean ± SE).

[image: Survey results table showing agreement levels for statements about recess. Statements include concentration after recess, lightness of school day, peer relationships, year-long recess, enjoyment with peers, and outdoor physical activity. Ratings cover outdoor recess, outdoor recess on some days, and indoor recess. Notable differences are indicated with symbols for significance. Values are given with a mean and standard deviation for each category, rated on a five-point Likert scale. Additional notes clarify rating adjustments by grade and gender.]

The “outdoor recess” group stated being significantly more active outdoors during their leisure-time compared to “outdoor recess on some days” and “indoor recess” groups (p < 0.05) (Table 1). 53.0% of the “outdoor recess” group indicated that they were active outdoors during leisure-time every day or almost every day, whereas the same indicator for “outdoor recess on some days” and “indoor recess” groups was 42.7% and 37.3%, respectively. A similar number of students in all groups stated being active outdoors during leisure-time 3–4 times a week (19.2%–21.4%). Almost half of the students in the “indoor recess” group (43.0%) stated being active outdoors during leisure-time for 2 times a week or less, same indicator for “outdoor recess” and “outdoor recess on some days” group was 27.9% and 35.9%, respectively.



3.2 Parents’ perceptions about PA opportunities and their involvement in decision-making

Parents’ perceptions about PA opportunities during school time are presented in Table 2. Compared to the “indoor recess” group parents of “outdoor recess” and “outdoor recess on some days” groups considered it significantly more important that the school provides PA opportunities, including outdoor recess and available equipment, for students during the school day (p < 0.05). Parents in the “outdoor recess” group agreed significantly more with statements “It is beneficial to go outside during recess” and that “Being active during recess decreases health risks of students” compared to “outdoor recess on some days” and “indoor recess” groups (p < 0.05, Table 2). In addition, 75% of parents in the “outdoor recess” group completely agreed with the statement that “It is beneficial to go outside during recess” compared to 60% and 47% of parents in the “outdoor recess on some days” and “indoor recess” groups and 52% of parents in the “outdoor recess” group completely agreed with a statement that “being active during recess decreases health risks of students” compared to 46% and 41% of parents in the “outdoor recess on some days” and “indoor recess” groups, respectively. Parents of “outdoor recess” and “outdoor recess on some days” groups agreed significantly more with a statement that “Being active during recess promotes a more peaceful learning environment” compared to parents of the “indoor recess” group (p < 0.05). Moreover, 47% and 49% of parents in the “outdoor recess” and “outdoor recess on some days” groups, respectively completely agreed with this statement compared to 38% of parents in the “indoor recess” group.


TABLE 2 Parents’ perceptions about PA opportunities during school time (mean ± SE).

[image: A table compares responses regarding recess preferences and beliefs in three categories: "Outdoor recess," "Outdoor recess on some days," and "Indoor recess." Ratings are given in two sections: importance of recess facilities and benefits of recess. Scores are on a Likert scale, with notes on significant differences among groups. Key comparisons include the importance of outdoor activities and the perceived benefits of students being active.]

Parents’ involvement in decision-making about PA opportunities in school is presented in Table 3. Parents of the “outdoor recess” group stated that the school has asked their opinion regarding PA opportunities during the school day significantly more compared to parents of “outdoor recess on some days” and “indoor recess” groups (p < 0.5). Fewer parents have cooperated with or supported the school when developing PA opportunities, yet parents of the “outdoor recess” group stated being significantly more involved compared to parents of “outdoor recess on some days” and “indoor recess” groups (p < 0.05).


TABLE 3 Parents’ involvement in decision-making about PA opportunities in school.

[image: A table compares outdoor, occasional outdoor, and indoor recess regarding opinions and cooperation in enhancing student activity. For opinions on changes to increase activity, 47% of those with outdoor recess responded "Yes," compared to 31.7% with occasional outdoor recess, and 17.1% with indoor recess. Cooperation rates were 29% for outdoor recess, 9.5% for occasional outdoor recess, and 11.8% for indoor recess. Significant differences noted between groups.]




4 Discussion

The main aim of the study was to investigate students’ and their parents’ perceptions of outdoor recess and PA opportunities in schools with different recess opportunities. In addition, to explore if various recess opportunities affect students’ outdoor leisure-time PA. Students and parents of the “outdoor recess” group had the most positive perceptions about outdoor recess and PA opportunities provided in schools. Students in the “outdoor recess” group stated being the most active outdoors out of the three groups during their leisure-time. Additionally, parents of the “outdoor recess” group had the most involvement and participation in the decision-making process about PA opportunities in school.

In the current study, recess opportunities were related to students’ and parents’ perceptions about outdoor recess and PA opportunities in school with the “outdoor recess” group having significantly more positive perceptions. Students in the “outdoor recess” and “outdoor recess on some days” groups stated significantly better concentration in lessons after outdoor recess and that outdoor recess made the rest of the school day feel lighter compared to the “indoor recess” group. Even though students in all three groups reported enjoying being active with their peers during outdoor recess, the mean answer for students in the “outdoor recess” group was 4.40 ± 0.06, which was relatively high on a 5-point Likert scale and was significantly higher than in other two groups (p < 0.05). Previous research has also found that recess is positively related to peer relationships and on days of outdoor recess, students had less social problems with each other (4, 26). In addition, outdoor recess can have a positive effect on students’ attention and concentration; however, available data is contradictory depending on the type of schoolyard. Van Dijk-Wesselius et al. (21) found that after the greening of the schoolyards students’ attention restoration score improved more compared to the control group whose schoolyard did not go through the greening process. Similarly, Amicone et al. (36) found that students’ attention improved after spending the recess in green schoolyard and decreased after spending recess in the artificial schoolyard. One of the most common reasons that school staff and parents state not including outdoor recess in the school schedule is due to weather and the appropriate clothing. However, the results of the current study indicated that students in the “outdoor recess” group agreed that outdoor recess should be all year long. This result emphasizes that when the outdoor recess culture has already been formed in school, the weather and the clothing are not a hindrance anymore, and students willingly go outside throughout the year with every weather.

Students spend the majority of their day in school; therefore, school can be an important influencer of students’ PA habits. Students in the “outdoor recess” group stated being significantly more active outdoors during their leisure-time compared to the other two groups. Schools that recognize the importance of the PA, provide their students with various PA opportunities throughout the school day which in turn can help to form positive PA habits which transfer to students’ everyday life and their leisure-time. Therefore, students in the “outdoor recess” group might estimate their leisure-time outdoor PA higher than students in other two groups. However, students self-reported their leisure-time outdoor PA levels and objective data might not support it, as both children and adults tend to overestimate their PA levels when asked to self-report (37). Hence, further research should objectively measure leisure-time PA levels to assess outdoor recess’ relation to leisure-time PA levels.

Changing the schedule of the school day by providing various PA opportunities during the school day, including outdoor recess, increases students’ school time PA levels which in turn increase their daily MVPA (10, 11). The systematic review by Sanches & Gallego (10) found that the school time MVPA contributes to more than 40% of the daily MVPA. These results clearly emphasize the importance of outdoor recess and a school schedule that involves various possibilities for PA to increase students’ MVPA levels. This is critical for students who do not have the possibility to be active after school, especially outdoors.

Family has an important role in shaping children's PA habits and beliefs (27). If parents have positive perceptions about PA, they are more likely to convey these beliefs and perceptions to their children. In the current study, parents of the “outdoor recess” group had significantly more positive perceptions of outdoor recess and its benefits compared to other two groups. However, parents of the “outdoor recess on some days” group had significantly more positive perceptions and beliefs compared to the “indoor recess” group. Parents of the “outdoor recess” and “outdoor recess on some days” groups stated that the school has asked their opinion about developing PA opportunities in school significantly more compared to the “indoor recess” group. Possibly schools that provide outdoor recess every day or on some days have informed parents more about the benefits of outdoor recess and the overall PA, and therefore have more positive perceptions about outdoor recess, PA, and its benefits. Hence, involving and informing parents is critical when changing the school schedule and introducing new school culture, to make the changes last. Previous studies have also found that parent engagement and support were associated with improved child health outcomes and were predictors of self-promoted PA (8, 9, 29).

Some strengths and limitations of the current study should be addressed. The strength of this study is a relatively large sample of students and parents who participated in the study. Furthermore, the study included different schools with various recess opportunities. One limitation of the study is that students subjectively rated their leisure-time outdoor PA, and outdoor recess’ effect on concentration and making the school day feel lighter. In addition, some parents might not be informed about everything that happens at the school. Also, all participating schools have somewhat different schoolyards, which can affect students’ opinions about outdoor recess and the activities they can participate in during outdoor recess.

In conclusion, the results of this study indicate that schools that provide the possibility to go outside during the school day can have a positive impact on students’ perceptions and beliefs about outdoor recess and PA. Therefore, the school schedule should be changed in a way that provides students with the opportunity to go outside and be active in the schoolyard during school time. Initially, outdoor recess can be provided on some days of the school week. However, to maximize the benefits of outdoor recess, eventually students should have the possibility to participate in outdoor recess every day all year long as it improves their attention, academic behavior, relationships with peers, and attitudes about PA. In addition, involving more parents in the decision-making process about PA opportunities in school helps to modify parents’ perceptions and beliefs about PA opportunities in school. Students and their parents in schools with outdoor recess every day had the most positive perceptions about outdoor recess and PA opportunities in school. In order to change the behavior, it is essential to change the attitudes first. Therefore, the results of this study emphasize the impact of outdoor recess on students’ perceptions and beliefs which in turn can also influence their PA levels. Furthermore, informing parents about the positive impacts of PA and outdoor recess and involving them in decision-making processes in school is critical in changing the school culture and making the changes last.
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Introduction: Physical fitness is associated with health-related quality of life, especially among youth. Although schools play an important role in promoting children's physical activity, in Italy the lack of qualified physical education teachers in primary schools may be compromising children's achievement of recommended levels of physical activity.



Methods: To test that possibility, we measured the physical fitness of 170 children (i.e., 79 boys and 91 girls) 6-10 years old in two schools in Cadore, Veneto, in northeast Italy, using the Physical Fitness Test, a tool developed in Norway and previously used among children there and in Lithuania. Teachers in Italy also assessed their students' physical fitness, and their rankings were correlated with the children's test results. The test battery included nine elements: a standing broad jump, hopping 7 m on both feet, hopping 7 m on one foot, throwing a tennis ball, pushing a medicine ball, climbing wall bars, a 10 × 5 m shuttle run, a 20 m run, and a 6 min Cooper test.



Results: Test scores generally increased with age and more steeply among boys than girls, and boys outperformed girls on most items. Children in Italy performed similarly to children in Norway but outperformed ones in Lithuania on nearly every item across sex and age groups. The correlation between teachers' predictions and the actual test results was rather low for boys (.538, p < .001) and even lower for girls (.360, p < .001).



Discussion: Data revealed similar results in physical fitness between the three countries, albeit with some differences for individual items. However, primary school teachers in Italy assessed physical fitness rather poorly, possibly due to their lack of specific academic training in physical education and thus limited perception of physical fitness compared with academically trained physical education teachers. Last, because the procedure for categorizing children by age may significantly affect the results and subsequent between-group comparisons, researchers comparing children in different age groups should report their procedures for categorizing age.
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1 Introduction

Physical fitness (PF) is important for maintaining good health and preventing early death from a range of diseases (1). PF stems from physical activity (PA) (2), which partly explains why the World Health Organization (WHO) and national health authorities in most countries have launched strategies for increasing PA in populations worldwide (3). Children's PA is particularly important due to its short-term effects on PF, and evidence shows that individuals who are physically active as children are more likely to maintain their PA level into adulthood (4). In fact, enhancing PF levels among children has been found to reduce the risk of not only overweight and obesity throughout puberty (5) but also noncommunicable diseases later in life, including cardiovascular disease, cancer, diabetes, and various chronic respiratory diseases (3).

By comparison, low PF levels are related to vulnerability, defined as “a dynamic process of stress and resources across various domains of life, levels, and time” (6), and relatively poor academic outcomes (7). Beyond that, a sufficient level of PF is considered to be important for children's development and maintenance of physical, physiological, psychomotor, and psychosocial functions (8), while a high level of cardiorespiratory fitness is associated with better mental and skeletal health (9).

Although PF is partly predetermined by genetic factors, there are vast possibilities for change depending on the level of regular PA (2). According to the WHO's recommendations, a daily average of 60 min of moderate to vigorous PA, mostly aerobic, among 5–17-year-olds is associated with better physical, mental, and cognitive health (10). Moreover, data have shown that more time spent in moderate to vigorous aerobic PA and muscle-strengthening activities can increase cardiorespiratory fitness and muscular fitness, respectively, with additional evidence showing adjunctive benefits that result in a combination of both. By contrast, according to the same review, an association exists between time spent sedentary and adverse health outcomes (10). For adults, suggested levels of PA are communicated as weekly volumes of aerobic and strengthening activity, for a recommended average of 150–300 min of moderate PA, 75–150 min of vigorous PA, or a combination of the two. Aside from aerobic PA, 2 or more days of moderate or vigorous muscle-strengthening PA per week can provide additional health benefits (10). Thus, the primary differences between recommendations for children and for adults concern the total volume, intensity, and type of PA, and although the WHO recommends that children engage in PA every day, its guidelines do not specify the recommended intensity of PA.

However, at odds with PA and thus PF, modern society continues to facilitate sedentary lifestyles in work, play, and even transportation (11). Indeed, a recent systematic review revealed a decrease in cardiorespiratory endurance in the general human population, particularly from 1986 to 2012 (12), and in 2016, 80% of children and adolescents worldwide did not fulfill the mentioned WHO guideline of 60 min of moderate to vigorous PA per day (13). Furthermore, in a study assessing sedentary time and levels of light, moderate, and vigorous PA among 686 boys and girls 10–12 years old in five European countries (i.e., Belgium, Greece, Hungary, the Netherlands, and Switzerland), girls were found to spend significantly more time sedentary and significantly less time in light or moderate to vigorous PA than boys (14). By sex and country, the most sedentary children were boys in Greece and girls in the Netherlands, and overall, only 4.6% of the girls and 16.8% of the boys met the WHO's recommendations. Even though children in countries such as Finland and Canada have unexpectedly shown improved strength and cardiorespiratory levels in other studies, those findings do not shift the general trend (2).

Meanwhile, in Italy, the EpiCentro Indagine 2019, an annual survey conducted by the Italian National Institute of Health, revealed that 20.4% and 9.4% of children aged 7–8 years were respectively overweight and obese (15). Moreover, in 2006, children in Italy ranked among the worst performers on the Léger test (16)—a 20 m shuttle running test that is commonly used to measure cardiorespiratory health (17)—whereas children in Northern European countries achieved the best results (18).

To combat those negative trends, schools could play a more active role in promoting an environment that facilitates PA and thereby helps children to meet recommended levels for PA (19). However, doing so requires physical education (PE) teachers to possess sufficient knowledge about PA, as well as about how to effect changes in the PA of their students. Unlike in many European countries—for example, Spain, Belgium, Latvia, and Greece (20)—such criteria have not always been met in Italy's primary schools, where teachers need no specific qualifications to teach PE (21). Against that trend, the Italian government recently enacted new regulations in primary schools that require any instructor who teaches PE to possess formal PE education. Introduced in the 2022–2023 academic year and initially taking force in the fifth grade (i.e., 9–10 years old), the regulation marks a rather significant step toward increasing children's awareness about the importance of PA and thus motivating them to be physically active (22). However, the development has raised questions about whether the current generalist teachers possess the required knowledge about PA and about teaching PE, as well as whether specialist teachers with a background in sports and professionals educated in sports science possess the skills needed to interact with children or the didactic skills needed to teach PE (21).

Aside from planning and teaching, which represent the ability to effectively organize and engage students, a third factor to be included in the PE teacher's professional tool kit is the ability to assess children's performance (23). In fact, the authors argued, the skills required for evaluating children in PE at school include a combination of both theoretical and practical knowledge in the field being of assessed and the ability to administer test batteries for PF and motor skills.

In past decades, the many tests for PF, mostly developed for adults, may have compromised the results obtained for children as well as complicated comparisons between groups such as national populations (24). Even more problematic, those tests often require sophisticated machinery and equipment that is usually available only in specialized laboratories. As a consequence, it has been difficult to provide sufficient data and conduct longitudinal studies. For those reasons, Fjørtoft et al. developed a simple test suitable for children 5–12 years old that is easy to administer and aimed at providing reliable, objective, quantitative data about PF (25). To date, the test has been used in Norway (25–29), Lithuania (30), and Iceland (31), while individual items retrieved from it have been used in other countries, including Italy (32–34). The test involves performing everyday functional tasks, assessed in terms of strength, endurance, motor coordination, balance, and agility. Furthermore, by including both the upper and lower body, the test considers all physical functionality (18).

In their validation of the test, Fjørtoft et al. asked an experienced PE teacher to rank the children in his class according to his perception of their PF and correlated the teacher's assessment with the children's test scores (25). The very high correlation indicated that the test could not only measure PF according to a construct similar to the one undergirding the teacher's assessments but also allowed observing and assessing the children's PF such that it corresponded with test results. Thus, the same strategy could be used to assess the ability of other teachers to perform similar assessments.

Considering all of the above, we wanted to measure the PF of children in Italy with Fjørtoft et al.'s (25) test to determine whether it would generate results similar to what previous studies have shown using the same test. We also wanted to determine whether the test results would correlate with teachers’ assessments of their students’ PF and thus whether the teachers’ perception of PF matched the perception measured by the test. If so, then the easy-to-use test could be used to compare children's PF between schools in Italy and to make cross-national comparisons when the same test has been used. Beyond that, the test results could aid teachers in Italy in assessing their students’ PF. At the same time, although some studies have used the mentioned test, because none of them investigated children in Italy, we did not know what results to expect. Moreover, those studies had diverse research questions and differed from each other and our study in many ways. Thus, our study's design was exploratory, no specific hypotheses were tested, and as in previous similar studies, we sought to include a similar number of children.



2 Materials and methods


2.1 Participants

Children in 14 classes from two primary schools in Cadore, Veneto, in northeastern Italy participated in our study. Permission was formally obtained from both schools’ principals, and teachers were informed about the study's procedure. Written informed consent was obtained from parents based on information about the benefits and risks of participating in the study. Of the 184 children whose parents provided consent, 170 children (i.e., 79 boys and 91 girls) who met the inclusion criteria (i.e., having no particular diseases and being able to perform the test) were included in the study. As for the 14 others, 11 children were absent from school on the test day, one withdrew from the test, and two were excluded due to being outside the age range. The age groups ranged from 6 to 10 years—that is, approximately from the first to fifth grade (M = 8.69, SD = 1.5). Table 1 shows the distribution of the children by age group, with the mean (M) and standard deviation (SD) of the age on test day (i.e., relative age) and anthropometric measures.


TABLE 1 Mean (M) and standard deviation (SD) of age on test day and anthropometric measures by age group.

[image: Table showing statistics on age groups 6 to 10, with counts for males and females. It includes mean (M) and standard deviation (SD) for age at test, height in meters, weight in kilograms, and body mass index. Data indicates a general increase in all metrics with age.]

The study was conducted in accordance with the Declaration of Helsinki and approved by the Norwegian Regional Research Ethics Committee (Application No. 381916) on November 24, 2021.

The Norwegian PF test involves nine items (25): jumping as far as possible with both feet (i.e., measured in cm), hopping 7 m on two feet as fast as possible (i.e., measured in s); hopping 7 m on one foot as fast as possible (i.e., measured in s); throwing a tennis ball with one hand as far as possible (i.e., measured in m); pushing a 1 kg medicine ball with both hands as far as possible (i.e., measured in m); climbing up, crossing, and climbing down wall bars as fast as possible (i.e., measured in s); performing a 5 m shuttle run 10 times as fast as possible (i.e., measured in s); and a 6 min Cooper test (i.e., measured in m). Each child's age (d/m/y), sex (b/g), height (m), and weight (kg) were also collected as prescribed in the test manual (25). The materials used during data collection were a digital stopwatch, a digital scale, a measuring tape, masking tape, cones, gym mats, four-column wall bars, a 1 kg medicine ball, and a tennis ball. Because one of the schools was not equipped with wall bars, 117 children did not perform the wall-bar climbing task. Altogether, the nine test items measure a range of different aspects of PF, including power, strength, and endurance; thus, intraclass correlations between items range from.31 to.85 (25). However, correlations between individual items and the total score are much higher and range between.65 and.85 (25). Moreover, because the test aims to measure functional PF and present test items that are familiar to children and easy to understand, the test seems to measure a construct of PF that teachers recognize and perceive as being representative of PF. Last, no expensive equipment is needed, and the test can be administered by individuals without specific education or training (25).

As mentioned, the PF test Fjørtoft et al. (25), which was originally developed in 2003, has since been used in studies conducted in several different countries. The test's items were also sampled from previously published tests and test batteries, which increases the validity. Many of the items have later appeared in still other test batteries, including for example the 20 m shuttle run and the standing long jump, which are used in the more recently developed FitBack program (35). The PF test was chosen because it was simple and needed no expensive equipment. Most importantly, it seems to measure a construct of PF that corresponds well with the perception of PF of practitioners in relevant fields, and it uses test items that are familiar to children. Moreover, in Fjørtoft et al.'s (25) article, the test results of children from one class were compared with their PF as assessed by their PE teacher, who ranked 10 boys and 10 girls according to his perception of their PF and found that the assessments correlated highly with their test scores (i.e.,.93 for girls and .90 for boys). In our study, we wanted to use the same procedure among teachers in Italy to determine how well their assessments correlated with the PF test and thus whether their perception of PF was similar to the perception of the teacher in Norway. In fact, our research question concerning the teachers’ ability to assess children's PF was inspired by Fjørtoft et al.'s article.



2.2 Procedure

Participating children were tested during school hours in their school gym or schoolyard during a 1-week period in March. All nine test items were performed on the same day by every child, each of whom was asked in advance to wear comfortable clothing to school. Following the test procedure (25), each item was administered individually, except for the reduced Cooper test, which was performed by the entire class at the same time. After height and weight measurements and before data collection with the test, a 5-minute warm-up session was held, after which each item was explained and demonstrated before measurement was performed, and, aside from the three runs, each participant had two attempts, the best of which was scored. In rare cases in which a child made two procedural errors or could not perform an item, the item was scored as “Failed.” Ultimately, 16 children had a total of 19 failed items out of 1,400 total. As mentioned, many of the children did not perform the wall-bar climbing task because their school had no wall bars. The item was nevertheless included in the overall z score, but between-group differences in climbing the wall bars are not discussed in this article.

Teachers were also asked to rank the boys and girls in their class separately based on their perception of each child's overall PF level relative to their peers (i.e., 1st = most physically fit, 2nd = second-most physically fit, etc.), without being provided with any knowledge about the test or the individual items. Those predictions were compared with test results by correlating the two ranks for each class.

Although none of the teachers had formal education in PE, a few had completed short courses, and some may have had other sports-related skills. However, only information about their formal education was collected in our study.



2.3 Statistical analyses

Statistical analyses were performed using IBM SPSS version 27.0 for Windows. We used the Kolmogorov–Smirnov test for normality, the two-sample t test for normally distributed means comparisons, the Mann–Whitney U-test for comparisons of non-parametric means, the Hodges–Lehmann estimator for the confidence interval (CI) of the difference in the distribution of non-parametric means, linear regression analyses, and the Kendall tau-b correlation for ranks. Every element of the test was converted to a z score, and to that end, test elements measured as time spent were transformed using the formula 1/score, such that higher scores always indicated better results. A total score for each child was calculated as the average of the z scores for each item on the test successfully completed (25). The normality of distributions was analyzed with the Kolmogorov–Smirnov test and interpretations of histograms, while the presence of outliers and skewed distributions required using non-parametric tests. A p value equal to or less than.05 was considered to indicate statistical significance.

Missing data were treated as missing, which reduced the N value for the relevant variables. Most missing data were missing due to the lack of wall bars in one of the schools, which prevented testing the wall-bar climbing task; however, because the lack was considered to be a random event, the item was kept in the analyses and is reported in tables but was not used to make any conclusions about between-group differences except as part of the total z score due to the smaller N value.




3 Results

Table 2 shows the M and SD for each item on the PF test performed by boys and by girls, as well as the p value and 95% CI for the mean difference (MD). Apart from hopping on one foot, hopping on both feet, and climbing the wall bars, boys performed significantly better on all test items than girls, as detailed in Table 2. Using a non-parametric test was necessary due to some skewed distributions and the presence of outliers.


TABLE 2 Mean (M) and standard deviation (SD) of test elements for boys and girls with relative p value and 95% confidence interval (CI) of the mean difference.

[image: Performance test results table for various physical activities, comparing male and female data. Columns include test item, total means (M), total standard deviations (SD), sex, sample size (N), means (M), standard deviations (SD), p-values, and ninety-five percent confidence intervals (CI). Activities include standing broad jump, hopping on one foot, and others, with significant p-values indicated.]

Figure 1 presents a scatterplot of the total z scores, which show an increase with age for both boys and girls. Despite some outliers, the total score increased linearly with age and more rapidly for boys than for girls. That trend indicates that older children performed better than younger ones, as aligns with the nature of the test. Whereas 6-year-old boys and girls showed very similar test results, 10-year-old boys achieved significantly higher mean total scores than 10-year-old girls (p = .039, 95% CI: −0.695, −0.019). The Kolmogorov–Smirnov test for normality and the relative histogram showed that total scores were normally distributed (p > .2).


[image: Scatter plot showing the relationship between age and total final score, differentiated by gender. Blue dots represent males, pink dots represent females. Trend lines indicate positive correlation for both genders, with males having R^2 = 0.302 and females R^2 = 0.520.]
FIGURE 1
Scatterplot of z scores for the overall test across age groups (N = 170), with a linear regression representation for boys (r = .351) and girls (r = .520).


Next, Table 3 shows results for individual items for both sexes across all age groups. A general increase in scores with age emerged for all test items for boys as well as girls. Statistical tests for comparisons were not viable, however, due to the small number of children in each subgroup.


TABLE 3 Mean (M) and standard deviation (SD) of test elements across sex and age groups.

[image: Table displaying physical test item results categorized by sex (M/F) and age groups (6-10 years). It shows mean (M) and standard deviation (SD) for various activities, including standing broad jump, hopping, throwing, and running.]

Figure 2 shows the correlation between the ranks based on the total test score and the teacher's ranking. The scatterplot does not indicate a particularly high correlation between the two ranks for boys but does indicate a rather low correlation for girls, as confirmed by the Kendall tau-b test, which revealed a correlation of .538 (p < .001) for boys and.360 (p < .001) for girls.


[image: Scatter plot showing test ranks against teachers' ranks, differentiated by gender. Males are represented by blue dots, and females by pink dots. The data is spread across ranks one to thirteen, with a notable concentration in ranks one to five for both genders.]
FIGURE 2
Scatterplot of the correlation between test rank and teacher's rank divided by sex.


Last, Table 4 shows the M and SD in age on the test day according to different age-based categorizations, namely age cohort (i.e., grade) and absolute age on the test day; whereas the first categorizes children born in the same calendar year in the same group, the second categorizes children according to their age on the day when they were tested (6 years = 6.01–6.99 years). Unsurprisingly, the average age of all age groups when categorized as age cohort was significantly higher than when categorized as absolute age, as detailed in Table 4. Furthermore, the distribution of children into the respective age categories was altered. Categorizing by age in our study was based on class in school; for example, 41 children were considered to be 6 years old, whereas only 31 children were considered to be 6 years old when their chronological age determined the age category. In fact, every age category had a different average age when the categorization procedure was changed, and no age group contained the same number of children across procedures. All differences were significant (Table 4).


TABLE 4 Mean (M) and standard deviation (SD) of children by age on the test day based on age group (i.e., 6–10 years old) and absolute age (i.e., 6–11 years old), with the relative p value and 95% confidence interval (CI) of the mean difference.

[image: Table showing the age groups, sample sizes, mean age at test, and standard deviations for two data sets. Columns include age group, number of participants, mean, and standard deviation for each age group. A significance level column marked "p" provides values, with accompanying 95% confidence intervals.]



4 Discussion

The results show that test scores generally increased with age and more steeply among boys than girls. Boys also outperformed girls on most items, especially in the oldest age groups. Meanwhile, children in Italy performed similarly to children in Norway but outperformed ones in Lithuania on nearly every item (25, 30). However, the correlation between teachers’ predictions and the actual test results for boys was low (.538, p < .001) and even lower for girls (.360, p < .001). The data additionally revealed similar results in PF between the three countries, albeit with differences for some individual items (25, 30). Last, we found that using different procedures for categorizing age affected the results significantly and produced different results between age groups.

As expected, PF, indicated by average total scores, increased with age. Boys generally outperformed girls, mostly on explosive strength and cardiorespiratory fitness, which reflects trends found in samples from Norway and Lithuania (25, 30). PF reference standards for children in Europe show that older children perform even better than younger ones on PF test items, when they involve speed and lower- and/or upper-limb strength (36), which aligns with processes of growth, maturation, and motor development (37). In our study, despite scores that generally increased with age, individual variability was considerable, especially among 10-year-olds. Whereas 6-year-old boys and girls showed highly similar results, among 10-year-olds boys significantly outperformed girls (p = .039, 95% CI: −0.695, −0.019). That finding might be explained by girls’ low participation in vigorous PA compared with boys (38), a difference that increases with age. For example, a 50% decrease in PA levels among girls vs. boys 6.5–9.5 years old was reported in 1998 (39). Moreover, in a 2012 study, boys showed greater explosive strength than girls in both upper and lower limbs (40), which may explain why they outperformed girls in our study on all items apart from hopping on one foot, hopping on two feet, and climbing the wall bars. In a 2000 study, the habitual PA level of 2,379 girls also declined by 83% from the ages of 9–10 years to 18–19 years (41), while in 2001 a significant decline in PA was observed from 10 to 16 years of age, when children in general but especially girls were found to spend 75.5% of their days in inactive routines (42).

The performance of children in Italy vs. in other European countries assessed using the same test shows some general trends despite our inability to make statistical comparisons with other countries. First, 4–12-year-old children in Norway slightly outscored their peers in Italy overall due to the age difference, for the sample from Norway included 11- and 12-year-olds whereas Italy's did not (25). The two samples were rather similar regarding anthropometric measures for age groups spanning 6–9 years, whereas 10-year-olds differed considerably. On average, children in Italy were taller (MD = 6.3 cm, 4.3%) and heavier (MD = 10.8 kg, 24.4%) and had a higher body mass index (BMI; MD = 3.6, 17.7%) than their peers in Norway (25). Children in both Italy and Norway showed incrementally higher final scores with increasing age, which fully aligned with expectations based on knowledge about children's growth. On average, children in Norway performed better in throwing a tennis ball, in climbing wall bars, and on the reduced Cooper test, whereas ones in Italy performed better in the standing broad jump and shuttle run. Those results may indicate a difference in musculoskeletal fitness between the two countries, manifested as superior upper-limb strength among children in Norway and, by contrast, superior lower-limb strength among children in Italy (25).

Similar to children in Italy and Norway, older children in Lithuania performed better (30). On individual items, children in Italy of both sexes performed better across all age groups except in throwing a tennis ball (i.e., among boys), climbing the wall bars, and performing the reduced Cooper test. Children in Italy also demonstrated better overall upper- and lower-limb musculoskeletal fitness than ones in Lithuania (30). Moreover, apart from climbing the wall bars and the reduced Cooper test, all average results among 6-year-olds in Italy were better than for ones in Lithuania, even if the anthropometric measures of weight for the age group were the same and with children in Italy being taller by only 1 cm on average (30). Those results encourage further investigations on participation in PA among preschoolers in Italy vs. Lithuania. Again, 9-year-olds in Italy performed better on all test items, except for climbing the wall bars (i.e., for boys) and the reduced Cooper test (i.e., for girls); however, 10-year-olds of both sexes performed very similarly between the countries (30). As before, 9-year-old children in Italy were taller (MD = 2.5 cm, 1.8%) and weighed more (MD = 2.58 kg, 8.1%) on average, which may explain those results. Despite similar performances on nearly all items, 10-year-olds in Lithuania outperformed ones in Italy in throwing a tennis ball and on the reduced Cooper test (30). The differences in the age group's BMI could explain the differences on the reduced Cooper test; indeed, 10-year-olds in Italy had a far higher average BMI (i.e., 20.3) than ones in Lithuania (i.e., 17.8) (30). However, the same anthropometric values cannot explain differences in throwing a tennis ball, because children in Italy did not seem to benefit specifically from their superior stature.

Meanwhile, children in Norway and Lithuania outperformed children in Italy on the reduced Cooper test. Those results align with past findings comparing the performance of children from 37 countries using the Léger test (16) to assess maximal aerobic power (17). In that study, children in Italy were among the worst performers, whereas children in northern European countries were among the best. As with the reduced Cooper test, climbing the wall bars and throwing a tennis ball were performed better by children in both Lithuania and Norway than ones in Italy, possibly owing to the former's superior upper-limb strength and/or coordination. In either case, the results recommend more cross-national studies on children's physical fitness. Those studies should include more complex, and multidimensional, variables in addition to the usual measuring of strength and endurance.

Although Italy was the European country with the highest prevalence of obese and overweight children less than 10 years old in 2014 (43), the mentioned comparisons revealed rather slight differences in PF possibly because we included children from Cadore, Veneto, a region with particular cultural importance considering PA. In 2021, Veneto ranked among Italy's most physically active regions, one where 31.4% of people more than 3 years old practice sports regularly (44). Therein, Cadore is not a city but an agglomerate of small villages within the Dolomites where children are free to explore and experiment by immersing themselves in the natural environment. Because ample green spaces, woods, and fields are available for engaging in PA and pollution and car traffic are extremely low, parents allow their children to play outside independently at a young age. Moreover, the proximity to Cortina d’Ampezzo and Val Comelico and access to Olympic facilities also influence local participation in winter sports, and the region indeed produces many elite athletes.

Despite the major general influence of sports in Veneto and across Italy, the country has no specific academic curriculum for PE in primary schools (21). That circumstance prompted our second research question, for which we asked teachers to rank students in their class based on the children's perceived PF. Interestingly, the correlation with the ranking from the test results was low for girls (.360) and not high for boys (.538), although the top-three rankings almost always matched exactly, especially for boys. Because some classes had few children, ranking them was easy; however, the correlation in larger classes was sometimes extremely low, especially when more than 10 children had to be ranked. By comparison, the higher correlations between the rankings of 10 boys (i.e., .90) and 10 girls (i.e., .93) assessed by one teacher in Norway may be because Norway requires specific qualifications for PE teachers in primary schools (25, 45).

Although Italy's national guidelines promote the harmonious development of the body through PA, which motivates experimentation with sports, develops self-knowledge of the body, teaches postural habits, and allows discovering different contexts for rhythm, dance, and music (46), teachers in Italy lack specialized training in PE. Furthermore, gyms typically lack the necessary equipment, and the limited curricular time dedicated to PE makes the abovementioned ambitious goals difficult to reach (21). As also mentioned, PF was rather similar on average among children in Italy vs. Norway, possibly given the region in Italy studied, where participation in PA is widespread. Because teachers in primary schools in Lithuania teach pupils all subjects (47), the absence of teachers specifically qualified in PE may also explain differences in PF across age groups and sexes vs. children in northern Italy and Norway. Indeed, to guarantee 9- and 10-year-old children a sufficient level of PF, a 2021 study highlighted the importance of having qualified PE teachers in Lithuania's primary schools and emphasized how schools may play a key role in that effort (48).

In data analysis, we also made a potentially important observation about categorizing children into age groups. In studies with schoolchildren, every child's age has typically been set as that of their age cohort, such that all first-graders are categorized as being 6 years old, second-graders as being 7 years old, and so on, or else their absolute chronological age has been applied (e.g., a child is 6 years old until their 7th birthday). Procedures of categorization can affect the average results for each age group and thus make comparisons difficult across different categorizations and, in turn, different studies. Table 4 shows how different categorizations of children in our study might have altered the average age and our results. All ages based on absolute chronological age were significantly higher than when based on age cohort, as detailed in Table 4. A third possible categorization involves using chronological age on the test day, which may again produce different results. In fact, two children in the same age cohort may be a year apart in chronological age. That categorization based on age cohort explains the relative age effect (49), which favors children born earlier in the calendar year because they are bigger and more developed on average (50). Such older children have been shown, for example, to receive better grades in PE (51), and the relative age effect also greatly affects scores of PF measured among children (52).

Fjørtoft et al.'s article introducing the test that we used neither specifies how they categorized age nor advises how it should be categorized (25), and the same is generally true in studies examining children in age groups (38, 53, 54). Because comparing results across studies is difficult even when the same test or instrument is used, all studies on children that categorize them by age should do so according to the same criteria, or at least specify which criteria for categorization were applied, in order to prevent the misinterpretation of results. Considering such potential differences in age categorization, it is also uncertain whether published comparisons are reliable, including international ones.

Some limitations of our findings warrant mention. First, our study's sample may not represent Italy's population, because data were collected in a selected area in northeastern Italy, where a different cultural and social environment could have affected the results. Second, statistically comparing children in Italy with children in Norway and Lithuania was impossible, because the age groups studied did not align. In fact, no studies conducted in Norway have distinguished age groups but have instead presented overall results for 4–12-year-olds (25), 5–6-year-olds (27), 4–6-year-olds (28), 9- and 12-year-olds (29), and 11- and 12-year-olds (26). Third, each subgroup included a small number of children, and any between-group differences (i.e., by age or sex) in the data from Italy should be interpreted accordingly. Moreover, many children in our study did not perform the wall-bar climbing task, which also colored our results. The item nevertheless remained in the data set and factored into the total score, because 52 children did in fact perform the item, and their results did not differ much from the children from other countries, similar to all other items. In that light, the results for the wall-bar climbing task are probably as reliable as the results for the other items and should not have significantly affected the total score. Even so, we cannot compare results for that item for any smaller groups, including age- or sex-based groups, or compare the performance on the wall-bar climbing task between countries. The reader should also be aware that the test results from other European countries that we compared with our results were from studies conducted a few years ago, which might have affected our results had relative between-country changes in PF occurred during the interval between the results. That problem is common when comparing results between different studies, including review studies, or when data are pooled, as in meta-analyses and in large databases.

Further investigations need to pinpoint potential differences in PF between children in southern and northern Europe depending on age and sex, especially in relation to cultural and social differences. Researchers also need to identify potential differences in PF at primary schools with and without qualified PE teachers. After all, the limited ability of current teachers to assess children's PF could affect PF, and the results could also inform debates, for example, about new national regulations in Italy. Last, researchers examining children's PF should clarify how they have categorized age so that results from the same test batteries can be compared.



5 Conclusions

The scores on the PF test for children in northeastern Italy were similar to scores reported for children from other European countries who had taken the same test. Thus, there seems to be little difference between the PF of children in Italy, at least ones from the northeastern region Cadore, and the PF of children in several other European countries.

Teachers’ assessment of their students’ PF in Italy did not correlate particularly well with actual test scores, especially for girls. Although that finding is interesting insofar as PE is important for promoting PA and thus increasing children's PF levels, it cannot be taken as direct support for the regulation that teachers need to have education in PE in order to teach PE. It might nevertheless signal that teachers in Italy, at least those who participated in our study, have a slightly different perception of PF than what the test measures.

Our study’s results also indicate that research reporting results from tests comparing children in different age cohorts or from studies on the development of PF in a population over time should describe how the children were categorized by age, for the results may vary depending on the different categorization procedures and may thus make comparisons unreliable.
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Background: In recent years, an increasing number of scholars have begun to focus on the relationship between children's motor development and school activities, with the relationship between children's fine motor skills and academic achievement being a particularly researched area. However, due to different research perspectives among scholars, the results in this field have been somewhat controversial. Therefore, this study aims to delve deeper into the relationship between children's fine motor skills and their various academic abilities through systematic review and meta-analysis.



Method: English databases (PubMed, Web of Science, Embase) and Chinese databases (CNKI, Wei Pu) were searched, and a quantitative meta-analysis was conducted using STATA software, along with a systematic descriptive analysis of the included literature.



Results: From the 1,147 documents retrieved, 11 studies were ultimately included. All meta-analysis results are significant, and there is a medium correlation between fine motor skills and reading ability, a larger correlation is observed with mathematical ability. In the subgroup analysis of each fine motor skill component and academic ability, except for the fine motor coordination, which shows only a small correlation with reading ability, the variables in the other subgroups all exhibit a medium degree of correlation. Notably, the correlation between visual-motor integration and mathematical ability is the strongest in subgroup (r = 0.47).



Conclusion: The meta-analysis provides evidence supporting a positive and statistically significant correlation between preschool children's fine motor skills and learning outcomes. However, the scope of academic abilities examined in this domain is predominantly confined to mathematics and reading. Moreover, existing research largely focuses on surface-level correlational analyses, necessitating deeper exploration into the underlying mechanisms.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, identifier (CRD42023415498).
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1 Introduction

The early stages of a child's development lay the groundwork for their physical, cognitive, social, and emotional growth, with numerous factors during this period influencing their future achievements (1). Of particular significance is the role played by early motor development in shaping a child's lifelong progress. Motor skills acquired during infancy provide infants and young children with opportunities to engage with the world. Through activities such as crawling, touching, and grasping, children perceive and comprehend their surroundings. Consequently, the development of motor skills offers essential support to cognitive advancement in early childhood (2, 3). Several neuroscience studies have indicated that there is a certain connection between motor and cognitive development; both motor and cognitive activities commonly activate the cerebellum and the dorsolateral prefrontal cortex (4, 5). Motor activities can be broadly classified into two categories: gross motor skills and fine motor skills. Gross motor skills encompass fundamental movements such as walking, running, jumping, and throwing, executed using large muscle groups or body parts (6). Concurrently, cognitive and gross motor skills (fundamental movement skills) share a sensitive developmental phase, with prior research demonstrating a substantial positive correlation between cognitive abilities and gross motor skills (7, 8). Fine motor skills involve precise movements of small muscles, primarily the hands and fingers, to accomplish specific tasks in coordination with psychological processes like perception and attention (2). The development of fine motor skills in children is intricately linked to cognitive enhancement, where the acquisition of fine motor skills lays the foundation for higher-level cognitive activities, while improved cognitive abilities facilitate the refinement of fine motor skills (9–13).

While the relationship between gross motor skills and academic development in young children has been extensively explored, research on fine motor skills remains relatively limited. Nonetheless, recent evidence has indicated that fine motor skills significantly influence a child's later academic capabilities. Pagani et al. extended the predictive model for preschool children originally constructed by Duncan et al. to the second grade of elementary school (1). They found that fine motor skills not only predict children's academic abilities before school age but also effectively predict their academic performance in the second grade (14). This conclusion also indicates that fine motor skills are not only a part of the widely recognized school readiness but are also associated with children's subsequent development. Furthermore, Ricciardi and colleagues conducted a more in-depth study by examining the long-term impact of children's fine motor skills at the age of four on their elementary school academic performance through a large-sample survey. Their research results show that these early fine motor skills still have a significant predictive effect on children's academic achievements in the fifth grade (15). The conclusions of the aforementioned research all indicate that there is a long-term association between fine motor skills and academic ability development, which further underscores the importance of clarifying the relationship between the two.

Furthermore, some scholars have conducted in-depth investigations into specific subcategories of fine motor skills, such as visual perception integration and fine motor coordination. Additionally, varying perspectives among scholars on the link between distinct fine motor skills and academic abilities further accentuate the need for more extensive inquiry in this domain. For example, while Macdonald et al. contend that children's visual perception integration skills significantly correlate with both mathematical and reading abilities (16), the findings of Escolano-Pérez et al. suggest that visual-motor coordination skills exhibit a significant association with reading but not with mathematical abilities (17). Hence, the primary objective of this study was to conduct a rigorous and comprehensive systematic review and meta-analysis of the existing research, utilizing Pearson correlation coefficients as the outcome measure, to assess the interplay between various fine motor skills and diverse academic abilities.

Moreover, this study provides a critical assessment of the current state of research, elucidates encountered challenges, and proposes promising avenues for future investigations. The study also offers novel perspectives and methodological insights for subsequent research in this domain, ultimately providing invaluable guidance for early childhood educational interventions and offering instructive recommendations to enhance preschool children's academic development.



2 Materials and methods


2.1 Protocol and registration

The study methodology and criteria for inclusion were predefined and registered in PROSPERO (International Prospective Register of Systematic Reviews; Record ID=CRD42023415498). Moreover, the present review adheres strictly to the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.



2.2 Search strategy

A comprehensive and systematic search strategy was employed, utilizing a combination of Medical Subject Headings (MeSH) terms, subject terms, and equivalent keywords. This process yielded a set of 23 key terms, encompassing variations of “Fine motor skill”, “Academic performance”, and relevant terminology, as well as descriptors for “Children” and “Preschool children”. The retrieval method employed in this study involved Boolean retrieval, where subject words were connected using the logical operator “AND”, while free words were linked using the logical operator “OR”. Subsequently, this search strategy was applied across major databases, including PubMed, Web of Science, and EMbase, while similar terms in Chinese were used for searches in the CNKI and WanFang databases. The retrieval logic is shown as follows:


	#1 TS = (fine motor skill or fine motor or fine movement or manual dexterity or Manual skill)

	#2 TS = (academic performance or performance or test performance or academic or academic test performance or academic test or academic test score or score or test scores or educational test scores or educational test or educational test performance)

	#3 TS = (children or child or preschool child or preschool children or primary school student or primary school children)

	#4 = (#1 and #2 and #3)





2.3 Inclusion criteria

To ensure methodological rigor and relevancy, we employed stringent inclusion criteria. Eligible studies were required to feature participants between 3 and 10 years of age, without any physical developmental disabilities, motor developmental disorders, or intellectual disabilities. Additionally, only cross-sectional or longitudinal studies investigating the correlations between various fine motor skills and academic abilities were considered. The outcomes were restricted to studies reporting Pearson correlation coefficients (r) as effect sizes, with complete and robust data. Furthermore, this review encompassed studies published in either English or Chinese, expanding the scope of the relevant literature.



2.4 Literature screening

To mitigate bias and uphold scientific integrity, the screening process involved a comprehensive and meticulous procedure. Firstly, the identified duplicate literature was excluded. Subsequently, initial screening based on title, abstract, and citation information was conducted to exclude studies not aligning with the predetermined inclusion criteria. The remaining articles underwent full-text screening to assess their compliance with the specified criteria. Additionally, in cases where the provided information in the literature was incomplete or ambiguous, efforts were made to contact authors for supplementary information or clarification, further enhancing the rigor of the selection process. This systematic screening process yielded a final set of studies meeting the eligibility criteria.



2.5 Outcome measures

Upon a thorough examination of the included studies, it was observed that a majority of investigations reported the correlation between fine motor skills and academic per-formance through Pearson correlation coefficients (r). A positive value of r indicates a positive correlation between fine motor skills and academic performance. However, some studies presented their findings using Spearman correlation coefficients (rs). To maintain consistency in the analysis, Spearman correlation coefficients were uniformly converted to Pearson correlation coefficients using a validated formula, thus facilitating the subsequent meta-analysis (18).

rs=6πsin−1r2

r=2sin(rsπ6)



2.6 Risk of bias assessment

The quality of the included studies was assessed using the 11-item checklist recommended by the Agency for Healthcare Research and Quality (AHRQ). This checklist comprises criteria such as the definition of information sources, inclusion and exclusion criteria, time period and continuity of patient identification, blinding of personnel, quality assurance evaluation, handling of confounding and missing data, patient response rate, and completeness. Each item was scored as “0” if the answer was “unclear” or “no,” and “1” if the answer was “yes.” The quality assessment criteria for this study were as follows: low quality (0–3), moderate quality (4–7), and high quality (8–11). Any disagreements between the two independent assessors were resolved through consultation with a third party.



2.7 Statistical methods

The extracted data underwent meta-analysis using Stata 17.0. As the direct combination of Pearson correlation coefficients (r) from different studies was not feasible, a conversion formula was employed. Firstly, the extracted r values were transformed into Fisher's Z scores using the formula. Than, the obtained Z values, along with the standard errors (SE) calculated from the Variance of Fisher's Z (Vz) were put into Stata 17.0 to obtain the summary of Fisher's Z value using the inverse variance method. Finally, the summary r value was calculated and assessed for heterogeneity between studies using chi-squared tests. If P > 0.1 and I2 < 50%, this indicates that multiple studies possess homogeneity, and a fixed-effects model can be selected. Conversely, if P < 0.1 and I2 ≥ 50%, a random-effects model can be utilized, Furthermore, when the number of included studies is relatively small (fewer than 4), the Fixed Effects (FE) model is generally considered to be more appropriate (19, 20). The overall correlation between social support and psychological well-being factors was evaluated based on the summary r value. Typically, the absolute value range of the correlation coefficient (r) is used to assess the strength of the relationship between variables: 0.5–1.0 represents a large correlation, 0.3–0.5 indicates a medium correlation, 0.1–0.3 suggests a small correlation and 0.0–0.1 represents no correlation (21).

Fisher′sZ=0.5×ln1+r1−r

Vz=1n−3

SE=Vz

Summaryr=e2Z−1e2Z+1

(Z is Summary Fisher's Z value).




3 Results


3.1 Literature search

The initial database search yielded a total of 1,147 articles, with 576 from PubMed, 80 from Web of Science, 69 from EMbase, 418 from CNKI (China National Knowledge Infrastructure), and 4 from the WanFang database. After removing 298 duplicate articles, a further 69 articles were excluded based on their document types, which included conference papers, reviews, and books. An additional 732 articles were excluded for being irrelevant to the research topic. As a result, 48 articles remained after the initial screening process. Upon obtaining and reading the full texts of these 48 articles, further exclusion was performed based on issues such as lack of data, inability to extract effect sizes, or the inclusion of non-typical children as study subjects. Consequently, 11 articles were included. A flowchart depicting the literature selection process is shown in Figure 1.


[image: Flowchart depicting the selection process for articles. Identification stage: 1,147 records identified from five sources; 298 duplicates removed. Screening stage: 48 records assessed; 732 were irrelevant or unsuitable due to various reasons. Inclusion stage: 11 articles obtained after full-text reading; 37 excluded for irrelevance, unsuitable outcome measures, or non-typical participants.]
FIGURE 1
PRISMA flow chart.




3.2 Characteristics of included studies

Relevant data and information were extracted from the included articles, focusing on key demographic variables such as sample size, geographical location, family socioeconomic status, and age of the study participants. Additionally, assessment scales for fine motor skills and academic performance were identified, along with the corresponding correlation coefficients between different fine motor skills and various academic abilities.

For the test scale, as illustrated in Table 1, the studies incorporated in this analysis span the years 2013–2020, effectively capturing a recent time frame and demonstrating their contemporaneity. Notably, five of the studies focused on children from the United States, with the deliberate inclusion of participants from diverse racial and ethnic backgrounds. In addition, one study examined the fine motor skills of children in Spain, Australia, the United Kingdom, Germany, and Switzerland. The selected sample pool exhibited a consistent moderate socioeconomic status, contributing to the robust applicability and generalizability of the findings. With regard to the age distribution, all studies, except for a longitudinal exploration that followed participants until the age of 18, encompassed healthy children aged 3–10 years old.


TABLE 1 Characteristics of included literature.

[image: A table comparing research studies with columns for author name, year, number of participants, country, economic status, age range, fine motor skill, academic ability, and type of study. Each row details a specific study, including participant demographics, skills tested, and study type.]

Table 1 presents a summary of the findings from the selected articles. Among these, three studies utilized the BOT-2 (Bruininks–Oseretsky Test of Motor Proficiency) scale to evaluate fine motor skills in the study participants. The BOT-2 comprises eight subtests, with the internal consistency reliability for the two subtests relevant to fine motor skills in preschool children reported to be relatively high, ranging from 0.75 to 0.84 in normative samples. The remaining four studies employed different scales, including DTVMI (Developmental Test of Visual Motor Integration) with a reliability coefficient of 0.9; ROCF (Rey–Osterrieth Complex Figure Test) with a reliability coefficient of 0.8, and it's important to note that although the Rey-Osterrieth Complex Figure (ROCF) is not typically used for assessing fine motor skills, the Developmental Scoring System-ROCF (DSS-ROCF) has been shown to effectively evaluate not only visual memory and visual-spatial abilities but also visual-motor integration; LAP-D with reliability coefficients ranging from 0.89 to 0.97 for different subtests, and a fine motor writing and manipulation scale with a reliability coefficient of 0.91 for the writing section and 0.81 for the manipulation section. Regarding the assessment of academic performance, three studies utilized the WIAT-II (Wechsler Individual Achievement Test 2nd Edition) scale, with the age-based item intercorrelation reliability coefficients for mathematics and reading subtests ranging from 0.92 to 0.99 for 5- to 6-year-old children and from 0.79 to 0.98 for 6- to 7-year-old children. The remaining four studies employed different scales, including PAIB-1 (test of basic instrumental aspects: reading, writing, and numeric concepts) with a reliability coefficient of 0.9 for mathematics and 0.89 for language, FCAT (Florida Comprehensive Assessment Test) with a reliability coefficient of 0.88, SAT-10 (Scholastic Aptitude Test) with a reliability coefficient of 0.88, and California state-administered standardized academic achievement tests. In conclusion, the selected assessment scales in the included studies demonstrated satisfactory reliability coefficients, indicating high data reliability for the data extraction process.



3.3 Literature quality assessment

In the evaluation of the quality of the included literature using the 11-point checklist recommended by the Agency for Healthcare Research and Quality (AHRQ), the following results were obtained. Except for the studies by Pitchford et al., Nicola et al., Sulik et al., Michael et al., and Escolano-Pérez et al., which were of medium quality, the rest of the included literature exhibited a relatively high quality. The specific evaluation results can be seen in Table 2.


TABLE 2 AHRQ literature quality evaluation results.

[image: A table displays assessment results for various studies categorized by researchers' names, with references included. Eleven items are assessed, such as information source clarity and exposure group criteria. Each study is evaluated with "Yes," "No," or "Unclear" across these items. Below the table, a detailed list describes the eleven items, questioning aspects like data completeness and patient exclusions.]



3.4 Results of meta-analysis

We primarily aimed to analyze the correlation between different fine motor skills and mathematics and reading abilities. Although there is some disagreement among different authors regarding the definition of fine motor skills, we also found something in common. Previous definitions can generally be summarized as hand movement skills dominated by small muscle groups, and most researchers primarily classify or define fine motor skills from the following two perspectives: the first is based on the external manifestations of fine movements, such as fine motor manipulation and fine motor writing; the second is the internal function of fine movements, such as visual-motor integration, visual-motor coordination, and fine motor precision. Through the extraction and analysis of the selected literature, we will ultimately conduct a meta-analysis of studies related to visual-motor integration, visual-motor coordination, and fine motor precision. However, the available research on fine-motor manipulation and fine-motor writing is limited, encompassing only one study each, which precluded their amalgamation for a comprehensive meta-analysis. Consequently, to address this limitation, we adopted a descriptive-analytical approach to gain initial insights into the potential relationship between these specific fine motor skills and their influence on mathematics and reading abilities.


3.4.1 Correlation between visual-motor integration and mathematics

The combined effect size yields a Fisher's Z value of 11.018 (p < 0.05). Figure 2 displays the I2 value of 50.6%, indicating considerable heterogeneity among the included studies. To find potential sources of heterogeneity, a sensitivity analysis was conducted, revealing that the study by Greenburg exerted the highest weight in the meta-analysis.Upon analysis, it was found that the study by Greenburg et al. is a longitudinal study, which differs from other studies in terms of research methodology. This further suggests that the study by Greenburg et al. may be a primary inducement of heterogeneity in the meta-analysis. Therefore, we have excluded the study by Greenburg et al. Subsequently, we conducted a heterogeneity test and investigation of the remaining literature using the leave-one-out method to further assess and identify potential sources of heterogeneity. Exclusion of the studies by Macdonald et al., Carlson et al., Pitchford et al., and Sulik et al. was performed one by one, the results still demonstrated statistical significance (Fisher's Z values with 95% CI: 0.39–0.53, 0.40–0.54, 0.39–0.53, and 0.38–0.58, respectively). These sequential exclusions confirmed the stability of the overall outcome. Following the removal of Greenburg's study, the combined result (Figure 3) revealed reduced heterogeneity (I2 < 50%) and a p-value greater than 0.01, indicating homogeneity among the studies. Consequently, a fixed-effects model was deemed appropriate for the analysis. The final pooled estimate r = 0.47, 95% CI (0.40, 0.53), it indicated a medium positive correlation between visual-motor integration and mathematics development in young children.


[image: Forest plot showing effect sizes of five studies with 95% confidence intervals (CI). Individual studies are listed with their respective CI: Macdonald (2020), Carlson (2013), Greenburg (2020), Pitchford (2016), and Sulik (2018). Overall effect size is 0.46 with a 95% CI of 0.38 to 0.54. Weights for studies range from 7.62 to 45.76%. Heterogeneity is indicated by \(I^2 = 50.6\%\) and \(p = 0.088\).]
FIGURE 2
Forest plot of the correlation between VMI and mathematics.



[image: Forest plot illustrating the effect sizes and confidence intervals (95% CI) for four studies on the left: Macdonald (2020), Carlson (2013), Pitchford (2016), and Sulik (2018). Each study's effect size is plotted with a horizontal line representing the confidence interval, alongside a diamond shape representing the overall effect size. Weights are listed for each study, with Sulik having the largest weight at 62.39%. The overall effect is 0.51 with a confidence interval of 0.43 to 0.59. The heterogeneity statistic shows I-squared is zero percent, with p equals 0.804.]
FIGURE 3
Forest plot of the correlation between VMI and mathematics (after excluding Green-burg's study).




3.4.2 Correlation between visual-motor coordination and mathematics

The combined effect size yields a Fisher's Z value of 5.014 (p < 0.05). However, Figure 4 reveals an I2 value of 57.4% with a p-value surpassing 0.01, suggestive of a degree of heterogeneity across the included studies. Consequently, in light of this observed heterogeneity, a random-effects model was deemed appropriate for conducting the analysis. Upon the final amalgamation of findings, r = 0.34, 95% CI (0.22, 0.46), denoting a medium yet positive correlation between fine motor coordination in children and their mathematical ability.


[image: Forest plot displaying the results of two studies: Carlson (2013) with an effect size of 0.47 (95% CI: 0.27 to 0.67) and a weight of 28.83%; Greenburg (2020) with an effect size of 0.31 (95% CI: 0.30 to 0.32) and a weight of 71.17%. The overall effect size is 0.36 (95% CI: 0.22 to 0.50), with I² = 57.4% and p = 0.125.]
FIGURE 4
Forest plot of the correlation between VMC and mathematics.




3.4.3 Correlation between fine motor precision and mathematics

The combined effect size yields a Fisher's Z value of 4.319 (p < 0.05). Figure 5 demonstrates the I2 value of only 2.5% with a p-value surpassing 0.01, thereby indicating an absence of heterogeneity across the diverse study groups. Given this observed homogeneity, a fixed-effects model was employed to facilitate the analysis. Upon culmination, r = 0.39, 95% CI (0.20, 0.54), underscoring a medium correlation between fine motor precision in preschool children and their mathematical proficiency.


[image: Forest plot illustrating the effect sizes from two studies. Macdonald (2020) shows an effect size of 0.52 (95% CI: 0.24, 0.79) with a weight of 46.93%. Pitchford (2016) has an effect size of 0.32 (95% CI: 0.07, 0.58) with a weight of 53.07%. The overall effect size is 0.41 (95% CI: 0.23, 0.60) with a heterogeneity statistic I² of 2.5% and p-value of 0.311. Horizontal lines represent confidence intervals.]
FIGURE 5
Forest plot of the correlation between fine motor precision and mathematics.




3.4.4 Correlation between visual-motor integration and Reading ability

The combined effect size yields a Fisher's Z value of 69.15, p < 0.05, which is statistically significant. Figure 6 shows that I2 < 50%, p > 0.01; In Figure 6, the forest plot, it can be observed that the study of Greenburg et al. constitutes a large portion. Consequently, it is necessary for us to further examine the stability of the analysis results, to see if excluding Greenburg and colleagues’ research would lead to high heterogeneity or insignificant outcomes. Therefore, after the removing the study of Greenburg et al., as shown in Figure 7, I2 < 50%, p > 0.01, the combined Fisher's Z still holds statistical significance and still shows no significant heterogeneity between groups. Moreover, we have conducted a leave-one-out method test on the remaining literature to ensure the stability of the results. After excluding the studies by Macdonald et al., Carlson et al., and Pitchford et al. one by one, the 95% CI for Fisher's Z are (0.36, 0.38), (0.36, 0.38), and (0.29, 0.45) respectively, all of which are still statistically significant which indicates that the outcome is stable. All of these test show that the presence of the Greenburg study does not affect the heterogeneity between groups, so this study is retained and not excluded. The final combined result is r = 0.37, 95% CI (0.36, 0.38), showing that there is a medium positive correlation between visual-motor integration in young children and reading.


[image: Forest plot displaying effect sizes with 95% confidence intervals for four studies from 2013 to 2020. Effect sizes range from 0.27 to 0.55. Overall effect size is 0.37. Weights vary from 0.15% to 99.41%.]
FIGURE 6
Forest plot of the correlation between VMI and Reading.



[image: Forest plot showing the effect sizes and confidence intervals for three studies: Macdonald (2020) with an effect of 0.55, Carlson (2013) with 0.27, and Pitchford (2016) with 0.45. The diamond at the bottom represents the overall effect size of 0.40 with a confidence interval of 0.23 to 0.57.]
FIGURE 7
Forest plot of the correlation between VMI and Reading (after excluding Green-burg's study).




3.4.5 Correlation between visual-motor coordination and Reading ability

The combined effect size yields a Fisher's Z value of 50.93 (p < 0.05). Figure 8 illustrates the I2 value below the 50% threshold, accompanied by a p-value exceeding 0.01. The notable weight ascribed to the Greenburg study created uncertainty regarding the assessment of substantial inter-group heterogeneity. Therefore, a systematic sensitivity analysis of the encompassed literature was essential. During the conducted sensitivity analysis, after the exclusion of the Greenburg study, the Fisher's Z at a 95% CI remained within the range (0.10, 0.48), thus persisting in its statistical significance. Sequentially, through the systematic elimination of studies conducted by Macdonald and Carlson, the Fisher's Z 95% CIs consistently amounted to (0.263, 0.284), reaffirming the statistical significance. This result underscores the stability of the outcomes. Furthermore, as is evident from Figure 9, following the omission of the Greenburg study, an I2 value of 22.2% emerged, falling below the 50% threshold, alongside a p-value of 0.257, surpassing 0.01. These findings not only corroborate the absence of significant inter-group heterogeneity but also underscore that the inclusion of the Greenburg study does not appear to have a pronounced impact on intergroup heterogeneity. Hence, the decision to retain the Greenburg study in the analysis is soundly supported. Ultimately, the synthesis of the results culminated in an r = 0.27, 95% CI (0.26, 0.28), indicative of a small yet positive correlation between children's fine motor coordination and their reading proficiency.


[image: Forest plot depicting the effect sizes with 95% confidence intervals for studies by Macdonald (2020), Carlson (2013), and Greenburg (2020). Effect sizes are 0.41, 0.21, and 0.27 respectively. Overall pooled effect is 0.27 with I-squared of 0.0% and p-value of 0.522. Weights are 0.15%, 0.27%, and 99.58%, summing to 100%.]
FIGURE 8
Forest plot of the correlation between VMC and Reading ability.



[image: Forest plot displaying the results of two studies: Macdonald, K. (2020) with an effect size of 0.41 (CI: 0.14, 0.68) and weight of 38.82%, and Carlson, A. G. (2013) with an effect size of 0.21 (CI: 0.01, 0.42) and weight of 61.18%. The overall effect size is 0.29 (CI: 0.10, 0.48) with a heterogeneity I squared of 22.2% and p-value of 0.257.]
FIGURE 9
Forest plot of the correlation between VMC and Reading ability (after excluding Greenburg's study).




3.4.6 Correlation between fine motor skills and Reading ability

Figure 10 reveals significant heterogeneity within the group, with I2 exceeding 50% and p < 0.01. Employing a sensitivity analysis, we initially removed the study by Khng, which held the highest weight, resulting in a notable reduction in heterogeneity, as demonstrated in Figure 11. Subsequently, through successive exclusions of studies by Escolano-Pérez and Suggate, Fisher's Z scores at 95% CIs were, respectively, calculated as (0.107, 0.762) and (0.534, 0.643), both of which remained statistically significant. These results indicate the stability of the outcomes. Therefore, the decision to exclude Khng's study was justified. Ultimately, the synthesis of the findings yielded an r = 0.35, 95% CI (0.09, 0.56), suggesting a medium yet affirmative correlation between fine motor skills in preschool children and their reading proficiency.


[image: Forest plot showing effect sizes and confidence intervals for three studies by Escolano-Pérez (2020), Suggate (2019), and Khng (2021). The plot includes a diamond representing the overall effect size of 0.46 with a confidence interval of 0.22 to 0.71. Individual study effect sizes are 0.54, 0.26, and 0.59, with weights of 23.81%, 34.48%, and 41.71%, respectively. The heterogeneity statistic I² is 83.3% with a p-value of 0.002.]
FIGURE 10
Forest plot of the correlation between fine motor skills and Reading ability.



[image: Forest plot illustrating effect sizes and confidence intervals for two studies: Escolano-Pérez (2020) and Suggate (2019). Effect sizes are 0.54 (CI: 0.20, 0.87) and 0.26 (CI: 0.07, 0.44) with weights of 37.29% and 62.71%, respectively. The overall pooled effect size is 0.36 (CI: 0.09, 0.63) with I² at 52.9%, p-value 0.145.]
FIGURE 11
Forest plot of the correlation between fine motor skills and Reading ability (after excluding Khng's study).




3.4.7 Correlation between fine motor skills and mathematics

The combined effect size yields a Fisher's Z value of 6.879 (p < 0.05). Meanwhile, Figure 12 portrays an I2 value of 46.9%, accompanied by a p-value of 0.17, exceeding the 0.01 threshold, implying an absence of inter-group heterogeneity. However, due to the propensity for the adoption of a fixed-effects model to disproportionately amplify the weight of Khng's study, the choice of employing a random-effects model persisted during the meta-analysis. The culmination of this analytical process yielded an integrated r = 0.6, 95% CI (0.46, 0.72), underscoring a large and positive correlation between preschoolers' fine motor skills and their mathematical aptitude.


[image: Forest plot displaying effect sizes from two studies: Escolano-Pérez (2020) and Khing (2021). Each study's effect is shown with a confidence interval bar. The overall effect is depicted as a diamond at 0.70 with a confidence interval of 0.50 to 0.90. The vertical line indicates no effect at zero, and weights are listed beside each study. Heterogeneity statistics are included.]
FIGURE 12
Forest plot of the correlation between fine motor skills and mathematics.






4 Discussion


4.1 Analysis of reasons for the limited number of included studies

The results of our literature search for this study underscore a prevailing state of relative immaturity, incompleteness, and superficiality within the domain of investigating the relationship between fine motor skills in preschool children and their academic abilities. Despite the rigorous process of literature retrieval and screening, our study succeeded in identifying a mere eleven articles for inclusion. An analysis of the paucity of included studies reveals several contributing factors: Firstly, in the realm of investigating the interplay between motor development and children's cognition, research pertaining to gross motor skills has reached a relatively mature and comprehensive status. Numerous studies have systematically substantiated the intricate connections between gross motor skills, and the multifaceted development of distinct cognitive capacities in children (7, 29–31). Firstly, the emphasis of prior research has largely centered on the fine motor function characteristics of children with physiological and psychological disorders, and cognitive impairments. Consequently, there has been a paucity of investigations delving into the interplay between the developmental patterns of fine motor skills and cognitive growth in typically developing children. Secondly, disagreements among scholars regarding the categorization of fine motor skill structures have emerged, resulting in diverse classifications for research purposes. This divergence in categorization has hindered the depth of exploration within this field and has weakened the continuity between studies.



4.2 Disunity in the categorization of the fine motor skill structure

In the extraction of pertinent information from the incorporated literature, an observation emerged that a universally recognized and standardized criterion for classifying fine motor skill structure is conspicuously absent. Different scholars have employed diverse perspectives and methodologies for classification. For instance, Dinehart and Manfra partitioned fine motor skills into fine motor manipulation and fine motor writing, the former pertains to the dexterity of children's hands, involving precise object manipulation capabilities such as grasping, moving, and placing objects, the latter denotes children's capacity to perform writing tasks and graphical representations (23). Conversely, the British scholar Pitchford differentiates fine motor skills into fine motor integration and fine motor precision, the former refers to the ability of children to synchronize hand-eye movements and process visual stimuli, culminating in motor output, encompassing activities like replicating drawings and copying various geometric shapes (9). Fine motor precision entails executing exceedingly delicate manual tasks reliant on minimal visual perception components, exhibited through constrained drawing or paper-folding endeavors. Furthermore, the American scholars Carlson et al. categorize fine motor skills into visual-motor integration and visual-motor coordination. The former predominantly involves fine motor movements of the hand and fingers coupled with visual stimulus processing, prevalent in writing and replication tasks. The latter underscores intricate coordination imbued with visual components, controlling the movement of small fingers, exemplified in diverse sensory-motor tasks such as tracking, finger tapping, imitating hand gestures, and tracing (22). The inherent lack of uniformity in structure categorization has led to a pervasive dearth of continuity, depth, and systematic rigidity in extant research. This incongruence in categorization has, in turn, culminated in our inability to integrate certain outcome indicators during the meta-analysis. As such, the ability to unambiguously define and standardize the classification of fine motor skills is a pivotal issue to be addressed in future research. Clear classification holds promise for facilitating more comprehensive investigations into the interplay between fine motor skills and cognitive development.



4.3 The mechanism of fine motor skills' impact on learning abilities awaits exploration

While the meta-analysis has shed light on the correlations between different fine motor skills and various academic abilities, elucidating the precise mechanisms through which fine motor skills influence academic abilities requires in-depth exploration. Neuroscientific evidence suggests that fine motor skills and cognitive abilities might share neuro-logical underpinnings. A study by Li on 5- to 7-year-old children reveals covariation between fine motor skills and cognitive skill levels (32). Their findings suggest an overlap in the temporal and spatial development of early fine motor skills and cognitive development. The seamless development of early fine motor skills could potentially contribute to the maturation of the brain structure and function, consequently promoting cognitive system development. As cognitive performance is closely associated with academic achievement, speculation has arisen among scholars that the influence of fine motor skills on academic abilities may be realized through its impact on cognitive capabilities (33–37). Simultaneously, the study conducted by Cadoret et al. put forth the notion that cognitive ability assumes a mediating role in the intricate relationship between motor skills and early academic performance. To validate this mediation model, a longitudinal study involving 152 children was undertaken. Their ultimate findings of this study substantiated that motor skills exert an indirect influence on academic achievement by virtue of their impact on cognitive abilities (38). Therefore, a thorough investigation into the intricate relationships between fine motor skills, cognitive abilities, and academic performance is warranted. Such exploration will not only provide novel avenues of inquiry but also offer fresh insights for future research. According to the results of this meta-analysis, it can be seen that the correlation between visual motor integration and mathematical ability is the highest. However, there is no research on the interaction between visual integration and mathematical ability, and the underlying mechanisms warrant further investigation in subsequent studies.

In recent years, several scholars have initiated discussions and formulated hypotheses grounded in their research endeavors, shedding light on potential avenues for exploration. For instance, Verdine posits that the connection between visual motor integration and mathematical ability may stem from the effective development of children's spatial imagination abilities facilitated by visual-motor integration (39). Supporting this notion, Sulik's research findings demonstrate a significant predictive relationship between visual-motor integration ability and mathematical development. Sulik further suggests that this predictive capacity may be linked to executive function, with the combined action of visual-motor integration and executive function yielding a more robust predictive influence on mathematical ability (28). These findings are congruent with the hypothesis posited by McClelland and Cameron (40), which advocates for a bidirectional and reciprocal developmental relationship between motor proficiency and cognitive capabilities. Whether this pattern of mutual synergy could be one of the mechanisms by which motor development affects academic abilities is a topic worth exploring in future studies.

It is worth mentioning that not all research conclusions agree that there is a connection between visual-motor integration, executive functions, and mathematical abilities. Early research by Piek and colleagues found that gross motor skills are closely related to cognitive development and are significant predictive factors for cognitive performance such as working memory, which is part of executive functions. However, there was no evidence to suggest that the developmental trajectory of fine motor skills can predict cognitive development (41). More recent research by Duran et al. has proposed that executive functions and visual-motor integration are independent predictive factors for mathematical abilities, and that there is no interaction between visual-motor integration and executive functions in the process of predicting the development of mathematical abilities (34). These diverse viewpoints underscore the complexity of the relationship between visual-motor integration and mathematical ability, and they highlight the need for further empirical research to elucidate the underlying mechanisms and causal pathways involved. Consequently, future investigations in this direction should aim to provide a more comprehensive and nuanced understanding of how visual motor integration contributes to mathematical proficiency.



4.4 The impact of visual-motor integration intervention on children's mathematical abilities warrants further in-depth study

The outcomes of the meta-analysis reveal that, in comparison to other subgroups, the correlation between visual-motor integration and early childhood mathematical development is the strongest. Researchers have conducted in-depth explorations into the relationship between these two factors. Pitchford's study corroborates this, highlighting visual-motor integration as a pivotal predictive factor for early mathematical abilities (9). Moreover, Greenburg's subsequent longitudinally inclined study delves deeper, encompassing the tracking of children's academic performance from preschool to elementary school. The results show that children who exhibited robust visual-motor integration capabilities during preschool subsequently outperformed their peers in standardized mathematics tests during third, fourth, and fifth grades (11). This finding offers novel pedagogical implications for educators working with young children. The cultivation of visual-motor integration abilities in preschoolers is potentially efficacious in fostering the early development of mathematical proficiency, thereby narrowing the prevalent academic disparities among children (42). As subsequent research deepens, the relationships between different motor development and different academic abilities are gradually becoming clearer. For example, studies by Verdine and Golinkoff and others have pointed out that mathematics is the academic achievement most related to visual-motor integration (39). Carlson's longitudinal study tracking children from 5 to 18 years old shows that visual-motor integration can effectively explain the variations in children's math scores. Children who scored higher in visual-motor integration tests, even after controlling for gender and socio-economic status, had stronger early math abilities (22). Greenburg's research found that stronger visual-motor integration abilities in preschool education are related to significant improvements in standardized math and reading test scores for children in third, fourth, and fifth grades. This remains true even after adjusting for economic status, and pre-school cognitive, linguistic, and socio-emotional skills (24).

Consequently, how to devise strategies to enhance preschoolers' visual-motor integration skills is the most important question for educators. However, research on methods and approaches for improving visual-motor integration skills is lacking, it is noteworthy that the intervention methods employed in these studies lack uniformity and systematic structure. For instance, in the investigation conducted by Poon et al., their intervention approach involved the utilization of self-developed computer software to enhance children's visuomotor integration ability (43). Similarly, South Korean scholar Minho effectively intervened in the visual-motor integration abilities of individuals with left hemiparesis through Audiovisual Feedback-Based Visual Perceptual Digital Peg-board Training. However, the applicability of this intervention method to typically developing children remains subject to further research and verification (44). Furthermore, as far back as the 1980s, some scholars proposed relevant paradigms, such as Tracking, Copying, and Reproduction (TCR) tasks, for intervening in visual-motor integration abilities. However, due to limitations in research environments and conditions at that time, their studies did not yield conclusive evidence of the effectiveness of TCR training in improving visual-motor integration abilities.

Moreover, there is a notable absence of researchers who have summarized interventions targeting children's visual-motor integration abilities, thereby failing to formulate a comprehensive intervention paradigm systematically. As such, the pursuit of intervention strategies tailored to the unique developmental characteristics and educational environments of the visual-motor integration ability of Chinese preschoolers is a pivotal concern for future research. However, it is not solely visual-motor integration skills that suffer from this deficiency; research into interventions targeting fine motor skills is equally lacking. Knatauskaite once explored intervention methods for fine motor skill development in a study comparing Cardiovascular Exercise (CVE) with Coordinative Exercise (CE). He hypothesized that coordinative training might positively influence attention, subsequently benefiting the development of fine motor skills. However, his research ultimately failed to substantiate a positive impact of CE training on fine motor skill development (45). Therefore, the conformity of intervention methods aimed at enhancing children's fine motor skills and the establishment of a comprehensive intervention framework represent crucial focal points in the realm of research on child motor development and cognitive advancement.



4.5 Broader exploration required for the relationship between different academic abilities and fine motor skills

Although the meta-analysis results indicate that visual-motor coordination, fine motor precision and academic abilities exhibit only a moderately low level of correlation, the positive correlation also implies that educational interventions in early childhood should not overlook the development of visual-motor coordination and fine motor precision. A comprehensive approach to fostering fine motor skill development in preschoolers is imperative. Furthermore, given that the current research primarily focuses on preschool-aged children, it is essential to broaden the scope by including children from different age ranges in subsequent investigations. Current studies predominantly assess the academic abilities of preschoolers through mathematical and reading assessments, this is attributed to the cognitive-developmental characteristics of preschool children, where mathematical and reading skills are reliable indicators of cognitive development and academic proficiency (25, 46–48). Additionally, mathematical and reading abilities form the foundational pillars for future interdisciplinary learning and comprehensive academic development. However, in future research focused on older children, apart from mathematical and reading abilities, the relationships between fine motor skills and various academic subjects are also important and should be explored further.




5 Conclusions

The outcomes of the current study highlight a positive relationship between the fine motor s kills of preschool children and their academic proficiency, with particular emphasis on the salience of visual-motor integration in relation to mathematical aptitude. This underscores the need for educators focusing on early childhood to address the cultivation of fine motor skills through pedagogical interventions. However, the realm of inquiry in this field is beset with certain gaps that warrant consideration and future investigation:


	(1)Lack of Terminology Consensus: A conspicuous void persists concerning the establishment of a uniform and unambiguous lexicon for describing the various facets of fine motor skills.

	(2)The experimental methodology requires enhancement to ensure greater scientific rigor: more in-depth empirical researches and experiments are necessary in this field to comprehensively investigate the impact of the development of fine motor skills on children's cognitive abilities and academic performance

	(3)Researching Gaps and incomplete methods in intervention frameworks: The lack of comprehensive interventions aimed at enhancing fine motor skills reflects an insufficiency in consolidating and systematizing these interventions into a coherent pedagogical framework.

	(4)Age Variability and Academic Breadth: The focus predominantly on preschool subjects raises the need for extending investigations to encompass broader age spectra. Furthermore, the exploration of academic domains beyond mathematics and literacy merits in-depth exploration.

	(5)The mechanism of fine motor skills affecting academic ability needs to be further explored: To ascertain the intricate causal mechanisms through which fine motor skills impact academic achievement demands rigorous and probing exploration. In view of the inherent limitations intrinsic to this study, the findings offer insightful perspectives that can catalyze subsequent empirical inquiries. Thus, we anticipate that these results will serve as a compass to guide and stimulate the trajectory of research endeavors within this burgeoning field.



This study's search was restricted to five subsets of databases, potentially introducing the risk of incomplete retrieval. Future research could enhance the search strategy by including a broader array of databases. In addition, the relative scarcity of research in this domain, coupled with the limited number of eligible studies for the me-ta-analysis, necessitated the reliance on a descriptive analysis for the research, which could not be merged. Due to the constrained volume of included literature, the feasibility of conducting a publication bias assessment was compromised. Consequently, the amalgamated findings may be susceptible to biases that cannot be fully evaluated.
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Introduction: Physical inactivity is a global health challenge, exacerbated by increased screen time and sedentary behaviors. Enhancing physical activity levels at schools offers a promising approach to promote lifelong healthy habits.



Methods: This protocol paper outlines the MOVE12 pilot study, a 12-week intervention study designed to increase physical activity among Norwegian upper secondary school students through 6–7-min daily MOVE-breaks integrated into lessons. Developed using the six-phase Intervention Mapping (IM) protocol, grounded in the social-ecological model and self-determination theory, the intervention focuses on fostering motivation and creating a supportive environment. Key steps include needs assessment, performance objectives, theoretical methods, and program structuring for sustainability.



Results: Linear mixed models, t-tests, and regression analyses will evaluate quantitative outcomes, while qualitative focus groups will explore engagement and behavior change.



Discussion: MOVE12 provides insights into scalable school-based interventions addressing physical inactivity, highlighting the potential of the IM framework to establish sustainable health promotion strategies.
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1 Introduction

Physical inactivity is associated with numerous non-communicable diseases and substantial economic costs globally (1, 2). Regular physical activity among children and young people has been associated with physical fitness, cardiometabolic health, bone health, cognitive outcomes such as academic performance and cognitive function (3, 4), as well as mental health (5–7), quality of life (8), and, to some extent, mental well-being (9).

Given such evidence, the World Health Organization (WHO) (10) has advocated for increasing physical activity and reducing sedentary behavior, particularly among young people, as part of preventive measures against non-communicable diseases. However, global physical activity levels remain below the WHO's recommended minimum of 60 min of moderate-to-vigorous physical activity per day for children and adolescents, with significant declines throughout childhood and adolescence, especially among lower socioeconomic groups, a trend that often persists into adulthood (11). The rise of digital platforms and increased screen time in recent years has exacerbated concerns about sedentary behaviors among children and adolescents (12). Although trends are complex, this shift towards inactivity in future generations could have detrimental impacts on their physical and mental health (13). Furthermore, sedentary behaviors may have persisted at elevated levels following the COVID-19 pandemic compared to before (14). The UN's 2030 Agenda for Sustainable Development also underscores youth health as a priority focus area, highlighting the urgency of addressing this issue.

In Norway, health authorities recommend that children and adolescents engage in at least 60 min of daily physical activity at moderate to high intensity, while also reducing sedentary behavior (15). Schools have been identified as critical venues for promoting regular physical activity, serving as the only mandatory setting for such activities until the age of 19 in many countries. However, the scope of compulsory physical education is limited. In Norway, for instance, this equates to just one session per week, with an effective duration of approximately 70–80 min. The typical timetable in Norwegian secondary schools consists of 90-min instructional blocks interspersed with 10–15-min breaks devoid of structured physical activity. During these intervals, most students remain inactive, often engaged with social media on their mobile devices (16).

In 2021, the Norwegian government introduced a policy for the gradual inclusion of daily physical activity within school programs, providing schools with the discretion to tailor these activities independently (17). In support of this policy, leading health organizations joined forces to create a political platform named the “Alliance for Physical Activity in Schools,” encapsulated by the motto: “Daily physical activity in schools for all students” (18). Although some review articles suggest that physical education classes, after-school sports programs, and accessible sports facilities in schools are linked to higher levels of physical activity (19), the observed effects are generally modest, and it remains unclear whether these improvements are sustained over time (11, 20).

Recent empirical evidence further underscores both the potential and complexity of school-based interventions. For example, the “Join the Healthy Boat” program in Germany aimed to reduce children's sedentary behavior but did not achieve significant reductions despite decreasing screen time (21). In contrast, a combined physical activity and nutrition intervention in the Netherlands led to improvements in children's moderate-to-vigorous physical activity (MVPA) levels and BMI (22). Similarly, school-based interventions in disadvantaged neighborhoods in France demonstrated positive effects on children's physical activity by targeting multiple levels of the socioecological model (23).

Previous studies have identified several problems relating to the implementation of school-based programs (24, 25), which are often conceptualized as common barriers to promoting physical activity in schools (26). These can be roughly divided into institutional factors (such as school policies, facilities, and administrative support), teacher-related factors (including teachers' beliefs and skills), and student-related factors (such as characteristics of the student population). These barriers are often specific to the school level (primary vs. upper secondary) and the level of teacher experience (specialist vs. non-specialist) (27). Moreover, a systematic review by Cassar et al. on the implementation of school-based physical activity interventions found that implementation models are often used primarily for interpreting results and analyses rather than being employed as planning tools throughout all study phases. This limited application of implementation models may contribute to the modest success of interventions in real-world conditions (24). Additionally, there is an increasing awareness of the importance of understanding implementation in terms of sustainability (28) and equity (20).

Given the widespread decline in adolescent physical activity and the need for systematically planned, evidence-based interventions, this study aimed to thoroughly document the planning process of a 12-week physical activity pilot intervention (MOVE12) using the Intervention Mapping (IM) protocol. The IM protocol emphasizes understanding the determinants of behavior and environmental conditions (29), and is guided by the social-ecological model (SEM). Detailed descriptions of such protocols are often missing in study designs, yet they are crucial for mapping intervention development, addressing identified problems, and testing potential solutions (29). The primary objective of MOVE12 is to promote short physical activity sessions (MOVE-breaks) during class time in Norwegian upper secondary schools (16–17 years of age), potentially leading to sustained health benefits and encouraging a more physically active lifestyle outside of school.



2 Materials and methods

For the systematic development of the MOVE12, the stepwise methodology of the IM protocol was employed. IM is a widely recognized methodology for planning health promotion programs that are both theory-based and evidence-based (30). The IM protocol comprises six steps: (1) conducting a needs assessment, (2) defining performance objectives and creating a matrix of change objectives, (3) selecting theory-based intervention methods and practical applications, (4) organizing these methods and applications into an intervention program, (5) planning for the adoption, implementation, and sustainability of the program, and (6) generating an evaluation plan (30). It is important to note that the application of the IM protocol in the MOVE12 was not strictly linear as the six steps suggest. Instead, the process was characterized by iterative refinement through ongoing discussions and interactions with the literature and the planning group. This iterative approach involved moving back and forth between different steps, continuously revising and refining the methodology as new information and insights emerged. This flexibility is a fundamental aspect of the IM protocol, as emphasized by Eldredge et al., who state that program developers often “move back and forth between tasks and steps as they gain information and perspective from various activities” (29). Consequently, while the IM framework provides a structured guideline, its application in practice requires adaptation and responsiveness to the evolving context and feedback received during the planning and implementation phases.

The initial step in the IM process involved establishing a planning group that included key stakeholders to ensure comprehensive collaboration across all levels of the initiative. The MOVE12 planning group included diverse representatives: two from the current county municipality (the Head of the Department of Public Health and the Project Manager for MOVE12, three from the research team [the principal investigator (PI) from Inland Norway University of Applied Sciences (INN) and two from Østfold University College], and two from each participating school (a leader and a teacher ambassador with designated resources to support the implementation process). The role of the teacher ambassadors was to serve as key mediators between the project team and the schools throughout all three phases. They were previously engaged by the county municipality as part of a broader school health initiative focusing on sleep and nutrition that began in 2017. This prior engagement was both convenient and advantageous, as it enabled collaborative relationships to be formed with the participating schools, helping to foster a sense of ownership and commitment to the project at each individual school.


2.1 Logic model of the problem: why are young people in upper secondary school inactive?

The initial step of the IM protocol involved developing a logic model to graphically represent causal relationships and guide the planning team in addressing key health challenges (30). This process was informed by the public health profile of the current county municipality and a comprehensive needs assessment, integrating evidence from multiple data sources. For example, the 2022 Youth Profile (31) for one of the counties contributing half of the study's participants revealed a higher proportion of adolescents living in households with persistent low income (<60% of median household income) compared to the national average. This socio-economic disadvantage significantly impacts life and developmental opportunities, resulting in lower performance on cognitive and language tests, reduced academic motivation, and diminished self-efficacy, increasing the risk of school dropout. Additionally, these adolescents face a heightened risk of future physical and mental health challenges, underscoring the need for targeted interventions to improve well-being and educational outcomes.

A targeted literature review of peer-reviewed studies and reports on adolescent physical activity behaviors identified key barriers, including insufficient knowledge, low self-efficacy, and inadequate school support. Regional public health data highlighted local trends in adolescent physical inactivity, emphasizing the urgency of addressing sedentary behaviors during school hours.

Stakeholder engagement with school leaders, teacher ambassadors, and public health representatives informed the intervention's practical components, addressing curricular constraints and equipment needs. The demographic diversity of students across schools and academic tracks (academic and vocational) ensured the intervention was tailored to varied educational contexts and social dynamics. This multi-faceted approach ensured a robust, evidence-based, and context-sensitive intervention design.

According to Figure 1, adolescents' engagement in physical activity at school is significantly influenced by intrapersonal factors such as their knowledge, predispositions, and previous experiences with physical activity (32). Key to this is providing students with up-to-date knowledge about the importance of physical activity for psychosocial well-being and maintaining good health. This educational aspect, combined with the unique format of MOVE12 (student-led sessions in pairs), aims to foster positive attitudes towards participation (33). Additionally, self-concept plays an important role in shaping how they perceive their abilities and the value they place on physical activity (34, 35). The MOVE12 includes exercises that all students can master regardless of their initial skill level, enhancing a sense of self-efficacy among students who may traditionally be reluctant to engage in physical activities (36, 37). Furthermore, for adherence to the program, it is vital that students find the activities enjoyable (motivation), which is facilitated by allowing some freedom in choosing the activities they participate in. According to self-determination theory (SDT), fulfilling the basic psychological needs of competence (feeling effective and mastering challenging tasks), autonomy (having a sense of initiative when participating voluntarily), and relatedness (feeling accepted and integrated within a social context) enhances adolescents' well-being and intrinsic motivation (38).


[image: Diagram showing determinants of students' physical activity in a school setting, divided into individual factors and environmental factors. Individual factors include knowledge, attitude, self-efficacy, and motivation. Environmental factors include peers' attitudes, teacher support, school culture, curricular constraints, and facilities and equipment. Arrows indicate interaction between the two categories.]
FIGURE 1
Logic model of the problem. Factors influencing students’ physical activity level at school.


At the interpersonal and organizational levels, several key factors have been identified as influencing physical activity levels among school-aged youth. Research highlights that social influences, including peer attitudes, can negatively impact not only adolescents’ physical activity levels but also their self-concept (39, 40). Moreover, the lack of adequate support from teachers and school leaders can further inhibit active engagement (35, 39, 41). These elements are essential in establishing a positive culture around class participation rates and individual student engagement, a responsibility that largely rests with the school management. To successfully implement MOVE12, it is crucial that school management collaborates with teachers to find effective ways to accommodate short MOVE-breaks during class time within a busy school schedule characterized by prolonged sedentary periods (curricular constraints) (42). Lastly, it is essential to address challenges such as limited access to appropriate equipment and suboptimal facilities, as these constraints could hinder the implementation of MOVE-breaks (37, 39).



2.2 Logic model of change

The second step of the IM protocol process focused on identifying the targeted changes at both behavioral (who will change) and environmental (what will change) levels based in relation to the understanding of the problem outlined in Step 1. This was achieved by creating a logic model of change (Figure 2) that integrated elements from the social-ecological model (SEM) and self-determination theory (SDT). The SEM serves as a comprehensive framework that can be applied to help elucidate the complex interplay between individual and environmental factors in shaping behaviors at micro, meso and macro levels. Specifically, within the realm of physical activity, SEM underscores that individual behaviors are influenced not only by personal decisions but also by environmental factors such as social support, the physical environment, institutional policies, and community norms (43). Meanwhile, SDT focuses on the assumed psychological needs for autonomy, competence, and relatedness. By addressing these needs through physical activity in the school organizational context, SDT provides a foundation for designing interventions that enhance motivational factors, making physical activity both personally appealing and supported by social contexts (38).
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FIGURE 2
Logic model of change of the intervention.


At the individual (micro) level, the intervention focuses on enhancing intrinsic motivators for students' physical activity (PA) throughout the school day by promoting enjoyable and engaging activities. This strategy aims to cultivate lasting PA habits, which can improve health and overall quality of life. At the environmental (meso-organizational) level, the goal is to establish a supportive school environment that encourages lifelong physical activity habits. This involves integrating effective, inclusive, and multicomponent school-based interventions that enhance access to safe and appealing PA settings (36, 41). At the macro level, the intervention seeks to engage stakeholders, including local authorities, educational institutions, community organizations, and policymakers, to create supportive environments for physical activity in schools. It advocates for increased funding, improved infrastructure for accessible and safe exercise facilities near classrooms, and the integration of school-based physical activity into public health and education policies. Additionally, the project aims to raise awareness of schools as vital arenas for health-promoting physical activity through local, regional, and national initiatives. By fostering cross-sector collaboration, the project aims to achieve sustainable, systemic changes that encourage active lifestyles and enhance youth well-being.

In accordance with the IM protocol methodology, the final outcomes of the Move12 were subdivided into various components, with the desired changes in these components articulated as performance objectives (Figure 2). Based on the needs assessment derived from our literature review, the primary performance objective was to encourage students to participate in 1–2 daily MOVE-breaks, physical activity sessions lasting 6–7 min, integrated into 90-min class periods during regular school days. Several determinants identified through the IM process, were recognized as critical to achieving this objective. At the individual level, changeable determinants of PA participation, as identified in our literature review, included knowledge, attitude, and self-efficacy, as well as the three basic psychological needs: autonomy, competence, and relatedness. Stakeholder feedback, particularly from teacher ambassadors, revealed that while the initial objective focused on student participation and recognizing the benefits of MOVE-breaks, greater autonomy in activity planning was necessary to increase motivation. This led to a revision in which students were allowed to select activity content within structured guidelines, exemplifying how the IM protocol steps were iteratively refined. At the environmental level, modifiable determinants included social support, school culture, and the physical environment. Feedback from stakeholders highlighted logistical constraints in classroom environments. To address this, we refined the objectives to incorporate practical facilitation measures, such as introducing simple equipment like beanbags and dice, to expand the range of accessible and engaging activities. Following the IM protocol methodology, matrices of change objectives were developed by intersecting performance objectives with these determinants (Table 1). These matrices outlined the necessary achievements for meeting each performance objective. For example, one key change objective at the individual level was ensuring that students understood the potential benefits of participating in MOVE-breaks (knowledge). Feedback during the planning phase reinforced the importance of aligning these objectives with both student needs and environmental realities, demonstrating the iterative nature of the IM protocol.


TABLE 1 Performance objectives and determinants for MOVE-break participation.

[image: Table outlining performance objectives and determinants related to MOVE-breaks at individual and environmental levels. At the individual level, objectives include daily participation, enhancing knowledge, attitude, self-efficacy, and autonomy. At the environmental level, it emphasizes social support and school culture, where peers, teachers, and leaders encourage participation and foster a positive attitude towards MOVE-breaks.]



2.3 Theory-based intervention methods and practical applications

The third step of the IM process focused on selecting theory-based intervention methods and translating them into practical applications tailored to the MOVE12 intervention (Table 2). These applications were informed by insights gained from the comprehensive needs assessment and the Public Health Profile (31) described in Step 1. For instance, the 2022 Youth Profile highlighted persistent low household income and its adverse effects on adolescents' cognitive performance, motivation, and self-efficacy, which informed specific methods and applications. For example, goal-setting activities were introduced to foster autonomy by encouraging students to collaboratively plan MOVE-break sessions, selecting activities that aligned with their personal interest. Guided practice with feedback was used to build self-efficacy, with PE teachers and teacher ambassadors providing regular feedback during preparatory practice sessions. To enhance relatedness, social support was mobilized through peer encouragement, and teacher ambassadors served as key contacts to support students throughout the intervention. These methods were iteratively refined to align with the intervention's goal of increasing physical activity among diverse student populations.


TABLE 2 Theory-based methods and applications for enhancing MOVE-break participation.

[image: A table outlining the theory-based methods and practical applications for various determinants at individual and environmental levels. Individual level determinants include knowledge, attitude, self-efficacy, autonomy, competence, relatedness, and social support, with methods like information meetings, direct experience, guided practice, and social support. Environmental level determinants cover social support, school culture, and physical environment, with methods like mobilizing social support, tailoring, sense-making, financial incentives, and facilitation. Each row provides specific strategies and expected outcomes for implementing MOVE-breaks in educational settings.]

To strengthen students' self-efficacy, guided practice sessions with feedback from teacher ambassadors were incorporated, addressing the identified need for supportive school structures. Pairing students to co-lead MOVE-breaks fostered autonomy and relatedness, targeting the psychological needs for competence, autonomy, and social connectedness highlighted in Step 1.

MOVE12 aimed for sustainable changes at both individual and environmental levels, At the meso level, regular meetings with community leaders and county decision-makers were planned, who were also part of the MOVE12 planning group, were organized to strengthen local implementation. At the macro level, public health and educational policymakers were invited to review program data at a project conference six months after the intervention. These efforts aimed to secure ongoing support and funding by demonstrating the program's wide-ranging benefits, including improvements in students' physical and mental health, development of social skills, a better school climate, enhanced concentration (facilitating faster learning), and increased engagement in theoretical lessons.

In order to increase students’ knowledge and awareness of the importance of physical activity for a healthy life, introductory information meetings (44) will be held at the respective schools. These meetings, led by the project leader and Principal Investigator (PI), will focus on the purpose and potential benefits of the MOVE-breaks. Given the uniqueness of the MOVE-breaks (short student-led physical activity sessions as a break in ordinary teaching sessions), a sub-goal is to help students who may initially be negative about physical activity change their predisposition through positive participation experiences (45). To foster students' self-efficacy in organizing and implementing MOVE-break sessions, PE teachers will provide a comprehensive 2 × 90-min introductory course. This course will include practical training and ongoing feedback for students before the intervention begins (46, 47). Aligned with self-determination theory (SDT), students will be able to set their own goals for the MOVE-break they lead. This autonomy is expected to enhance their motivation for participation (48). Structured practice under the supervision of the PE teacher will help build students' competence in planning, organizing, and evaluating MOVE-breaks. This competence-building is reinforced through social comparisons with peer pairs who share similar responsibilities during the pilot study, fostering confidence in their physical activity abilities (46). Finally, the implementation of student pairs, along with support from PE and teacher ambassadors, is designed to provide mutual support, addressing the need for relatedness. These structures and processes aim to maintain motivation through social encouragement and accountability (49).

At the environmental level, school managers will be encouraged to focus on supporting and motivating both teachers and students in the implementation of the MOVE-break, with the goal of eventually integrating it into the school's routine. This effort can be facilitated by featuring it as an agenda item in upcoming leadership and staff meetings. Additionally, we will encourage physical education teachers and other relevant teachers to support students and ensure the regular implementation of MOVE-breaks 1–2 daily. Tailored information and promotion will be used to foster a positive school culture around MOVE-breaks, relying on social support from leadership down to the student level. Additionally, the project group will encourage school leaders to actively promote physical activity in the daily school routine, both internally and in external forums, drawing inspiration from organizational development theory, which involves ongoing, iterative adjustments and rebalancing within organizational routines and processes (50).

To further assist schools in fostering a positive culture for implementing regular MOVE-breaks throughout the school day, participating schools will receive financial incentives to allocate to dedicated teacher ambassadors (Table 2). In terms of the physical environment (51), a compendium of physical activities and exercises (52) have been developed for seamless implementation in classroom settings with minimal furniture modifications, such as rearranging desks and chairs. To support this process, the project team created a digital activity guide featuring strength- and endurance-based exercises tailored for classroom use. Students designed their own MOVE-break session plans, incorporating images and detailed descriptions, and utilized classroom projectors to play follow-along dance videos (e.g., “Just Dance”). Additionally, each intervention class was provided with simple, portable equipment, such as beanbags, cards, and dice, enabling a variety of basic games, team exercises, and relay activities that are easy to organize and integrate into lessons.


2.3.1 Intervention feasibility

To address scheduling challenges and classroom disruptions in MOVE12, the implementation of MOVE-breaks was designed with flexibility to accommodate the unique traditions, practices, and challenges of individual schools and classes. This collaborative approach, grounded in research-based strategies, promotes effective integration into diverse educational settings. The study design incorporates peer-led sessions (Table 2), where student pairs co-lead MOVE-breaks to foster autonomy, reduce teacher workload, and enhance peer accountability while maintaining classroom order (33, 53). Integration into the curriculum, such as fixed 10-min breaks during natural transitions in 90-min lectures, minimizes disruptions and optimizes participation (49). Classroom management protocols, including clear guidelines, designated movement areas, and student role assignments, maintain structure and discipline during activities (50). Regular feedback mechanisms will gather input from teachers and students on scheduling preferences and activity formats, enabling iterative refinements to improve feasibility and satisfaction (51). Lastly, providing simple, minimal equipment, such as portable items like beanbags or dice, ensures activities are quickly initiated and cleared, minimizing logistical hurdles and interruptions. These strategies collectively enhance the adaptability, effectiveness, and sustainability of MOVE12 across varied school contexts.



2.3.2 Stakeholder engagement

To ensure the sustainability of MOVE12, stakeholder engagement (Table 2) will be a critical factor. Following the conclusion of MOVE12, a subsequent main intervention is planned, which will maintain the involvement of the same teacher ambassadors. Together with school leaders and additional teachers recruited for the main intervention, these stakeholders will receive close follow-up through regular meetings with the project leadership, both prior to and during the intervention period. After the main intervention, the project leader will establish ongoing collaboration by organizing periodic meetings with school leaders and teacher ambassadors, facilitated by the county municipality. These meetings aim to sustain engagement, share experiences, and develop strategies for integrating the intervention into long-term school routines.




2.4 Program production

Building on the methodologies and applications selected in Step 3, the fourth step of the IM protocol process entails the development of the intervention program, complemented by a detailed inventory of materials necessary for execution. The program production is divided into two primary phases:


2.4.1 Preparation phase

This initial phase is dedicated to applying the findings from the previous theoretically based steps by developing a strategy to promote the initiative among students and teachers, and by preparing presentations and relevant tools/materials for the planned intervention. Distinct 60-min information sessions will be conducted for school leaders, teachers, and students to ensure each participant is thoroughly briefed on their roles and responsibilities. For these sessions, a PowerPoint presentation will be prepared, detailing the program's rationale, objectives, content, outcomes, and ethical considerations. Moreover, students will receive details on the MOVE-breaks, explaining its incorporation into a specific competency goal in physical education that requires planning, executing, and evaluating a personal training period. Additionally, a 5-min demonstration video showcasing various physical measurement techniques will be created for students. For teachers, we will create a promotional video lasting 5 min that emphasizes the benefits of incorporating brief MOVE-breaks into classroom settings (54).



2.4.2 Practice phase

The next phase focuses on giving students practical-methodological practice in various ways to conduct MOVE-break sessions. It includes two 90-min sessions where students, in pairs, use the exercise compendium as a reference to plan, conduct, and assess their own 6–7-min MOVE-breaks for their peers, under the guidance of the physical education teacher. These practice sessions can be held in classrooms or suitable indoor/outdoor spaces nearby.




2.5 Program implementation plan

The fifth step of the IM protocol process focused on planning the adoption, implementation, and sustainability of the intervention. This stage emphasizes engaging stakeholders to address barriers and refine strategies to maximize the intervention's reach and impact. Stakeholder discussions played a pivotal role in shaping the implementation plan. For example, feedback from school leaders and teacher ambassadors highlighted the need for financial incentives to encourage teacher ambassadors' active involvement. This input led to the allocation of dedicated funding to support their roles, ensuring consistent oversight and motivation during the intervention. Additionally, the needs assessment highlighted the importance of tailored communication strategies for parents to foster engagement and extend the program's impact beyond the classroom. In response, an information letter was developed to emphasize the benefits of MOVE-breaks in enhancing students' physical activity levels and overall well-being. As illustrated in Figure 3, the implementation of MOVE-breaks commenced following the completion of baseline measurements at the end of January 2023 and continued for a 12-week period, concluding in April 2023. This timeline allowed for a structured rollout while maintaining flexibility to address any unforeseen challenges. By incorporating the iterative refinements, the implementation plan was aligned with the practical needs of schools and stakeholders, enhancing the likelihood of sustained adoption and success.


[image: Flowchart of a 12-week pilot intervention phase from February to April 2023 involving 5 upper secondary schools with about 600 students. Three academic schools contribute 6 intervention and 6 control groups, each with around 150 students, and 2 vocational schools contribute 8 intervention and 8 control groups, each with around 150 students. Baseline measurements cover physical capacity, activity levels, and psychosocial factors. Mid-phase includes intensity and attention measurements associated with a MOVE-break session. The follow-up replicates baseline measurements and adds process evaluation with student and teacher interviews.]
FIGURE 3
Timeline for the MOVE12 pilot intervention study.



2.5.1 Study design

This protocol paper, developed using the intervention mapping (IM) framework, describes the planning of a 12-week cluster-randomized mixed-methods pilot study, incorporating both quantitative and qualitative data collection and analysis. The target population included first-year upper secondary school students from a broad region in southeastern Norway (three counties), aiming for balanced representation of academic and vocational programs. Invitations were sent to 27 upper secondary schools, and five agreed to participate (three academic, two vocational). One vocational school, twice the size of the others, contributed approximately 200 students, while each of the remaining four contributed about 100 students. Of 739 eligible students, 519 provided consent. The inclusion criteria for participation were students aged 16–17 years, with exclusion criteria defined as disabilities preventing participation and/or illnesses posing health risks.



2.5.2 Randomization procedure

The MOVE12-pilot study was designed as a two-arm, three-level cluster randomized controlled trial (RCT), featuring an intervention group (IG) and a control group (CG), with participants organized within classrooms and schools. Participants were randomly assigned to either the IG or the CG (1:1) by the principal investigator (PI). At the three academic schools (class size: 25–30), four relatively homogeneous classes were identified, and randomization involved drawing from two boxes (one for group assignment, one for classes) in alternating turns until all classes were assigned. At the two vocational schools (class size: 12–17), classes were stratified by gender, size, and subject area before following the same procedure using four boxes (A–D). Twice as many groups were drawn from the vocational school that was double the size of the others.



2.5.3 Intervention content

During the intervention period, the intervention groups were encouraged to incorporate at least two 6–7-min MOVE-breaks into their daily classroom sessions. The PE teacher, in collaboration with the participating teachers, coordinated the rotation of student pairs responsible for leading these sessions in various lectures. Additionally, teacher ambassadors played a crucial role in assisting with the implementation of the intervention. They worked closely with the Principal Investigator (PI) to provide support and encouragement to both the teachers and participating students. To support this process, the project team developed a digital activity guide featuring strength- and endurance-based exercises for the classroom. Students created their own MOVE-break session plans, adding images and descriptions. They also used computers to play follow-along dance videos (e.g., “Just Dance”) via the classroom projector. In addition, each class received simple equipment (beanbags, cards, dice) for basic games, team exercises, and relay activities.




2.6 Evaluation plan

The aim of MOVE12 is to increase students' physical activity levels in school through participation in 1–2 daily MOVE-breaks lasting 6–7 min each. This goal is pursued by enhancing their knowledge, fostering positive attitudes, boosting self-esteem, and nurturing intrinsic motivation at the individual level, while also focusing on providing opportunities and social support from teachers and peers (see Table 1). The findings from our planned evaluation will be reported in accordance with the CONSORT 2010 guidelines for randomized trials (55).


2.6.1 Primary outcome measures

The primary outcome measures align with the study's core objective: promoting student participation in 1–2 daily MOVE-breaks (6–7 min each) during regular class sessions (Table 1). Feasibility and implementation will be assessed by evaluating students' adherence to MOVE-breaks and gathering insights into the subjective experiences of both students and teachers. These evaluations will be guided by changeable determinants such as knowledge, attitude, self-efficacy, basic psychological needs (autonomy, competence, relatedness), social support, school culture, and the physical environment. Data will be collected through focus group discussions at the 12-week follow-up, providing a comprehensive understanding of the intervention's effectiveness.



2.6.2 Secondary outcome measures

Additionally, the study aims to evaluate potential effects of MOVE-breaks on physical fitness, psychosocial health parameters, and school-related factors through the following outcome measures:


	-Attention and Concentration: Measured with the Eriksen Flanker Test (56) and the Stroop Test (57) before and after a designated MOVE-break session at the midpoint of the intervention.

	-Heart Rate Measurements: Measured during a designated MOVE-break session at the midpoint of the intervention using the Polar Team Pro System (58).

	-Physical Activity Level: Measured using the ActiGraph wGT3X-BT (59) at baseline and 12-week follow-up.

	-Aerobic Fitness: Measured with the YMCA 3-min step test (60) at baseline and 12-week follow-up.

	-Muscle Strength: Measured by (i) standing long jump (61) and ii) handgrip (dynamometer) (62) at baseline and 12-week follow-up.

	-Postural Balance: Measured by two-leg standing, eyes closed (30 s) and one-leg standing, eyes open (30 s) (63) at baseline and 12-week follow-up.

	-Flexibility: Measured by the sit-and-reach test (64) at baseline and 12-week follow-up.

	-Sleep Quality: Measured by an online questionnaire (Nettskjema.no) at baseline and 12-week follow-up using four single items from a modified version of the Karolinska Sleep Questionnaire (65).

	-Wellbeing: Measured by an online questionnaire (Nettskjema.no) at baseline and 12-week follow-up using the Warwick-Edinburgh Mental Wellbeing 7-item scale (66).

	-Self-Efficacy: Measured by an online questionnaire (Nettskjema.no) at baseline and 12-week follow-up using a factor developed by Sørlie and Nordahl (67), based on Bandura (68).

	-Learning Environment and Social Wellbeing in Class: Measured by an online questionnaire (Nettskjema.no) at baseline and 12-week follow-up using 13 items developed by Moos and Trickett (69), translated and processed by Sørlie and Nordahl (67).

	-Social Isolation: Measured by an online questionnaire (Nettskjema.no) at baseline and 12-week follow-up using 21 items from the Social Skills Rating System by Gresham and Elliott (70), translated and processed by Sørlie and Nordahl (67).






2.7 Quantitative and qualitative data analysis

Data analysis will combine quantitative and qualitative approaches. To examine between-group differences in continuous outcome measures from baseline to the 12-week follow-up, a linear mixed model (LMM) will be applied. LMM addresses the nested data structure of MOVE12 (students within classrooms, classrooms within schools) by incorporating random intercepts to account for intra-class correlation and hierarchical clustering effects (71). Additionally, LMMs handle missing data robustly under the assumption of missing at random (72), a common scenario in school-based interventions. Within-group changes will be assessed using dependent t-tests, and potential associations between ordinal outcome measures will be explored through multiple and binary regression analyses. All statistical analyses will be conducted using STATA version 18.0 (73).

Qualitative methods will be used to identify key themes from the planned focus group interviews, guided by determinants such as knowledge, attitude, self-efficacy, basic psychological needs (autonomy, competence, relatedness), social support, school culture, and the physical environment. This qualitative approach aims to deepen our understanding of how these factors influence participants' experiences and engagement with the intervention, thereby informing both practical implementation and theoretical implications. Qualitative data will be analyzed thematically using NVivo 14 software to support and manage the analytic process (74).

a priori sample size calculations with G-Power (75) suggested that a sample of 580 participants would be sufficient to detect a moderate effect size (d = 0.3), assuming a two-group design, 80% power, and an alpha of.05.




3 Discussion

Recent meta-analyses and systematic reviews provide growing evidence supporting physical activity breaks in schools, demonstrating benefits for students' physical activity levels (76–78), attention (79), academic performance (80, 81), health-related quality of life (82), and aerobic fitness (19, 83). These findings underscore the classroom as a promising setting for promoting physical activity with potential benefits for learning outcomes and student well-being. However, it is equally important to recognize that some reviews report modest or inconsistent effects, including weak trends or null findings, particularly regarding long-term impact, feasibility, and contextual variations in implementation success. These inconsistencies reveal critical knowledge gaps that necessitate further investigation into targeted, sustainable, and scalable approaches (11).

The MOVE12 study addresses these gaps through the evaluation of a systematically designed, classroom-based intervention developed using the robust, theory-driven Intervention Mapping (IM) protocol. By targeting both individual and environmental determinants, MOVE12 promotes short, student-led physical activity breaks (MOVE-breaks) integrated seamlessly into the school day. The intervention incorporates evidence-based components, peer-led sessions, autonomy-supportive structures, and minimal resource requirements, to enhance feasibility, adaptability, and sustainability across diverse school settings. Its multi-level approach considers individual, interpersonal, and organizational factors, ensuring comprehensive evaluation while addressing real-world challenges that affect intervention effectiveness.

Guided by the socio-ecological model (SEM) and self-determination theory (SDT), MOVE12 represents an innovative approach to integrating physical activity into upper secondary school routines. The IM protocol enabled a systematic and theory-informed process for designing, implementing, and evaluating this health promotion intervention. One of the key strengths of using IM lies in its step-by-step framework, which ensures each phase is grounded in theoretical and empirical evidence (30). This structure is particularly valuable for addressing complex health behaviors like physical activity, which are influenced by interdependent factors at multiple levels, from individual motivation to school culture and broader policies.

The MOVE12 study aims to build on previous efforts by embedding regular, short physical activity breaks throughout the school day. While prior interventions have shown varying levels of success, the strategy seeks to create an environment that actively supports sustained physical activity. By incorporating MOVE-breaks into daily school routines, the intervention has the potential to enhance adherence to physical activity guidelines (84, 85), achieving the recommended 60 min of moderate-to-vigorous physical activity per day (76, 86). Additionally, the flexible design allows schools to tailor the program to their specific contexts, effectively addressing variations in resources, constraints, and classroom structures across academic and vocational programs.

This study also enhances the theoretical understanding of intervention design by integrating SEM and SDT to create supportive environments that not only allow, but actively encourage regular physical activity among adolescents (35, 87). The intervention emphasizes autonomy and peer support, core SDT constructs that are shown to enhance motivation, engagement, and sustainability of behavior change. Research supports this dual approach, as interventions fostering autonomy, competence, and relatedness are more likely to be effective and maintained over time (38, 43).

Despite its strengths, the application of the IM protocol in MOVE12 poses several challenges. A significant issue is ensuring the fidelity across diverse school environments, particularly given structural differences between academic and vocational study programs in terms of classroom (88). Academic students typically work at desks in traditional classrooms, whereas vocational students experience more diverse working methods, such as alternating between standing and sitting, and varied classroom environments like workshops, specialized workspaces, and classrooms that differ according to the subject area. Variations in resources, commitment, and existing cultures among schools could affect the consistency and effectiveness of the intervention's implementation. This highlights the need for adaptable yet structured implementation strategies that can accommodate various school environments/contexts without compromising the intervention's integrity (89, 90). Another challenge is securing engagement from all stakeholders, particularly teachers who are not directly involved as teacher ambassadors (91, 92). Their broader involvement is crucial for the sustainable integration of physical activity interventions in schools, as they play a significant role in shaping school culture and student behaviors (93).

The MOVE12 study offers valuable insights for the design and implementation of health promotion interventions in educational settings. Future research should focus on the scalability of such interventions, exploring factors like school size, diverse demographics, and varying levels of existing infrastructure. From a policy perspective, MOVE12 has the potential to inform school-based strategies that address physical inactivity, contributing to improved public health outcomes. The evaluation of the MOVE12 pilot intervention will assess the effectiveness of the intervention mapping protocol in establishing a foundation for sustainable, scalable, and impactful physical activity interventions in schools.
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Introduction: Increasing physical activity (PA) levels among children is critical to mitigate health risks associated with physical inactivity. Schools have been highlighted as ideal setting for promoting PA. However, existing school-based PA programs often face implementation challenges. The FIT FIRST 10 (FF10) multi-sport program has been introduced in Denmark, aiming to increase PA and to enhance children's health, fitness, and well-being. This study evaluates the implementation of the FF10 program for 2nd and 3rd graders.



Materials and methods: The FF10 program was implemented in a 20-week cluster randomized controlled trial across 27 schools. Schools were assigned to a control arm or intervention arms receiving either 3 (full dose) or 1.5 (half dose) FF10 40-min lessons weekly. Teachers received a one-day training session, comprehensive manuals, and necessary equipment. Data were collected from teachers via logbooks documenting implementation fidelity, and an online questionnaire assessing program acceptability, appropriateness, and feasibility, and teachers' capability, opportunity, and motivation for implementing the FF10 program.



Results: A total of 18 intervention schools with 36 classes participated in this study. Program fidelity was high in both intervention groups (2.8 and 2.0 session/week for full and half-dose, respectively). Confidence intervals indicated no differences between the two intervention groups for any outcomes. Teachers (n = 32) in both groups rated FF10 moderately acceptable, appropriate, and feasible (3.5–4.0 out of a potential maximum of 5). Both groups exhibited moderate physical and psychological capabilities (3.5–4.0) and high social opportunities (>4.0), but poor motivation scores (<3.5), particularly regarding the perceived benefits and automatization in delivering the FF10 program.



Conclusion: The FF10 program was almost delivered as intended, but time constraints, limited facilities, and modest teacher motivation might have hindered implementation. Reducing the program's dosage did not improve implementation outcomes, emphasizing the need for ongoing support to boost teacher motivation and integration of the program into school timetables.
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Introduction

Increasing children's physical activity (PA) levels is imperative to counteract the health risks associated with rising rates of physical inactivity (1–3). Addressing this widespread issue has led to a strong advocacy for the development and implementation of high-quality school-based initiatives aimed at promoting PA (1). Given that children spend a substantial portion of their waking hours in educational settings, schools represent optimal environments for the broad promotion of PA (4). Despite this, existing school-based PA programs have demonstrated limited effectiveness (5, 6). The perceived shortcomings of these programs are frequently attributed to various implementation challenges, including low program fidelity, low acceptability, poor alignment with the contextual environment, and inadequate access to necessary resources, time, or space (7, 8).

Enhancing the implementation of evidence-based programs and practices is imperative and necessitates behavior change of the implementation agent (9). In the school setting, it is most often the teachers, who need to change their practice. The COM-B model for behavior change offers a robust framework for understanding this process of behavior change (9). According to the COM-B model, behavior results from three critical components (or their interaction): Capability, Opportunity, and Motivation. Capability refers to an individual's physical and psychological capacity to perform a behavior, opportunity encompasses the social or environmental factors that enable or hinder the behavior, and motivation involves the deliberate and automatic processes that drive or withhold the individual to engage in the behavior. In this regard, the implementation agent's perceptions of acceptability, appropriateness, and feasibility of a program is crucial for motivation and for its successful implementation (8, 10). Acceptability pertains to how the program is perceived by the implementation agent, appropriateness relates to the program's fit within the implementation context, and feasibility refers to the practicality of the program's implementation within existing constraints. To succeed with the implementation, it is essential to understand these indicators from multiple perspectives, particularly school staff (11).

Grounded in extensive research and based on recommendations from an international consensus conference in 2016 on children, youth, and PA (12), the FIT FIRST 10 (FF10) program was developed in Denmark in 2018 to enhance physical education (PE) and movement in schools focusing on 10 sports. The program was developed for 2nd and 3rd graders, focusing on a high intensity, inclusive and strength-based approach to teaching (13). The FF10 program aims to be engaging, enjoyable, and inclusive, addressing the diverse needs of students regardless of gender, cultural background, or cognitive abilities. Additionally, the program aligns with the academic standards for PE in primary schools in Denmark.

In 2023 and 2024, the FF10 dose-response study was conducted to investigate the effects of three weekly FF10 lessons compared to half dose, 1.5 weekly lessons, on cardiometabolic and muscular fitness, and well-being (not published yet). A specific priority was to evaluate differences in implementation, which is the primary aim of this study. Specifically, this study aims to: (1) assess the fidelity of FF10 program implementation, (2) evaluate teachers' perceptions regarding the acceptability, appropriateness, and feasibility of the program, and (3) examine teachers' capability, opportunity, and motivation for delivering the FF10 program across the two intervention arms.



Materials and methods

The Template for Intervention Description and Replication (TIDieR) was used to guide the description of the study (14).


The FIT FIRST 10 program

The FF10 program comprises 60 lesson plans, developed through collaboration between researchers at the University of Southern Denmark, the Danish Sport Confederation (DIF), Team Denmark (the Danish national elite sports organization), and ten participating sports federations. The program was developed to be accessible to all school staff, regardless of their qualifications, ensuring wide applicability. Each FF10 lesson lasts 40 min and is meticulously designed to elevate children's heart rates through high-intensity activities (average of 75% of maximum heart rate throughout lesson and a minimum of 15 min about 85% of maximum heart rate).

The sports federations involved in developing the FF10 manual include badminton, basketball, flag football (American football), soccer, handball, judo, orienteering, rugby, taekwondo, and volleyball. The FF10 program can be incorporated into the PE curriculum or utilized as extracurricular PA.

To support the implementation of the FF10 program, participating teachers from the intervention schools undertook a one-day face-to-face training session designed to impact the necessary knowledge and skills for effective implementation of the FF10 program prior to the commencement of the program. The courses were run by members of the FIT FIRST FOR ALL project group, often companied by representatives from the sports federations. The courses included a 1 h theoretical presentation, giving the teachers an introduction to the evidence underpinning the FIT FIRST program, as well as the three principles on which the program is based: high intensity, fun, and inclusion of all students. Following the presentation, two practical sessions were conducted in a sports hall. In the first session, teachers had the opportunity to engage directly with the three principles of the program. In the second session, they were presented with a complete lesion plan from two of the participating sports. This provided insight into the structure of the lessons and showcased the variety of activities across different sports.

Throughout the sessions, the FIT FIRST instructors psed reflective questions to encourage teachers to consider how the concept could be adapted to specific contexts, such as the available facilities. Teachers were also given the opportunity to ask clarifying questions during the sessions. The course concluded with a discussion on how the participating schools could ensure the implementation of the 1.5 or three weekly FF10 lessons.

The course was designed to accommodate both physical education (PE) and non-PE teachers, ensuring that all participants, regardless of their professional background, were prepared to implement FF10 afterward. The theoretical component was perceived by many PE teachers as content they were already familiar with, while a significant number of non-PE teachers found this part particularly beneficial. Similarly, the practical component offered distinct takeaways for the two groups. PE teachers expressed gaining new inspiration for their teaching, whereas non-PE teachers emphasized that the course provided them with a clearer understanding and skills on how to work with FF10—a skill that PE teachers generally felt confident about even before attending the course.

In this way, the course yielded different benefits depending on the teachers' backgrounds but was particularly structured to support those less accustomed to incorporating movement into their teaching practices.

The courses were conducted either at one of the participating schools or in sports halls across the country, where nearby schools participated. During the courses, participants were also provided with comprehensive manuals containing lesson plans for all ten sports included in the program. Additionally, each intervention school received equipment (e.g., balls, cones, scrimmage vests) required for execution of some FF10 lessons.



Study population and data collection

The FF10 dose-response study was a 20-week cluster randomized controlled trial with a 1:1:1 allocation ratio. All schools in Denmark, both public and private, were invited to participate in the study. The recruitment process involved disseminating invitations online via LinkedIn and the DIF's homepage, as well as through direct email outreach. The email invitations were initially sent to schools in the region of Southern Denmark and the Capital region, followed by other regions, until the desired number of participants was reached. After sending the emails, a personal follow-up call was made to each school to inquire whether they were interested in participating in the study. Recruitment took place over a 12-month period, from October 2022 to December 2023. A total of 27 schools were recruited, with 12 schools participating in the study from January–June 2023, and 15 schools participating in the study from January–June 2024.

The schools were randomly assigned to one of three arms: a control arm, an intervention half-dose arm, which received 1.5 FF10 lessons per week, and an intervention full-dose arm, which took part in three FF10 lessons per week. In the intervention group receiving 1.5 FF10 lessons per week, they were asked to deliver one lesson one week and two lessons the next week, giving an average of 1.5 lessons across the intervention period. The FF10 lessons were conducted during regular school hours and were a part of PE or replaced other subjects/classes during the week.

The group of schools participating in 2023 was allocated as follows: four schools in the control arm, five schools in the half-dose arm, and three schools in the full-dose arm. In 2024, the distribution was as follows: five schools were assigned to the control arm, four schools to the half-dose arm, and six schools to the full-dose arm, giving a total of nine schools in each arm and a total of 1,358 children at baseline. Due to two weeks of public holidays during the intervention period and scheduling of data collection, the schools participating in 2023 had an intervention period lasting 17 weeks, while the schools participating in 2024 had a program lasting 18 weeks. This study will therefore be based on the reduced number of weeks rather than the 20 weeks as intended. Data from the intervention schools were the focus of this study, which was collected at eight schools in 2023 (three full dose and five half-dose schools) and ten schools in 2024 (six full dose and four half-dose schools). Additionally, as the program was designed to promote PA in schools and because the schools were asked to deliver either 1.5 or three weekly FF10 lessons, both PE and non-PE teachers were involved in the delivery of the program, as schools in Denmark only have two PE lessons per week.



Logbooks

Teachers responsible for implementing the FF10 program in each class were requested to complete a weekly logbook documenting the FF10 activities conducted for each participating class. Informed by Proctor et al. (8), the logbook comprised questions to assess program fidelity. Specifically, the teachers were asked to record: (1) the number of FF10 lessons delivered, (2) the sports activities covered in each lesson, and (3) the total time spent on FF10 activities each week. For question 2, teachers selected the type of sport from a predefined list, with an additional option to specify “other” if activities deviated from those outlined in the FF10 manual. Logbook data were collected from January to June 2023 at eight schools and from January to June 2024 at the remaining ten schools.



Questionnaire

Following the intervention period, participating teachers (N = 40) received a link to an online questionnaire. This questionnaire aimed to gather data on various aspects of the FF10 program, including its acceptability, appropriateness, feasibility, as well as teachers' capabilities, opportunities, and motivation related to its implementation. To assess acceptability, appropriateness, and feasibility, the questionnaire incorporated the validated Acceptability of Intervention Measure (AIM), Intervention Appropriateness Measure (IAM), and Feasibility of Intervention Measure (FIM) developed by Weiner et al. (10), which consist of 12 questions, four questions related to each of the three measures (AIM, IAM, FIM). In this study, six of the questions were included, two for each of the three measures (e.g., “FIT FIRST is appealing to me”, “FIT FIRST seems fitting”).

Additionally, questions addressing capabilities, opportunities, and motivation were adapted from the questionnaire developed by Verdenschot et al. (15), centering on the COM-B model for behavior change (see Supplementary Materials S1) (9). A total of 18 questions related to the COM-B framework were included in the questionnaire. Four questions assessed capability (e.g., “I know how to deliver FIT FIRST”), eight questions examined opportunity (e.g., “I have enough time to plan the delivery of FIT FIRST”), and six questions evaluated motivation (e.g., “I am motivated to deliver FIT FIRST 10”). A 5-point Likert scale was employed for both the AIM, IAM, and FIM questions, and questions related to the COM-B model: (1) “Strongly disagree”, (2) “Disagree” (3) “Neither agree or disagree”, (4) “Agree”, and (5) “Strongly agree”). Both the AIM, IAM, and FIM and the COM-B questions were translated to Danish, following the guidelines for cross-cultural adaptations of self-report measures by Beaton et al. (16). The questionnaire also included items on the teachers' PE backgrounds (e.g., “are you a trained physical education teacher?”) and provided an open field for additional comments about the program. The questionnaire data were collected between May and June 2023 from eight intervention schools, and between May and June 2024 from the remaining ten intervention schools.



Data analysis

Data were analyzed using STATA 18, generating descriptive statistics. The analysis of the AIM, IAM, and FIM followed the scoring guidance provided by Weiner et al. (10). Due to the absence of specific cut-points for these tools, a scoring system from other studies was applied (17, 18). Scores below 3.5 were considered poor, scores between 3.5 and 4.0 were deemed moderate, and scores above 4.0 were regarded as high in terms of acceptability, appropriateness, and feasibility (17, 18). The same scoring system was used for the questions related to the COM-B model. Due to the relatively small sample size, confidence intervals were used for both the AIM, IAM, and FIM questions, and for the questions related to COM-B to examine potential differences between the two intervention arms.



Ethical considerations

Logbooks and questionnaires were anonymized, ensuring that no personally identifiable information, such as names and civil registration data was collected. A passively informed consent procedure was used, wherein teachers were automatically included in the study unless they actively chose to withdraw consent. This procedure has been found to be ethically appropriate in low-risk research and is in accordance with Danish regulations. To opt out, teachers were required to notify the research team using the contact information provided with the questionnaire invitation. The study was given a waiver by the Health Research Ethics Committee of the Region of Southern Denmark (S-20222000–108) and approved by the legal service department at University of Southern Denmark (11.806) and conducted in accordance with the World Medical Association Declaration of Helsinki.




Results

All intervention schools (N = 18) provided data for this study. A total of 42 classes were invited, of which teachers from 38 classes completed the logbooks. In the full dose arm, 10.5% of the classes implemented FF10 in addition to PE, whereas 45.8% of the classes in the half-dose arm did so. The remaining classes integrated FF10 within their PE lessons (Table 1).


TABLE 1 Characteristics of the two groups providing data for the study.

[image: Table comparing education statistics between full-dose and half-dose conditions. Both conditions have 9 schools. The full-dose has 18 classes, and half-dose has 20. Classes with FF10 in addition to PE are 10.5% (2 classes) for full-dose and 45.8% (11 classes) for half-dose. Both cover grades 2nd and 3rd. The full-dose includes 337 students, half-dose 584. PE teachers are 5 (38.5%) for full-dose and 9 (47.4%) for half-dose.]

Table 2 outlines fidelity related to program requirements. Neither intervention arm achieved an average of 17–18 weeks of intervention, but some classes in both arms managed to deliver the FF10 program for the full intervention period. Classes in the full dose arm conducted an average of 2.6 weekly FF10 lessons, while the half-dose arm conducted an average of 1.5 FF10 lessons per weekly throughout the 17–18-week intervention period, of which 2.1 and 1.4 lessons, respectively, were based on FF10 materials. Looking at the average for the weeks where the schools delivered the FF10 sessions, schools in the full dose arm had an average of 2.8 weekly FF10 lessons, while the half-dose arm delivered 2.0 weekly FF10 lessons. The full dose arm delivered on average 2.2 weekly lessons based on FF10 materials, whereas the half-dose arm delivered an average of 1.8 weekly lessons based on FF10 materials throughout the weeks where they delivered the program (16.4 and 13.2, respectively). Thus, 0.8 weekly lessons in the full dose arm and 0.2 weekly lessons in the half-dose arm were based on activities other than the FF10 program (e.g., rounders, going for a walk). Teachers in the full-dose arm delivered an average of 118.7 min weekly, while 56.2 weekly minutes were delivered in the half-dose arm throughout the 17–18-week intervention period. Looking at the weeks where they delivered the FF10 program, the full dose arm delivered an average of 123.2 min weekly and the half-dose arm delivered 79.5 weekly minutes of FF10.


TABLE 2 Descriptive statistics on fidelity across the two intervention arms for the weeks where they were delivering the FF10 program.

[image: A table compares outcomes for full-dose and half-dose interventions. For full-dose: Weeks with FF10 average 16.4 weeks, lessons per week 2.8, lessons with FF10 content 2.2, and 123.2 minutes per week. For half-dose: Weeks with FF10 average 13.2 weeks, lessons per week 2.0, lessons with FF10 content 1.8, and 79.5 minutes per week. A footnote explains FF10 lesson averages.]

Due to the different proportion of PE teachers between the two intervention arms, additional analyses were conducted comparing PE teachers to non-PE teachers to examine potential differences between these two teacher groups.

The results of the questionnaire related to acceptability, appropriateness and feasibility are presented in Table 3. Scores between 3.5 and 4.0 imply that the teachers in average found FF10 moderately acceptable, appropriate, and feasible and the confidence intervals indicated no differences between intervention arms or teacher groups.


TABLE 3 Results of the measures of acceptability, appropriateness, and feasibility across the two intervention arms and across PE teachers and non-PE teachers.

[image: Comparison table showing acceptability, appropriateness, and feasibility measures for different groups: Full dose (N=13), Half dose (N=19), PE teachers (N=14), and Non-PE teachers (N=18). Each group includes scores with mean and 95% CI. AIM scores range from 3.7 to 4.0, IAM scores range from 3.6 to 3.7, and FIM scores range from 3.7 to 3.8. Scores are rated from poor (<3.5) to high (>4.0).]

The results from the COM-B questions are presented in Table 4. Results showed that the full dose arm generally exhibited high scores in both physical and psychological capabilities necessary for implementing the FF10 program. However, a moderate score was observed for the question concerning the ability to deliver the FF10 program when facing barriers. In contrast, the half-dose arm showed moderate scores ranging from 3.6–3.8 for most questions related to physical and psychological capabilities, except for a high score on the question regarding their knowledge of how to deliver the program. Based on the confidence intervals there seemed to be no difference between the two intervention arms in terms of physical or psychological capabilities.


TABLE 4 Results of the COM-B measures of capability, opportunity, and motivation across the two intervention arms and across PE teachers vs. not PE teachers.

[image: Table displaying subscale scores for delivering FIT FIRST across different teacher groups: full-dose, half-dose, PE, and non-PE teachers. Categories include physical capability, psychological capability, physical opportunity, social opportunity, reflective motivation, and automatic motivation. Each row presents mean scores with confidence intervals. Scores indicate physical and psychological capability, opportunity, and motivation levels, affecting FIT FIRST implementation. Notes clarify scoring and criteria for excellence.]

For opportunity, the confidence intervals indicated no differences between the two intervention arms either. The full dose arm showed a high score on the question related to having the physical facilities to deliver FF10, whereas the half-dose arm showed a moderate score on this question. The full dose arm showed a poor score on the question related to having the necessary equipment for implementing FF10, in which the half-dose arm showed a moderate score. Both intervention arms showed poor scores for the questions related to having enough time to plan and deliver the program, moderate scores on the question related to finding the FF10 resources (e.g., the manual) easy to implement in their schools, and high scores for all the questions related to social opportunities to FF10 implementation. Results from the confidence intervals indicated no difference between the two intervention arms for any of the questions related to either physical or social opportunity.

For motivation, both intervention arms showed similar scores, and confidence intervals indicated no differences for any of the questions. Both intervention arms showed poor scores on the question related to seeing the benefits of implementing FF10 and the question on whether delivering FF10 had become part of their routine. On all other questions related to motivation, both intervention arms showed moderate scores.

Due to overlap in confidence intervals, there seems to be no difference between the two teacher groups with respect to acceptability, appropriateness, feasibility, or any of the components related to the COM-B model.

Results from the open comment field showed that most teachers found the concept valuable, but time-consuming both in terms of planning and delivering the program. Especially, integration of FF10 into preplanned timetables was identified as a challenge in the open comment field. Moreover, some teachers indicated that while the program was suitable for PE teachers, it might be challenging to implement for those who are not PE teachers. Furthermore, getting access to appropriate facilities (e.g., gym hall) was also mentioned as a challenge for the implementation of FF10.



Discussion

The present study aimed to evaluate the fidelity, the teachers' perceived acceptability, appropriateness, feasibility, as well as their capability, opportunity, and motivation related to the implementation of FIT FIRST 10 over a 20-week period in 2nd and 3rd grade, delivered either 1.5 times per week or 3 times per week.


Fidelity

Overall, the study found that the full-dose arm almost delivered the targeted 17–18 weeks of intervention (16.4 weeks) on average, whereas the half-dose arm delivered an average of 13.2 weeks of intervention. Several classes in the half-dose arm completed only a few weeks of the program. Responses from the open comment field suggest that integrating FF10 lessons posed challenges for some schools, potentially contributing to incomplete program implementation. Schools had to adjust their timetables to accommodate FF10, often requiring other subjects to make room if the program was not delivered during PE.

Both intervention arms demonstrated high fidelity in terms of the weekly frequency of FF10 lessons delivered. However, adherence to the prescribed FF10 content varied, with the half-dose arm delivering more lessons aligned with the FF10 content compared to the full dose arm. Schools, as busy environments focused on teaching and learning, often struggle to implement additional PA programs (19–21). This challenge may partly explain the variance between the two intervention arms, particularly as the full dose arm was required to deliver twice the amount of PA as the half-dose arm.

When examining dose-response between the intervention arms, several key points emerge. The half-dose arm often used FF10 as a supplement to PE, which may have affected how it was integrated into curriculum. Interestingly, a larger number of classes in the half-dose arm failed to complete the full 20-week intervention, raising the question whether this was coincidental or indicative of broader implementation challenges. Especially, when implementing the concept out of PE, as many of classes in the half-dose group did. Although the program was designed to promote PA across the school daya and be applicable in any subject, these results suggest that it may fit best within PE, likely due to the practical constraints of school schedules that make it difficult for most schools to allocate time outside of existing PE lessons.

Additionally, the half-dose arm appeared to deliver more sessions per week, possible compensating for missed weeks. This aligns with the observation that some weeks were not completed as planned. In contrast, the full dose arm nearly met their target of three lessons per week. When looking at the total time spent on the program, the half-dose arm seems to exceed expectations when lessons occurred regularly, while the full dose arm adhered to the intended schedule during active weeks. If calculated over the intended 20-week period, the half-dose arm may have effectively delivered the equivalent of half the intended dose.



Acceptability, appropriateness, and feasibility

The findings of moderate acceptability, appropriateness, and feasibility (scores between 3.5–4.0) are consistent with a study by Nathan et al. (17), which assessed the impact of a multi-strategy PA program in schools. Additionally, Mclaughlin et al. (18) examined the acceptability, appropriateness, and feasibility of a whole-school secondary PA program in a scale-up trial, revealing that teachers found the program highly acceptable, appropriate, and feasible. The confidence intervals indicated no differences between the two intervention groups in terms of acceptability, appropriateness, or feasibility. This finding suggests that there may be no difference between the full dose and the half-dose arm from an implementation perspective regarding teachers' perceptions of the program's acceptability, appropriateness, and feasibility. However, the moderate scores suggest that there is room for improvement of the program for both groups in terms of making it more acceptable, appropriate, and feasible to implement within a school context.

Previous studies have shown the value of implementation strategies on implementation outcomes, as they constitute the “how to” component to changing practice (17, 18, 22). In this study, three implementation strategies were applied for the teachers: a one-day course, a manual with lesson plans, and a pack of equipment to support the implementation. Previous studies have applied strategies such as using in-school champions to promote the program, centralizing technical assistance, providing ongoing consultations, and capturing and sharing local knowledge (18, 19, 23, 24). In this study, teachers would probably have benefitted from ongoing support for the FF10 delivery, such as for assistance in integrating FF10 into timetables and how to use the existing facilities at the schools, which might not always be the gym hall.

No differences were observed between PE and non-PE teachers on their perception of acceptability, appropriateness, and feasibility. However, responses from the open comment field revealed that the concept was more suitable for PE teachers and could be challenging to implement for a non-PE teacher. This challenge may call for differentiated training and support provided prior to program implementation. PE teachers are typically accustomed to working with this type of program material (i.e., the manual with lesson plans) and teaching in a PE setting, whereas non-PE teachers may find it more difficult to translate the knowledge from the program materials onto practice, which aligns with previous studies (25, 26).



Capabilities, opportunities, and motivation

Confidence intervals indicated no differences between the two intervention arms regarding any of the COM-B model components. However, the results related to capabilities revealed that the full dose arm scored high on physical capabilities, such as possessing the physical fitness and competencies necessary for FF10 delivery, compared to the half-dose arm, which showed moderate scores. This difference suggests that teachers in the full dose arm felt more prepared and confident in their ability to deliver the FF10 program, aligning with research indicating that sufficient training and support can enhance teachers' self-efficacy and competence (27, 28).

In terms of psychological capabilities, both intervention arms reported high scores related to knowledge needed for FF10 delivery and moderate scores concerning their ability to manage barriers. Overall, both intervention arms demonstrated moderate to high scores across all capability-related questions, indicating a general sense of competence in implementing the program.

Regarding physical opportunities, the full dose arm reported a high score on having access to the necessary facilities for FF10 delivery, whereas the half-dose arm reported a moderate score. Facilities are a known barrier to PA implementation in schools, suggesting that the study findings are positive since integrating additional PA requires logistical adjustments to accommodate available facilities, which are often reserved for PE classes (19, 29). The full and half-dose arm scored poor and moderate, respectively, on having the necessary equipment for FF10 delivery, based on the scoring system used in previous studies (17, 18). The study did only provide partial equipment support, which seemed to be a particular challenge for the full dose arm, that were expected to deliver twice the amount of FF10 lessons. Time constraints were also noted as a barrier, consistent with previous research highlighting time as a major obstacle to PA implementation (19, 29). As FF10 was an add-on to the existing curriculum (despite PE curriculum), teachers had to balance it with their regular teaching responsibilities.

For social opportunities, both intervention arms scored high, indicating strong support from school management, colleagues, and parent or guardians, which aligns with the importance of a supportive school culture for successful program adoption and implementation (30–32).

In terms of reflective motivation, both intervention arms exhibited modest scores regarding the perceived benefits of FF10 implementation. These modest scores may reflect a lack of perceived value or understanding of the program's benefits compared to regular PE or personal preferences. Moreover, both intervention arms also showed modest scores for automatic motivation and the question related to FF10 being part of their routine. This suggest that the program has not yet become part of teachers' routine and may require additional time to integrate fully and recognize its benefits. Given that teacher motivation is crucial for the success of PA implementation, addressing these motivational challenges through increased support could be vital for sustaining the implementation of FF10 (9).

Confidence intervals indicated no differences between PE and non-PE teachers in terms of motivation. However, PE teachers reported moderate availability of necessary equipment for FF10, while non-PE teachers reported poorer access. This discrepancy may be attributed to PE teachers' greater familiarity with school resources. Consequently, non-PE teachers might benefit from additional support, such as consultations during the pre-implementation and adoption phase of FF10.



Strengths and limitations

The FF10 program is grounded in evidence-based practice, including a wide range of sports and activities designed to increase heart rate through high-intensity activities that are engaging for children (13). The inclusion of both PE and non-PE teachers is a strength, providing valuable insights, which could be used to inform future roll-out of the program. The study also has some limitations. First, the generalizability of the findings may be restricted due to the relatively small sample size. While the FF10 program is grounded in evidence-based practice, incorporating diverse high-intensity activities designed to engage children and increase heart rates (13), the outcomes may not fully translate to broader or more varied settings.

Second, the methods employed for data collection and analysis may have introduced potential biases and may not have accounted for all confounding variables, which could influence the internal validity of the study. For instance, the reliance on self-reported data through logbooks and questionnaires, although supported by previous studies (33, 34), makes the findings susceptible to biases such as recall errors and social desirability, potentially leading to inflated estimates of physical activity levels and program adherence.

Third, teacher motivation, which was not assessed in this study, represents another limitation. Ample evidence highlights the role of teacher motivation in shaping their emotional, cognitive, and behavioral investment in their work, which could also extend to their willingness to implement and sustain a new physical activity program (35).

Additionally, while the study provides valuable insights, the interpretation of the results would benefit from additional studies that replicate or compare findings across similar interventions. Such research would enhance the robustness of the conclusions and support a broader application of the program across different contexts.

Finally, a longer follow-up period in future studies would be beneficial, particularly for evaluating the COM-B variables. This would allow for a more thorough examination of real behavior change over time and provide insights into the sustainability of the intervention's effects (9).




Conclusion

This study indicated that the FF10 multisport program generally achieved high implementation fidelity. While the program's intended frequency was met, variations in adherence to content were observed between the two intervention arms. Teachers perceived the program as moderately acceptable, appropriate, and feasible, with no observed differences between the two groups based on confidence intervals. Nonetheless, opportunities remain to further adapt the program to the school context. No differences seemed to be present between teacher's perceptions of their capabilities, opportunities, and motivation for FF10 implementation. However, time constraints and inadequate facilities were identified as key challenges. Notable, motivation levels, particularly regarding the perceived benefits of FF10, were modest across both intervention arms and teacher groups, indicating the need for enhanced support to boost teacher engagement. Thus, these findings suggest that reducing the program dosage does not improve implementation outcomes. Future research should investigate the impact of multi-faceted implementation strategies to strengthen teacher motivation and program integration.
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This study investigated the combined impact of family dynamics and school environments on physical activity levels in children aged 3–9 years across distinct segments of the school day. Conducted as part of the FAMIPASS project in the Czech Republic, the study collected data in 2022 and 2023 from 502 families affiliated with 36 preschools and primary schools. The device-based monitoring of movement behaviors in children and their parents was conducted over a one-week period using ActiGraph accelerometers, complemented by detailed family questionnaires. Regression analysis revealed that parental physical activity, BMI, and education level significantly influenced children's moderate-to-vigorous physical activity, with educated parents more likely to raise active children. Active transport to school emerged as a key factor associated with higher child activity levels specifically in the time segment before school. This research underscores the role of family and school as critical arenas for promoting health and physical activity. These insights highlight the need for integrated family-school strategies to foster healthy activity habits in children, thereby laying the groundwork for a more active generation.
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Introduction

Regular movement behaviors, including physical activity (PA), are essential for the healthy development of children and young people (1, 2). Numerous studies have shown that regular PA improves not only physical fitness (3) but also cardiometabolic health (4), bone density (5), mental health (6), and cognitive functions (3, 7). Moderate-to-vigorous physical activity (MVPA), characterized by activities that elevate heart rate and breathing (e.g., brisk walking, running, cycling), is particularly emphasized in global recommendations. According to WHO guidelines, children aged 5–17 should engage in at least 60 min of MVPA daily to support their physical and mental well-being (8). Despite these benefits, there is a growing concern about the prevalence of sedentary behaviors (SB) worldwide (9, 10). Technology-driven societal change, accelerated by the COVID-19 pandemic (11), leads to a reduction in PA, with many children failing to meet the global movement behavior recommendations (12, 13).

The family and school environments are the two most important influences on children's movement behaviors (14). Parents play a crucial role in modeling active behaviors and promoting active transport, which significantly increases children's overall PA levels (15). Research has indicated that parental involvement, including encouragement and participation in PAs, is a key predictor of children's movement behaviors (16). Additionally, even parents who may not engage in PAs themselves can positively impact their children's activity levels through supportive behaviors (17, 18). This suggests that active role models within the family can foster a culture of PA among children.

Concurrently, the influence of kindergarten/school-based PA opportunities is also vital (19, 20). Carlson et al. noted that socioeconomic disparities in school practices can affect children's PA levels during school hours, emphasizing the role of schools in providing structured opportunities for movement (21). Comprehensive whole-school PA programs within schools can enhance children's activity levels (22–24), particularly in low-income settings with limited resources (25). Furthermore, the interplay between family dynamics and school-based opportunities is crucial for understanding children's movement behaviors throughout the day. Unfortunately, most studies tend to examine these two domains in isolation, limiting our understanding of how family and school factors collectively influence children's PA patterns.

The FAMIPASS study (FAMIly Physical Activity, Sedentary Behavior, and Sleep) addressed this gap by utilizing objective data from accelerometers to assess movement behaviors in children (26). An important feature of this study included the segmentation of the day into three parts: before, during and after school/kindergarten. This allowed for a nuanced analysis of how school environments influence PA, both directly through structured activities and indirectly through family-related factors such as parental education and PA levels. Additionally, unlike many previous studies that separately assessed either parents' or children's activity, the FAMIPASS study collected synchronized data from entire families. This enables a comprehensive analysis of parent-child associations in movement behaviors, contributing valuable insights into how the family unit operates in relation to PA. By examining these dynamics across distinct time segments of the day, the study provided a robust framework for understanding the role of both schools and families in promoting children's movement behaviors.

The purpose of this manuscript was to present the results of the FAMIPASS study, with a particular focus on the role of schools in supporting children's PA throughout different segments of the school day, and how family factors, particularly parental education, influence these patterns. This research was aimed to offer evidence-based insights into the interplay between school environments, family characteristics, and children's movement behaviors, contributing to the broader goal of developing sustainable strategies to increase PA levels among young people.



Method


FAMIPASS study

The FAMIPASS study is a cross-sectional investigation of 24 h movement behaviors among families with young children. In this context, a family is characterized as a unit comprising one or more parents and their children cohabiting in the same household. Recruitment of participating families was conducted through preschools and primary schools selected from a stratified sample of urban and rural regions across Bohemia, Moravia, and Silesia. Measurements of both children and parents were taken within their natural daily routines and environments (26).



Participants and dataset

Anthropometric data for all family members, along with socioeconomic and demographic characteristics, were collected using a family diary and a questionnaire completed by the parents. Between March 2022 and May 2023 (no COVID-19 restrictions have been applied), 24 h movement behaviors, including PA, SB, and sleep, were continuously monitored with wrist-worn accelerometers over a 7-day period during a regular kindergarten or school week, avoiding multi-day vacations and holidays. Inclusion in the study required that at least one parent participate and that the following criteria be met: (a) the child's age fell within the range of 3–8 years (siblings can also participate); (b) all participants were in good health, without any medical conditions that would prevent them from engaging in typical activities at school, kindergarten, or work; and (c) all participants agreed to participate voluntarily and without financial compensation (26). Out of the 860 families contacted, 552 provided signed informed consent to participate. Of these, 502 families began the 7-day period of continuous movement behavior monitoring, and 472 families completed it successfully. Participants were excluded from the final dataset for missing anthropometric data, missing gender information, or insufficient data to calculate family socioeconomic status, resulting in a further 26 exclusions. For the purpose of this sub-study, only participants with a flawlessly completed daily log were included, resulting in a final sample of 249 children (51.8% girls). Along with these children, 238 mothers and 197 fathers participated in the study (Table 1).


TABLE 1 Descriptives.

[image: Table displaying medians and interquartile ranges (IQR) for various demographics. Gender: 51.8%, Age: 6.6 years (IQR 2.58), BMI z-score: -0.10 (IQR 1.40). Fathers' age: 39.5 years (IQR 7.00), BMI: 26.0 (IQR 4.99). Mothers' age: 36.4 years (IQR 4.88), BMI: 23.4 (IQR 3.98). Abbreviation: IQR, interquartile range.]

Researchers instructed parents on wearing the accelerometer and recording 24 h movement behavior in a family diary. Organized in a table format, the diary allowed parents to conveniently log times related to daily routines on school days and weekends, including wake-up time, arrival and departure from kindergarten or school, physical education classes, organized PAs (e.g., training sessions, clubs), bedtime, and transport modes (e.g., walking, cycling, car, public transport). The 24 h movement monitoring with the accelerometer began at midnight on the day of the instructional meeting, during which parents were directed to place the device on themselves and their children before bed. After the 7-day monitoring period, researchers collected accelerometers and completed diaries.



Measurement of movement behaviors

Children's and parents' 24 h movement behaviors were continuously monitored over seven days using accelerometers worn on the wrist of the non-dominant hand, except during bathing and swimming. ActiGraph wGT3X-BT accelerometers were used for children, while GT9X Link devices were provided for parents (both devices from ActiGraph LLC, Pensacola, FL, USA). Wrist-worn accelerometers have been shown to have higher wear-time compliance and acceptability compared with hip-worn devices (27)and to reliably capture activity during activities of daily living (28) Each device was individually initialized for each family member with ActiLife software version 6.13.4 (ActiGraph LLC, Pensacola, FL, USA), configured to record triaxial acceleration data at 100 Hz. To prevent mix-ups among family members, each accelerometer was labeled and specifically assigned to an individual. Accelerometer data was processed using the open-source R package GGIR version 2.7–1 (29), with previously validated thresholds to classify category of movement behaviors. SB corresponded to acceleration values below 36 mg, light PA range from 36 to 200 mg, MVPA at 201 mg or higher (30, 31).



Segments of the school days

We performed activity-log-based segmentation using the R package GGIR (version 2.7–1). The segment “Before school” was defined as the time between wake-up and the starting time of school. The segment “During school” was defined as the time between the start and end of school. Finally, the “After school” time segment was defined as the time between the end of school and sleep onset. Only days with start and end times recorded by parents, as well as valid accelerometer-identified times for wake-up and sleep onset, were analyzed. A valid accelerometer day was defined as having at least 75% wear time during both the wake-up period and sleep time. Only participants with at least three valid school days were included in the final analysis (32).



Predictors and potential covariates

The informed consent included questions for parents regarding the collection of participants' anthropometric data. Prior to the start of the 24 h movement behavior monitoring, parents answered simple questions about basic anthropometric parameters (gender, month and year of birth, and body height/weight to the nearest 0.5 cm/0.1 kg) for each participating family member at home. Using weight and height measurements performed by parents at home following standardized protocols—which have been validated as sufficiently accurate for calculating body mass index (BMI) in children (33) we calculated BMI z-scores for each child according to age- and gender-specific reference values from the World Health Organization (34).

Six questions about families' material wealth from the Family Affluence Scale, which were part of the family diary, were used to assess family SES. The original questions used to determine SES were obtained from the international research study named Health Behavior in School-aged Children, then translated, validated, and reused in previous studies including Czech families with children (26, 35). The content of the six questions and their response options were as follows: having one's own bedroom for each child in the family (0 or 1); number of computers in the household (0, 1, 2 and ≥3); number of cars owned for family use (0, 1 and ≥2); number of foreign holidays taken in the past year (0, 1, 2 and ≥3); ownership of a dishwasher (0 or 1); number of bathrooms in the household (0, 1, 2 and ≥3). The sum of all six questions formed a summary score from which three categories of family SES were calculated as follows: the lowest/highest 20% of the summary score characterized families with “low”/“high” SES, and the range of 21%–79% of the summary score identified families with “medium” SES (26, 35).

Children were classified as actively commuting to school if they reported an active mode of transport (walking, cycling, or using a scooter) on the majority of school days. We defined a safe neighborhood environment as one where parents agreed with the statement: “The neighborhood is safe for children to walk or play outside during the day”.



The ethics

The study was approved by the Ethics Committee of the Faculty of Physical Culture at Palacký University Olomouc on 28 February 2021, ref. no. 25/2021. The approval from the Ethics Committee included the methodological protocol, which contained the conditions of participation in the research as stated in the informed consent for parents and their offspring. The techniques and instruments used were health- and hygiene-compliant and were disinfected before each use. Personal information was anonymized, as were responses on SES and the background of the families' environment. None of the participants were penalized in case of damage or loss of the accelerometer or interruption or non-completion of the research. Participation in the research was voluntary and free of charge. Each research participant received individualized feedback on the results of monitoring his or her own 24 h movement behavior in the form of graphic sheets with explanatory commentary. The overall results of the study for the kindergarten/school were compiled for the representatives of the participating schools, together with a thank you note and a certificate of participation in the research.



Statistical analysis

The analysis was conducted using R statistical software version 4.4.1. (36). Normality of continuous variables was assessed using visual inspection of histograms and formal testing using the Shapiro–Wilk tests. Due to the violation of normality (Shapiro–Wilk test p < 0.05) in some of our variables of interested the descriptive statistics were presented as median and interquartile range (IQR) for continuous variables and as percentages for categorical variables. The level of statistical significance was set at α < 0.05.

Due to the sparseness of our dataset, we decided to use multiple imputations for variables with less than 10% missing data. This decision was made to ensure that we did not predict a larger proportion of our variables of interest, such as father's BMI (21.7% missing), father's education (25.3% missing), mother's MVPA (47.8% missing), and father's MVPA (61.5% missing). When these variables were included in the analyses, we used list-wise deletion. Variables with less than 10% missing data were imputed under the assumption of missing completely at random using predictive mean matching for children's BMI z-score (n = 2) and mother's BMI (n = 14). The logistic regression method was used for active transport to school (n = 2), type of residence (n = 7), safety (n = 8), and maternal education (n = 16). A proportional odds model was used to impute Family Affluence Scale categories (n = 6). We used the default settings of the mice package (37), with 5 iterations to create 5 imputed datasets, utilizing the rest of the variables in the dataset as predictors. To evaluate the robustness of our multiple imputation approach, we performed a complete-case analysis that excluded all individuals with missing data on the variables of interest. We then re-estimated the same models on this reduced dataset and compared the parameter estimates, confidence intervals, and significance levels to those from the multiply imputed data. The results were broadly consistent, suggesting that the conclusions drawn from our primary (imputed) dataset were not unduly influenced by the imputation process.

The associations between children's MVPA during different segments of the school day (dependent variable) and family characteristics (independent variables) were analyzed using multivariate mixed-effect linear regression. We specified a two-level structure in which Level 1 were the characteristics of each family and Level 2 was the location of the data collection (i.e., the cluster). Mixed-effects models were chosen due to an improvement in model fit when including the location of data collection as a random effect, accounting for potential clustering of observations within locations.

A total of nine mixed-effects models were constructed, corresponding to the combinations of the three daily segments (before, during, and after school) and the three groups of characteristics (maternal, paternal and contextual factors). The contextual characteristics included type of residence (house/flat), Family Affluence Score categories (low/medium/high), perceived safety (yes/no), and active transport to school (yes/no; used only for the segment before school). The maternal characteristics included BMI, education (university/lower), and MVPA of mothers. The paternal characteristics included BMI, education (university/lower), and MVPA of fathers. All models were controlled for child characteristics including age, gender and BMI z-score. The variance inflation factor (VIF < 2 for all models) indicated no multicollinearity issue. Analyses were performed using the “lme4” package in R (38). All models were adjusted for potential covariates, including children's age, gender, and BMI z-score.




Results

The following section provides a detailed description of the average level of MVPA observed in children during three segments of the school day: before school, during school hours, and after school. The median duration of MVPA before school was 2.69 min (IQR = 3.38), while during school hours it was 40.25 min (IQR = 24.84). After school, children exhibited a median of 37.45 min of MVPA (IQR = 24.49). The duration of each segment also varied, with the before-school segment median of 62.20 min (IQR = 31.71), the school segment 413.27 min (SD = 94.92), and the after-school segment 549.35 min (SD = 90.37). The results indicated that most PA occurred during and after school, with relatively low activity levels in the morning (Table 2).


TABLE 2 Description of MVPA of children per segment.
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The ratios of segmental MVPA to total MVPA (per whole day) and to the duration of each segment are presented in Table 2. At the median, MVPA before school accounted for 3.42% (IQR = 3.60) of the total MVPA and 4.72% (IQR = 4.85) of the duration of the segment. During school hours, MVPA represented 47.85% (IQR = 18.04) of the total MVPA and 9.54% (IQR = 5.63) of the duration of the segment. After school, MVPA contributed to 47.39% (IQR = 19.45) of the total MVPA and 7.05% (IQR = 4.17) of the duration of the segment. Table 2 shows that while the majority of MVPA occurred during and after school, only about 3% of the before-school time segment was spent in MVPA, indicating relatively low PA levels compared to the other parts of the day.

Table 3 summarizes the associations between parental indicators and children's MVPA during different segments of the school day. The results showed that maternal BMI had no significant association with children's MVPA before school (B = 0.00, p = 0.991) but was negatively associated during school hours (B = −0.15, p = 0.031). There was no significant association between maternal BMI and children's MVPA after school. Maternal education at the university level showed a trend towards a negative association with children's MVPA during school hours (B = −1.19, p = 0.066). Maternal MVPA showed no significant association with children's MVPA before school but indicated a weak positive association during and after school, although these associations did not reach statistical significance.


TABLE 3 Association between parental indicators and MVPA per segment.
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Paternal BMI was significantly negatively associated with children's MVPA before school (B = −0.28, p = 0.010), while no significant associations were observed during or after school. Paternal education at the university level showed a significant positive association with children's MVPA after school (B = 1.45, p = 0.049). Paternal MVPA was positively associated with children's MVPA during and after school, with the strongest association observed during school hours (B = 0.02, p < 0.001). These findings suggest that parental PA, particularly that of fathers, plays an important role in influencing children's PA levels during and after school hours (Table 3).

The sample was characterized by a high perception of neighborhood safety, with 86% of parents considering their area safe for children's PA and play during the day. Socioeconomic status, as measured by FAS, showed that 13% of families were categorized as low, 67% as middle, and 20% as high. Regarding housing, 65% of families lived in detached houses, 22% in apartment buildings, and 14% in panel housing. Active transport to school was reported by 41% of children. Associations between these contextual factors and MVPA during each segment of the school day are presented in Table 4. Active transport was significantly positively associated with MVPA before school (B = 1.90, p < 0.001), suggesting that children using active modes of transport, such as walking or cycling, were more likely to be physically active during this segment. However, no significant associations were found between contextual factors and MVPA during or after school.


TABLE 4 Association between contextual factors and MVPA per segment.
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Discussion

The present study highlighted the critical role of schools in supporting children's PA throughout different segments of the school day. The findings demonstrated that the majority of MVPA occurred during and after school hours [as in the case of Czech adolescents (39]), with relatively low activity levels before school. These results emphasize the importance of providing structured opportunities for PA within the school environment, not only during physical education classes, but also through initiatives like active breaks (40, 41) and extracurricular activities (42). Schools can be pivotal in bridging the gap in PA levels by offering an environment conducive to movement, particularly for children who may have fewer opportunities to be active outside school hours (24, 43).

The role of active transport as a predictor of MVPA before school further underscores the potential of school-led initiatives to promote active commuting. Schools can support active commuting through initiatives like “walking buses” or bike-to-school campaigns, while municipalities can enhance these efforts by creating safe and accessible infrastructure, such as bike lanes or pedestrian zones near schools. City-supported programs, like “Safe Routes to School” (https://1url.cz/J1055) could further encourage active transport and collaboration between schools and local councils to foster neighborhood safety, making it easier for families to adopt active lifestyles. Encouraging walking or cycling to school, especially through campaigns or partnerships with local communities, could provide a feasible and effective strategy for increasing overall PA levels (44). The success of these initiatives, however, relies on safe infrastructure, such as sidewalks and bike lanes (45), and perceived neighborhood safety (46, 47). Collaboration between schools, city councils, and communities is essential to create supportive environments for active transport (48, 49). Schools and city councils that facilitate a safe and supportive environment for active commuting are likely to see benefits not only in increased MVPA but also in improved attention and readiness to learn in the classroom (50, 51). Integrating education about active transport into the school curriculum could also raise awareness among children and their families about the health benefits of walking and cycling, fostering lifelong healthy habits (52, 53).

A unique feature of this study was its focus on the family unit rather than solely on children. By involving parents and employing device-based monitoring of movement behaviors using ActiGraph accelerometers, this research provided a comprehensive picture of the dynamics that influence children's activity levels. The significant association observed between fathers’ PA and children's MVPA during school hours, as shown in our study, emphasizes the influential role of paternal behaviors in shaping children's PA patterns. This finding suggests that children may primarily model their PA habits particularly after their fathers, at least within the school-day context. Possible explanations include fathers' greater interest in sport in general (54) and their increased involvement as coaches or assistants in sports clubs, while mothers tend to focus more on enforcing sleep-related rules and limiting excessive sedentary behavior in their offspring (55). These gender-related differences in parent-child roles and behaviors could be seen as a potential limitation of the study, as they reflect societal norms that may not apply universally. Future research could explore how these dynamics vary across different cultural contexts.

However, when examining the entire FAMIPASS study sample, this association was significant for both fathers and mothers, and it extended not only to MVPA but also to overall PA (35). These findings align with previous FAMIPASS studies, which have demonstrated the critical role of maternal physical activity and sleep behaviors in supporting adherence to PA and sleep guidelines in children (35, 55). For example, reduced sedentary behavior and the absence of screen-time devices in children's bedrooms have been associated with better adherence to sleep recommendations (35). Moreover, significant associations have been identified between MVPA and total PA in parent-child pairs across all gender combinations, further emphasizing the importance of parental role modeling in fostering active behaviors. Additionally, it has been shown that overweight children exhibit significantly lower PA and higher SB compared to their non-overweight peers (56). These findings underscore the need for family-centered interventions targeting not only children but also parental behaviors, as such interventions may play a pivotal role in addressing both PA and sedentary behavior patterns within families. Interestingly, no significant differences were found in the prevalence of excess body weight in children based on age, gender, family SES, or parental obesity (56), highlighting the complexity of factors contributing to childhood overweight.These broader FAMIPASS results highlighted the potential value of family-centered, school-based programs that encourage active lifestyles across the entire family, with targeted interventions that address the unique contributions of both parents. In our view, schools can play a leading role in engaging parents through workshops, events, or family-oriented PA initiatives that extend beyond the traditional school setting (57).

Furthermore, the whole-day segments approach adopted in this study provided a more nuanced understanding of children's movement behaviors throughout the entire day. Such a comprehensive analysis is often absent in earlier studies, which focus mainly on school hours (58, 59) or after-school periods (60). This comprehensive approach reveals that while schools provide a structured environment that promotes PA, the influence of family dynamics cannot be underestimated (61, 62). The interaction between school policies, family behaviors, and children's PA patterns suggests that a holistic approach involving both schools and families is necessary to maximize the health benefits of PA (63–65).

The findings of the FAMIPASS study underscore the need for schools to play a proactive role in promoting PA across multiple domains—through in-school activities, support for active commuting, and family engagement. Future interventions should aim at enhancing school-based PA programs while also extending support to families to ensure that active lifestyles are fostered both at school and at home. Finally, while active transport has been identified as a significant contributor to MVPA, a rigorous analysis of Czech children's active transport to school is still lacking. This gap represents a promising area for future research, particularly given its potential to integrate school, family, and community interventions. By leveraging the combined influence of school environments and family dynamics, there is a significant opportunity to create sustainable improvements in the PA levels of children and their families.

This study has several limitations that should be acknowledged. Firstly, the recruitment of participants might have been biased towards more active families who were interested in the topic of PA. As a result, we may not be able to fully characterize the movement behaviors of families who declined to participate in the study, which could limit the generalizability of the findings. Secondly, there was a considerable dropout rate due to the requirement for a complete daily log. Many children did not have their logs filled out correctly or comprehensively, rendering their data unusable for analysis. This challenge could potentially be mitigated in future studies by replacing the paper-and-pencil approach with a digital solution, such as a mobile application that records GPS data. However, the use of such technology might also face resistance from participants due to privacy concerns and the requirement for informed consent. Thirdly, the study did not account for the participants' sports backgrounds, which could have provided important context for understanding their movement behaviors. Furthermore, a limitation of this study is the lack of information on whether all children from participating families were included and the absence of data on the number and ages of other children in these families. Fourthly, our final sample size was smaller than initially planned, which may reduce the statistical power to detect subtle effects. Nonetheless, the observed effects remained statistically significant, suggesting that key findings are robust. To reinforce generalizability and validate these results, future research with larger and more diverse samples is recommended. Finally, differences in school curricula systems and environmental conditions including the distance to school, were not considered, which may have influenced the children's PA patterns. Despite these limitations, the study provides valuable insights into the role of schools and families in shaping children's PA behaviors.



Conclusion

In conclusion, the findings of the FAMIPASS study highlighted the need for schools to play a proactive role in promoting PA across multiple domains—through in-school activities, support for active commuting, and family engagement. Future interventions should aim at enhancing school-based PA programs while also extending support to families to ensure that active lifestyles are fostered both at school and at home. By leveraging the combined influence of school environments and family dynamics, there is a significant opportunity to create sustainable improvements in the PA levels of children and their families.

The segmentation of the school day revealed low activity levels before school, pointing to a critical area for intervention. Fathers' PA levels and education emerged as particularly strong influences on children's PA during and after school, while mothers' PA also played a positive role. These findings emphasize the importance of family-centered strategies that target both children and parents. Despite limitations such as selection bias, the study's use of synchronized accelerometer data provided robust insights into parent-child activity patterns, supporting the development of tailored, holistic approaches that integrate efforts from schools, families, and communities.
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Introduction: There is an association between physical activity and both health and academic performance. However, there is still a lack of consensus on how to engage adolescents in physical activity interventions in secondary schools. One approach to better understand the activities and strategies supporting effective implementation is to involve school staff and adolescents in the early stages of planning and preparing for interventions. Therefore, the aim of this study is to explore how multiple stakeholders, including school staff, students, and experts, perceive the barriers and facilitators for implementing a school-based intervention that extends the school day with additional physical activity in Sweden.



Material and methods: This inductive explorative qualitative study involved 16 participants. Three focus groups with school staff, including principals (n = 3), teachers (n = 6), and students (n = 4), and three interviews with experts were conducted. The planned intervention and its components were presented to the participants in the focus group and interviews to discuss them based on their previous experiences and thoughts of implementing physical activities or health promotion programmes in their schools or with adolescents. Data were analysed using qualitative content analysis.



Results: Three categories emerged: (1) “types of activities offered”, highlighting the importance of designing activities that are fun, inclusive and unusual; (2) “integration of the activities into school curriculum” to promote sustainability of the intervention and incorporate physical activity throughout the school day and across school subjects, and (3) “Management support and funding” referring to the funded time and facilities that teachers leading the activities need to facilitate implementation.



Conclusions: Before implementing extra physical activity in a school setting, it is important to understand what activities enhance students' motivation and the type of support teachers need from the school principal and administration. This includes funding for teachers' time, appropriate scheduling of the activities, and access to facilities.
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1 Introduction

Given that adolescents spend a significant proportion of their time in school, it has been suggested that schools are ideal for implementing physical activity interventions (1, 2). Physical activity has been shown to benefit adolescents' physical and mental health and support their academic performance (3–6). Recent publications from Nordic countries (7–9) also show that additional physical activity contributes to youth's physical health and improves their grades. Despite the known benefits of physical activity, a concerning trend persists where approximately 70%–80% of adolescents aged 11–17 globally and in Sweden do not reach the recommendations for daily physical activity (10, 11). Furthermore, adolescents from low socioeconomic backgrounds are less active and have fewer opportunities for physical activities than their peers from high socioeconomic backgrounds (11). The disparities in physical activity levels highlight the need for targeted interventions within school settings to ensure equitable access to physical activity opportunities for all adolescents, regardless of socioeconomic status (12).

Implementing physical activity interventions in the school context has gained attention as a strategy to improve adolescents' health and academic performance. Despite the widespread implementation of these initiatives, previous research lacks consensus regarding the most effective strategies for successful implementation, particularly concerning types of physical activity and organisational factors (13, 14). Recent systematic reviews have highlighted that many school-based physical activity interventions fail to enhance daily physical activity in this context (14). More research is needed to strengthen the understanding of the factors contributing to effective implementation. One of the primary challenges identified is that many school-based interventions do not adequately consider the needs of the students and the specific contextual conditions in which they are implemented (15). This is particularly concerning given the findings of Jago et al. (16), which emphasise the importance of tailoring interventions to address local contexts and the diverse needs of students to enhance effectiveness and sustainability. This approach encourages a shift from rigid, uniform intervention designs to more flexible strategies, allowing schools to adapt the content of physical activity programmes to their unique circumstances (16). Furthermore, van Sluijs et al. (17) argue that although schools are essential arenas for health promotion, there is a need to consider the schools' policies and social and physical environment. A study by McHale et al. (18) supports this view, highlighting the importance of understanding organisational and interpersonal factors that influence implementation. As Mc Mullen et al. (19) highlight, schools often have other competing priorities and time constraints that hinder effective implementation. Thus, there is a need for more research before implementing school-based physical activity interventions for adolescents to understand better organisational factors and how to best design such interventions, especially in lower secondary schools (20).

Understanding the factors that facilitate successful implementation is crucial but challenging due to the complexity of school settings (21–23). To address this complexity, the co-development of interventions in the school context is crucial (23, 24). As Jourdan et al. (24) suggest, there is an urgent need for context-sensitive approaches, intersectoral partnerships, and sustainable strategies to improve the implementation of health-promoting practices in schools. Therefore, there is a need for collaborative efforts between the education and health sectors to implement effective physical activity interventions (24). Further, understanding potential barriers and facilitators, including contextual factors to successful implementation, is vital (25), yet few studies have explored this in detail. Identifying barriers to implementing planned interventions can help create strategies to overcome these challenges (26). Involving experts, school staff, and students early in the implementation process is crucial for exploring barriers and facilitators. Their collaboration offers valuable insights into the experiences of those served by an intervention, those involved in its delivery, and the intended users of its results. Such research has been shown to generate knowledge perceived as trustworthy and relevant, helping to transfer evidence into real-world practice (27). Therefore, this study aims to explore how multiple stakeholders, including school staff, students, and experts, perceive the barriers and facilitators to implementing a school-based intervention that extends the school day with additional physical activity in Sweden.



2 Material and methods


2.1 Design

An inductive, explorative, qualitative design was used to explore the perceptions of school staff, students, and experts. Qualitative methods are valuable for gaining insight into multiple stakeholders’ views and exploring complex dynamics and issues in depth (28). Focus groups were conducted with school staff and students, and interviews were conducted with experts. The focus groups provided insights into the practical experiences and perceptions of school staff and students regarding the potential implementation of a school-based intervention that extends the school day with additional physical activity. Focus groups were selected for these participants to facilitate dynamic discussions and capture a range of perspectives in a collaborative setting. This helped identify specific barriers and facilitators from those directly involved in the school environment. The interviews with experts offered a broader view of the systematic and policy-related factors that could influence the implementation of school-based interventions. Interviews were chosen for experts to allow for in-depth explorations of their specialised knowledge and experiences in a more focused manner. These data sources provided a comprehensive understanding of the barriers and facilitators of implementing a school-based intervention that extends the school day with additional physical activity.

The study is part of the preparation phase of a cluster-randomised controlled trial. The intervention will be conducted in secondary schools in Stockholm, Sweden, targeting 8th-grade adolescents (14–15 years). Briefly, the planned intervention will involve extending the school day by adding 60 min three times per week. It will include the following components: (1) diverse types of physical activities, (2) homework support with short activity breaks, and (3) walking while listening to an audiobook.

Ethical approval for this study was obtained from the Swedish Ethical Review Authority (Dnr 2021-00911). Informed consent to participate has been obtained from all participants and the student's legal guardians.



2.2 Setting and participants

The schools were located in two municipalities in the Stockholm Region, with around 35,000 inhabitants, and in the Gotland Region, with around 60,000 inhabitants. The average income of the municipalities in the Stockholm Region was relatively high, while in the Gotland Region, it was average in the Swedish context (26). Schools were selected using purposive sampling based on geographic location and socioeconomic status. Specifically, schools were chosen from two municipalities in the Stockholm Region and from the Gotland Region to ensure a diverse representation of urban and rural areas with varying socioeconomic conditions. One selected school had previous experience implementing additional physical activity, while the others did not. The selection aimed to include a mix of schools to capture a broad range of experiences and perspectives.

During the recruitment for this study, invitations were emailed to the principals of 10 secondary schools. Three schools agreed to participate, while the main reason for non-participation was that the schools were dealing with the consequences of the Covid-19 pandemic. The schools that declined to participate also included those from both high and low socioeconomic backgrounds. Physical Education (PE) and other subject-specific teachers who could be involved in potential extra-curricular physical activities were invited to the focus groups by the principals in each school. The schools selected student representatives before the invitation. They were advised to invite both male and female 8th-grade students who they believed would be comfortable discussing the study's issues in a group setting with other students, teachers, and the principal. Additionally, they were encouraged to include students who were both physically inactive and active. Experts were recruited through snowball sampling and interviewed separately. One expert was employed at the municipality of Stockholm, one was employed at the Swedish National Agency for Education, and one was a pedagogical researcher. They were selected based on their experience designing and implementing school-based physical activity interventions. All invited experts agreed to participate. In total, 16 participants agreed to participate in the study. The experts were one male and two females, with a mean age of 60.3 years (range 49–69). Three mixed focus groups were conducted with a total of 13 participants, including school principals (n = 3), teachers (n = 6), and students (n = 4). The principals and teachers included eight females and one male with a mean age of 49.2 years (range 28–65). The students were two females and two males in 8th grade, with a mean age of 14.9 years (range 14–15).



2.3 Data collection


2.3.1 Focus groups

The data was collected through focus groups to explore the participants' perceptions of the barriers and facilitators to implementing a school-based intervention. This allowed for an in-depth understanding of their thoughts (28). The focus groups were conducted at convenient times and locations for the participants. One focus group was conducted in person, and two were conducted online based on the participants' preferences. Each focus group lasted approximately 60 min as the participants could not allocate more time for the discussions.

All focus groups were conducted by a moderator and an observer (SA, GN, BH). The focus groups included a brief description of the purpose of the study and a preliminary plan for a planned intervention. This initial plan provided a starting point for discussion for the stakeholders to critique, modify, and build upon. A semi-structured focus group schedule was developed and pilot-tested in the first focus group, with no changes needed to the guide. The data from the first focus group was included in the analysis since it was planned as part of the study from the beginning. The purpose of testing the schedule was mainly to determine if any minor revisions were necessary. Even if revisions had been required, the data would still have been included in the analysis due to the semi-structured nature of the guide, which allowed for flexibility in how questions were posed. The questions included previous experiences of extra-curricular physical activity and homework support and potential barriers and facilitators to implementing the planned intervention. For example, participants were asked their thoughts on extending the school day to make room for extra teacher-led physical activity. Probing questions were used to clarify specific content or request examples of situations participants mentioned. The moderator and the observer took field notes during and after the focus groups.



2.3.2 Interviews

Interviews were conducted with experts, including representatives from government agencies and researchers (n = 3), to explore the factors, including barriers and facilitators, focusing on implementing extra scheduled physical activity in secondary schools. The same question areas as in the focus group schedule were also used in the interviews. The questions were adapted to an interview format. Interviews were chosen to gather expert opinions rather than facilitate discussion, as would be the case with focus groups. Interviews allow for a concentrated exploration of individuals' past experiences (28) in developing or implementing school-based interventions, which may be overlooked in focus groups where it can become more generalised. The interviews were conducted at a convenient time for each participant. All interviews were conducted digitally due to the social restrictions of the Covid-19 pandemic. The interviews lasted approximately 60 min. Two of the authors (SA and GN) conducted all the interviews, which took place between March and April 2021. The interviewer took field notes during and after the interview. The data from interviews and focus groups were audio-recorded and transcribed verbatim by a professional typist. The first author (SA) checked the transcripts' accuracy. Quotes were translated from Swedish to English after the analysis was completed.




2.4 Data analysis

SA read through the transcripts several times to become familiar with the data. The focus was mainly on the manifest content, with a low level of interpretation, following inductive qualitative content analysis procedures (29, 30). This process helped to gain an initial understanding of areas of interest in the data. Specifically, the focus was on identifying any factor, characteristic, institutional structure, view, or belief that either hindered or facilitated students’ engagement or the implementation of extra physical activity in their school. Starting from this initial understanding, SA identified meaning units in the transcripts, words, sentences, or paragraphs containing essential aspects related to the aim of the study. These meaning units were first condensed and then labelled with codes. Then, the condensed meaning units and codes representing similar aspects were grouped into sub-categories. These sub-categories were compared and summarised into main categories. SA and LF further discussed the sub-categories and categories. All authors reviewed the categories and sub-categories to enhance the trustworthiness of the findings (30). The discussion among all the authors focussed on the content of each sub-category and category within its context. Any discrepancies were discussed until a consensus was reached among all authors.




3 Results

The analysis revealed one main category, three categories and eight sub-categories. The categories were: “Types of activities offered”, “Integration of activities in school curriculum”, and “Management support and funding”. The categories emphasise the barriers and facilitators to designing and implementing activities that are enjoyable, seamlessly integrated into the school's daily routine, and financially supported to ensure that teachers can effectively and sustainably implement them. The main, generic and sub-categories are presented in Figure 1.


[image: Diagram illustrating key aspects for implementing sustainable school physical activities. Main category includes "Types of activities offered," "Integration of activities in school curriculum," and "Management support and funding." Sub-categories under each provide additional detail.]
FIGURE 1
Main category, generic categories and sub-categories.



3.1 Types of activities offered


3.1.1 Simple and fun with a progression

To facilitate the implementation of extra physical activities and increase engagement, experts and teachers proposed introducing a variety of fitness, strength training, and physical coordination activities tailored to the adolescents' age. They also emphasised that these activities should be concrete and simple yet incorporate a progression to ensure students feel a sense of development and learning. Furthermore, the intensity of the activities should be sufficient to raise the heart rate without causing excessive sweating, as the students pointed out that they are reluctant to shower after the activities. Both teachers and students suggested incorporating pulse-enhancing activities:


They would be more motivated if it were like activities with high intensity that students enjoy. (Teacher 2, FGD1)




Most students like the high-intensity sessions. (Student 2, FGD1)



Students and teachers suggested that allowing students to choose activities would further facilitate their implementation. Additionally, teachers requested supportive materials that included suggestions for various activities.



3.1.2 Inclusive

When designing activities, both school staff and experts emphasised the importance of implementing flexible activities that can be adapted to ensure that all students can participate. This includes students with disabilities, those who feel insecure, those with low self-confidence, and those who may struggle with specific exercises:


I think, I'm not worried about those who love to move and feel completely comfortable with this, but we must not lose sight of the others, because they're the ones who are really the most important. (Expert 2)



From the experts' point of view, inclusive activities were described as a prerequisite for implementation. One expert pointed out that activities should avoid stigmatising or discriminating against groups of students. These activities should benefit all students and align with the principles outlined in the Convention on the Rights of the Child—with the children's best interests in mind. School staff also discussed the practical challenges and opportunities in implementing suitable and inclusive activities. They suggested that one effective way to tailor these activities for broad participation is to avoid competitive games or sports:


The entry point is a bit up to those who are going to lead an activity, they have to think about the setup. It cannot be too competitive, it must be aimed at everyone, so that is the entry point, I think. (Principal 1, FGD 1)





3.1.3 Unusual

Another suggested way to promote inclusivity was to offer activities or sports that are a little unusual or uncommon. This approach was suggested to help prevent disparities among students based on their previous knowledge or experiences of the activities. One student shared: “Not so complicated exercises, so you don't have to have played football to participate” (Student 3, FGD 2). It is important to provide a flexible range of activities that caters to all student's needs and interests while also appealing to those who typically do not engage in physical activity. To enhance the motivation of those students, an expert suggested focusing on activities that are exciting and require minimal effort:


And those who need the most help are those who need an entry point, how are we going to motivate all students to be physically active? Then you must look at the lowest common denominator, so that, what can suit everyone so that you reach everyone. Not only those who are already active. (Expert 2)



Paradoxically, activities requiring little effort may not be suitable for more active students. Therefore, it was suggested that more students would benefit if one offered them a choice of parallel or different activities. However, this would require more resources, especially teachers who could lead the sessions.




3.2 Integration of activities into the school curriculum


3.2.1 Having time in the schedule

While the school staff and experts thought extra physical activity feasible, they also stressed the importance of integrating these activities into the school's schedule to encourage participation.

They expressed the need to tailor the physical activity sessions to fit each school's schedule so that the activities could occur. One expert (Expert 1), with previous experience extending the school day with extracurricular physical activities, emphasised, “Compliance is the most important thing” (Expert 1). Having time in the schedule for extra physical activity could help ensure that students participate and that the activity sessions are carried out as planned.

Students expressed that extending the school day with extra physical activity could be challenging. Although motivating tired students to participate may be difficult, they suggested that scheduling the activities in the morning might be more effective:


Maybe you become more awake (student 3, FGD 2)




Yes, you might perform better in school (student 4, FGD 2)



Barriers to implementing extra physical activity included scheduling activity sessions after regular school hours, which might pose challenges for students involved in extracurricular activities or who live far from the school. A principal suggested the activities to become a natural part of the schedule:


Then it's not about staying an extra hour for something specific, it's about the schedule looking different, it's a longer schedule, for everyone. (Principal 2, FGD 2)



School staff and experts emphasised the need to implement more physical activity during long theoretical lectures. They suggested incorporating activity sessions of 20–30 min, as these would be easier to integrate than longer sessions of 60 min. Schools could schedule shorter breaks between lessons or offer extra physical activity as electives or “student's choice” to condense the school day. Activity breaks between lessons were also suggested as a feasible and sustainable option.



3.2.2 As part of school subjects

Connecting the physical activity sessions with students' learning and school subjects was perceived as essential to increase this understanding. For example, teachers and students saw opportunities to walk while listening to audiobooks as part of Swedish or English lessons.


You could put it in for a lesson, that you take half an hour, and we go and walk and listen. (Teacher 3, FGD 2)



Focusing on students' learning was also seen as important. Participants pointed out that it is beneficial if students and teachers understand the health-promoting and academic benefits of physical activity to be motivated to carry out the activities.


As a school, we need to be clear that this gives better results for all students. (Principal 2, FGD 2)



The participants emphasised that students could become more engaged and inspired to be physically active if they understood that it could help improve their study results. One student also mentioned that extra physical activity could help students concentrate better and ultimately achieve better grades:


It could actually increase the students' ability to work during lessons. So, you could raise your grades if you need it. (Student 1, FGD 1)






3.3 Management support and funding


3.3.1 Taking responsibility

Having support from management was seen as crucial. Management needs to take overall responsibility, be clear, and highlight the importance of involving teachers. One expert expressed:


This thing about the school management it's probably the most important. Because unless the school management shows their full support, so that everyone understands that this is important, this is what we're going to do this at this school, it doesn't help how good the PE teachers are. (Expert 1)



The experts suggested that a contract with schools could increase participation in the research project. Another suggestion was to have focus groups involving all involved staff to introduce and plan the activities.



3.3.2 Involving key teachers and associations

Physical education teachers were generally seen as pivotal due to their experience and knowledge in teaching physical activity. A principal suggested that assistant teachers could also lead physical activity sessions, as they are easy to schedule:


It is just to re-schedule an assistant teacher and say that you should hold a physical activity session (Principal 1, FGD 1).



To have at least one enthusiastic and ambitious teacher involved in implementing the activities was highlighted as key to ensuring their sustainability and continuity.


There must be someone very enthusiastic at every school who kind of takes responsibility for this being implemented. (Expert 1)



An enthusiastic teacher could also contribute to students' motivation and participation. At least one teacher would be needed to conduct the sessions, but that person could also train other teachers to lead the activities. The experts emphasised several teachers would require less time for each teacher:


So if more teachers do it, there will be less time per teacher (Expert 2)



If too few teachers are involved, it could be problematic to ensure the activities' sustainability in the long term, according to the teachers and principals. An enthusiastic teacher can become isolated when performing the activities, making it difficult to carry out the activities. It was therefore seen as essential to involve more teachers, even though some will be more engaged than others. According to a participant, it can be fun at the beginning to lead the activities, but a lack of proper support poses a risk:


What will definitely happen after a while is that there is a risk to those who carry this out, the person who leads the activities themselves, will be left alone with it at the school. And there may be a change of headmaster, there may be other staff changed around, there will be new staff who want to pursue other issues. As a result, you become very, very lonely as a PE teacher. That is very common, I would say, in my opinion. It was fun at first. (Expert 3)



Management could also consider contacting different associations to help facilitate the activity sessions. Teachers who had an experience with extended school days emphasised the importance of having physical education teachers and external leaders from different sports clubs lead the activity sessions. One key factor in promoting this idea was the establishment of alliances with local associations from the surrounding area. These alliances were described as a “win-win situation” that would benefit teachers by providing help and inspiration and associations by allowing them to showcase their activities and attract students.



3.3.3 Funding teachers' time and facilities

The staff funding to lead activity sessions was described as a challenge, especially if the schools themselves needed to finance it. Questions about where the resources should come from and who would pay for teachers' time were raised, especially from the school principals:


This idea is that teachers think it's so fun that there are better results for the school that they would work an extra hour or three hours a week. This ideás not realistic. Of course, you have your duties that you should do, so it must also be integrated into your [paid] work. (Principal 2, FGD 2)



The school staff, both teachers and principals, agreed that extra resources would be needed to integrate additional physical activities in the schedule. They explicitly asked: where should the resources come from (Teacher 4, FGD 3). However, the school staff also saw opportunities that, if planned correctly, the activities do not need to be so costly.

The school staff also raised concerns about the cost and availability of facilities, like local sports halls, for hosting activities. Several teachers described it as the “greatest dilemma”. The principals explained that booking times at these facilities could be challenging due to high demands from other schools and sports clubs. On the other hand, many participants suggested that activities could be held in classrooms, the schoolyard, or other outdoor areas. However, the experts emphasised that being outside in the winter may not always be popular among students and staff.


I think it will be hard enough to get them [students] to walk, like when it's cold and snowy and wet outside. (Expert 1)



Walking in winter could be a great way to get out and move, but it could also be challenging to motivate students when it's cold. Considering the weather when planning outdoor activities was emphasised, especially given that Sweden has a long winter.





4 Discussion


4.1 Result discussion

This study explored how multiple stakeholders, including school staff, students, and experts, perceive the barriers and facilitators for implementing a school-based intervention that extends the school day with additional physical activity in Sweden. The results were presented in three categories: (1) “types of activities offered”, which emphasised the importance of designing activities that are fun, inclusive and unusual; (2) “integration of the activities into school curriculum”, which concerned the sustainability of the intervention by incorporating physical activity throughout the school day and across school subjects, and (3) “management support and funding” that referred to the financial resources and facilities needed to support teachers who leading the activities, ensuring a successful implementation.

The results show that schools can design engaging physical activities that are simple, fun, unusual, and inclusive. These activities should align with students’ interests and preferences to encourage participation. Activities with a low entry point were also perceived to encourage those with low self-confidence or difficulties to participate. Previous research has also shown the benefits of individual/team development rather than competition in promoting physical activity (17). Similarly, a systematic review by Martins et al. (31) found that having fun was the most frequently mentioned factor encouraging physical activity among adolescents. It emphasised the need for diverse, challenging activities without student competition. Most studies in the review (31) focused on adolescent girls and their perspectives on factors influencing their participation in physical activity, rather than on specific interventions. The current study involved engaging stakeholders during the intervention's planning phase to incorporate the perspectives of those being served by a planned intervention. This is essential for tailoring interventions to local contexts and enhancing implementation. Integrating diverse stakeholder input at this stage can reveal potential barriers, as most school-based physical activity studies typically address these perspectives only after the intervention has begun.

Involving several teachers and providing them with adequate training and support was found as essential for successful implementation. Another important facilitator presented in the result was the possibility of integrating physical activities into the school schedule, combining physical activity with lessons in various school subjects (e.g., walking while listening to an audiobook required in the Swedish, English or History class). Several studies have raised the importance of considering the complexity of the school environment and the need to tailor the implementation of initiatives to these specific contexts (16, 17, 23). Jago et al. argue for a shift from uniform interventions to more flexible, context-specific approaches that allow schools to adapt the content of physical activity programmes to their unique circumstances. However, there is limited evidence on how to make these adjustments effectively. Previous systematic reviews found that involving staff in the provision of physical activity enhances implementation in school settings (32, 33). The findings in this study highlighted that staff involvement is crucial for raising awareness about the health benefits of physical activity, particularly in relation to students' academic performance. This increased awareness may motivate teachers to integrate physical activity into their subjects. To promote this awareness, the planned intervention will include workshops for teachers aimed at customising the implementation to fit each school's context and promote understanding of the planned initiative.

For staff to be involved in delivering a planned intervention, it seems crucial to ensure management support and funding of staff hours and facilities to carry out the additional physical activity. To some extent, these findings echo the barriers to implementation found in healthcare professionals working with increasing physical activity among cardiac patients, where support from administration and leadership was considered key (34). This is also consistent with a recent study about teachers' perspectives of the barriers and facilitators to the delivery of a school-based physical activity intervention (35), which found that some teachers refused to participate due to time constraints which may be linked to a lack of managerial prioritisation of physical activity activities. Taken together, the results of this study highlight the importance of involving stakeholders' perspectives in designing physical activity interventions to tailor the intervention to each school setting.



4.2 Strengths and limitations

Data was collected from different stakeholder groups (e.g, students, staff, and experts), which increased the study's credibility (36, 37). Focus groups and interviews enabled the triangulation of methods (38) and captured multiple perspectives. Using an interview guide with semi-structured questions also allowed the participants to express their experiences (39). However, it is possible that all groups did not feel they could openly express their thoughts in the focus groups due to power dynamics.

Credibility was enhanced through several strategies. Researcher triangulation was conducted in the data collection and analysis, increasing the study's credibility (36, 37). The use of multiple data sources (students, school staff and experts) and methods (focus groups and interviews) provided a comprehensive view of the phenomena under study. Member checking was not used, and it could have provided new insights if it had been conducted. Dependability was ensured by well-documenting the data analysis process and reflecting on the researchers' pre-understanding to create awareness and ensure that data analysis focused on the participants' perceptions and previous experiences. An audit trail was maintained, detailing each step of the research process. Furthermore, the researchers continuously reflected upon their potential pre-conceptions to ensure confirmability and that the findings were based on the participant´s voices.

Although a relatively small number of participants were included, they represented varied experiences and school contexts. Yet, the number of participants may limit the study's transferability. The short time for data collection, with only one hour for each interview and focus group, did not allow for a thorough description of the context and participants. Having a more comprehensive description of these aspects would have enhanced the study's transferability to other settings (37). It is a limitation that schools were recruited during the COVID-19 pandemic since many schools expressed an interest in the subject of the study but declined participation due to a heavy workload. Data collection continued until saturation was reached, but it is possible that new aspects could have emerged with a larger study population.




5 Conclusions

When planning a physical activity intervention in a school setting, it is important to understand students' preferences for physical activity to enhance their motivation. Schools can design physical activities that are simple, fun, unusual, and inclusive to engage all students. By aligning the activities with studentś interests and preferences, schools can encourage greater participation.

Implementation can be facilitated if several teachers deliver the activities and receive adequate training, and support will also facilitate implementation. Administrative support is also crucial; school managers should provide necessary resources, including scheduling adequate time for physical activities, integration in diverse subjects (scheduling), funding for teachers (paid working hours), and appropriate facilities.

Adapting to local needs is recommended to facilitate the implementation of the planned intervention, as the complexity of school systems requires flexibility in changing group dynamics and contexts (23). Beyond these barriers, additional extra-curricular physical activity can be a novel way to increase adolescents' physical activity levels and contribute to reducing health inequalities by including all students. The findings of this study can inform educational policies and school interventions.
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Introduction: The role of pupil participation in school-based physical activity is an often overlooked element despite the increasing interest in pupils' voices in policy development and research. Pupil participation is here defined as collaborative actions involving pupils and school stakeholders that influence decision-making processes in school-based physical activity. This study was conducted to explore how the 10- and 15-year-old pupils perceive their participation roles in school-based physical activity connected to age and the contexts of physically active learning and recess in various schools in Norway and Estonia.



Methods: The study involved thirty-eight students (n = 38; 17 boys and 21 girls; 21 10-year-olds and 17 15-year-olds) from selected schools in Norway and Estonia. Data were gathered through nine semi-structured focus group discussions.



Results: Utilizing Braun and Clarke's reflexive thematic analysis, three principal themes were constructed: 1. The informed and listened to, 2. The responsible and open to teachers' questions and facilitation, and 3. The invited to make a choice and practice participation. Taken together, the themes reflected the existing practices and structures that empowered pupils to express their perspectives on school-based physical activity. They also encapsulated pupils' suggestions and wishes for facilitation of their voices in these activities.



Discussion: Using Hart's Ladder of Children's Participation as a theoretical lens, the study revealed age and context-specific disparities in pupils' participation roles in school-based physical activity. Pupils engaged in both informal and formal participation structures in teacher-led physically active learning and free choice recess activities, creating democratic spaces for rights of participation and the expression of choice, which need to be prioritized. Older pupils had more participation opportunities than 10-year-olds and had more responsibility, possibly due to perceived maturity. However, 10-year-olds exhibited numerous ideas for increased movement in school, valued the pupils' council, and called for more physical activity. Activity choice and teacher facilitation are vital in physically active learning and recess contexts. It is suggested that school-based physical activity can offer a space for pupils to learn about democracy but gaining the confidence and ability to do so takes practice. Meanwhile, teachers often need training to support active pupil participation in school-based physical activity.
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1 Introduction

Following the adoption of the United Nations Convention on the Rights of the Child (UNCRC) in 1989 (1), children have the right to express their views and be listened to in matters that affect them. Ever since the introduction of the Ottawa Charter (2) and subsequent amendments, participation has been recognized as a crucial aspect in the accomplishment of health promotion goals. These goals include the empowerment of individuals and communities, as well as addressing social determinants of health and individual lifestyles (3). Meaningful participation of children lies at the heart of health promotion, with schools appearing to be the ideal setting for the promotion of both physical activity (4) and participation (5). Pupils have unique perspectives on health habits and health behaviour, which are valuable for tailoring interventions to their needs, thus potentially increasing the effectiveness and sustainability of programs (6). In school-based physical activity, participation can be defined as actions that influence decision-making about designing, planning, implementing and/or evaluating physical activity measures based on collaboration between pupils and school actors (7). The focus of this study is the pupils' perceived participation roles in school-based physical activity in two different contexts during the school day: (1) physically active learning (PAL) during regular classes and (2) recess. Here, PAL is examined as (i) active lessons, where “lesson content and learning occurs through engaging in movement and physical activity” (8, p. 1) and (ii) active breaks, involving “physical activity used as a stand-alone activity that provides a break from academic instruction, within or between lessons, with no curricular content included” (8, p. 1). The second context under examination in this study is recess time. Recess is considered as autonomous and free play time for pupils away from lessons, providing increased levels of physical activity and fitness, enhanced classroom attention, better cognitive abilities and learning skills and improved social and emotional skills (9). In this study, participation is not only taking part in activities or solving tasks, such as in PAL, but it also includes pupils' influence on the decisions and activities in collaboration with other stakeholders (3).

The involvement of pupils' voices in school-based physical activity can have numerous individual, organizational and societal benefits. On an individual level, such involvement can help improve pupils' life skills and motivation and make them more engaged in issues of public concern (10). Other benefits include legal responsibility, improvement of services, strengthening of decision-making and empowerment (11). At the organizational level, pupil involvement can lead to changes in school culture, rules, curriculum, and infrastructure, and improved school engagement (3). However, pupil participation can entail some undesirable outcomes. For instance, pupils from families of higher socioeconomic status are more likely to take part and direct the participatory processes, thus widening social inequalities (12, 13). Another negative result is that although studies of participation report youth advocacy as one of the outcomes, they rarely follow up to ascertain whether the proposed changes actually occur and are sustainable (14).

The UNCRC maintains that children have the right to articulate their opinions and be heard. Although both the Norwegian and Estonian curriculum are governed by the UNCRC (1), the practical application of this principle can differ. The 2020 Norwegian curriculum emphasizes the importance of children's voices in everyday school affairs, advocating for their genuine influence and impact on relevant issues (15). It also underscores democracy and participation as core values. The Estonian National Curriculum, grounded in various international human rights documents, echoes these sentiments. It aims to promote a learning environment that respects mutual perspectives, encourages free opinion exchange, and upholds human rights, equal treatment, and gender equality (16, Section 3, para. 6).

Norway and Estonia are two countries that in the past decade have generated an increasing body of literature on pupils' voices in school-based physical activity. In Estonia, studies within the Schools in Motion program offer insights into pupils' understanding of physical activity opportunities in the classroom (17), while a more recent study examined pupils' preferred activities during outdoor recess with gendered differences (18). Additional Estonian research has delved into barriers and facilitators to recess physical activity based on pupils' perspectives (19). In Norway, a few studies have focused on perceived enjoyment of pupils in physical activity interventions (20, 21), while one study explored adolescents' co-creation of health promotion measures, which made them feel resigned and dissatisfied (13). A recent study focused on pupils' experiences of physical and social affordances in Norwegian and Estonian schools (22). In the Norwegian Active and Healthy Kids program, Schmidt et al. (23) identified that classroom-based movement integration was experienced by adolescents as a different way of learning, creating feelings of both togetherness and social exclusion. However, there is limited research that specifically addresses pupils' experiences of participation in school-based physical activity. A recent report from the Active and Healthy Kids program in high school showed that pupils experienced participation in the different components of the program to a certain extent, had a desire to be heard more, and wanted their teachers to collaborate more across subjects (24).

To approach pupil involvement and participation in the school context, the theoretical perspectives were based upon Roger Hart's (25) Ladder of Children's Participation. Hart's model was used to show how pupils were able to express their voices and participate in PAL and recess according to age and context in the two countries. Hart's (25) ladder comprises eight rungs that indicate different levels of children's participation, with the first three rungs demonstrating non-participation and the remaining five showing various levels of participation. This model is useful as it can demonstrate how pupils' narratives correspond to the rungs of the ladder and can lead to discussions on how adults can act as facilitators and work with pupils at the participation level they choose according to their capacity and desire (26). Hart (25) underlines that children do not always work at the highest rungs of the ladder. What is crucial here is choice, as different children at different times choose to operate at different degrees of participation and responsibility, and adults should support the children in operating at the maximum of their abilities if they choose to do so. Criticisms of Hart's ladder include issues of power with children and adults performing in different groups and the model's disregard of contextual factors such as socioeconomic levels, which can influence children's ability to participate (27).

The aim of this study is to explore how 10- and 15-year-old pupils perceive their participation roles in school-based physical activity connected to age and the contexts of PAL and recess across schools in Norway and Estonia. To achieve this aim, the following research questions were formulated:


	1.How do 10- and 15-year-old pupils experience existing structures and practices that enable them to voice their opinions on PAL and recess in selected schools in Norway and Estonia?

	2.What are the 10- and 15-year-old pupils' wishes and suggestions for facilitation of their voices in PAL and recess in selected schools in Norway and Estonia?





2 Materials and methods


2.1 Study design and procedure

This article draws on data from an exploration of pupils' experiences of participation in decision-making in school-based physical activity (28). That study revealed a disparity between how pupils articulated their viewpoints on decision-making in school-based physical activity and their perception of teachers' reactions to these viewpoints. The current article concentrates on analyzing the data that focus on the facilitation of pupils' voices in PAL and recess and their perceived participation roles. The theoretical foundation for the study is related to the field of childhood studies and social constructionism where children are seen as competent social actors in research (29).

This study is based on nine focus group interviews with pupils aged 10 and 15 years (n = 38; 17 boys and 21 girls; 21 10-year-olds and 17 15-year-olds) conducted from January to June 2022 in two schools in Norway and three schools in Estonia (see Table 1). The same method and sample size were used in a previous article (28). Two rural and three urban schools were chosen to capture differences and similarities in how primary and secondary school pupils experienced participation roles in school-based physical activity during PAL and recess. The selection of pupils of 10 and 15 years of age was to showcase first that there is a clear decrease in physical activity from 9 to 15 years (30) and second, that older children may participate in higher rungs of participation (31). We applied the following inclusion criteria to invite schools to join the study:


	•The school had focused on school-based physical activity, either through enrolment in physical activity programs or having teachers who were educated in PAL,

	•The school had implemented PAL either as active lessons with academic content or as active breaks during lessons,

	•The school had 10- and/or 15-year-old pupils in the school year 2021–2022.




TABLE 1 Participant characteristics.

[image: Table comparing education grades and focus groups in Norway and Estonia. Norway's rural grades are 1-7, urban are 8-10. Estonia's rural grades are 1-12, urban are 1-9. Focus groups include boys and girls aged 10 and 15, with varying compositions. Fifth grade in Norway equals fourth grade in Estonia for 10-year-olds; ninth grade in Norway equals eighth grade in Estonia for 15-year-olds.]

The invitation to participate in the study was sent to 33 Norwegian and 15 Estonian schools. Of these, five schools accepted the invitation, but further inclusion of schools was difficult, mostly due to COVID-19. The Estonian schools were part of the national program Schools in Motion (32), and the Norwegian schools were part of the regional program called Active and Healthy Kids Program (see for instance 33), or had teachers who had completed PAL education by the Centre for Physically Active Learning (34). The school principals and teachers at the schools approved the study, and written informed consent was obtained from parents/guardians and pupils electronically or on paper. In Norway, pupils were granted oral consent instead of written consent in some cases after being informed of the objectives of the study. The teachers of the participating grades were asked to choose pupils to take part in the focus groups, based on mixed genders, differing levels of physical activity and the inclusion of both outspoken and quieter pupils.

The size of the focus groups ranged from three to seven participants. The focus group discussions were audio-recorded and lasted for 45–60 min. They were conducted at the time and location most convenient for the teachers, the pupils, and the school. A semi-structured guide (see Supplementary Appendix I) was used consisting of questions such as: What do you think the teachers could do to make you feel they listen to you more? How would you describe your ideal active lesson? The Estonian focus groups were led by the fourth and fifth co-authors, while the Norwegian focus groups were led by the first author and a research assistant fluent in Norwegian.



2.2 Analysis and reflection

The data, consisting of 141 transcribed pages in Word format, were analyzed using reflexive thematic analysis (RTA) (35, 36). The following interview questions “Can you suggest ways of doing the active lessons, active breaks, and schoolyard recess at school? Why? Why not?”, “What could you and/or your classmates do to move about more in lessons?”, and “What do you think the teachers could do to make lessons more physically active?” were only used in this article.

Data were transcribed verbatim and translated into English by an Estonian transcription company, while the Norwegian data were transcribed verbatim in Norwegian by a trusted external person. The Norwegian transcripts were checked for accuracy against the audio files by the first author, and the English translations of the Estonian files were cross-checked for accuracy by the first, fourth and fifth authors. The analysis was facilitated using NVivo 12 software [QSR Version R1(2020)]. A central point of Braun and Clarke's thematic analysis is reflexivity (35). RTA recognizes researcher subjectivity as a means for research, highlights researcher reflexivity and argues that coding is rarely clear-cut due to the interpretation of the process (35). In this context, all authors worked in public health or education and had experience of research with children. In Norway, the first author made three visits to the primary school and one visit to the secondary school in connection with the objectives of this study. The three Estonian schools were visited once by the researchers to collect data. Providing transparency as to the authors' background and prior relations to the study schools enhances understanding of the reasoning behind the methodological choices and analysis. The data analysis followed the six steps of RTA: (a) familiarization, (b) coding, (c) generating initial themes, (d) developing and reviewing themes, (e) refining, defining, and naming themes, and (f) writing up (36). The first author became familiar with the data by reading the transcripts numerous times and making notes on paper. Each transcript was coded twice. NVivo supported coding with annotations linked to the transcripts, creating 66 initial codes. The data set was initially analyzed with the research questions in mind, focusing on pupils' experiences of existing structures and practices as well as their wishes and suggestions for facilitation of their voices in PAL and recess. The initial codes were clustered into 33 codes, which generated three main themes with eleven subthemes. The themes were reviewed against participation theory to enhance understanding of the data. The RTA as a flexible theoretical approach enabled us to inform the analysis with themes in existing research on participation theory, resulting in the development of pupils' participation roles in relation to context (PAL and recess) as well as age (10- and 15-year-olds). Braun and Clarke (36) argue that RTA as an analytic approach is on a continuum between inductive and deductive analysis. A draft was written based on the initial themes (see Supplementary Appendix II), which was read and reviewed by the second, third, and last authors, following an iterative process of going back and forth between various perspectives. This resulted in the generation of three themes with seven subthemes. All the co-authors reviewed themes, subthemes and codes to agree that they accurately reflected what the pupils expressed through written feedback. The first author wrote up the findings with input from all authors. To enhance the trustworthiness of the study, the co-authors served as “critical reviewers” throughout the stages of data collection, analysis, and manuscript writing (37). This process promoted deeper reflection and consideration of alternative data interpretations.



2.3 Ethical considerations

The study was approved by the Norwegian Centre for Research Data (NSD), project number 419159, and by the Research Ethics Committee of the University of Tartu, approval numbers 330/T-7 and 350/M-6. In addition to parental consent and pupils' consent or assent, all pupils were informed during the focus groups about the objectives of the study and their right to withdraw at any time with no consequences for them in relation to peers, teachers or parents. Pupils were also told that their details and interview content would be processed confidentially at grade level. The names of pupils and schools have been replaced with general descriptive categories. Therefore, there is always a risk that pupils will not recognize themselves in the researchers' findings, as we tried to examine data across several informants, and also discussed the data within the theoretical framework of Hart's ladder of participation. However, we have tried to report pupils’ accounts as accurately as possible, as the pupils' voices in this project are crucial.




3 Results

Three interlinked themes were formulated from the analysis, with a group of subthemes derived from each theme. The themes reveal roles of the participating child. They are presented below (Table 2) with excerpts from participants to illustrate the findings. The pupils talked about practices and structures that enabled them to voice their opinions and influence decisions on particular activities in school-based physical activity. Further, they came up with suggestions/wishes as to what could be done by both teachers and pupils to facilitate their voices in PAL and recess. The practices and structures mentioned are not always used in connection with physical activity. They could be part of another school subject but have the potential to be used in school-based physical activity.


TABLE 2 Themes and subthemes.

[image: List of topics with sub-points: 1. Informed and listened to: a. Pupils needing a break, b. Advance notice of PAL. 2. Responsible and open to teachers: a. Involvement by asking questions, b. Responsibility and facilitation. 3. Participation choice: a. Activity choice, b. Having a say, c. Suggestions for more movement.]


3.1 The informed and listened to


3.1.1 Being listened to when pupils needed a break

Some Norwegian pupils valued being listened to by their teachers to enable them to feel comfortable and express their need for physical activity. In 90 min lessons such as math, the pupils told their teacher that they needed a break, to take a walk around the school building, and the response was often positive, allowing the pupils to move and then come back to their work. This mostly depended on the teacher but being listened to when they needed it was considered important by the pupils to foster good relations with their teachers.


P3: For example, our math teacher is very good at giving us breaks and if we ask something like “Can we go for a walk around the building?”, she very often says “Yes” or possibly “Let's make an agreement about that then” so we can sort of move if we feel we need to. (Norwegian 15-year-olds, FG5)



The examples about being listened to regarding being active and moving in class were less prominent in the Estonian focus groups, with one group of younger pupils remembering a time when they chose to play ball games, and the teachers allowed the activities.


I: Now, could you maybe give an example of when you suggested an activity that the whole class then did?




P1: The ball fight.




I: Have you come up with something that the whole class did?




P3: “The Hunter”.




I: Yes. Anything else?




P3: The basketball, the 10-point game.




I: Do I understand correctly that these activities are all your own initiative? You suggest them and then play? Or does the teacher say that now you have to play this and that's it? The teacher says nothing?




P1: We choose ourselves.




I: (….) How has the teacher reacted?




P3: They don't react very much. (Estonian 10-year-olds, FG8)





3.1.2 Being informed in advance when pupils have PAL

Pupils in one focus group at the Norwegian secondary school appreciated being informed by their teachers about what was coming up in their timetable. However, this subtheme was not mentioned by the Estonian pupils. Examples from Norway were when the teacher told the pupils when they were going to have an active break, to stretch their legs by having Just Dance or take a walk around the school building before carrying on with their schoolwork. It seemed to be important for them to have the active break or PAL written on the timetable. However, there were instances when the teachers did not inform the pupils in advance about PAL time on their schedule. This surprised some pupils when it was suddenly time for these activities.


P1: And so sometimes it's planned when they write on the timetable, so it says like leg stretching.




P2: At the start of the class, she [the teacher] often says what we're going to do in class, especially in math [….] And then she writes, for example, “sums”, “PAL” and then again “sums”.




(….)




P1: …. but sometimes it comes suddenly. There are times when they don't inform us. (Norwegian 15-year-olds, FG5)



The fact that the pupils were not prepared for what was coming up on the timetable meant insufficient time to prepare for PAL. The pupils reported that outdoor PAL lessons were often 15 min long, thus not providing enough time for the class to gather outside, move to the football field that was further down the hill from their school and have enough time to spend on the actual active lesson.


P1: You know, we often don't have that much time for it, like it's maybe kind of … 10 min.. you know, it's not often more than 10–15 min being outdoors.




(….)




P1: It's very sort of…fast: “Just do it fast”.




P2: It's a bit far to walk, isn't it? And then if you only have 10 min, then it's like…maybe four minutes until we're all together.




(Norwegian 15-year-olds, FG5)



Based on the theme analysis, the pupils appeared to appreciate instances when they were informed and listened to. However, the above examples were not the norm of how everyday school-based physical activity took place in the selected grades. The group of Estonian 10-year-olds emphasized the importance of participation through having their suggestions for activities listened to while the older Norwegian pupils highlighted the importance of taking a break when needed and being informed in advance of what would follow in their timetable.




3.2 The responsible and open to teachers' questions and facilitation


3.2.1 Being asked and wishing to be asked as a means of involvement

Pupils in both countries were not often asked for their opinions and suggestions for activities in active lessons. However, one group of Norwegian 10-year-olds referred to an existing structure called “question box”, which involved anonymously writing about matters that affected them, e.g., puberty or friendship, on post-its and placing them in the box for the teacher later to read aloud some of the pupils' anonymous questions and try to provide answers. In Estonia, however, adolescents were generally asked about taking tests and keeping up with the curriculum. “Now everyone asks us to take lots of tests, to study a lot” (Estonian 15-year-olds, FG7). The two groups of Norwegian adolescents wished that the teachers would involve them more by asking them for their suggestions in PAL since physically active lessons could be monotonous and repetitive with standing in line, running back and forth and having only 10–15 min outdoors. Being asked and having a say in decisions could improve learning and involvement, as shown here:


P2: For example…. If the teacher had said something like “Do you have any suggestions?”, then the whole class could have come up with suggestions.




P1: Yes, because I feel we might learn more if we get to choose a little for ourselves what we want to do, because we do the same thing all the time and then there won't be that much more learning, I feel.




(…)




I: Do you want to talk to the teacher about activities, or not?




P2: We want to be involved and decide for ourselves. (Norwegian 15-year-olds, FG5)





3.2.2 Responsibility and teacher facilitation

This subtheme reveals how pupils felt responsible in expressing their voices about involvement in PAL and recess and how they requested teacher facilitation since their opportunities for movement and involvement in PAL were dependent on their teachers' ability to accommodate their needs during the school day. In some Estonian schools, there was resistance from teachers to more physical activity in class due to time pressure, curriculum demands and learning goals, which eventually resulted in turning down pupils' suggestions for more physical exercise (28). However, some older Estonian pupils stated that they could ask their class teacher if they could go to the gym during recess, while younger Estonian pupils felt that the voice of the majority could have an impact on their teachers' attitudes.


I: ….And if you're thinking specifically, what could you or your classmates do to make you move about more in class?




P3: Agree on something, all of us together, and then ask together.




(….)




P1: Like during a break [recess], for example, and then the next day you ask your friends, like, let's pick an activity, and then we'll ask the teacher if everyone agrees.




(Estonian 10-year-olds, FG6)



The younger Norwegian groups suggested that they could talk to a teacher about having more physical activity in the classroom, more often active breaks or more activities outdoors or even make their requests through the formal participation structure of the pupils' council. A group of older Norwegian pupils perceived responsibility differently when they were discussing with their teachers and suggesting ways to make the lessons more physically active. The pupils talked about how they preferred to have their teachers ask first and be open to their suggestions instead of them suggesting activities at a time when the teachers might have been busy or generally not available to consider the suggestions.


P3: I also kind of feel it's a bit easier if the teachers ask us “Do you have any suggestions?” than if we make suggestions to them, because if we do, then we have to sort of find a time that fits… suggest [activities] suddenly when it doesn't fit in or there isn't time [in the lesson]…. I feel like it's better if they ask us, because then you feel like they care a bit. If we suggest it first, they might find it a bit annoying, you know.




P1: You might feel you're going on at them a bit. So, it would be better to have some [free] time in class to have a break and they could listen to us too.




P3: We don't want them to be annoyed or anything like that…, they can decide when it's appropriate to get these suggestions [from us]. (Norwegian 15-year-olds, FG5)



For the older pupils, one powerful element of participation was teacher facilitation, meaning that teachers were receptive to pupils' suggestions, and did not try to control them but provided space, motivation and guidance when needed, acting as equal partners. This subtheme mostly reappeared in the Estonian focus groups of both ages. One group of Estonian adolescents discussed how they would like their teachers to be more open to their requests for having more physical activity in the classroom instead of traditional teaching and to have them organize activities where both teachers and pupils motivate each other, and the teachers act as active role models for their pupils:


P3: She could try before she says there's nothing you can do with our class, but try and then say … And if it doesn't work out or nobody learns anything, then let's not do it anymore. But she could still try.




(…)




I: If you're thinking about active breaks, what would you recommend to the teachers?




P3: For them to get involved themselves and to invite students to join in. If they themselves say “go, go”, and at the same time they're sitting somewhere in the classroom, then you don't really want to get moving either.




P2: To figure out what to do themselves. Not like when you go and suggest something to do, they reply: “Well, do it yourself”. They should talk to the teachers about it, so the students have an idea..




P1: They could organize it themselves. They're always saying: “Do it yourself”, but they don't take part in anything. (Estonian 15-year-olds, FG9)



Overall, the above results show that although asking for pupils' opinions about PAL and recess was not established as an everyday practice, the existing democratic practice of the “question box” along with the desire of the younger and older Norwegian pupils to be asked shows the importance of creating spaces at school that facilitate participation. With regards to responsibility, we found that younger pupils in both countries were aware of their responsibility to express their requests for more exercise and breaks and their suggestions focused on asking their teachers about it either individually or as a group, as exemplified by the Estonian younger group. For the Norwegian adolescents, responsibility included having a space to ask questions that was offered first by the teachers. Pupils were also open to teacher facilitation, especially Estonian younger and older pupils. Teachers were seen as key enablers of participation in the school setting (38).




3.3 The invited to have a choice and practice participation


3.3.1 Activity choice

Pupils aged 10 and 15 talked about what practices and structures in school enabled them to participate in decisions on PAL. In this subtheme, pupils of both age groups mentioned having a choice in which activities to perform when drawing an activity from an activity box, raising their hands to agree to a proposed activity, having a “task wheel” in class with activities they could choose, or using popsicle sticks to draw the name of a pupil to decide on the active break during PAL as in the examples below: these practices were informal outlets for pupils to express their opinions and invitations to practice participation.


P3: When we have [active] breaks, the teacher goes on YouTube and draws a popsicle stick from a coffee cup with the name of a pupil [written on it], who gets to pick which Just Dance or Brain Break activity we're going to do. (Norwegian 10-year-olds, FG2)




P1: We had this box in our last school that had different activities inside it. We pulled one out of there and we did it. (Estonian 15-year-olds, FG7)



Additionally, the practice of using activity leaders was implemented in three out of the five schools of the study. Activity leaders are one of many physical activity initiatives to invite pupils to be peer mentors in activities for their classmates. The organization can vary from school to school, but generally, it stems from pupils' interests in activities, and the mentors organize and supervise the activities for their peers, usually during recess. As a group of younger pupils discussed, the use of activity leaders was a way to practice participation and decide on the activities in which they would guide their classmates in recess, thus consisting of a more formal participation structure.


P2: Among the activities, there is dodgeball, chess, dancing, longball, Jenga, mini football. And sandboxes. Basketball and frisbee.




(….)




P2: To be an activity leader, you should go out for recess five minutes before the others and put on a vest like this. You also take the activity [equipment] you have chosen and place it where you want it since you were told where to have it. You wait for the others to come and you prepare the game for them… You can also join the game except for dancing. Then you're not allowed to join even if you're an activity leader.




I. And how do you decide on these games?




P2: We decide which games to play by writing on a sheet of paper…. If we feel like dodgeball, we write it there. We also write our names next to the activities we want to do … you have to register on which day you want to join.




(Norwegian 10-year-olds, FG1)





3.3.2 “We had a chance to have a say”: the pupils' council as a structure of participation in school-based physical activity

Pupils in both countries talked about the existence and the functionality of pupils' councils at their schools. Pupils' councils are not directly related to school-based physical activity but can handle requests or matters related to physical activity. Furthermore, the pupils' councils in this study do not operate as part of the school-based physical activity programs but are part of the school culture. They are typically comprised of pupils elected by their peers to represent their needs and interests at their school (27). Pupils' councils are viewed as arenas for pupils' meaningful participation in decision-making, since they are often pupils' first point of contact with democratic processes for promoting their student rights (27).

Based on the participants' accounts, there were times that the pupils' councils worked efficiently on physical activity cases pertaining to decisions about new games or buying new equipment, as shown in this quote:


P3: We have something called the pupils' council. There are post-it notes where we can write our suggestions about what we should have at school. Then, those who are in the pupils' council take our requests and discuss them in a meeting.




(….)




All the pupils can…when it gets closer to the meeting or at any time…write a game, or something they would like more of, or activities for the pupils or anything like that and they hang their requests on a white poster that we (members of the pupils' council) discuss in front of the whole class, the day before the meeting. And it goes like this, for example this toy, if it costs a lot of money, we put it on the red list, if the price is ok, then on the green. If it's cheap and useful, then it's green. And if it's in between, we put it on yellow. (Norwegian 10-year-olds, FG2)




(….)




P2. It may happen that someone has a suggestion written on a post-it like for example “I want to have “The Champion of Champions” in our school or the “Celebrity Task Force” 1 …And then this is an activity suggestion and we consider whether they should do it or not. So, it could be a no, perhaps, or we will look at it. (Norwegian 10-year-olds, FG1).



At other times, the pupils' council existed as a decision-making organ at school but was not effective according to the pupils, who expressed their dislike of the way it operated.


P1: We had this group that discussed other things, about a development plan and so on, but we had a chance to have a say—about 10 students or so—they got a say in what we wanted for the next school building. It was decided.




P2: Schools could introduce more plans about what they intend to do. So that we could understand what they're doing. Then you could also think about what else could be done.




P2: They leave everything to the last minute. And then they finally say no.




I: Don't you have anyone from the pupils' council who can have a say? The school board or something?




P1: (…) The pupils' council kind of operates in the background.




P2: They do other things. They don't deal with activities.




P1: They organize events. We don't have a school that is keen to have theme days or things like that.




(Estonian 15-year-olds, FG7)





3.3.3 Pupils' suggestions for moving more

The pupils' responses revealed that they wanted more movement in the classroom. They suggested spending more time outside and performing more enjoyable PAL tasks outdoors, having more frequent active breaks, having more frequent and varied PAL lessons, going on field trips during lessons, and playing more games combined with academic content.


P2: Or something like a children's game, only that we involve the academic side, then.




(….)




P3: It could, for example, be a bit like that … we had something like that … I don't know, some kind of game where you can kind of lose, and the ones who lose have to go out and, for example, get a question from the teacher, then they must answer correctly to join the game again. (Norwegian 15-year-olds, FG5)



With regards to recess, pupils wanted their schools to buy more equipment like rackets or balls, have more natural areas and open facilities for adolescents like gyms or sports centres to go to during recess time and more often have dance breaks during recess. One 4th grade pupil said:


P1: There could be more of those dance lessons.




I: Uh-huh. How much more would you like there to be?




P1: I'd say Wednesdays and Thursdays, for instance. (Estonian 10-year-olds, FG6)



Based on the data analysis above, it was important for pupils to have a choice in the activities and practice participation in decisions on PAL and recess. The results show both informal and formal structures and practices of participation. Both age groups in both countries talked about the importance of these avenues to participation even though at times they expressed frustration at the lack of functioning of the pupils' council at their school. Regarding the pupils' suggestions for moving about in PAL and recess, both age groups in both countries suggested examples of more physical activity in class and recess, buying more equipment for recess, and having more open facilities for adolescents. Expressing their views and wishes about what they would like to have in PAL and recess was an opportunity to practice everyday participation.





4 Discussion

This article sets out to explore how the 10-and 15-year-old pupils perceive their participation roles in school-based physical activity connected to age and the contexts of PAL and recess in Norway and Estonia. Our RTA developed three main themes based on pupils' experiences of existing school structures/practices and suggestions for participation in PAL and recess. These themes revealed aspects of the pupils' role as a participant in school-based physical activity and will now be discussed in light of Hart's (25) ladder of participation, first in the context of PAL and recess and second in relation to age.


4.1 Pupils' perceived roles in participation in the contexts of PAL and recess

In this article, roles in participation were presented through existing participation structures/practices and pupils' suggestions for facilitation of their voices in PAL and recess. Roles in participation vary with context and age. PAL and recess contexts differ in structure and participation. PAL in the form of active lessons and active breaks can take place both in the classroom and outdoors. PAL is teacher-led, meaning that the teacher initiates the activities taking place in the classroom. In this context, participation of pupils' voices is often restricted by the limited time of PAL sessions “and then if you only have 10 min” and the repetitive nature of PAL. In active breaks, e.g., walking around the school building or drawing popsicle sticks for Just Dance breaks, the findings show that pupils experienced freedom of choice in activities. However, permission and organization of the activities were granted by the class teacher, not by the pupils, leading to the question of whether this is genuine participation. According to Hart's (25) ladder of participation, the example of active breaks could resonate with rung 4, assigned but informed, where the active breaks are directed by the teachers but the pupils are fully informed about why they have the specific active break (interrupts sitting, makes them feel energized before continuing with the lesson or fits with the learning topic of the day) and have ownership in the sense that they can choose what exercise to do, e.g., “jumping jacks” or “high knees”. In a health education context, Simovska (39) concluded that shared responsibility and collaborative effort led to an enhanced sense of ownership among students regarding their learning. Furthermore, the above practices along with the question box, raising hands, and drawing from an activity box based on choices of activity constitute informal spaces of participation that according to research tend to be valued more by children than formal spaces as they represent everyday experiences of citizenship (38).

Also, in the context of PAL, a group of older Estonian pupils wished for teacher facilitation in organizing activities in PAL, more movement in the classroom in contrast to the existing sedentary lessons and teachers engaging in the activities and acting as role models for their students. Quarmby et al. (8) reported similar results with teachers facilitating learning and social interaction between peers by introducing PAL in their classes. Incorporating physical activity in class compared to traditional sedentary lessons can create a shift in pedagogy, where the teacher's role is oriented towards pupils' prerequisites and interests as the starting point for teaching (8). As seen in previous research, this may position PAL as a constructive approach to pedagogy, where pupils are activated in their learning process (40), which can redirect the teacher's focus from ensuring that pupils follow rules and managing their behaviour (8, 41). Here, it is worth mentioning that teachers might be restricted by other factors such as lack of creativity, and non-availability of resources (42, 43), which may have a domino effect on the extent to which pupils can become involved in PAL. A recent study found that many teachers lacked confidence and competence in PAL activities, potentially leading to frustration, resistance, and an absence of a consistent approach to integrating movement (39).

Recess, as the second context in our study, is considered autonomous and child-led, with pupils having a break from lessons and the freedom to decide how they want to spend their free time. Yet, rules around safety, weather and seasons, availability of equipment and schoolyard affordances may influence the way of doing recess (22). One of the ways that pupils demonstrated participation in recess in three schools of the study was through the use of activity leaders. In an evaluation of a study of participation in school-based physical activity, teachers and students emphasized the need to find ways to empower students (44). The results indicated low participation of girls and adolescents. Among the proposed recommendations was a suggestion to form a group of student leaders to better address student needs and thus have more equal collaboration between teachers and students as a shift from the traditional hierarchy often encountered in schools (44). Although student leaders can minimize power differences between pupils and teachers, it is worth noting that using activity leaders is predominantly an intervention organized by the school, where pupils have predefined margins within which they can take decisions, motivate their peers and choose activities. Further, the findings of the current study showed that the pupils' councils were another arena of participation where pupils could raise matters of equipment and decide on activities and games during recess. With regards to Hart's ladder of participation, pupils' councils and activity leaders are both placed higher on the ladder, belonging to rung 7, child-initiated and directed, where pupils' play initiated by activity leaders and decisions reached by the pupils' council are child-led, with adults acting as observers and facilitators. With recess being child-led compared to the teacher-led PAL and pupils' councils and activity leaders having predefined rules, there is a risk that any pupil involvement could be considered tokenistic (rung 3), meaning that teachers or any adults in charge may comply with rules about listening to pupils' views but eventually ignore them (45). The pitfall with pupils' councils is that they are miniatures of existing institutional practices (46), thus constituting formal spaces of participation. Participation in these spaces is therefore more suitable for pupils who understand the rules and have a skillset to contribute to the processes involved (47). In other words, these spaces will benefit and utilize the skillsets of pupils who are able to participate regardless, and of those who behave like mini-adults (46, 48). While formal participation structures might reduce free play/free choice during recess by being imposed by adults although mediated through the activity leaders or peers, it is important not to view formal participation structures as “bad” and informal ones as “good”, since the former are recognized as important in facilitating participation by children whose schools did not have pupils' councils (38, 49).

In general, PAL and recess do not have an equal voice in participation, with recess ranking higher in Hart's ladder of participation than PAL by default. Does this mean that PAL should be child-led and autonomous like recess? Pupil participation should not be misconstrued as pupil determination, a common misconception that falsely equates participation with pupils having the final say (50). Even when pupils engage at higher levels on the participation ladder, bringing changes to school-based physical activity, they still require the collaboration of respectful and equal partners. Here, teachers serve this role, providing support, presenting challenges, and creating a safe environment where pupils can experiment with their ideas (51).

Overall, the findings revealed that even though PAL with its active lessons and active breaks was predominantly teacher-led, pupils felt ownership of the activities by being able to choose them and they requested more engaging and facilitating teachers who would act as role models for them. Recess is viewed as autonomous play and free time from lessons, which basically implies higher rungs of participation. In this study, participation was realized in an informal manner through freedom of choice in PAL activities, but also through the formal practices of activity leaders and pupils' councils, which needed to be handled carefully by adult facilitators to avoid tokenistic participation.



4.2 Pupils' roles in participation in school-based physical activity by age

The results reveal more detailed descriptions of participation from 15-year-olds than 10-year-olds. This could be attributed to the view of older children as competent participants making participation challenging for younger children who express their views to a lesser extent about the matters that concern them (52).

Furthermore, the findings of this study suggest that pupils' perceived participation roles in school-based physical activity can vary by age. The results showed that the 10-year-olds appreciated having a choice of activities in PAL, and they had numerous ideas on how to be more active during school hours. For instance, existing participation structures such as the pupils' council could be used to influence decisions about buying new equipment and introducing new games during recess. The younger Estonian pupils grouped together to tell their teachers that they wanted more physical activity and made suggestions about it. The social support that they found in their classmates empowered them to request more physical activity from teachers, in whom they occasionally met resistance. The role of social support in empowerment is in line with a previous study highlighting that group activities leading to personal empowerment were a significant factor in the success of a physical activity intervention (53). Pupils' awareness of their responsibility in class started in the younger grades and continued in the older grades.

For the 15-year-olds of the study, elevating their voices and feeling involved in PAL and recess meant being listened to when they needed a break from sitting, being informed in advance about PAL, being asked to offer their suggestions for activities and being able to practice participation during PAL and recess. Some older Norwegian pupils felt that their teacher listened to them by addressing their need for movement after a long sedentary lesson. For Lundy (45), “voice is not enough”; it should be guaranteed that children are provided with opportunities to express their views to individuals, such as teachers in our case, or bodies with decision-making responsibilities. Additionally, a group of Norwegian adolescents found it important to be informed about upcoming active breaks during the school day and to have the PAL time written on their timetable. Granting children and young people access to information is deemed crucial in enabling them to express an educated perspective (54). Although it is not explicitly mentioned in Article 12 of the UNCRC, the 2009 General Comment of the UNCRC underscores the importance of mutual information exchange and dialogue in the participation process (45).

In both countries, pupils wanted teachers to ask them for their opinions and suggestions for physical activity, but teachers rarely asked them (28). This can be understood as a question of space, i.e., opportunities for involvement and suitable conditions for children to feel safe to express their views (45). The first step is to invite and encourage children's views on a relevant topic rather than receiving their input at random (45). The pupils in the present study felt that asking was an essential means to elevate their voices, with some younger pupils highlighting the responsibility of having to make suggestions that would make them more physically active in class and recess. Older pupils perceived responsibility differently, such as finding the right time and space to offer their activity suggestions to teachers. Responsibility has always been a crucial aspect of children's participation in research, particularly in relation to power sharing (55). Shier's model highlights that at its highest level, decision-making involves both children and adults, unlike Hart's model, which implies that children can make decisions independently. In Shier's model, children are actively involved but may not have final decision-making power. This emphasizes the commitment of adults to share some of their power (55). In this study, the pupils' requests for teacher facilitation or power sharing reflect this concept. Shared power can lead to shared responsibility, at least in some aspects of decision-making (55).

In the theme The invited to have a choice and practice participation, we found that pupils of both ages and countries were aware of practices and structures that enabled them to have a choice in physical activities and a say in decision-making. Both older and younger pupils provided examples of PAL activities that underscored the importance of having choice as a key aspect of their role in participation in school-based physical activity. A review by Martin (56) emphasized that pupils greatly valued their autonomy and choice when participating in physical activity. When pupils were granted the autonomy to opt for activities that appealed to them, they were more inclined to participate as these activities were perceived as inclusive and respectful of their needs, abilities, skills, and activity preferences (56). For some Estonian adolescents, the pupils' council could be an organ for decision-making, but it was also ineffective at times. In order for participation to be effective, there must be opportunities to exercise it, enabling both teachers and pupils to gain practical understanding of what participation entails (26).

Ultimately, with regards to roles of participation by age, the themes mainly reflected the experiences of adolescents. The 10-year-olds expressed appreciation over the functionality of the pupils' council, having a choice in PAL activities, and offered many ideas for increased physical activity during school hours. The 15-year-olds sought to be heard when needing a break from sitting, be informed about PAL in advance, be consulted for activity suggestions, and have the opportunity to participate in decision-making during PAL and recess. Their roles involved a higher degree of responsibility and frequent requests for teacher facilitation compared to the 10-year-olds.



4.3 Strengths and limitations

By drawing on RTA of pupils' experiences in school-based physical activity, the results of this study are context-specific to the five selected schools. The transferability of the results may thus be limited to similar contexts, and one cannot assume the generation of similar results in the schools enrolled in Schools in Motion, Active and Healthy Kids Program and Centre for Physically Active Learning. However, the inductive approach to the data and the robust stages of RTA that necessitated a thorough review of codes and themes by the co-authors ensured a rich and varied representation of pupils' experiences of their roles in participation in two countries and two age groups. An additional constraint was that the study took place immediately after the COVID-19 restrictions had been eased. This had direct implications for the number of schools recruited, the frequency of school visits and the use of diverse research methods. The study also has a number of strengths. As far as the authors are aware, this study is the first to utilize examples from both 10-year-old and 15-year-old pupils in schools in Norway and Estonia to identify different roles in participation by age and context in school-based physical activity. An additional strength is the two-country approach to exploring pupils' perceived roles in participation, which can identify common trends and crucial disparities in different countries (57).




5 Recommendations and concluding remarks

This empirical study referred to the few instances in which pupils were heard or where their views were given priority. There is limited research involving pupils' voices on school-based physical activity, especially PAL, with few studies exploring pupils' experiences and perspectives (8). This article explored how 10- and 15-year-old pupils perceived their participation roles in school-based physical activity connected to age and the contexts of PAL and recess in various schools in Norway and Estonia.

Overall, the results highlight that pupils participated through informal and formal practices and structures of participation in teacher-led PAL and active recesses. Based on the more formal teacher-led PAL practices, this study recommends that teachers structure teaching with democratic spaces for pupils to exercise their freedom of expression and rights to participate in school-based physical activity. To do so, our study first recommends that pupils' participation in PAL is dependent on context and age. This means that PAL, as a democratic space, should consider that while younger pupils may need clearer rules to participate, older pupils may need to be more autonomous in their participation. Although Gådin et al. (58) found that pupils as young as seven can be involved in change proposals and goal setting and actively participate in creating change in school-based physical activity, our findings propose that it is important that teachers remain in charge of decisions. In a democratic sense, this means that it is the teachers who should decide the activities and the educational aims; however, pupils can, to various degrees, contribute their opinions. In our findings, the 10-year-olds presented numerous ideas on how to be physically active at school, valued the functionality of the pupils' council and took responsibility for requesting more physical activity.

Additionally, our findings indicate that older pupils described more examples of participation than younger pupils in school-based physical activity. Not only did they describe more examples, but they also showed a higher degree of responsibility and regular requests for teacher facilitation. This difference could be attributed to adult notions of older pupils being more competent and mature enough to participate. Indeed, this brings us to this study's second recommendation, which is that pupils' participation in PAL and recess should start with their interests and prerequisites and prioritise a sense of ownership. This is attributed to an asymmetrical relationship between adults and children in the sense that it is the teacher who is responsible for pupils' participation. For older pupils, it might be to decide on an activity or to contribute to how the activities can be designed; for younger pupils, it might be when they need to be physically active. A choice of activities, offering ownership of the activities, and teacher facilitation of pupil participation in school-based physical activity are key in the contexts of PAL and recess.

Further, this brings us to our third recommendation, which is that teachers should structure PAL to provide a safe and sound environment for pupils to share their opinions. An important distinction is that pupils' opinions should not always be granted, but they should always be taken seriously. Taking pupils' opinions seriously means that the physical activity should include a variety of intensities and activities so that all pupils feel a sense of ownership in being active. This also means teachers should balance the relationship between support and challenges in different activities. As such, activities that offer pupils a space of autonomy might be helpful for them to participate. For instance, this may mean activities where pupils can decide the intensity or duration themselves. Indeed, PAL allows pupils to practice democratic processes because they must make active value choices, collaborate with other pupils and relate to the teacher's activities. Our fourth and final recommendation is that PAL activities should be structured with opportunities for pupils to practice rules and specific skills. This may, for instance, mean that teachers should not only be concerned with pupils' academic learning but also with their participation in the activities and how they collaborate and treat each other.

If done properly, our study indicates that PAL offers a space for pupils to participate in and contribute their voices to teaching and can thus offer a space for pupils to learn about democracy. Using PAL to learn about contribution and participation may make sense as learning about democracy and gaining the confidence and ability to do so takes practice; it cannot be taught in theory (25). As such, we conclude that pupils, being relatively marginalized in society, require adult support to cultivate and maintain participation. However, it should be noted that their degree of participation is different in PAL compared to recesses, where they have a larger degree of participation. Moreover, it is not a given that teachers inherently know the appropriate level of support or can naturally establish co-productive practices with youth (59). Therefore, there is a future need to guide and train teachers to effectively assist pupils in developing the skills necessary for active participation in school-based physical activity.
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Objective: This study evaluated the one-year impact of a 12-week school-based physical activity (PA) intervention, which added one extra hour of structured PA per week, on children's movement behaviors, aerobic fitness, and motor competence (MC).



Methods: A longitudinal comparison between an experimental group (EG) and a control group (CG) was conducted at baseline (PRE), mid-intervention (DUR), post-intervention (POST), and one-year follow-up (FUP). The study was conducted in a single school without randomization. Movement behaviors (accelerometry), aerobic fitness (YYIR1C), and MC (MCA battery) were assessed. Due to school changes and parental noncompliance, the sample decreased from 38 to 23 participants (EG; n = 13; CG; n = 10), a 39% dropout rate.



Results: One year post-intervention, the EG spent more time in moderate-to-vigorous PA (MVPA; + 41 min/day), less time in SED (−234 min/day), slept longer (+103 min/night), covered greater distances in the YYIR1C (+174 m), and achieved higher MC scores (+19% on the MCA battery test) compared to the CG. Although no significant differences in body weight were observed, the EG showed improved body mass index (BMI; −5 kg/m2) and a lower body fat percentage (−10%) when compared to the CG.



Conclusion: The findings indicate that the benefits of a 3-month school-based PA intervention, which included an additional hour of physical education per week, can have sustained benefits for movement behaviors, physical fitness, and MC in children one year post-intervention. However, the small sample size and lack of randomization limit the generalizability of the results. Future research should employ larger, randomized trials to better assess the long-term impact of PA interventions on children’s health and fitness outcomes.
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1 Introduction

Childhood physical activity (PA) levels are declining globally (1). The World Health Organization (WHO) recommends that children and adolescents achieve at least 60 min of moderate to vigorous PA daily (2). In Portugal, only 16% of the girls and 27% of the boys aged 11 meet the recommended guidelines for physical activity, as reported in the WHO growth reference standards (3). Additionally, in the same age group, 26% of girls and 36% of boys are classified as overweight or obese based on these standards (3). Childhood and adolescent movement behaviors are crucial determinants of lifelong health (4). Sedentary behavior (SED) is defined as activities with energy expenditure lower or equal to 1.5 metabolic equivalents (MET) while sitting or lying down during the waking period (5). Prolonged SED during childhood and adolescence is as a predictor of SED in adulthood and is directly related to the development of chronic diseases such as diabetes, hypertension, overweight or obesity and metabolic syndrome (6).

Given the substantial amount of time children and adolescents spend in schools, this environment presents an ideal setting to promote health-enhancing movement behaviors for nearly all school-aged individuals (7). School-based interventions frequently employ multicomponent approaches that not only focus on improving PA levels but also target related health parameters, such as sleep, aerobic fitness, and motor competence (MC) (8). These holistic strategies acknowledge the interconnection of these health aspects and their potential to mutually influence one another (9).

Frequent engagement in PA is also important to promote good sleep duration and quality. Inadequate sleep patterns have been associated with reduced PA levels in children (10), while increased PA has been related with improved sleep duration and quality, establishing a reciprocal relationship between these two important health behaviors (11). Also, reduced sleep has been associated with a heightened risk of obesity in children. Studies indicate that children who sleep less than eight hours per night face nearly three times the risk of obesity compared to those who achieve adequate sleep (12).

Moreover, childhood is a critical time for the development of MC, which not only enables children and adolescents to participate successfully in various physical tasks, games, and sports, but also significantly influences their emotional, affective, social, and academic development (13). This foundational skill set supports their ability to engage meaningfully with peers, build self-confidence, and achieve greater academic performance, highlighting its multidimensional importance to impacts children's physical, social, and cognitive development (14).

Concerning cardiorespiratory fitness (CRF), more active children tend to have better CRF, and children with better CRF are more likely to engage in PA (13). Adequate CRF levels during youth and their improvement have been associated with a lower risk of developing obesity and cardiometabolic disease later in life (15). Results suggest that early intervention and supportive prevention strategies (e.g., in schools) that promote CRF can help children maintain or achieve a healthy status, thereby reducing future health problems (16). Therefore, the aim of this study is to evaluate the long-term effects of a school-based PA intervention program on primary school children. Specifically, the study investigates how the program influenced movement behaviors, aerobic fitness, and MC one year after (i.e., follow-up) its conclusion.



2 Materials and methods


2.1 Study design

One year after completing the main phase of the Super Quinas program (17)—a 12-week intervention designed to improve daily movement behaviors, aerobic fitness, and motor competence (MC) in primary school children—we returned to the same school to reassess these outcomes. This Follow-Up Phase (FUP) concluded in March 2024, aiming to evaluate the long-term sustainability of the program's effects without additional intervention.

The main phase of the study (baseline to 12-week follow-up) involved three data collection points: PRE (January 2023, 1st week), DUR (February 2023, 6th week), and POST (March 2023, 12th week). Throughout these phases, weekly movement behaviors, aerobic fitness, and MC were assessed. A detailed description of the methodology and study design can be found in (17).

This pilot project was conducted in 44 schools across Portugal, involving over 1600 children aged 6–10. All participants completed MC assessments during both the PRE and POST phases. Additionally, a subgroup of 38 children underwent more specific evaluations of movement behaviors, aerobic fitness, and MC.

One year later, during the FUP, 23 children from this subgroup were reassessed using the same measures. To ensure consistency, 4th grade students were selected based on parental interest and availability. Both experimental (EG) and control (CG) groups were randomly chosen by the school director.



2.2 Participants

Participants were selected from a primary school in Sintra, Portugal, chosen for its accessibility and feasibility for data collection. The study focused on 4th grade students who had previously taken part in the 12-week school-based physical activity (PA) intervention program (Super Quinas) (17).

During the main phase (baseline to 12-week follow-up), the EG consisted of 19 children (8 girls, 11 boys), while the CG included 19 children (9 girls, 10 boys). Rather than random assignment, participants were allocated to the EG and CG based on their existing class groupings within the same grade. The EG received an additional 60 min of structured PA per week, whereas the CG followed the standard school curriculum. This class-based grouping was determined by logistical and structural constraints within the school.

One year after the intervention, during the Follow-Up Phase (FUP), 23 children remained in the study: 13 in the EG (7 boys, 6 girls) and 10 in the CG (4 boys, 6 girls), with a mean age of 10.8 years. This represented a 39% dropout rate compared to the main phase (17). The primary reasons for dropout were school transfers (n = 12; 80%) and parental noncompliance (n = 3; 20%).

To be eligible, students had to be enrolled in the selected school during both the intervention and follow-up phases. Exclusion criteria included taking medication or having a clinical condition that contraindicated PA. However, no children were excluded based on these criteria.

Before data collection, participants and their parents/legal guardians were fully informed about the study's objectives, duration, intervention type, and potential risks and benefits. Parents were reassured that any injuries or unexpected issues would be promptly addressed, with guidance provided for medical consultation if necessary. They were also informed of their right to withdraw their child from the study at any time without consequences. Written informed consent was obtained from legal guardians, and verbal assent was collected from the children. The study was approved by the Ethical Committee of the Portugal Football School, Portuguese Football Federation (protocol number CEPFS 17.2022).



2.3 Intervention content


2.3.1 Baseline to 12-week follow-up

The 12-week intervention program aimed to improve primary school children's movement behaviors, aerobic fitness, and MC. The EG participated in the Super Quinas intervention, totaling 120 min of PA per week—including their regular 60 min physical education class plus an additional 60 min structured PA session (17). In contrast, the CG followed their standard schedule, which included 60 min of physical education and 60 min of non-PA extracurricular activities (e.g., languages, art, or other non-PA subjects) (17).

During the intervention, the additional 60-minute session for the EG was structured as follows:


	•Warm-up and Individual Skill Development (20 min):

	-Focused on fundamental movement skills, including running, jumping, balancing, crawling, and climbing to enhance body awareness.

	-Included ball manipulation drills, such as dribbling, controlling, throwing, and kicking at both fixed and moving targets.




	•Partner and Small Group Activities (30 min):

	-Involved collaborative exercises in pairs or small groups to reinforce body awareness and ball-handling skills.

	-Featured cooperative games that encouraged skill development through teamwork.




	•Group Games (10 min):

	-Integrated pre-sport and small-sided games, emphasizing passing, receiving, dribbling, shooting, offensive and defensive strategies.

	-Promoted teamwork and tactical understanding through interactive play.






This structured approach provided a progressive learning experience, combining individual skill-building with cooperative and game-based activities.



2.3.2 Post-intervention to follow-up phase

Following the conclusion of the intervention in March 2023, participants advanced to 5th grade in September 2023. By the Follow-Up Phase (FUP) in March 2024, both the EG and CG followed the same physical education schedule, consisting of two 60 min PE classes per week (a total of 120 min per week).

No additional structured intervention was introduced during the one-year follow-up period, allowing researchers to evaluate the long-term effects of the original Super Quinas program under standard school conditions.




2.4 Measures


2.4.1 Body composition

Body composition was assessed using an InBody 270 bio-impedance scale with an 8 Electrode Tetrapolar Electrode System with frequencies of 20 and 100 kHz. This allowed for the measurement of weight, body fat mass (%) and body mass index (BMI) (18). A portable stadiometer (Seca 213, Germany) was used to measure height. All measurements were conducted with participants lightly dressed (underwear and a t-shirt) and barefoot.



2.4.2 Movement behaviors

Daily movement behaviors were estimated using a tri-axial accelerometer (ActiGraph, model GT3X, Acticorp Co., Pensacola, FL, USA) during four time points: baseline (i.e., PRE); middle of the intervention program (i.e., DUR); at the end of the main phase (i.e., POST); and one year after (i.e., FUP). Participants wore the accelerometer for 7 consecutive days (i.e., Monday to Sunday) at each time point, secured with an elastic belt around the waist. Children were instructed to wear the device continuously for 24 h, removing it only during bathing, water-based activities, or high-risk sports (e.g., martial arts). For data analysis, a minimum of 4 valid days were considered (3 weekdays and 1 weekend day). Valid records needed a minimum of 8 h of recording per day (19, 20). Wear time validation was calculated using Troiano defaults (21, 22).

PA intensity was classified based on the Evenson Children cut-points (19): light PA (101 to ≥2,295 counts per min), moderate PA (≥ 2,296 counts per min), and vigorous PA (≥ 4,012 counts per min) (20, 23).

Sleep monitoring was also assessed with the accelerometers, worn on the non-dominant wrist during the night sleep (24). Sleep variables were recorded nightly over 7 consecutive days for each assessment point (i.e., PRE, DUR, POST and FUP). Data was analyzed using the Sadeh's algorithm (25, 26). Sleep indices included sleep duration (amount of sleep in hours) and sleep efficiency (percentage of time in bed spent asleep) (25). According to the National Sleep Foundation (27, 28), a sleep duration < 8 h was considered insufficient, and a sleep efficiency ≤ 65% was considered an poor sleep quality for children (27, 28).



2.4.3 Aerobic fitness

Aerobic fitness was assessed using the Childreńs Yo-Yo test (YYIR1C) at PRE (1st week), DUR (6th week), POST (12th week) and FUP (one year after), for the EG and CG. The YYIR1C uses a 16-meter shuttle run (instead of 20 meters) and a 4-meter walk (instead of 5 meters) during the 10-second active recovery period (29, 30). It uses the same acoustic progression, but shorter distance compared to Yo-Yo intermittent recovery test in its level 1 (YYIR1) version (30, 31). This test was developed for accounting for differences in running economy in children and has recently been reported to be a reliable and valid (construct validity) test for children's of either sex (31). Testing was conducted in the school gym at the same time of day, to control for circadian variation. All children were acquainted with the assessment procedures during physical education classes the week before testing.



2.4.4 Motor competence

Motor competence was assessed using the MCA battery (32, 33), which comprises six tests, two for each component of motor competence: stability (lateral jumps and shifting platforms), locomotor (standing long jump and 10 m shuttle run), and manipulative (ball kicking velocity and ball throwing velocity). All tests are quantitative (product oriented), without a marked developmental (age) ceiling effect, and based on the child's feasible execution of motor tasks.

Testing was conducted in small groups (about five children per task), after a 10-minute warm-up (33, 34). Examiners were previously trained in administering all tests, and the following requirements were standardized: (a) a proficient demonstration of each test technique was provided along with a verbal explanation; (b) every participant tried each task before the actual test administration; (c) the instructions emphasized that children should try to perform the task at their maximum capacity (e.g., “as fast as possible” for the stability tests and 4 × 10 shuttle run; “as far as possible” for the standing long jump; and “as hard as possible” for the manipulative tests); and (d) motivational, but no verbal feedback was provided (33, 34).

Results on each test were transformed into percentile scores by age and sex, according to the MCA norms (33). Subscales scores were calculated by averaging the percentile values of the two constituent tests, and the Total MCA score was calculated by averaging the subscales’ scores. This means that all MCA scores (tests, subscales, and total MCA) represent percentile positions according to age and sex.




2.5 Statistical analyses

Sample distribution was tested using the Shapiro–Wilk test for movement behaviors, aerobic fitness, body composition and motor competence, for the EG and CG, at PRE, DUR, POST and FUP. A linear mixed model analysis was performed to examine differences in moderate to vigorous PA (MVPA), sleep duration and efficiency indices, total distance covered in the aerobic fitness test and the total MC, between the EG vs. CG, at PRE, DUR, POST and FUP. A α-level of 0.05 was set as significant for all statistical comparisons. The PRE, DUR, POST and FUP moments were included as a fixed effect and player identity (subject ID) as the random effect, between EG vs. CG. Furthermore, among the recommended variance-covariance structure models, compound symmetry was selected according to the smallest Akaike Information Criterion assessment (35) based on the Maximum Likelihood method. Pairwise comparisons (Bonferroni) were used to show the mean differences for MVPA, sleep duration and efficiency, total distance performed in the aerobic fitness test and the total MC between EG vs. CG.




3 Results

Table 1 presents the anthropometric characteristics of the participants. At the FUP moment, the EG showed improved body mass index (body max index; −5 kg/m2) and a lower body fat percentage (−10%) compared to the CG although no significant differences were observed in body weight.


TABLE 1 Characteristics of participants in the EG and CG, including age, weight, height, body fat mass and body mass index (BMI).

[image: A table comparing mean values of various metrics across three time points for experimental (EG) and control groups (CG). Variables include age in years, weight in kilograms, height in meters, body fat mass in percentage, and BMI in kilograms per square meter. The table presents data from the first week (PRE), twelfth week (POST), and one year later (FUP), with statistical significance indicated for certain comparisons. Values are shown with 95% confidence intervals. Significant differences are marked for comparisons with PRE, POST CG, and FUP CG at specified points.]

From POST to FUP the CG showed the following changes:: moderate to vigorous physical activity/day—increased from an average of 47 to 77 min (p < 0.001); sedentary behaviour—slightly reduced the average time from 591 to 567 min/day (p < 0.001); Sleep duration—increased from an average of 480 to 518 min (p < 0.001); Sleep efficiency increased from 92% to 93% (p > 0.05); Aerobic fitness (YYIR1C test)—improved from an average of 416 meters to 466 meters (p < 0.001); MC (MCA battery)—increased from the 45th to 57th percentile (Figure 1).


[image: A series of line graphs labeled A to H comparing various metrics between two groups over four time periods: PRE, DUR, POST, and FOLLOW-UP. Graphs A and B show time spent in moderate-to-vigorous physical activity per day; graphs C and D display time spent in sedentary behavior per day; graph E illustrates children's Yo-Yo test distance; graphs F and G represent sleep duration and efficiency per night; graph H depicts MCA total. Error bars and symbols indicate statistical significance, with each group's data marked differently.]
FIGURE 1
Changes in physical activity (A,B), sedentary behavior (C,D), aerobic fitness (E), sleep (F,G), and motor competence (H) over time in the experimental group (black lines; n = 13) and control group (gray lines; n = 10). Statistical significance (with 95% confidence interval) is indicated by symbols (*, #, Ψ, Π, Φ), with details provided in the figure legend.


In the same period, EG showed the following improvements: moderate to vigorous physical activity/day—increased from an average of 81 to 118 min (p < 0.001); sedentary behaviour—reduced from an average of 388 to 333 min/day (p < 0.001); Sleep duration—increased from an average of 594 to 621 min/night (p < 0.001); Sleep efficiency—increased from 93% to 95% (p > 0.05); Aerobic fitness (YYIR1C test)—increased from an average of 544 meters to 640 meters (p < 0.001); MC (MCA battery)—increased from the 72th to the 76th percentile (p < 0.001) (Figure 1).



4 Discussion

The aim of this research was to evaluate the impact of a school-based PA intervention program on primary school children's movement behaviors, aerobic fitness, and MC one year after its conclusion. The intervention targeting the EG consisted of 12 weeks between January and March of 2023.

During this period the CG maintained their regular schedule, which included one 60-min PE class, and 60-min extra-curricular activity class per week (i.e., languages, art, or other non-PA activities). From September 2023, both groups began their 5th school year, thus having two PE classes of 60 min per week.

In the POST moment there were significant positive effects on several parameters when comparing the CG to the EG. The EG demonstrated significant improvements in body fat mass, and body mass index compared to the CG. Additionally, the EG exhibited positive changes in movement behaviors, and aerobic fitness, bringing them closer to or within the WHO's guidelines for children in their age group (2).

This aligns with the findings of other school-based PA interventions lasting 11 (36, 37) and 12 weeks (38), highlighting the importance of movement behavior interventions in improving overall child health and well-being. These studies demonstrated positive effects on body composition, further supporting the value of such interventions. Finally, we now address the impact of this PA school program, one year after its completion.


4.1 Motor competence

Stodden et al. propose a theory called spiral of engagement, that can go in a positive or negative direction. It states that children with low MC tend to perceive themselves as less apt to engage in PA and, therefore, do it less frequently. Resulting in high levels of physical inactivity that may place these individuals at risk for being obese during later childhood, adolescence, and adulthood. Conversely, children with better motor skills are more likely to engage in PA frequently, developing better MC, leading to better overall health (39).

Our results seem to concur with this proposition, since the EG progressed from the 48th percentile in total MCA at baseline (PRE), to 72nd percentile at post-intervention (POST), and then to the 76th percentile after one year at FUP. The CG started at the 46th percentile at PRE, and was at the 45th percentile at POST, period in which they were not participating in the intervention. One year after the ’Super Quinas’ program—when they had two hours of physical education classes per week for the last 6 months—the CG's average score on total MCA improved to the 57th percentile.

The sustained improvement in the EG after one year is noteworthy. It suggests that the intervention may have effectively supported the development of MC in the EG. Additionally, this long-term improvement underscores the importance of continued PA to maintain and further enhance motor skills, suggesting that interventions with a lasting impact, could contribute to long-term health and skill development (40).

The comparison between the CG and EG highlights the effectiveness of the intervention in fostering improvements in MC. The EG's significant progress (from the 48th to the 76th percentile) far exceeds the modest improvements seen in the CG (from the 45th to the 57th percentile). This suggests that the targeted intervention, which involved more hours of structured PA and focused skill development, was a key factor in the improvements observed in the EG which concurs with (41), that affirms guided school-based PA programs can be influential in promoting physical fitness and MC among early adolescent students (41).



4.2 Movement behaviors

Similarly, PA also manifests an interdependence with cardiorespiratory fitness and sleep. Where physically active individuals tend to sleep more and better and, people with better sleep habits have more disposition for the practice of PA (42). Short sleep duration has consistently been shown to be associated with obesity among children and youth (43), it may influence the development of obesity through several possible biological pathways, including increased energy intake and/or decreased energy expenditure, due to SED (44). Moreover, children with lower levels of aerobic fitness tend to spend more time in SED and have less hours of sleep per night (10). Promoting regular PA can be an effective approach to improving sleep health and overall well-being (45).

According to our findings., the time spent in moderate to vigorous PA, increased for both the CG and EG across the study period (i.e., FUP). More specifically, at FUP, the CG reached 77 min, and the EG reached 118 min (41 min more), respectively, compared to the first evaluation, i.e., PRE moment. In intragroup comparison, the CG showed a 39% increase in time spent in MVPA from PRE to FUP, while the EG showed a 57% increase during the same period. Concerning the time spent in SED, the CG averaged 489 min on PRE, while EG averaged 497 min. On FUP, both groups reduced the sedentary time, but the difference remained substantial: the CG averaged 567 min, while the EG averaged 333 min.

These findings are consistent with the framework suggested by (46), wherein higher PA levels combined with lower SED are associated with healthier profiles. By reducing sedentary time and simultaneously increasing PA, the EG in the current study demonstrated a behavioral shift that is directly aligned with these cardiometabolic health recommendations, underscoring the potential of targeted interventions to promote long-term health in school-aged children (46).

Regarding sleep, on FUP, the CG had an average of 518 min of sleep per night and 93% of sleep efficiency compared to the first evaluation, i.e., PRE moment. Although the variation in average sleep duration was not significant from PRE to FUP, the CG showed a 5% improvement in sleep efficiency. The EG at FUP increased to 621 min of sleep duration and 95% of sleep efficiency. From PRE to POST, the EG showed an increase of 24% in sleep duration and 6% in sleep efficiency, compared to the first evaluation, i.e., PRE moment.

Overall, these findings on improved sleep duration and efficiency, especially in the EG, even after one year, align with research by (45), which highlights the beneficial role of moderate-intensity PA in managing sleep.



4.3 Aerobic fitness

Regarding aerobic fitness, assessed through Yo-Yo test (YYIR1C), the CG had an average of 512 m on PRE, 416 m on POST and 466 m on FUP. The EG had an average of 416 m on PRE, 544 m on POST and 640 m on FUP. From POST to FUP the CG and EG improved the aerobic fitness by 12% and 18%, respectively. These finds could be due to an increase in PE time, since the children's now from the 5th grade, began having two physical education classes per week, of 60 min each. Similar results were reported by (47), who demonstrated that a PA program with follow-up in children improved both cardiovascular risk factors and PA levels. Furthermore, the sustained improvements observed in the EG may be attributed to several mechanisms. The intervention's focus on diverse motor tasks likely enhanced motor skill development, creating a positive feedback loop of increased PA and competence, as suggested by Stodden et al. spiral of engagement theory. Additionally, the structured physical activities and supportive school environment may have facilitated habit formation and social reinforcement, fostering long-term adherence to active behaviors and improved aerobic fitness (47).




5 Strengths and limitations

It is important to acknowledge both the strengths and limitations of this study. This research contributes to the existing knowledge by exploring the potential of a school-based intervention to improve movement behaviors, aerobic fitness, and MC among primary school children. Moreover, the use of objective instruments (e.g., accelerometers), further strengthens the design of our study, which enhance the reliability and credibility of the findings. Accelerometry provided precise data on movement behaviors, while the Children's Yo-Yo Test and MCA battery objectively assessed aerobic fitness and MC, respectively. These tools reduced potential biases associated with self-reported data, ensuring robust and reproducible results. Additionally, the longitudinal design of this study offers significant value by providing critical insights into the sustainability of intervention effects over time. Tracking outcomes one-year post-intervention allowed for a deeper understanding of the long-term benefits of the program, highlighting its potential to create lasting improvements in PA, fitness, and MC.

However, there are limitations to consider. The small sample size and lack of randomization increase the risk of bias and limit the ability to draw broader conclusions. Additionally, the absence of data on socioeconomic status, extracurricular activities, and family dynamics restricts the understanding of contextual factors that may influence outcomes. Furthermore, while data on sex distribution were collected, the analysis did not include a stratified approach by sex regarding the small sample size. Finally, part of the results may be consequence of the natural process of biological maturation.

Therefore, future studies should include larger, more representative samples, employ randomized designs, and collect comprehensive data on contextual variables to better explore the interplay between school-based interventions and external influences on children's health and fitness outcomes.



6 Conclusion

The findings indicate that the benefits of a 3-month school-based PA intervention, which included an additional hour of physical education per week, can have sustained benefits for movement behaviors, physical fitness, and motor competence in children one year post-intervention. However, the small sample size and lack of randomization limit the generalizability of the results. Future research should employ larger, randomized trials to better assess the long-term impact of PA interventions on children's health and fitness outcomes.
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Introduction: School contexts are addressed as important for encouraging adolescents' physically active lives, where whole-school approaches have emerged as globally recognized strategies. Recent research emphasizes the need to further understand the contexts relating to physical activity (PA) and strategies to enhance students' and staff's agency in relation to PA opportunities. In the current study, we explore early adolescent students' daily PA from an ecological perspective, examining the negotiated opportunities and barriers to PA within differing school contexts and how individual agency is expressed in relation to PA.



Methods: This ethnographic collective case study was conducted in four Swedish middle schools that varied in size, resource denseness, and whether they were independent or public providers. The main empirical material was collected through ∼720 h of fieldwork during a school year, along with 86 interviews involving 50 students and 52 staff members. A comparative reflexive thematic analytical approach was used.



Results and discussion: The transition between educational stages brought changes that influenced students and staff's agency related to PA. Against this backdrop, the analytical findings were organized into four themes. Students' PA was negotiated against the logic associated with being a “good” middle school student and teacher. Realizing daily PA also stood in relation to an anything-is-possible spirit, which was pitted against the lack of an organizational structure and high hopes for PA outcomes—creating a tension between vision and practicality, where student voices were overlooked. While all four schools claimed a commitment to providing PA opportunities for all, students negotiated their agency based on gender, age, social status, and previous experiences with traditional sports, which dominated recess activities. Students' PA during and after school was closely interconnected, especially expressed in physical education and health classes. This connection often benefited already active students in resource-rich environments while marginalizing those who were less active, further creating an uneven playing field regarding PA opportunities. Various schools shared challenges connected to students' daily PA, but challenges differed between and within schools. Future school policies, practices, and research should aim at addressing cultural, structural, and material dimensions focusing on sustainability, equity, and pedagogical issues, enabling young people to develop autonomy and ability to shape their PA experiences in ways that are meaningful to them.
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1 Background

School contexts are often addressed as important settings for encouraging adolescents' physically active lifestyles and addressing the decline in health-promoting physical activity (PA) levels that usually occurs during early adolescence (1). Whole-school approaches have emerged as globally recognized strategies for promoting supportive school environments (2–4). These approaches are essential components of broader, systems-based initiatives designed to foster meaningful experiences that encourage a lifelong relationship with PA by providing multiple opportunities for daily activity (5–7). However, these initiatives also come with challenges. Several scholars have recently called for a rethinking of schools as a setting for PA promotion (8, 9). There is a need to understand the contextual environment of school systems by promoting qualitative and case study research agendas beyond positivist perspectives (8). For school-based PA, Jago et al. (9) suggested that key factors include the school setting; the demographic profile of the students and their interests; the availability of facilities; the attitudes, training, and skills of school staff; and school priorities. Importantly, future research should explore ways to enhance students' and key stakeholders’ agency with regard to PA, as well as what and how this agency is facilitated or hindered across differing school contexts (10). When considering people and their contexts, an essential starting point is the perspectives adopted. Recent research advocates for a more dialectical (relational) viewpoint that highlights the mutual influence between actors and their environment, as well as the agency that emerges from this relationship (10–12). In other words, people and their environments are interconnected; neither exists independently. This conceptualization of agency underscores the importance of both individual capacities and contextual dimensions and forms this article's ecological point of departure (13, 14). In light of these future directions, the current study explores how agency—a person's capacity to act based on their own and surrounding conditions (14)—is realized among actors in school contexts connected to students' daily PA through an ethnographic comparative collective case study conducted in four Swedish middle schools.

Schools have the function to juggle many roles connected to educational and caretaking missions, with fostering student agency in health and well-being being just one of many mission. The Ottawa Charter for Health Promotion served as a foundation for health-promoting school approaches that highlighted salutogenic perspectives on student health (15). Since then, many school initiatives have targeted students' PA as a health behavior, yet their success have been limited (1). Policies that support adolescents' daily PA in schools may be promising, yet current knowledge cautions against a “one-size-fits-all” approach and emphasizes the need for further investigation into how these policies translate into practice (16). Recent research on “best practices” for whole-school PA programs identified three key elements across various school contexts: an established school-based leader, support from the school community, and a wide range of available PA opportunities (17). However, the authors also stress the need for further investigation to better understand how these practices contribute to active school cultures. In addition, exploring the diversity within and between schools is important (18), as it highlights issues of inequality/equity, which are continuously reported in PA research within school settings (19). School settings can sediment and even increase inequalities through structures, cultural norms, and personal dispositions connected to PA—something that needs to be acknowledged when addressing the (re)production of PA inequalities (12, 20). Ethnographic methods are explicitly designed for studying cultures, with great potential to incorporate a whole-school approach within their methodologies. These methods are also advocated for in connection to implementation research within educational contexts (21). Yet, little ethnographic data seems to exist on how schools struggle with meeting the task of implementing and disseminating PA initiatives during the school day, as well as how these initiatives are negotiated by students and school staff.


1.1 The Swedish context

The Public Health Agency of Sweden (22) advocates for schools being key arenas for young people's PA practices, highlighting the need for greater attention in this area than it currently gets. Similar to international findings on declining PA among adolescents, Swedish research also indicates that aspects like gender, socioeconomic status, cultural background, and home environments influence activity levels (23–26). For example, differences were shown between girls' and boys' levels of PA during school hours but not during leisure time (27). These findings suggest that Swedish schools do not fulfill the compensatory role they are often claimed to constitute and illustrate both that PA initiatives appear to have limited ability to promote PA among the least active students and that these differences are allocated to school hours. Additionally, Farias et al. (20) showed how Swedish adolescents' experiences of a PA program differed in relation to their socioeconomic backgrounds, with their more or less busy schedule after school conditioning these experiences. Since Sweden has had many structural changes in the school system over the last decades, including the decentralization of management (28), it is important to point out recent research emphasizing the impact of local schools’ health and PA policies on adolescent students’s physical activity levels (27).



1.2 An ecological approach to context and agency

As mentioned previously, several scholars have highlighted the usefulness of the concept of agency in relation to adolescents' PA during the school day (10, 29). Similarly, teacher agency as an indispensable element in good and meaningful education has promoted the inclusion of this context-actor (relational) perspective in research related to school staff (30, 31). This agentic perspective focuses on increasing an actors' (e.g., student or staff) ability and space to maneuver or enact in a certain form of practice (e.g., PA) within a certain structure (e.g., school) through ongoing negotiations. Here, we use an ecological approach as our theoretical lens of exploration, drawing inspiration from the work of Priestley et al. (14). This ecological approach rests heavily on the conceptualization of agency, which emphasizes the importance of both individual capacities and contextual dimensions (13). First, agency is considered an emergent phenomenon that is “achieved by individuals, through the interplay of personal capacities and the resources, affordances and constraints of the environment by means of which individuals act” (14). Second, agency does not come from anywhere; instead, it is rooted in past experiences (iterational aspects) and orientated toward future short-term and long-term objectives, values, and aspirations (projective aspects). Finally, agency is enacted in concrete present moments (practical-evaluative aspects) (14). From this perspective, agency holds aspects that are both relational and temporal—being largely about negotiating the possibilities for different forms of (PA) actions available at particular points in time within specific contexts.




2 Aim

The aim of this ethnographic study is to explore students' PA during the school day across four different Swedish middle school contexts using a whole-school approach and an ecological lens of investigation. The analysis is constituted in the theoretical concept of agency, examining how daily PA is engaged in and perceived as possible by actors within and across these school settings.

The study is guided by the following research questions: What are the opportunities and barriers for students' PA during the school day, and how are these being negotiated by students and school staff? How is agency expressed in relation to students' daily PA?



3 Methodology and empirical material

This is an ethnographic collective case study embedded in an interpretive research paradigm and follows a short-term ethnography design described by Pink and Morgan (32). Our design included shorter periods of intense fieldwork of approximately 2 weeks at a time, conducted at three time points over the course of a year; the fieldwork was performed by a team of four researchers. The collective design encompasses what Hodge and Sharp (33) described as a combination of an intrinsic and instrumental case study approach, where we aimed to get both an in-depth understanding of the individual school contexts and these individual cases providing insights into the broader topic of PA during the school day. The study was performed in four middle schools located in the area of a larger city in Sweden: East Bridge School, Lakeview Academy, Southside Academy, and Springfield School. These schools vary in size, resource denseness, and management structure, operating either as independent or public institutions. The schools involved in our study were chosen based on a combination of convenience and strategic selection (socioeconomic variation in the catchment area and public and independent providers).


3.1 Generation of our data

The ethnographic methodology aims to describe culture(s), where researchers spend time in everyday contexts, engaging with fundamental aspects of human experience, such as cultural behavior, tacit and explicit cultural knowledge, and cultural artifacts (34). The first author (S.H.) conducted ethnographic fieldwork at two of the schools, while the second author (B.T.J.) was at the third school, and the third and last authors (C.L. and H.L.) divided their time at the fourth school. The fieldwork mainly involved participant observations, informal conversations, and semi-structured interviews. The participant observations varied in degree of participation from the researchers (from passive to active) and took part in areas within the different school environments, such as the schoolyard and proximal neighboring areas, and inside the school building itself. We visited classrooms, corridors, staff rooms, student leisure and club rooms, cafeterias, and all other spaces within the school setting. More importantly, we tried to engage with what people did, what people knew, and what people made use of within these spaces, where our exploration was guided by the intention to study how agency was shaped by opportunities and barriers influencing young people's physically active life during the school day. Different strategies were used to gain access and connect with different gatekeepers in the school settings. For example, spending time in the staff room helped us build relationships with many of the teachers and school staff in ways they did not feel watched or studied. It was more challenging in classroom situations, where it was obvious that we did not have a role other than observing those in the room. However, with time, most people within the schools became comfortable with us spending time there, even in classroom situations. Other ways of breaking the ice with staff and students included having lunch together or joining in on daily activities such as spending social time together between classroom activities. Doing sports or other PAs also provided a natural way to interact with students.

Approximately 100 h of fieldwork was conducted per school during the fall/winter of 2021, with an additional 80 h per school in the spring of 2022. Field notes were generated throughout the study period based on observations. If notes could not be taken at the actual observation, these were generated as close in time as possible to the moment of observation. To share our experiences with the research team, we held re-occurring meetings after every 2 weeks of fieldwork at individual schools. In addition, photos, drawings of school buildings, schedules, and other artifacts of the school environment were documented, primarily to create a shared understanding of each school within the research team.

Purposeful sampling was used throughout the study period to recruit participants for the semi-structured interviews who we believed could provide in-depth and detailed experiences related to our research aim. Participants included school management, staff responsible mainly for middle school students, staff and teachers involved in student health and/or PA, physical education and health (PEH) teachers, and middle school students (mainly 13–14 years old), ensuring variation in gender and PA engagement. During the interviews, we asked respondents about their background (e.g., staff members' professional roles and education, students' interests and family life), how PA was perceived and practiced at the school, and the possibilities and barriers associated with PA. In total, we conducted 86 interviews with 102 respondents. The characteristics of our data are presented in Table 1. Most of the interviews were conducted individually, while a few were done in small group constellations of two or three respondents. The duration of the interviews ranged between 9 and 58 min, with longer interviews typically with staff and shorter ones with students. Three additional interviews with students were conducted, but the students did not want these recorded. Therefore, notes from these interviews were treated as field notes.


TABLE 1 Data characteristics and number of respondents across the four schools.

[image: Table showing empirical material across four schools: East Bridge School, Lakeview Academy, Southside Academy, and Springfield School. Fieldwork totals 720 hours. Interviews involve 86 respondents. Student count is 50. School staff and management total 52. Detailed breakdown includes gender distribution, school roles, and specific teaching positions. Numbers in bold represent total category counts.]

The interviews were transcribed verbatim by a third person through a transcription consultant company, with names and places anonymized in the transcription process. In addition, all transcripts were proofread and listened through for cross-checking against the audio recordings; this process also served as an initial step in the data analysis.



3.2 Ethical considerations

The four schools consented to participate in our study; however, the involved staff and students were not asked initially about the schools' participation as a whole. Because of the open-ended nature of ethnographic research, we adopted a situational ethical approach, as suggested by Hammersley and Atkinson (35), meaning that ethical considerations, such as respecting individuals’ integrity, confidentiality, and right to consent or disagreement, were judgments made in the context. Since our research involved young people aged 12–16 years, who are considered a potentially vulnerable group, ethical considerations were of high importance (36). One important ethical consideration in relation to our design and setting was the role of power structures at play. The four researchers were all of varying ages (35–61 years at the time) with ethnically Swedish appearances, were invested in topics related to PA and movement culture, and were affiliated with a higher educational institution. These played out in mainly two ways. First, as adults in a school setting, we were similar to school staff, where prevailing norms and structures carry a hierarchical power structure where young people are placed in a subordinate position (37, 38). Second, PA could be considered a “desired” and normative practice; therefore, it may have influenced how people in the fields interacted with us and around us as researchers of this specific topic. Ethical considerations did not end with “leaving the field”; rather, they remained a continuous process throughout the analysis and writing of this article. Since our empirical material was derived from interactions within environments that were partly culturally different from what we as researchers came from and involved vulnerable groups, we believed that it was important to maintain sensitivity in how we analyzed these data and portrayed our results and conclusions. For example, we have contemplated ethical considerations concerning the importance of conducting research in contrasting settings to ensure that voices of more vulnerable groups were heard, as well as reflected upon the concept of “othering” (39) to avoid stereotyping, stigmatizing, and moralizing vulnerable groups and topics.

All interviewees formally consented to participate by signing consent forms, which provided information about the study, its aims, and the voluntary nature of participation. Parents also had to consent for students to participate. The study was approved by the Swedish Ethical Review Authority (Dnr 2021-03834). To further protect the individuals who participated, we used pseudonyms for both schools and respondents and omitted their detailed descriptions throughout the material. There are at least two respondents in every category described for the formal interviews (see Table 1) to keep the confidentiality of the individuals themselves.



3.3 Analytical engagement with the empirical material

All phases of analysis were performed using the reflexive thematic analysis (RTA) method described by Braun and Clarke (40, 41). We chose RTA as our analytic approach derived for pragmatic reasons, given that our research team comprised several individuals collecting data at individual schools, each with different backgrounds in sports science, such as public health science and educational science. RTA offered us an accessible shared understanding of the analytic process, enabling us to identify patterns of meaning across the material through an interpretative approach.

The comparative approach in our study design was mainly related to the sampling and analytical process, drawing on the work of Bartlett and Vavrus (42) and their described “three axes” of comparison: horizontal, vertical, and transversal. In our study, we focused mainly on the horizontal and vertical aspects and compared both the commonalities and unique characteristics of the schools, creating “translocal” aspects of what was shared across cases and what differentiated them.

Our analysis started the day we stepped into the schools for our fieldwork and initiated the generation of data. As Spradley (34) pointed out, this way, we have had a cyclic approach to analysis rather than a linear one in our ethnographic work. Throughout our analysis, we have worked with the six phases of RTA suggested by Braun and Clarke (39, 41): (1) familiarizing ourselves with the data; (2) coding; (3) generating initial themes; (4) developing and reviewing themes; (5) refining, defining, and naming themes; and (6) writing up (this article). The research question regarding opportunities and barriers for students' daily PA (what) and the negotiations occurring in relation to those (how), along with the ecological theory and the concept of agency, guided the analysis. At each RTA phase, the analysis was performed according to the horizontal and vertical axes, where each school was analyzed individually and then compared to the other schools. This process was done with both field notes and interview transcripts, where initially we employed an inductive and semantic approach to the data, followed by a more deductive and latent approach. For coding and theme development, ATLAS.ti version 23 software was used.

As an example of our initial process, we highlighted sections in the material for each school that manifested as a barrier or opportunity (e.g., teachers perceiving there was no time for implementing PA for students in the classroom). Further, we looked for how this barrier/opportunity was related to other people or artifacts in the school context (e.g., if the teacher expressed the barrier of time in relation to something, for example, subject matter or a messy student group). We then coded the whole material in relation to the research questions using a similar approach to the initial process. This was also performed by analyzing each school by individually, followed by a comparison across schools. For example, a rather broad code group we created was “Students are active,” whose sub-codes were, e.g., “Wearing sports clothes at PEH,” “Boys play football, girls are on their phones,” “Students are active in the classroom if the teacher tells them to,” and “Physically activating students for study performance.” This code group exemplified a challenging case that required multiple reviews of the material and was eventually divided among themes, with sub-codes corresponding to different aspects of the ecological theoretical framework we used. In the second stage of analysis, we used our theoretical concepts and analyzed how this barrier/opportunity was enacted upon in the present moment (considering cultural, structural, and material aspects) and what past experiences and future objectives were in play. Overall, initial themes were generated by drawing a mind map of dominating meaning patterns from compiling codes into larger code groups or splitting them up while continuously revisiting the data material, earlier comments, and reflections on the material. The final themes were refined in relation to what was unique for the individual school contexts and what they shared as common patterns. An example of additional data excerpts connected to themes is provided in Table A (Supplementary Material).

Throughout the fieldwork and analysis process, meta-comments were written down by every individual researcher involved, which was further discussed with the whole research team to strengthen the study's credibility.




4 Ebb and flow: a common tale of a school day (descriptive findings)


The bright school corridor echoes empty, the classic metal lockers line the walls. At the far end are some benches and tables, also empty. Suddenly the bell rings and the murmur of the neighboring classrooms is clearly heard. A few seconds later, loads of students come tumbling out into the corridor. Some carry heavy books to the lockers; a few boys run to the material locker to get a soccer ball. Soccer, an activity that others go out of their way to avoid participating in. A group of girls retrieve their mobile phones from the teacher, because the policy says that if they go outside (and sit down) they are allowed to have them on their lunch break. A few students seem to continue their studies at the deployed tables and benches.



The vignette illustrates all four case schools—East Bridge School, Lakeview Academy, Southside Academy, and Springfield School. In this section, we provide a descriptive overview of these cases and illustrate what a typical school day may entail, which is followed by our analytical results in the subsequent section (Section 5).

All four schools were located in suburban areas connected to a larger city in Sweden. All the schools had easy access to public transportation and were located in neighborhoods with residential areas, preschools, and local shops, including fast-food restaurants and grocery stores. One school was near a large shopping mall. The residential areas around the schools included various socioeconomic groups, with students coming from different catchment areas based on each school's profile. One of the schools was small, with fewer than 50 middle school students, while two of the schools had approximately 160 students; the largest school had approximately 600 students. Although the schools also offered elementary eduation, this aspect was excluded from our study. The individual characteristics of each school are displayed in Figure 1.
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FIGURE 1
Characteristics of the four schools.


There were clear contrasts between movement and stillness during the school day, mainly in relation to the building blocks of the schedule: class and recess. Here, PA came in many forms and occurred mainly during practical-esthetic and academic classes (more or less), during recess, and along transport routes in the school premises, for example, between classes located in different parts of the school buildings. Not least, many students and school staff seemed to agree that the PEH subject, to some extent, fulfills the schools’s PA assignment as outlined in the general national curriculum (43). However, this was thought of and implemented to varying extents in the different schools, where two schools had PEH scheduled for middle school students three times per week, while the other two schools had it scheduled two times per week. Two schools had their own gym halls, while the other two schools rented a hall, one located very closely to the school and the other requiring approx. a 10-min walk for students and staff. The possibilities for PA also differed across all four schools depending on the physical school buildings and premises. A common feature during recess was outdoor access for mainly soccer, basketball, king (a ball game involving a basketball in a drawn square on asphalt played by four players), and sometimes ping pong/table tennis (some had this indoors), along with a few other alternatives. However, some schools had soccer fields located on the school premises, while others had access to one in the nearby area outside of the schoolyard, which implicated the presence or absence of school staff. Weather also influenced whether the students even went out or not. In middle schools, new rules compared to elementary schools allowed students to stay indoors during recess (with or without access to mobile phones). The indoor areas varied across schools, but common indoor rules included no running allowed and preventing students from “messing around” at all costs. Therefore, the types of PA permitted indoors were mainly less intense, for example, transporting oneself between points A and B.

The transition from elementary to middle school brought both organizational changes and social changes. The characteristics of the school day transformed due to a subject-focused schedule, with different teachers coming and going throughout the day, each teaching their subject to the students. Compared to elementary school, where one or a few main teachers were responsible for the entire school day, this was a big change that came with increased student responsibility, new rules, and a lost perception of the students' whole day among the school staff. At the same time, there was more curricular subject matter to be taught during class for the teachers, which ultimately should result in the students getting passing grades—a goal with both short-term and long-term objectives. These organizational changes tightened the schedule, leaving less time between classes for teachers to build relations with students and for other less prioritized tasks, such as PA promotion. The social climate transition brought about tangible changes concerning social relationships, with increased self-awareness among students in relation to oneself and others. While this seemed similar across all four schools, it played out a little differently depending on “who” and “what” that was related to and varied between classes and groups.

Overall, PA was not followed up on or evaluated by the schools, except during a one-time student health interview in middle school (which included questions about the student's PA level, usually carried out by the school nurse), and the teaching in the PEH subject was assessed and graded. We also observed that the student health work had an explicitly individual focus, while the PEH subject had both individual and group focus. The schools' various measures to implement (more) PA during the day focused on a group level, where everyone was offered the same opportunities described earlier. However, these opportunities were utilized by different students to a more or lesser degree. Our observations of students' daily PA were further voiced by Gittan, a special education teacher at Springfield School, who shared her thoughts concerning schools' PA assignment:


Gittan: Um … Yes, but I understand it [the general PA curricular policy] well as it is stated, but then I think that the school is like, it is a…, colossus, a colossus that is difficult to move, so in order for something to work, like with movement and sports, it would have been really easy if it was just like, we take the students out for recess and then they run and play games. It's not like that. Those who do it on their own, they have physical activity in their spare time too, they are not difficult to get started [to move during school time]. Those who are difficult are those who don't like to move. (…) So then, the question is, how are we going to bring in movement as well as everything else that goes into this “pot” [the school]. (…) How are we going to get it [PA] implemented in a way that works, without taking the focus away from the schools' educational mission that we also have to do, and in a way that works, because it also needs adult resources. Hmm, I think that is the challenge, how do we get it [PA] “in” in a natural way that is possible to follow up, and to actually be carried out.



As Gittan illustrates, integrating PA into the school day posed a significant challenge for schools, which are complex traditional educational institutions. This difficulty was further compounded by the reciprocal relationships among people within these contexts. These actors interacted with each other and were closely tied to the sociocultural, material, and temporal elements of their school environments, highlighting the interconnectedness between the structural characteristics of the school context and the individuals within them (agency).

In relation to the presented school cases, our analytical findings highlight identified themes that reflect broader patterns of meaning both within and across the schools against the backdrop of the above-presented findings.



5 Negotiating students' daily physical activity (analytical findings)

Our analysis displayed the negotiations concerning the facilitation and hindrances to PA in relation to our four school contexts, both within and between them. These negotiations were accomplished in connection with the perceptions and practice of students' physically active life during the school day and divided, yet interlaced, into four themes: It is time to “get serious,” I see no obstacles, It is not a level playing field, and Daily physical activities are (not) for everybody (see Figure 2).
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FIGURE 2
Analytical themes.



5.1 It is time to “get serious”


“Have a seat, please!”, the teacher calls out. It is Thursday morning, at 9.55 am, and all the students in the classroom go from standing up next to their assigned seat to sitting down, ready to start today's school work. I have learned over the course of this fieldwork that this act, where the students stand up in the beginning of class until the teacher gives their permission for them to sit down, happens every lesson independent of teacher because it is part of how they “do it” at this school. All students are sitting by their desks, yet, one of the boys stands up again and goes back out to the corridor to get his books (he moves around and goes out several times during this lesson, by the way, for different reasons, e.g., bathroom visits and such). Now, everyone is sitting. Classic teacher-centered teaching. The teacher goes through what today's school work will consist of on the board (it is math class). After, students work independently sitting down, some students go and get computers for the calculator function, because there are not enough calculators. At 10.40 the classroom environment is getting noisy, and the teacher speaks up, telling the students to be orderly. He threatens to contact the parents, “this is a workplace, and I'm tired of having to speak up.” At 10.45, class is over, the teacher leaves while the students stay for the next lesson with another teacher teaching another subject. (Fieldnote)



The transition from elementary school to middle school and its changes meant that it was time to “get serious” and take personal responsibility in school, with grades and the (adult) future as long-term goals. It also meant that there was “no more room for play,” where PA was negotiated between being something serious or frivolous by both students and school staff in relation to being a middle school student and the educational mission the school had. Being a “good” teacher was to teach what was stated in the curriculum connected to each subject matter and ensure that all students met the knowledge requirements. For some teachers, PA in organized form became a valuable means of learning, in line with this ambition; for others, PA was seen as a non-serious endeavor that took time away from learning. For most, the idea of a “good” student implied sitting still and having full focus on the school task (if the movement was not part of the teacher’s instructions), where movement became an act resistance and non-movement signified docility. There was an overall sense of not having enough time to teach the curriculums' subject matter among teachers and the school management. Sture, one of the school managers at Lakeview Academy, described this when talking about the school's PA assignment: “Movement, yes, great but…, not at the expense of the protective factor that entering high school is for a child.” Here, the negotiation of PA was weighed against schools’ educational assignment to meet the requirements for the next level of education. Even though the objective of reaching these requirements was long-term goals, they became very real in the present moment of daily school life.

Many students across the schools expressed a desire for more movement during class; however, the objective of doing so often seemed connected to either taking a break or escaping school work. The movement did not seem to be the main goal, except for being a contrast to the sedentary school life. For some, more often boys, PA in the form of getting something from the locker, going to the bathroom, or just simply moving around in the classroom seemed to be a way to resist and negotiate the ideas of a sedentary student role. When talking to Georgina and Amelia, two students at Southside Academy, concerning the PA assignment that schools have, they said, “Physical activity, i.e., moving around? Then they [at the school] are lying. We sit in the classroom all the time (…) We go out if we have PEH class, in other lessons there is no movement.” When we continued our discussion, they described how they would want to move more during class: “5 min [of leg stretchers] is enough, to go outside, go to the toilet, get some fresh air, maybe drink water … Not very long. You want to learn something.” Making sure that you learn and being a good student was prioritized over moving/messing around, especially among girls.

The seriousness of PA as a means of learning and the negotiations connected to it varied across the different schools. When PA was implemented in the classroom context, it was negotiated in relation to whether the student group was messing around or not and what their study habits were. When teachers who implemented PA described how they judged whether it was appropriate or not to instruct students to move in the present moment, a compliant (studying) group of students (sitting down) was less challenging than a messy one (not studying, not sitting down). If the moment seemed appropriate, less intense versions of PA were implemented, with dancing to the instructions of YouTube being among the most intense examples. However, most teachers still did not incorporate movement in their classrooms, and when they did, the approach differed between schools. Lakeview Academy had a schedule where not many classes were longer than 60 min, so the judged need for breaking up those minutes did not seem to occur as often. Teachers and staff at Springfield School most often negotiated PA breaks based on individual student needs, often tied to their special needs, where techniques like walk-and-talk and other activities were used to offset an inter- or intra-relational conflict the student was experiencing within the school environment. At Southside Academy, the implementation of organized PA breaks did not seem to happen much at all, negotiated by staff in relation to that student groups had less habit of studying and many lessons often had a messy classroom environment. On the contrary, East Bridge School had more teachers incorporating these physical breaks. Here, the classroom environments were more often calm, with the majority of students having strong study habits and high levels of support from their families and the student health team for individual study arrangements; additionally, the school has a majority of students coming from homes where physical activities were highly valued. There were contextual differences across schools regarding study environments connected to PA, which gave teachers and other staff members varying space to maneuver in these negotiations.

The agency enacted in relation to this theme stood in close connection to the idea of being a good middle school student and a good teacher, with future objectives of short- and long-term goals—initially passing subject courses and ultimately finishing school with passing grades. This pattern was dominant across all four schools. However, differences emerged in the level of academic goals, with some schools aiming for excellence, while others focusing on merely achieving passing grades. Additionally, variations existed in student habits, with some groups demonstrating a strong past habit of studying and adhering to the role of a serious student, while others struggling to conform to these expectations. Other iterational aspects that influenced individual agency here were mainly related to school culture, with roles and expectations of what it meant to be a good middle school student and teacher, which involved students listening to the teacher, sitting still, and performing the task they had been given, as well as complying to ideas like no running in the corridors and such. Importantly, agency was enacted in the light of the cultural ideas of what was considered being serious with the educational endeavors of middle schools. PAs were enacted or implemented in relation to whether they were aligned with these dominating ideas. Structural and material aspects influenced individual agency. A clear example of this was found in the classroom, where the power dynamics of the teacher–student relationship were enacted through the arrangement of the room. The furniture layout suggested that teachers should stand at the front near the board, while students were expected to sit on their chairs and at their desks. However, many students across schools expressed in different ways their wish to move more in relation to these dominating logics, with PA becoming either something that would be enacted yet not take up much room or something that was an act of resistance to the sedentary culture of (serious) school work. In sum, the transition from primary to middle school meant it was time for students and staff to get serious, with (PA) agency negotiated against this discourse.



5.2 “I see no obstacles”


Richard: So, there are no obstacles to that [PA], I think. (…) But really, there are no such obstacles. Then…, it is not just that we must work outside the classroom, you can work in the classroom with physical activity too.




Researcher: Mm, yes, but, because you have discussed this a bit before, can you describe more how you think about it?




Richard: No, but more short breaks in, in the teaching with physical activity so that the students can get, yes, get the blood circulation going and start to “perk up” a bit, get moving, to get it as a natural part of the teaching.




Researcher: Yes. Do you think about this in all subjects or do you think about somewhere where it works better or worse?




Richard: No, it could work in all subjects. I see no obstacles.



One of the school managers, Richard, at Southside Academy stated that he “see[s] no obstacles” to the school implementing PA for students during both recess and class. This anything-is-possible spirit in relation to schools providing for student's daily PA was a common thread of thought among school management and staff. At the same time, the opportunities for PA were constantly negotiated in relation to the everyday challenges of the school context, where PA only could take 5 min from teaching time (to be practically possible) and needed to show immediate effects (to motivate staff to implement it). This way, there was chafing between the vision of PA's possibilities and the actual day-to-day possibilities of implementing it, where the visions clashed with practicalities of PA. The desired immediate effects sought were usually related to students' study focus and concentration, fewer conflicts, and better results in school assignments (for the future goal of higher grades described in the earlier theme). This combination of wanting an acute visible effect and the restricted space given to PA conditioned the anything-is-possible spirit, where PA was being put under high expectations of what it should do and function in a short amount of time.

Gittan, the previously quoted special education teacher, said, “Yes, there are a lot of possibilities, so, exactly, the challenge is the structure, I think. How can we achieve a [school] structure that is sustainable. Because we are the number of adults we are, and we can’t seem to add more tasks [for the staff].” As Gittan illustrated, there was an expressed lack of structure allocated to the PA assignment to make the visions of PA meet the practicalities of a school context. When being asked about what it would take for PA to be a more integrated part of the school day, Jasmyn, a special education teacher and part of the student health team at Southside Academy, said, “It takes…, structure, it takes stated people with stated responsibilities, which will lead this [PA assignment] all the time, who will come in during what periods of time, what is that person's purpose during that period.” This demonstrated what the structure would have to contain to make a difference, something many staff members valued but found challenging. The chafing between vision and practice filtered down to the lack of structure for addressing the PA assignment across schools. Several staff members expressed their concerns about adding PA to an already packed school day. In the absence of more integrated, concrete, and systematic ways of implementing PA—as well as the scarcity of having available personnel responsible for students' PA during the school day—a tension emerged between the anything-is-possible spirit, the pressed school structure with the schedule and resources, and the high hopes of what PA should do with its effects on the students. This tension was a dominant meaning pattern across the schools, where Ronaldo, a teacher at Lakeview Academy, illustrated how he negotiated his agency related to the issue of everyday practicalities as a teacher: “if you [the management] just say we should have physical activity, it is important that you do something for 5 min, I mean … I’m a math teacher, I’m not a movement teacher (…) I can invent stuff so, um, I don't mind but I, I'm not going to reinvent the wheel like, with the time I don't have.”

Overall, this theme mainly related to different roles of school staff and their concerns connected to schools' PA assignment, rather than concerning the students much. This was rather similar across schools. The lack of reflections on student involvement and the very few reflections from students themselves on the visions and practicalities of their daily PA also reflected who was perceived to enact this assignment. As Theodor and Alex, two 7th grade students at East Bridge School, recalled their experience of being invited to influence their PA possibilities at their schoolyard back in 3rd grade, they remarked, “It takes so much time for them [the school management]. There is a lot that they promise that doesn’t…, happen. We’re going to build a cable car, no that's not happening. Should we make swings, no it won’t happen. There will be a football field, no it hasn’t [happened].” They further explained how a few girls in their class who were student representatives kept on going to the school management with these wishes: “Yes, they really said, yes, yes, we’ll check, we’ll check. And since now 4 years later, nothing has happened.” Other examples of student involvement were mainly associated with student councils advocating for the addition of more breaks, shorter teacher-centered activities during class, or influencing the accessibility of sports equipment at recess (e.g., the number of basketballs). Importantly, adults were mainly illustrated to envision, plan, and implement PA. making it an integrated part of the school day through structured approaches. The role of adults vs. the non-participatory role students held displayed the (power) structures within schools, where adults mainly lead.

The anything-is-possible spirit in envisioning daily PA, combined with practical challenges (it can take 5 min) and high hopes (of immediate effects), was mainly tied to the lack of structured approaches to assessing the school's PA assignment. Nonetheless, our analysis suggested that past experiences and history influenced the distinct cultural roles of staff (adults) and students (children) in determining who was perceived to envision, plan, and implement daily PA for the students. This informed the agency among the schools’ actors, especially limiting student agency in the matter. The vision for more daily PA was related to future rather abstract ideas, yet the effects sought were related to short-term objectives—potentially difficult to attain and therefore challenging to practically evaluate in the present moment. Individual agency, as enacted in the present moment, was mainly related to the perceived lack and limiting aspects of the structure. Most staff members did not see themselves as responsible for enacting the PA assignment or having the capacity to do so. When students employed their agency in the existing structural work with PA, it was mostly related to material issues.



5.3 It is not a level playing field


It is right before lunch, and a light rain is hitting the ground on this fall day. This week I am back for field studies at one of the schools, and on my way to interview the PEH teachers. I am standing outside the sports hall, waiting to be let in, and literally cannot avoid the rain due to that there is no roof over the entrance to get cover from. I am thinking to myself what students might feel about waiting outside the sports hall when it is raining, and what that does to their experience of PEH classes. I also cannot help myself from thinking back on another visit at one of the other schools, and how their sports hall had both a warm glazed entrance, clean changing rooms, and big well-equipped premises. Suddenly, I hear the door being opened from the inside, and one of the PEH teachers lets me in. We walk through the changing rooms with graffiti on the walls and toilet paper along the floor on the opposite side of the room. The PEH teachers want to do our interview in the sports hall, and not their usual office. They are having issues with mold, and does not want to expose me (as they explain) to that situation (with me being visibly pregnant). (Fieldnote)



As illustrated, schools displayed different resources in the forms of materials such as available equipment and sporting premises, social structures involving staff and organization, and cultural values placed on a physically active lifestyle. These differences between schools were most often clearly illustrated in PEH classes; therefore, we used them to illustrate this theme. Our analysis showed how negotiations among staff and students connected to PA and sports during the school day were closely linked to different attractive attributes and various financial possibilities, which were connected to both students' leisure time and home environments and individual schools' resources. Students' physical experiences, aped by their (physically active or non-active) life stories, did not disappear upon entering school; instead, students carried these embodied past experiences and capacities throughout their daily school lives, where negotiations about PA opportunities took place. For example, there were differences between schools in how students had leisure PA or were members of local sports clubs. One extreme example was a school where the majority of students were members in some form of a sports or activity club, while another school had the opposite trend.

While joining in on some of the PEH classes and sports/field days organized at one of the schools, it was impossible not to notice the presence of local sports clubs, evident in the jerseys many students wore. A seemingly high proportion of students wore green shirts representing the local soccer club, with the majority being boys. This experience contrasted with PEH classes at other schools, where no students wore clothing representing sports clubs or sports/fitness brands other than the ordinary clothes they wore throughout the school day. PEH class, as both an illustrative and practical example, became a place where highly resourced students and schools and already sport-active cultures, or the opposite, negotiate PA in relation to these different logics. For example, PEH teachers could expect varying conditions regarding the equipment they had access to, both in terms of what was available in the premises and gym halls and what they could ask students to bring from home, such as skates, swimwear, shoes, sportswear, and other gear. The physical surfaces and premises offering opportunities for movement differed between schools. Schools had variable access to sports halls, and the condition of the premises also played a role. As the earlier illustrative example from our field notes, the symbolic value of a small and worn sports hall with mold problems stood in contrast to a large, fresh, well-equipped sports hall, where some students and staff members felt invested in school's PA assignment, while others did not.

Lakeview Academy, with two educational profiles—one with the characteristics of high socioeconomic status and one with contrasting characteristics—had negotiated their way to blend classes during PEH. This was due to students coming from different home environments, where some engaged in lots of sports activities while others did not. As stated by the management and the PEH teachers, the objective behind blending classes at PEH was for students “to share [values, embodied physical capacities and] experiences with each other.” The experiences they referred to were, however, mainly connected to students' lives outside of school. In contrast, at Springfield School, they focused on adapting their PEH environment by emphasizing clearer rules for PA and how to practice social interaction and teamwork within their student groups. PEH classes and other opportunities for PA were designed considering earlier experiences of student groups at this school with sports and similar activities outside of school. Macce, a student at Springfield School, described a common dilemma faced by his student group (students with special needs), noting that their embodied narratives of failure and negative experiences related to sports were constantly being negotiated in everyday school life and PEH despite often originating from outside the school environment:


Macce: When I went, when I started soccer, I was maybe in the 2nd–3rd grade. But I've been playing hockey until, well, it could have been up to the 5th grade, maybe. I've played hockey my whole life.




Researcher: Mmm.




Macce: I was often on skates since I was little.




Researcher: So, and you stopped with that?




Macce: Yes, but around like 5th grade.




Researcher: Mmm.




Macce: Because the [others born] 2007 then, they, it was sort of together, so [the ones born] 2008–2007 were sort of together and in the end the [ones born] 2007 started being nasty to me.




Researcher: Mmm.




Macce: I don't know why, and then it made me stop.




Researcher: Mmm. So, you have quit because… No, but as you said, nothing felt fun and then…




Macce: And then they were shitty and called me names and stuff.



Macce’s illustration of earlier negative experiences connected to PA and sports was a story expressed by several students across schools. However, the negative experiences differed in what they related to. Some experiences were due to perceptions of being different and not coping with the social codes of sports teams or activities, while some were due to social structures where some students were excluded or socially punished.

The varying “starting points” highlighted the close connection between life during and after school in relation to PA. The cultural values, social structures, and material resources of both students and the school (with its staff and facilities) were particularly evident in PEH classes. While this pattern was consistent across schools, PEH classes showcased how these aspects were expressed differently from one school to another, showing that it was not a level playing field. Individual agency within these schools was constrained by existing contexts, where promoting a physically active lifestyle (in terms of values, capacities, and experiences) primarily benefited those who were already active, potentially marginalizing those who were less active. Although there were objectives aimed at fostering a physically active future, the focus was primarily on past experiences and the current school context, with short- or long-term goals appearing less pronounced. In conclusion, the diverse school environments presented varying “(dis)advantages” in promoting students' physically active lifestyles.



5.4 Daily physical activities are (not) for everybody


Yes, but in the school yard spontaneous sports, only boys feel like … it seems to be hard to break that [pattern]. It feels like they are very welcoming and say that the girls are welcome to join, but it doesn't feel like it's like that at all (…) like the girls just aren't interested. (…) I think there is a culture, a culture among the girls as well, that you should be a bit of this nail polish and lipstick and follow influencers and sort of keep doing things like that. And then it happens that…, they are afraid of looking a bit silly if they run around in sports clothes in the middle of the day, so it will endanger their make-up and their stuff like that. On the other hand, if they do it [sports and PA] as a thing in their spare time, in the evening, then it is a completely different matter because then, then it is part of the concept, then you have to wash off the make-up, put on sports clothes and then everything is serious and in order. It is not spontaneous. And then you get away with all that. (…) Maybe it is more common among boys to want to assert themselves in sports as well, to show their “best” in that way. That you get more status by doing so, putting a ball in the basket, out on the basketball court, that it is not as much status to get for a girl to do it somehow, among the other girls. You don't get rewarded as much, socially, I think.



Caesar, a teacher at Lakeview Academy, illustrated the (re)occurring negotiations among students regarding whether PA was socially rewarding. Schools structured their offered activities more or less according to this social landscape (through, e.g., age rules). The longer opportunities for students' PA during a school day included recess during lunch and PEH classes. Negotiations about who wanted and could use the physical indoor and outdoor spaces offered for PA were influenced by age, gender, social status, and previous experiences with sports and competitive elements. If access was negotiated to these spaces, there was often a continued negotiation regarding status and just wanting to be part of the PA (no matter what) in a tacit web of power relations.

Sports and PA were perceived as sensitive by many students, existing within the social landscape of middle school students with heightened self-awareness in their transition toward adulthood. These activities often came with the feeling of being exposed, closely related to (sporting or non-sporting) bodies and identities. When Benjamin, a student at Springfield School, who identified as someone who usually liked to move, was asked how he perceived the school's PA assignment, he responded, “That mission is good for the school and it's important for the students to move.” However, when asked about the barriers he was experiencing in connection to PA, he said, “I don't want to look bad in front of the other students, so I don't want to move …. It is embarrassing to do physical activity. It becomes bad to do activities. Better to just hang around and play cards. If I'm going to do something, I think I'll do it by myself [outside of school].”

In several schools, students had specific indoor and outdoor areas designated for their use, restricted by age. The availability of PA in these areas, combined with restrictions preventing middle school students from using facilities and equipment designated for elementary students, limited their opportunities for PA during longer recess periods. As a result, middle school students were discouraged from playing, even when they still desired to do so. As Yang, a 7th grade student at Lakeview Academy, said, “Outside here, the big one [school yard]. For middle school, I think…, it's a bit too, what should I say, because…, so for…, in elementary school there's this climbing frame and basketball court and such but there is, there are none of them for middle school students.” When he was asked if he wanted to have access to this, the answer was “Yes.” Age also became an important aspect in negotiating PA, where usually older middle school students gained access.

Another very clear dividing line across all four schools was gender, where girls' access was negotiated in relation to the schools' opportunities for PA, such as physical spaces, materials, and social norms. Highly resourced and already active students outside of school were prioritized in the school's physical spaces, especially boys with previous sports experience. Even if girls were active in sports, they did not have the same space for maneuvering. Leila, a student who was very active in soccer in her spare time, said, “Before you could also borrow, um, materials like from the class material cabinet, now you can … Or you can't, you can't do that (…) they are mostly occupied by the boys who go and play football.” During our talk, Leila also described how some students in her class, as well as in the parallel class, used to walk over to the soccer field across the bridge from the school to play during lunch recess. When asked if she also used to go, she said, “Me, I want to do it but it's usually like this, maybe not all my friends don't want to play with the boys, because all the boys are there. So that…, maybe they’ll play something that isn't a girl…, we want to play, some football game.” Another student, Amina, at Lakeview Academy, explained:


Researcher: Mm, okay. Have you been playing ping pong?




Amina: No. So, it's mostly like this, I don't know, so I like to play it, I usually do, we played it in PEH class but uh, I don't dare play with those [boys].




Researcher: Okay. What, are they scary?




Amina: No, no, so it's only boys like this from the 8th grade and some from my class, but I don't know, and there are usually never any girls playing. (…)




Researcher: Mmm. Why do you think there are so few girls?




Amina: I don't know. Most people tend to just hang out with each other instead of doing anything.



Even boys who were not portraying hegemonic masculine attributes—such as athleticism, toughness, or body size—negotiated these opportunities either by avoiding them or buying into the power plays that occurred, e.g., on the soccer field. One of the commonly referred power plays at East Bridge School was called “Butts Up.” Lucas, a student at East Bridge School, portrayed this play taking place when some of the boys lost a ball game during soccer:


Researcher: Yes. And when do you get “butts upped” then?




Lucas: When it is all over.




Researcher: Yes. Okay. How does it happen then?




Lucas: Everyone who has lost lines up and those who win get to shoot the ball as hard as they can [at the back bodies of the ones-who-lost]. (…) Yes, but it is a bit like a punishment.



The losing students were usually the same ones repeatedly, as described by both staff and students. When talking to Gabriel, one of the other students at East Bridge School, about how he would like to move more during a school day, he said, “Eh, I would probably play basketball, or maybe soccer.” When further asked if he could not already do that, with the basketball court within visual proximity during the talk, he continued, “Well, I can actually. But yes. It just doesn't work out that way. Because it's usually a little, it's usually the [other] boys who play basketball, so then we're not like jumping in, we're outsiders like this.” This highlighted the persistent boundaries through which students interact and the intersecting roles of various social positions within school settings, where different behaviors (such as PA) receive varying degrees of social reinforcement.

This theme—daily PAs were (not) for everybody—primarily pertained to the students within these school contexts but also included the physical environments provided and, to some extent, the organizational structure of the schools, such as the presence or absence of staff and the rules governing activities. Past life stories, such as sporting experiences and the historical and cultural meanings incorporated in physical premises, for example, a soccer field, conditioned staff and student's agency in negotiating students’ physically active lives during school days and their space for maneuvering. Future objectives related to students' agency in this theme were being socially rewarded, both in the short term and long term, such as being included in immediate events and social cliques, as well as forming lasting friends and social groups. The concrete, everyday contexts of schools' possibilities were conditioned by these cultural, material, and socially structured landscapes, illustrated above between schools and within each school.




6 Concluding discussion

In our ethnographic study, we explored negotiations of students' PA during the school day across four different school contexts and examined how agency was expressed in relation to this among students and staff—using an ecological theoretical framework and a comparative approach. The study shows how these negotiations unfold relative to iterational, practical-evaluative, and projective ecological dimensions (14). First, PA was negotiated against the backdrop of multidimensional transition challenges, including organizational structures and social changes from elementary to middle school, with transport routes, recess, and PEH perceived as means of “solving” the PA assignment. Against this, our study displays how PA-related agency was negotiated through the idea of being a “good” middle school student and teacher, with both short- and long-term objectives (projective) centered on passing grades and meeting knowledge requirements—where agency was expressed in relation to whether PA was considered “serious” within this educational endeavor in everyday moments (practical-evaluative). The realization of daily PA was also negotiated in relation to a sense of lack of structure (practical-evaluative), creating a tension between the vision of possibilities (primarily ascribed to staff, not involving the students) and the high expectations for immediate outcomes of PA initiatives (projective). Our findings further showed that students' physically active lives during and after school were closely interconnected, a connection particularly evident during PEH classes (practical-evaluative). This interconnectedness tended to benefit those who were already active in resource-dense environments after school, possibly marginalizing those who were less active (iterational). Students negotiated and expressed their agency in close connection to gender, age, social status, and previous experiences with traditional sports, which primarily comprised the PA options available during recess, such as soccer, basketball, and table tennis (iterational, practical-evaluative, and projective).

Our findings illustrated common meaning patterns across schools, yet these patterns were conveyed in varying ways in individual school settings. The complexities of the studied school settings displayed shared facilitators and barriers to students' daily PA and also revealed that these challenges varied between different schools and within the same school. In our comparative approach, we have focused mainly on horizontal and vertical comparisons of our four school cases, inspired by the work of Bartlett and Vavrus (42). The analytical findings highlighted that contextual challenges associated with schools' efforts to provide all students with daily PA were related to three interconnected structural layers: across, between, and within the settings. Here, we outline these layers as translocal (across schools), interlocal (between schools), and intralocal (within schools).

To exemplify the focal schools' translocal challenges, student agency connected to PA was limited due to the expectations of what a good middle school student should be like (sedentary and focused), yet this role was negotiated by students based on how they dealt with future educational objectives. Here, our results displayed that gender played a role, where girls had a narrower space to maneuver compared to boys, who more often used PA as a form of resistance against the sedentary student role, both in classrooms and other school premises. However, the constraints of agency regarding the idea of being a good student were also shown to differ interlocally, where some schools had a much higher proportion of students willing to conform to these ideas and objectives, usually with students coming from homes with stronger study habits. In their earlier research, Boonekamp et al. (44) performed a multiple case study in six Dutch middle schools, investigating how physical, social, and pedagogical contexts fostered students' agency in relation to PA. Like our study, their study also identified similarities and differences across schools in their efforts to facilitate student agency—highlighting a need across schools for pedagogical approaches that involve students' perspectives, participation, and reflections related to PA. However, this need appeared to be intertwined with the notion of how staff negotiated their willingness, competencies, and available resources in terms of support, vision, time, space, leadership, and the pedagogical models used (44). Combined with the current study's results, we suggest that pedagogical perspectives are important issues that future PA initiatives should address when aiming to enhance students’ and staff's agency. Similarly, our empirical findings suggest there is much room for improvement in developing sustainable long-term structural strategies containing salutogenic approaches and asset-based perspectives in national and local school PA promotion, as suggested by García Bengoechea et al. (8). Such initiatives could further enable young people to develop their autonomy and ability to shape PA according to what they value and find meaningful as part of their role as middles school students and becoming adults.

Another important finding of how individual student agency was constrained, both translocally and interlocally, was by the intersecting social power structures, sociocultural ideas, and economic and material resources connected to PEH classes and PA opportunities during recess. These issues combined created unequal playing fields, where inequalities risked being further sedimented. Earlier international reviews and meta-analyses support these findings, highlighting the need to address schools' activity cultures and inequalities that affect adolescents' physically active lives (45–47). In line with Garrett's (48) earlier findings, our study also illustrates how students, particularly young women and girls, navigated their physical identities, bodies, and behaviors within prevailing stereotypical gender discourses and power structures while engaging (or not) in PA. Furthermore, when the focal schools emphasized providing PA for all, it implied that students were granted equal access to hegemonic male forms of PA, typically defined by traditional sports facilities and competitive games. This dynamic likely reinforced gendered and socioeconomic inequalities in PA, as noted by various scholars in both international and Nordic contexts (12, 19, 20, 49). Just as Alliot et al. (50) pointed out in their systematic review, one student's barrier can be another student's facilitator, differing based on socioeconomic position at both group and individual levels. Especially, their results highlight how adolescents’ PA agency is facilitated or constrained by social support, access to physical spaces, gender, and narratives of health(y) behaviors, lining up with our findings.

Our schools exhibited varying degrees of local cultural homogeneity, particularly evident in intralocal contextual challenges. In all four schools included in this study, PA emerged as a relational phenomenon, influenced by interactions with other people and artifacts—highlighting the aspects of cultural nuances and social norms. For instance, when one student wished to play basketball, their ability to express that desire was constrained by the social status of the other boys in the group. In another example, a very active girl in her spare time was constrained to play soccer during school hours because of gendered norms. These findings again highlight inequity issues and support previous research by McMullen et al. (17), which indicates that offering a diverse range of PA opportunities is crucial for fostering an active culture. This implies that future school PA initiatives should address these inequities and their compensatory role, both locally and nationally. Co-creation and co-production processes could help PA initiatives better align with the ambition of a whole-school approach by involving both youth and staff. Such strategies are gaining interest and are advocated by researchers to include youth (51) and staff (52). However, Smith et al. (53) pointed out how co-production can be a challenging strategy driven by different reasons; they also suggested ways to co-produce “to advance the participatory turn in sport, exercise, and health research.”

Inspired by the work of Priestley et al. (14), our ecological approach has focused mainly on the inner school settings, examining the social, structural, and material aspects of contextual challenges that shaped how (PA) agency was enacted. During our study, additional outer setting factors such as political issues, leisure time, and home environments emerged. These factors were not captured in this article and could be explored in future research agendas. To add, we noticed that our presence as “PA researchers,” at least to some extent, influenced students and staff. Some staff members were willing to spontaneously talk about PA with us, and in spontaneous conversations with students, norms about PA emerged. However, we did not perceive that our presence changed the dominant patterns of PA and sedentary behavior within the schools. Even though we have considered these limitations, future initiatives could explore it further. A strength of the current study lies in its rigorous methodology and the size of its empirical material, involving differing school contexts, which aids in developing a rich understanding of the studied topic. However, the study is limited to a suburban Swedish context, which potentially limits the transferability/generalizability of its findings to other Nordic and international settings. The intention of the study was not to point out opportunities to generalize but to identify key questions that anyone who has the ambition to work on promoting PA in a school context needs to ask themselves, such as how the school contexts and social norms affect students' and staff's relationships with and approaches to PA.

To conclude, our findings display how students and staff negotiated agency connected to PA within intertwined ecological dimensions, where cultural, structural, and material aspects need to be further addressed in light of pedagogical, equity, and sustainability issues. The call for a “rethinking of PA in school contexts,” as suggested, for example, by Jago et al. (9), should not only consider the contextual challenges across and between schools but also further address local contexts and challenges within individual schools, adding relational/dialectic and salutogenic perspectives. This way, future strategies could be focusing on enhancing student agency connected to PA while acknowledging the intersecting socially and culturally coded power structures that shape students access to equal PA opportunities—accounting for the fact that PA opportunities truly are for everybody.
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Introduction: The implementation of “all-day schools” (schools with extended educational programmes) provides pupils with the opportunity to engage in a multitude of different activities and learning contexts throughout the day, in addition to their core, compulsory curriculum. These activities may include a diverse range of sports-oriented activities at regular intervals throughout the school day and are accessible to all pupils, irrespective of gender and socio-cultural background. In the context of the project, “Sport in the School Environment” various extended physical activity programmes were implemented and evaluated in 14 primary all-day schools in Zurich (Switzerland) between 2019 and 2021. This article focuses on the extended pedagogical physical activity of the “open gym,” a free physical activity programme during the lunch break in all-day schools and examines how the open gym is utilised by different groups of pupils in relation to gender and socio-cultural background.



Methods: Data from 401 s-grade pupils were collected using a standardised questionnaire. The participation of pupils in the different programmes was analysed using descriptive statistics, and the relation between the programmes and the socio-cultural background of the pupils was determined by a chi-square test for nonparametric data.



Results: Overall, 30%–40% of the children participated in different extended educational programmes, with boys participating more frequently than girls. The various activities however, also engaged girls and increased their participation. The initial findings indicate that the pupils made active use of the open gym, with a higher frequency of attendance among boys compared to girls.



Discussion: The results indicate that the open gym is a significantly utilised programme (37% of children participated) and is frequently accessed especially by boys from a variety of different socio-cultural backgrounds.
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1 Introduction

In recent years, all-day schools have been introduced in German-speaking Switzerland. In the city of Zürich, these are schools which offer an extended educational programme before the beginning of the official school day in the morning and after the end of the school day in the afternoon, including leisure time during lunchtime and in the afternoon break. The expansion of schools' extended educational programmes increases the length of time pupils and young people spend at school. The daily life of children and young people in urban areas in German-speaking Switzerland is increasingly characterised by (all-day) school structures, which reduces the timeframe in which children and adolescents can organise their time freely (and outside of school) (1). The increasingly institutionalised daily life of children and young people, which has also been criticised for the scholarisation of leisure time (2), is accompanied up by an expansion of the state's mandate to provide care and education (3) and an increased responsibility on the part of the school to foster physicality and physical activity in children and young people as they grow up (4, 5).

According to Kemmis (6) education plays a critical role in shaping individuals and the formation of the cultural, material, and social conditions of our collective life (6). All-day schools, therefore, have the responsibility for and the potential to develop and implement adequate and varied physical activities for children and young people (7, 8) in order to improve the quality of school life. This is an key concern, as the daily lives of many students are characterised by a lack of physical activity (9, 10). The all-day school programme offers an opportunity to stimulate interest in and enjoyment of physical activity early in life through individualised programmes, and to engage children who may not have access to an active lifestyle at home (11). Physical education classes do not provide enough opportunities for children to meet the guidelines on the recommended amount of moderate to vigorous physical activity, therefore other forms of physical activity, such as extended educational sports programmes in schools should be implemented (12). Schools are important settings for promoting physical activity among young people (13). In practice, extended educational sports programmes may include structured sports programmes after lessons, supervised physical activities at lunchtime, and free physical activities during breaks as well as before and after lessons (4). Extended educational sports programmes are situated at the interface between compulsory physical education and training at a club, between formal, non-formal, and informal learning opportunities, and between leisure and education (3, 8, 12, 14). In contrast to physical education, which is compulsory and follows a prescribed curriculum, extracurricular programmes are typically locally-designed and participation is voluntary. These programmes also differ from sports clubs and interscholastic programmes in that, for example, they are not selective in terms of participants, do not focus on a single competitive sport, and are primarily designed to provide ongoing childcare and supervision rather than to teach a specific skill or performance (12). The provision of an infrastructure offering experiences and opportunities for physical activities introduces pupils to new types of physical activity, thereby facilitating a movement-oriented rhythm within the school day (4). In Switzerland, compulsory education extends over a period of eleven years. Children typically begin preschool at age four, which forms part of the mandatory primary education system. After two years of preschool, children enter primary school in the first class, for a duration of six years. Afterwards, pupils progress to secondary education, enrolling in either a grammar school or a general secondary school. The secondary education phase lasts for an additional three years. Compulsory schooling concludes at the end of grade 9. The primary education curriculum is divided into two cycles: cycle 1 (preschool to second grade) and cycle 2 (third to sixth grade) (15).

The project “Sport in the School Environment” [German: Sport im Lebensraum Schule], funded by the Federal Office of Sport (BASPO, Bundesamt für Sport) aims at developing, implementing, and evaluating extended physical educational opportunities at 14 public primary schools in the city of Zurich. The schools are located in different and diverse neighbourhoods. Extended physical educational activities were implemented before and after the school day in the academic years 2019/20 and 2020/21. These activities were provided free of charge and were accessible to all students of the school. The physical activities were trialled by the pupils for a period of two years with the objective of increasing physical activity as a meaningful leisure activity within the school environment, in accordance with the principles of holistic and sustainable health promotion (10, 16).

An opportunity model can provide a theoretical basis for the evaluation of extended educational physical activities (17, 18). Who is using the provided opportunities and to what extent? In the context of extended educational activities, the fundamental dimensions of school quality must be complemented and refined with the incorporation of specific standards and objectives that are anchored in the principles of social pedagogy or youth work (19). The effectiveness of the programme depends not only on the quality of the programme itself but, due to its non-mandatory character, on its use by the pupils. Traditionally, the component of use also includes the duration, intensity, and regularity of participation. Therefore, students' participation profiles play an important role in defining the quality of the non-formal learning activity (20, 21).

A comprehensive School Physical Activity Programme, comprising four extended educational programmes, was proposed to the participating schools: (1) Free sports courses (year-long in duration) in the late afternoon at the conclusion of the formal school day (from 3:30 to 4:30 p.m.); (2) the equipment box for movement during recess; (3) three different mobile facilities; and (4) the open gym during lunchtime.

The sports courses comprise structured activities, such as soccer or dancing, as well as multi-sport courses that require parents to register their children for and which are available to pupils free of charge throughout the school year. The year-long course takes place once a week.

The equipment box contains varied pieces of sports equipment, such as balls, ropes or skateboards which pupils can use during their designated recess periods for recreational activities. The box is typically situated in the school playground.

All schools participating in the project had the opportunity to request the provision of mobile facilities, which were installed in the school playground (22), typically for a period of four to eight weeks. Three facilities were offered:


	•The “skatepark” comprised modular park elements for cycling and roller sports, which could be used with a variety of cycling and roller vehicles (e.g., BMX bikes, kickboards, skateboards, inline skates, etc.).

	•The “street soccer” playground was a perimeter field equipped with weighted plates and a ground anchorage, including a net catcher. This facility allowed for the playing of soccer and floorball.

	•The “pump track” was a wave-through track constructed from prefabricated elements for cycling and roller sports. The track allowed for the use of a variety of equipment including mountain bikes, BMX bikes, kickboards, skateboards, and inline skates.



The open gym represented a low-threshold opportunity for physical activity in the context of extended education which pupils could utilise spontaneously and typically without prior registration, during their lunch break. The open gym was organised differently depending on the needs of the individual schools and the skills and qualifications of the staff. At some schools, caregivers supervised the open gym during lunchtime and provided activities for games or movement parcours. Furthermore, the open gym could be divided into discrete sections, with activities such as floorball or football taking place concurrently with free play. To ensure the safety and supervision of the open gym, the Sports Department of the City of Zurich provided further education for the caregivers, with a particular focus on safety and equipment handling. In a smaller number of schools, the open gym was supervised by qualified coaches, including licensed physical education teachers with either a bachelor's or master's degree in physical education, or club trainers with extensive experience and a trainer's licence.
The project aim of the open gym was to offer voluntary and free physical activities for pupils that established the rhythm of their weekly and daily routine with an alternation between phases of movement and rest, physical activity, and concentrated learning, in which the pupils were allowed and encouraged to take the initiative and could cultivate peer relationships (23). The open gym was characterised as a non-formal and informal learning opportunity in an extended educational framework at all-day schools, offering space and opportunities for interdisciplinary and subject-specific learning and thus meeting the quality criteria for the successful implementation of opportunities to explore autonomy, support, participation, recognition and everyday life orientation across the school day (24–26).
This article addresses two central questions concerning the use of extended educational sport-oriented opportunities, particularly in relation to the open gym:

	1.How do pupils use the open gym programme in comparison to the other extended educational physical activities?

	2.How is the open gym used by various groups of pupils in all-day schools as related to gender and socio-cultural background?






2 Materials and methods

The Physical Activity Programme, comprising four extended educational offers was implemented in the academic years 2019/20 and 2020/21. The COVID-19 pandemic did not severely impact the study's implementation. While Swiss schools remained closed for eight weeks in spring 2020 (March 16–June 8), and physical activities were initially restricted to small outdoor groups, the survey was postponed until immediately prior to the summer holidays. From the 2020/21 school year onwards, all physical activities, including the open gym, resumed with regularity, albeit with precautions such as mask-wearing and the exclusion of contact activities. All second-grade primary school pupils of the participating schools were surveyed in spring summer 2021 about their use of the extended educational offers implemented at the schools by means of a standardised paper questionnaire (27). The study was conducted in accordance with the Declaration of Helsinki. The Zurich City School Office and the school principal provided their consent for the survey to proceed. The questionnaire was completed in a classroom setting, and parental consent was not required. Pupils' participation in the survey was entirely voluntary.

The standardised questionnaire included questions on participation in the open gym, equipment box, mobile facilities and participation in the sport courses. Additionally, based on the findings of Quellenberg (28), we enquired about the pupils’ utilisation of the aforementioned facilities and additionally about their personal background. Furthermore, we included questions about the language(s) spoken at home, as documented by Ferrari et al. (22).

In response to the question, “Which extended educational physical activities do you attend each year?” the respondents could indicate the chosen course or “no courses.” In response to the question, “What else do you attend?” they could select the following options: “structured sports classes,” “pop-ups,” the “equipment box,” and “open gym.” The pupils' age, gender, and the language(s) spoken at home were asked. The language(s) spoken at home is considered as a reliable indicator of pupils' socio-cultural background (29). Pupils who do not Swiss German at home indicates some degree of a migratory background. However, it should be noted that other factors, such as family structure, milieu, socioeconomic status, and type of linguistic socialisation, also have an impact on the everyday framework for the lifeworld of pupils with a migration background (29). In the questionnaire, options such as “Swiss German/High German/French/English/Italian/Others” were available. For data analysis, the answer “Others” was grouped with “French,” “Italian,” “High German,” and “English” to “Other languages”. Although there are four official languages in Switzerland [(Swiss)German, French, Italian and Romansh], only the distinction between Swiss German and other languages was made, given that the local spoken dialect in Zurich, where the data collection took place, is Swiss German (30). The decision to divide the participants into two language groups was taken in order to minimise differentiation and for reasons of research feasibility. The socio-cultural background of the children was linked to the variables “Swiss German language” and “Other languages”, based on the explanations given about the specific regional language spoken in the study region and by considering language-specific curricula that exist in Switzerland, which influence the school setting. This dichotomy indicates whether the children's family is deeply rooted in the regional culture, or whether the family speaks another language and thus is likely to have migrated from overseas or from another language region of Switzerland and therefore provides a different linguistic and cultural context. In addition, this differentiation is based on studies that have demonstrated a strong correlation between language region, and physical activity and motor skills in young children. Regional influences were identified across countries and within countries among Swiss children (31, 32). In addition, Lamprecht and colleagues (33) found that children's physical activity is influenced by their migration status. The participation in sport in different settings of girls and boys and of national and international origin differs. Specifically, the total time spent doing physical activity time by children of international origin is more closely linked to the school setting than the one of national-origin children, who show a higher proportion of total physical activity time in sports outside of school (33).


2.1 Sample

The survey was conducted with a total of 401 s-grade pupils from 14 schools. In total 226 boys and 175 girls with an average age of 8.1 (±0.42) years (Table 1) completed the questionnaire. The language spoken at home by 221 (55.1%) pupils was Swiss German and 215 (53.4%) pupils spoke other languages. Approximately half of the boys spoke Swiss German at home; the remaining pupils spoke other languages; approximately two-thirds of the girls spoke Swiss German at home and approximately half spoke other languages (multiple responses possible; see Table 1). It should be noted that the pupils were able to give several answers to the language question. In total, 73 pupils (40 boys and 33 girls) stated that they spoke both Swiss German and another language at home.


TABLE 1 Description of the sample of second-grade pupils (n = 401).

[image: Table displaying demographic details of second-grade students. Total: 401 (100%), boys: 226 (56.4%), girls: 175 (43.6%). Average age is 8.1 years with a standard deviation of 0.4. Swiss German speakers: 221 (55.1%), with boys at 113 (50.0%) and girls at 108 (61.7%). Other language speakers: 214 (53.4%), with boys at 129 (57.0%) and girls at 85 (48.6%).]



2.2 Data analysis

The statistical analysis of the questionnaires was carried out with SPSS Statistics 28 software for Windows (IBM Corporation, Armonk, USA).

Descriptive statistics were employed to illustrate the participation of pupils in the various programmes, including open gym, sports courses, mobile facilities, and equipment boxes. To investigate how many pupils participated in only one or several offers, we created a new variable. The data pertaining to the mobile facilities and the equipment box were aggregated in a new variable, designated “unguided/free offers.”

For further statistical analysis, we focused on the open gym and the sports courses, as these were the most frequently utilised programmes. Differences between the various programmes and the spoken language were determined by the chi-square test for nonparametric tests. The significance level was set at p ≤ .05. As we had a degree of freedom of 1 (df = 1), we applied the Yates correction for the chi-square test. To measure the strength of the association between two variables the effect size Cramér's V was employed. The values of Cramér's V indicate a small effect within the range of .07–.21, a value of a medium effect is within the range of .21–.35, and a value larger than.35 indicates a large effect (34).




3 Results

In relation to the total sample (n = 401), 149 (37.2%) pupils of the different schools used the open gym, 169 (42.1%) of the pupils participated in the sports courses, and 126 (31.4%) used the equipment box during recess. The mobile facilities were not available at all schools, and they were used by 91 (26.8% rel. on a total of 340) of the 340 pupils who had access to use them. A total of 84 pupils (20.9%) did not utilise any programmes (Table 2).


TABLE 2 Use of the physical activity program with four extended educational offers by the second-grade pupils (n = 401, or n = 340 for the mobile facilities).

[image: Table showing participation in different facilities: Open gym has 149 participants (37.2%), Year-long courses have 169 (42.1%), Mobile facilities have 91 (26.8%), Equipment box has 126 (31.4%), and No offers have 84 (20.9%). Data is further divided by gender: males and females.]

As seen in Table 2, all physical activities were generally used more by boys than girls, even though the equipment box was used almost equally by boys and girls. In relation to the total number of boys (n = 226), 50.4% (n = 114) participated in the sports courses, 44.2% (n = 100) used the open gym, 30.5% (n = 69) used the equipment box, and 26.8% (n = 91) used the mobile facilities. With regard to the female cohort (n = 175), 31.4% (n = 55) participated in the sports courses, 28% (n = 49) used the open gym, 32.6% (n = 57) used the equipment box, and 9.1% (n = 31) used the mobile facilities (Table 2).

Approximately one-fifth of pupils did not use or participate in any of the offers (20.9%; Table 2). Furthermore, the results in Table 3 show that 14.4% of the pupils attended unstructured/free activities which represents the combination of mobile facilities and the equipment box. These activities were supervised but not structured and not directly assisted by caregivers or teachers. The pupils were provided with the requisite equipment and infrastructure to facilitate movement. 11.7% of the pupils used the open gym and 8.9% of the pupils attended the year-long courses. 10% of pupils accessed all three main programmes in different combinations.


TABLE 3 Number of pupils attending the various offered physical activities.

[image: A table showing the distribution of pupils based on various offers. Categories include only unguided/free offers, only open gym, only sports courses, combinations of these, and no offers. "Only unguided/free offers" has 52 pupils (14.4%). "Only open gym" has 42 pupils (11.7%). "Only sports courses" has 32 pupils (8.9%). "Unguided/free offers and open gym" have 36 pupils (10%). "Unguided/free offers and sports courses" have 43 pupils (11.9%). "Open gym and sports courses" have 35 pupils (9.7%). "Unguided/free offers, open gym, and sports courses" have 36 pupils (10%). "No offers" have 84 pupils (23.3%). Percentages are based on 360 pupils.]

Table 4 shows language as a socio-cultural variable regarding the use of the of the open gym and sports course programmes. To analyse relationships between language and the programmes, a chi-square test (χ2) was performed between languages other than Swiss German and participation in the open gym, as well as between other languages and participation in sport courses. In the analysis, no expected cell frequencies were less than 5.


TABLE 4 Descriptive statistics of spoken language and participation in the open gym or the year- long sport courses.

[image: Table showing participation in open gym and year-long courses, divided into Swiss German and other languages. Total participants: Open gym - Swiss German 74, Other languages 97; Year-long courses - Swiss German 138, Other languages 113. Breakdown: Boys (Open gym: 45, 71; Year-long: 65, 56) and Girls (Open gym: 29, 26; Year-long: 73, 57). Note: Some children may appear in both categories due to multiple languages spoken at home.]

The analysis of languages other than Swiss German spoken at home by the pupils showed that speaking other languages was significantly associated with increased participation in both the open gym [χ2(1, n = 373) = 14.470 p < .001, Cramér's V = 0.202] and in the sports courses [χ2(1, n = 397) = 4.568 p = .033, Cramér's V = 0.112]. Similar correlations were found only for boys when the analysis was repeated separately for boys and girls. In the separate analysis for the girls, no significant correlations were found. For boys, the relationship between other languages and participation in the open gym represented a medium association with Cramér's V = 0.281, χ2(1, n = 209) = 15. 377 p < .001, whereas for the sport courses and other languages, the association was small, Cramér's V = 0.148, χ2(1, n = 225) = 4.324, p = .038. Closer analysis of the open gym demonstrated that boys and girls who spoke Swiss German at home and girls who spoke languages other than Swiss German predominantly did not participate in the open gym (girls and boys who speak Swiss German represented 15.5% of all pupils and girls speaking other languages 13.5%). On the other hand, more than half of the boys who spoke other languages than Swiss German attended the open gym (17.7% of all pupils).

The same analytical methodology as that employed in Table 5 was applied to the Swiss German language and other languages. A statistically significant correlation was found between the Swiss German language and participation in sports courses χ2(1, n = 399) = 4.243 p = .039. The data indicated that pupils who spoke Swiss German were less likely to participate in the sports courses. However, the strength of the association between these variables was relatively weak (Cramér's V = 0.108). The mentioned significant relationship was present only for boys [χ2(1, n = 226) = 5.115 p = .024, Cramér's V = 0.159] when boys and girls were considered separately. No significant correlation was identified between the Swiss German language and participation in the open gym.


TABLE 5 Relationships between the spoken language (other languages than Swiss German) and participation in the open gym or the year-long sports courses.

[image: Table displaying the relationship between participation in open gym and year-long courses across different language groups for boys and girls. Includes chi-square values and Cramér’s V for significance. Significant differences at p < .05 and p < .001 are noted with asterisks.]



4 Discussion

The expansion of non-formal learning opportunities through extended educational programmes represents a central feature of all-day schools. Various forms of physical activities in all-day schools are available before, after, and between regular lessons and differ in terms of content and subject matter as well as the degree of self-determination granted to the pupils. Certain physical activities resemble regular sports lessons because they are organised similarly in terms of time frame and content. Other programmes are less formalised and can be used by the pupils without any registration requirements. Such programmes are supervised by a teacher or a trainer but are significantly less controlled and regulated. One of these less regulated and formalised programmes is the open gym during lunchtime. Although teachers or trainers are present in the gym, they do not teach any prescribed physical education content. The pupils are allowed to determine both what and with whom they wish to play. This programme differs significantly from physical education and special extended educational programmes and forms an important building block for the quality of leisure activities at school (35, 36). On average, Swiss children and adolescents spend 61% of their day engaged in sedentary behaviour (37). The results show that participation in the programmes has the potential to improve the amount of time children are physically active for. Pupils determine for themselves the extent to which they wish to participate and engage actively. It is possible to observe from the sidelines, to participate or to take the initiative, suggesting and initiating a game. In this way, the pupils receive opportunities for involvement, participation, initiative, and self-determined interaction with other pupils. This, of course, also involves negotiating processes and repeated discussion, coming to a consensus on the different aspects of the activity, and defining common rules within the gym hall context. The active use of the open gym indicates however, that this format is appealing to pupils.

The Physical Activity Program presented here was used by boys more often than by girls. Speaking languages other than Swiss German at home was significantly related to increased participation both in sports courses and in the use of the open gym. Pupils who did not speak Swiss German used the sports offers at school much more intensively than pupils who did speak Swiss German. Since language is correlated with migration background, this could give an indication of a migration background of the pupils. Finding that pupils with a migration background are more likely to use the Physical Activity Program and especially the open gym is a remarkable result of this study, especially when considering that pupils with a migration background are more likely to be physically inactive (33, 38). In addition, language can be a barrier for children, as children who do not speak Swiss German may have fewer opportunities to connect with others in sports clubs or during leisure activities. Therefore, school and extracurricular programmes could act as an effective mechanism to connect pupils of this demographic with increased physical activity. Children who speak Swiss German at home attend the school activities in leisure time less, but are more actively involved in sports clubs. According to (39) and (40), participation in club sports between children and adolescents with and without a migration background depends on parental education and employment status. Families with low incomes tend to be less active during their leisure time (41). Socioeconomic differences were particularly evident in club sports compared to outdoor physical activity. Adolescents from lower social classes have, in some cases, less access to structured exercise and sports programmes but spend more time engaging in active play (42–44).

Our analysis of The Physical Activity Program demonstrates that it reaches and encourages pupils with a migration background to take part in sports and physical activities, as they are available in a low-threshold context, represent an attractive complement to the classroom lessons, and provide space for initiative and self-determination (21). This leads to a holistic promotion of physical activity and health, which is of great importance for the pupils' further development (10). Neuber and Züchner (45) reported similar patterns of use and interpreted them as a compensatory effect of all-day schools for fostering physical activity (46). The influencing factors on physical activity outcomes are known to be many and diverse, but in early childhood, the family context plays a key role (47). Depending on the socio-cultural background and parental decision-making, pupils receive more or fewer opportunities for sports-related experiences to shape their sporting activity (39). Furthermore, one of the advantages of implementing the Physical Activity Program in all-day schools, is that all pupils can be reached, regardless of their socio-cultural background, which in turn fosters social interaction between all demographic groups in the school.


4.1 Limitations

The multi-method data collection and analyses presented in this article provide a preliminary insight into the use of the open gym. Further studies with a longitudinal perspective must be conducted to accurately identify linking mechanisms between curricular and extended education. Furthermore, the influence on and development of physical health and social skills should be measured with a longitudinal quasi-experimental assessment of objectively measured physical activity.

As discussed in the Methods section, due to the COVID-19 pandemic, Swiss schools were closed for eight weeks in the spring of 2020 (from March 16 to June 8), after which all physical activity was conducted in small groups and outdoors until the summer holiday of 2020. The survey was however, postponed until shortly before the summer holidays to allow for a continuous 5-week period in which the extended activities, e.g., the open gym were operable. Nevertheless, it cannot be absolutely ruled out that some pupils were unable to participate in the programmes due to quarantine or the approach of half-class teaching during this time. From the academic year 2020/21 onwards, all the physical activities, as well as the open gym, were implemented regularly, although with precautions such as the wearing of a face mask and without activities that required physical contact.




5 Conclusions

In this study, the open gym proved to be a significant factor in promoting an active day for pupils. Theoretically, the open gym is an extended educational programme that is open to all pupils. For future studies, motor skills and sporting interests must be subject to more rigorous analysis. Do only pupils who are already interested in or competent at sports engage with the gym, or is the need to be active after a long period of being sedentary decisive for the choice, irrespective of motor skills? What does the introduction of an open gym imply for the future of all-day schools?

Important critical questions to ask in this context are; which additional activities should be offered in the interim, and if there is true equity in the decision-making process for pupils with regard to the use of the open gym. Additionally, during the open gym activity sessions, it is relevant to understand which pupils prevail in the negotiation processes and control the free play and whether all pupils have equal opportunities to participate. A key aspect of this programme is that it should inherently differ from other extended educational programmes and in particular from regular physical educational lessons, namely by offering space for extended learning opportunities centred on self-organization, initiative, participation, and autonomy (21). In order to investigate the long-term impact of the implementation of these programmes, further data collection should be carried out. This would elucidate whether the programs are attended on a sustained basis or whether the pupils' interest decreases over time.

Finally, this research indicates that the open gym demands of professionals an alternative style of management than that deployed within traditional classroom contexts. This challenges social pedagogues and educational trainers to work with an unstable and unpredictable number of pupils and to initiate and promote non-formal learning opportunities. Considering that both the ability and qualifications of staff can be understood as key factors in the effective delivery of all-day schooling (36), it will be necessary to develop and implement appropriate and effective training and further education that equips social pedagogues and trainers with the necessary competencies to implement the open gym effectively.
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Introduction: Including children's perspectives developing health programs is a priority. This study gathered children's perspectives on outcomes in a Core Outcomes Set (COS), which they believe are important to measure in school-based healthy lifestyle behavioral interventions.
Methods: Children aged 8–12 years from six countries across three continents participated in standardized interactive focus groups. An animation video was used to explain all relevant concepts (e.g., “intervention”, “outcomes”) and showed animated children engaging in a variety of lifestyle behaviors at school. Participating children then brainstormed and proposed outcomes they consider important to measure when evaluating a school-based “healthy lifestyle programme”. Next, children individually rated the importance of the outcomes using a traffic light system (red, “not important”; orange, “important”; green, “very important”). Similar outcomes (across focus groups and countries) were merged, and an overall importance rating was given to each outcome (across countries and overall). An outcome was considered important for inclusion in a COS if ≥70% of children scored the outcome as “very important” and <15% scored it as “not important”.
Results: Children (n = 159) proposed 170 unique outcomes. Children proposed thirty-six outcomes in at least two countries, of which 20 outcomes received an overall rating of “very important” in all countries where the outcomes were reported. Of these 20, five outcomes were reported by children in at least four countries: being healthy, healthy diet, concentration, having fun, and feeling happy.
Conclusion: Children reported a wide range of outcomes related to physical and mental health, as well as enjoyment and social skills, such as having fun and making friends. All outcomes reported by children in at least two countries and considered “very important” will be considered for inclusion in the consensus stage of developing a COS for school-based intervention studies aimed at childhood overweight and obesity prevention.
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obesity prevention, importance ratings, outcomes, children's perspectives, international


Introduction

Prevention of childhood overweight and obesity is an international public health priority (1) given that worldwide prevalence rates have increased in recent decades in high- and low-to-middle-income countries (2, 3). Numerous interventions have been developed and tested to prevent childhood overweight, mostly in school settings, because most children can be reached through schools, and schools provide an optimal setting for primary prevention implementation (4–6).

Meta-analyses of studies pooling the results of school-based overweight prevention interventions are important to summarize evidence on effective intervention strategies. However, such meta-analyses often exclude relevant studies because the required outcome, such as objectively measured height and weight using anthropometry, is not reported (7, 8). In a recent scoping review, we observed that a wide variety of outcomes, such as BMI, BMI-z, skinfold thickness and body fat percentage, are reported in school-based overweight prevention studies (Altenburg, In progress).1 To reduce heterogeneity between childhood overweight prevention intervention studies, it is important to develop a set of outcomes—known as a Core Outcome Set (COS)—that are relevant and meaningful to key stakeholders (called “actors” herein) including patients in clinical trials or participants in health promoting interventions, their caregivers and those involved in decision-making for both obesity prevention policy and practice (9, 10). Importantly, a COS is considered a list of fundamental outcomes, but not exhaustive: researchers can measure additional outcomes they believe are relevant to include in the evaluation of their intervention study (11). When studies include this minimum set of outcomes in their measurement and reporting, evidence synthesis from studies can be improved, contributing to evidence-based recommendations for policy and practice (e.g., policies around implementing healthy school lunches). Additionally, studies are more likely to measure outcomes appropriate to patients/participants, their caregivers, decision-makers and researchers (9).

To ensure a COS is relevant and meaningful to all key actors, including patients/participants, it is considered best practice to involve such actors in the development process of COS pertinent to them. COS developed for children's health conditions can vary in how children contribute meaningfully and fully to the COS development process. COS outcome papers from Bruce et al. (12) and Harman et al. (13) presented some of the early COS on children's health that include children's perspectives in the development process through visual and interactive methods (e.g., drawing and sharing through sticky notes). However, methods for inclusion are often not fully described to allow replication or to share practical strategies with others. Specifically, there is a lack of description for ways to involve children in the COS developments' ranking/rating stage. Article 12 of the United Nations Convention on the Rights of the Child (14) recognizes the value of every child having the right to express their views in matters affecting them. It is essential to develop and report on methods to allow children to contribute fully and meaningfully to a COS.

We developed a protocol for establishing a COS for primary/grade school-based intervention studies to prevent childhood overweight and obesity, including key steps that allow the input and perspectives of all key actors into the international consensus process (15). These actors include children of primary/grade school age, parents/caretakers, teachers and those working in the field of children's healthy lifestyle behaviors and childhood overweight prevention, such as healthcare professionals, policymakers and researchers worldwide (15). The present study obtained the perspectives of 8–13-year-old children—in various countries across the world—on outcomes that are relevant to them concerning school-based interventions that seek to improve children's healthy lifestyle behaviors, related to physical activity and diet. Methods are fully described to allow for replication and to inspire new ways to include children in a Delphi rating process.



Methods


Study design and participants

The Child Opinions on a Core Outcome Set for school-based intervention studies on stimulating healthy lifestyle behaviors (COCOS) is a qualitative study that includes focus group interviews, online or in-person, with children aged 8–13 years. Children at this age can generally understand the questions and are cognitively able to consider the topic under study and express their opinions at the level required for this study without the assistance of caregivers. Researchers in various countries were approached to contribute to the study, which resulted in data collection in the following six countries: the Netherlands, Scotland, Canada, South Africa, England, and the United States.

We aimed to sample at least 12 children in each of the six countries which provides a variety of regional and cultural backgrounds. Children were recruited using various strategies across countries. In the Netherlands, England, Scotland and South Africa, children were recruited through the researchers' network, i.e., through schools and families; in Canada, children were recruited through social media; and in the United States agricultural agents affiliated with the research institution and community leaders reached out to their network via listservs, word of mouth and strategically placed flyers. Interested children and their parents/caretakers received an information letter via email or in person. Informed consent from a parent/caretaker and each child was obtained in a variety of ways in line with each institution's ethics guidance. This included written or online through survey software consent or recorded verbal consent (children only). Ethical approval was obtained in all participating countries from the institute of which the primary researcher was affiliated: the Netherlands: Medical Ethics Committee of the VU Medical Center (no. 2020.071), Scotland: The University of Strathclyde School of Psychological Sciences ethics committee (72.27.04.2022.A), Canada: Children's Hospital of Eastern Ontario Research Ethics Board (REB Protocol No: 22/03X), South Africa: University of KwaZulu-Natal's Human Social Science Ethics Committee (HSSREC/00005476/2023), England: Edge Hill University's Science Research Ethics Committee (#ETH2223-0229), United States: Pennington Biomedical Research Center Institutional Review Board (FWA # 00006218).



Procedures—interactive focus groups

Children participated in one standardized interactive focus group, in person or using a secure virtual platform, such as Microsoft Teams, Zoom, Google Meets. Focus groups were facilitated by two trained researchers and lasted ~1 h. Online focus groups were held with two to eight children per group, and in-person focus groups with six to eight children per group. Information on participating children's age and gender were collected at a group level and reported at a country level (Table 1).


TABLE 1 Study and participant characteristics.

[image: Table comparing session data across six countries: Canada, England, Scotland, South Africa, The Netherlands, and the United States. Categories include number of sessions, children per session (range), mean age, frequency of age group, and gender distribution. Data highlights variations in session numbers, age distribution, and gender ratios. For instance, South Africa has the most children per session (48), while the United States has the fewest (15). Gender distribution varies, with England and Scotland showing equal gender representation, while South Africa has 63 percent girls.]

Supplementary material 1 includes the step-by-step protocol for the interactive focus groups. First, children were introduced to the study and topic using an animation video (link to English version: https://youtu.be/FtAN43MfS0E), developed using Vyond animation software and pilot-tested with Dutch children (15). This animation gave an overview of the study, what research is and who the researchers are, and explained intervention programmes aimed at improving healthy lifestyle behaviors by providing examples of different types of programmes (e.g., programmes that teach children about keeping their body and mind healthy, programmes that support the head of the school to offer more physical activity and physical education at school). The animation then explained that all sorts of information (i.e., “outcomes”) can be collected to determine if an intervention programme is successful which we articulated as “if it changes anything in the lives of children”. Then, using a vignette approach (16), children were given a hypothetical scenario involving the animated children on screen and were asked to brainstorm as a group ideas for a “healthy lifestyle programme” for the children in the animation video. Children wrote their ideas on a white board; for online focus groups methods like sticky notes on Google Jamboard were used and for in-person focus groups flip-over paper charts were used.

Additionally, the “superhero” exercise was conducted to check whether children understood the explanation of outcomes. Children were asked about their superhero: the superpower(s) it has, what the superhero would learn at superhero school and how we would see whether the superpower(s) have been improved at school. For example, children indicated that their superhero could jump very high, and that we could see improvements when they were able to jump even higher than before.

Second, children continued with the vignette and brainstormed outcomes they would consider important to measure for the children in the animation after they had participated in the “healthy lifestyle programme”. Subsequently, the children were asked to decide on the importance of each of the mentioned outcomes on a 9-point Likert scale using the traffic light system where red corresponds with a score of 1–3 (not important), orange with a score of 4–6 (important) and green with a score of 7–9 (very important), which is the approach previously used by Kirkham et al. (17, 18), Harman et al. (13), and Reilly et al. (19). The outcomes with a green (i.e., very important) rating were explained to the children as those they would like to know about themselves when participating in any of the mentioned intervention programmes in the video. For both the brainstorming and the importance scoring, children were asked to first think about this individually and subsequently share their ideas and opinions in the group. It was explained that there are no “wrong” answers regarding both outcomes and importance scoring, Children were encouraged to report the outcomes they themselves considered important. All ideas and opinions were summarized on either an online whiteboard (e.g., Google Jamboard) or in-person flipcharts.



Data analysis and interpretation

The lead researchers combined the outcomes reported by children in the different focus groups, first per country, and subsequently across countries, merging all similar outcomes. The lists of merged outcomes per country and overall were reviewed and approved by the primary researcher(s) in each country. For each identified unique outcomes, we summarized the frequency of reporting and the overall importance score, both on a country level and across all countries. According to the definition of consensus from the Core Outcome Set-STAndards for Reporting guidelines-2 (17), we considered an outcome as “important” when ≥70% of the children scored the outcome as “very important” (green) and <15% of the children scored the outcome as “not important” (red). We considered an outcome as “not important” when ≥70% of the children scored the outcome as “not important” (red) and <15% scored the outcome as “very important” (green).




Results

Table 1 shows the study and participant characteristics per country. In total, focus groups were conducted in 6 countries, including a total of 159 children: Canada: n = 32, England: n = 27, Scotland: n = 14, South Africa: n = 48, the Netherlands: n = 23, United States: n =15. In Canada, Scotland and the Netherlands, focus groups were held online and included two (the Netherlands, Scotland) to nine (Canada) children per focus group. In England, South Africa, and the United States, focus group sessions were held in-person, and included two (United States) to eight (South Africa) children. Children's average age ranged between 9.9 (England) and 10.6 (Canada) years and the percentage of participating girls ranged from 31 (Canada) to 63 (South Africa).


Child-identified outcomes—per country

Supplementary material 2 shows the list of merged outcomes per country and the importance ratings for each merged outcome, indicating the number of children that scored the outcome as “very important” (1), “important” (2) and “not important” (3), overall (per country) and per focus group. Figure 1 shows the total number of outcomes per country reported by children (grouped by rating, i.e., “very important”, “important” and “not important”), after merging similar outcomes per country. The number of outcomes reported by the children in each country ranged between 22 (United States) and 48 (South Africa). The number of outcomes that children overall (per country) scored as “very important” varied between nine (United States) and 29 (the Netherlands). The number of outcomes scored as “not important” varied between zero (Scotland, South Africa) and two (Canada, England).
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FIGURE 1
 Total number of outcomes* reported by children in each of the participating country, after merging similar outcomes per country. *Numbers in green represent outcomes that were rated by children as “very important”, in orange as “important” and in red as “not important”.


The top-5 most frequently reported outcomes per country that children rated as “very important” were:

	- Canada: being happy, being healthy, making children active, making children full of energy, to be more focused (reported in 3–4 out of 6 focus groups);
	- England: be healthy, be more happier, strong lungs (only three outcomes reported in more than 1 focus group; i.e., reported in 2 out of 4 focus groups);
	- Scotland: more happier, make you fitter, healthier (only three outcomes reported in more than 1 focus group; i.e., reported in 3–4 out of 5 focus groups);
	- South Africa: ability to buy healthy food from tuckshop, more compulsory physical education (PE) and sports every week, help people eat better, drink more water in school, more fun activities like reading in the library (reported in 3–6 out of 6 focus groups);
	- The Netherlands: fitness, being outside, having fun, body fat, making friends (reported in 3–4 out of 5 focus groups);
	- United States: None of the outcomes scored as “very important” were reported in more than one focus group; reported outcomes consistently reported as “very important” by >5 children in one focus group included eating healthy foods, being better at sports, participating in more sports.



Child identified outcomes—across countries

Supplementary material 3 shows the list of merged outcomes across the participating countries and the importance ratings of each merged outcome, indicating the number of children that scored the outcome as “very important” (1), “important” (2) and “not important” (3), overall (i.e., across countries) and per country.

In total, children reported 170 different outcomes. Figure 2 presents the outcomes that were reported by children in at least two out of six countries (n = 36): two outcomes were reported by children in five countries, five outcomes by children in four countries, five outcomes were reported by children in three countries and 24 outcomes were reported by children in two countries. The majority of reported outcomes (n = 134) were only reported by children in one country.
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FIGURE 2
 Number of countries reporting outcomes that were reported by children in at least two out of six participating countries, after merging similar outcomes per country, and importance ratings of counties that reported the outcomea. *Indicates outcome was overall rated as “very important”. aNumbers in green represent outcomes that were rated by children as “very important”, in orange as “important” and in red as “not important”.


Of the 36 outcomes reported by children in at least two countries, 20 outcomes received an overall rating of “very important”, of which nine outcomes were consistently rated as “very important” in all countries that reported the outcome (Table 2; see Figure 2 for importance ratings for all 36 outcomes). For example, the outcome “having fun” was reported in four countries and this outcome was rated as “very important” in each of these four countries. One outcome, i.e., “being healthy”, was reported in five countries and was rated as “very important” in all five countries that reported the outcome. Sixteen of the 36 outcomes received an overall rating of “important”, of which 14 outcomes were rated as “(very) important” in all countries that reported the outcome (see Figure 2). None of the outcomes provided by children in at least two countries received an overall rating of “not important”.


TABLE 2 Child-reported outcomes that were identified by children in at least two countries and overall rated as “very important”.
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Discussion

Our study aimed to obtain the international perspectives of 8–13 year-old children on outcomes that are relevant to them in relation to school-based interventions that seek to improve children's healthy lifestyle behaviors, related to physical activity and diet. Our findings demonstrate that, after being explained about all relevant concepts such as interventions and outcomes, children are capable of reporting outcomes that they think are important to measure. Children reported a wide range of outcomes, not only related to physical and mental health, but also related to enjoyment and social skills, such as having fun and making friends.

Almost half of the top-20 of outcomes reported by children in at least two countries are mental, social or cognitive aspects of health and well-being, e.g., “having fun”, “feeling happy”, “concentration” and “making friends”. This is in contrast with the finding of our systematic review summarizing outcomes currently reported in studies that evaluate the effects of school-based interventions that aim to prevent childhood overweight and obesity, which demonstrate that the top-20 of most frequently reported outcomes does not include those related to children's mental health (see text footnote 1). None of the studies included in the systematic review reported outcomes that could be related to “having fun” or “making friends”. Child-reported top-20 outcomes related to children's physical health include “being healthy”, “muscle strength” and “fitness”, but not outcomes related to children's body weight or fat mass. Again in contrast, the top-20 of most reported outcomes in the extant literature up to 2024 relate to children's body weight or fat mass (e.g., BMI, weight status, body fat, waist circumference) (see text footnote 1). An important note to the comparison with our systematic review is that the review included studies evaluating school-based interventions to prevent overweight and obesity in children, whereas in the focus groups with children we reworded this as school-based interventions aimed at improving children's lifestyle behaviors, therefore not explicitly focusing on or mentioning overweight and obesity. Nevertheless, in some of the focus groups, children mentioned outcomes such as “losing weight” and “body weight”. Our findings suggest that those researching childhood overweight or obesity prevention may not measure or report outcomes that children consider to be relevant (i.e., socioemotional and cognitive well-being and health), whereas the outcomes they do include in evaluation studies are mostly overlooked or ranked with low importance by children. All outcomes reported and rated as “very important” by children will be included in a Delphi consensus process. Key actors including parents/caretakers, school staff, policymakers, and researchers will be invited to work toward consensus on an agreed set of core outcomes to be measured and reported in all future school-based intervention studies aimed at improving children's lifestyle behaviors and preventing childhood overweight and obesity (15). The Delphi process will reveal whether the outcomes considered “very important” by children are also very important to other actors, including academic researchers.

Although the top-5 most frequently reported outcomes per country that were rated as “very important” by children had some overlap, most of the top-5 outcomes were country-specific. Notably, the majority of outcomes were only reported by children in one country: about half of the outcomes reported by children in the Netherlands, Canada, Scotland and England were only reported in their own country (53, 51, 51, and 46%, respectively), whereas more than 2/3 of the outcomes reported by children in the United States (68%) and South Africa (79%) were only reported in their own country. Of the seven outcomes reported by children in at least four (out of six) countries, only two and three outcomes were reported by children in the United States and South Africa, respectively. In addition to country differences in frequency of reporting, of the 20 outcomes reported and considered as “very important” in at least two countries, only nine were consistently reported as “very important” by children in each country reporting these outcomes. The heterogeneity of outcomes and importance rating might be explained by differences in cultural values with respect to norms surrounding conceptions of what constitutes a state of “healthiness” and associated healthy lifestyle behaviors, ways of talking about health, and ways in which it is experienced by children. The country-specific difference in outcomes and importance ratings might suggest that children in the different countries have different priorities in terms of healthy lifestyle behaviors, which might call for a country-specific set of outcomes in addition to the international set of agreed core outcomes to be measured and reported in future school-based intervention studies aimed at improving children's lifestyle behaviors. However, it should be noted that children were not asked to reflect on outcomes mentioned by their peers in other focus groups and/or in other countries.

The methods applied in our focus groups worked very well in explaining complex concepts related to interventions and outcomes and obtaining valuable perspectives from children regarding outcomes they consider important to measure when evaluating interventions aimed at improving their healthy lifestyle behaviors. The animation video with a vignette approach helped children think about outcomes for primary school children in general, emphasizing that they do not need to relate this to themselves. Our findings demonstrate that children were able to discuss a wide range of different outcomes. The superhero exercise and using toys for the traffic light exercise also connected to the children's experiences and energized them throughout the focus group. However, the finding that children scored most of their reported outcomes as “very important” and almost none were rated as “not important” suggests that children may exhibit a positive bias toward their own opinions and those of their peers in their focus group. Although children scored the importance of each of the reported outcomes individually, as they could see and hear how the other children scored each outcome, they might have felt to pressure to score the outcomes as “(very) important” with the desire to have a positive impression on their peers or to conform.

A seminal COS development paper on a pediatric health condition included children at two stages of the COS development process. A protocol paper for COS development by Harman et al. (20) captured children's opinions using visual techniques, including asking the children to draw pictures and interact with apps on a tablet. The study team's subsequent papers conducted semi-structured interviews with children, a survey to rate outcomes using a traffic light system and online sticky notes (12, 13). Based on information from the Core Outcome Measures in Effectiveness Trials (COMET) imitative website (http://www.comet-initiative.org; July 2024), other methods for collecting opinions of children include one-on-one interviews, drawing treatment timelines, Technology of Participation method, using creative activities such as “drawings, stories and a tablet”, or having adolescents involved in the formal Delphi process. The successful involvement of children in the present and previous COS developmental studies (13, 20) can inform other “child health” COS initiatives.

Strengths of the current study include obtaining perspectives of children across six different countries worldwide and the application of a standardized and structured step-by-step protocol that could be implemented virtually or in-person. Through playful methods, such as an animation video including a vignette approach, a superhero exercise, and using toys for the traffic light rating, this study ensured that children could contribute in a playful way and to the best of their understanding. Finally, all steps in the data analysis and interpretation were checked by the primary researcher(s) in each country, ensuring that the data interpretation corresponds with the perspectives of the children in the different countries.

A key limitation in this work is the selection and reach of countries and sites. The sites were drawn from the COS developers” own research networks, no other criteria were applied. While we contacted other researchers in countries, including in Asia and Oceania, many who were interested were limited by lack of funding and/or human resource to run the focus groups. We note that it is common for COS development to be unfunded, under-funded and be run as a “passion project” of the developers. Nonetheless, those who can do that are in a privileged position, thus we advocate for research funding opportunities and institutional support to encourage these efforts, particularly for those in low-to-middle income countries, and our next steps in our COS development will aim to include those geographic areas underrepresented in the present COS development step. Some focus groups were done in person and others online. While there are strengths in both approaches, it is not clear whether the setting would mean a difference in what the children talked about and how. For example, children participating in online sessions may have been less influenced by their peers, and therefore give their own opinion, compared to in-person sessions, but at the same time less engaged in the session. However, feedback from facilitators did not report a lack of engagement. Facilitators reported the opposite, in fact, with children being easily and willingly able to participate through the variety of interactive methods used. Furthermore, recruitment of children was done in a variety of ways which also could affect how the children talk about health-related issues. Whether the children knew each other differed by each site and sometimes by focus group, which might have affected the extent to which children freely expressed their opinion. Additionally, our convenient recruitment strategy, mostly relying on the researchers” network and social media, may have resulted in selection bias. Another limitation is that we did not go back to the participating children to check whether we interpreted the reported outcomes correctly. Instead, the facilitating researchers at each site checked this. Finally, although children were encouraged to give their own opinion regarding outcomes and importance ratings, children may have rated outcomes more positive to please their peers.



Conclusion

This study demonstrated that including children from multiple countries can contribute meaningfully and fully in the process of developing a COS when child-friendly methods are applied. Including children's voices provided relevant insights in which outcomes were considered relevant and important by children, including differences and similarities in outcomes and importance ratings across countries. The most frequently reported outcomes that were overall rated as “very important” by children were: “being healthy”, “healthy diet” (five countries), “concentration”, “having fun” and “feeling happy” (four countries). All outcomes reported by children in at least two countries and rated as “very important” should be considered in a COS for school-based intervention studies that aim to improve children's healthy lifestyle behaviors and prevent childhood overweight and obesity.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

All participating countries obtained ethical approval from the Ethical Committee of the institute of which the primary researcher was affiliated: the Netherlands: Medical Ethics Committee of the VU Medical Center (no. 2020.071), Scotland: The University of Strathclyde School of Psychological Sciences Ethics Committee (72.27.04.2022.A), Canada: Children's Hospital of Eastern Ontario Research Ethics Board (REB Protocol No: 22/03X), South Africa: University of KwaZulu-Natal's Human Social Science Ethics Committee (HSSREC/00005476/2023), England: Edge Hill University's Science Research Ethics Committee (#ETH2223-0229), United States: Pennington Biomedical Research Center Institutional Review Board (FWA # 00006218). Additionally, all participating children and one of their parents/caretakers provided informed consent before study participation. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

TA: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. LV: Conceptualization, Investigation, Methodology, Writing – review & editing. KB: Data curation, Investigation, Validation, Writing – review & editing. AB: Data curation, Investigation, Validation, Writing – review & editing. AC: Data curation, Investigation, Validation, Writing – review & editing. LL: Data curation, Investigation, Validation, Writing – review & editing. MM: Data curation, Investigation, Validation, Writing – review & editing. RN: Data curation, Funding acquisition, Investigation, Validation, Writing – review & editing. AS: Data curation, Funding acquisition, Investigation, Validation, Writing – review & editing. MT: Data curation, Investigation, Validation, Writing – review & editing. DH: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Resources, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was partly supported by the Health Behaviours and Chronic Diseases Program of the Amsterdam Public Health Research Institute, South African Sugar Association, the Wellcome Trust Institutional Strategic Support Fund at the University of Leicester and by a Royal Society of Edinburgh Saltire International Collaboration Award, and the U.S. Centers for Disease Control and Prevention High Obesity Program award (CDC-RFA-DP18-1809). None of the funders had a role in the project.



Acknowledgments

The authors would like to thank Morgan Finnie, Ryan Fraser Jennifer Murray (University of Strathclyde, Scotland); Stuart Fairclough and Richard Tyler (Edge Hill University, England); Zahrah Ebrahim (University of KwaZulu-Natal, South Africa) for their contribution to data collection and Mike Bonnar and Shehnaz Jamal for animation development (Leicester Diabetes Centre, England).



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.



Supplementary material
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1519467/full#supplementary-material



Footnotes

	1Altenburg TM, De Vries LW, Grooten IJ, Van t Hooft J, Van Deutekom AW, Staffleu A, et al. Outcomes reported in school-based intervention studies on preventing childhood overweight and obesity: a scoping review. In progress.



References
	 1. Commission on Ending Childhood Obesity. Report of the Commission on Ending Childhood Obesity. Geneva: Commission on Ending Childhood Obesity (2016).
	 2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. (2014) 384:766–81. doi: 10.1016/S0140-6736(14)60460-8
	 3. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults. Lancet. (2017) 390:2627–42. doi: 10.1016/S0140-6736(17)32129-3
	 4. Brown T, Summerbell C. Systematic review of school-based interventions that focus on changing dietary intake and physical activity levels to prevent childhood obesity: an update to the obesity guidance produced by the National Institute for Health and Clinical Excellence. Obes Rev. (2009) 10:110–41. doi: 10.1111/j.1467-789X.2008.00515.x
	 5. Kropski JA, Keckley PH, Jensen GL. School-based obesity prevention programs: an evidence-based review. Obesity. (2008) 16:1009–18. doi: 10.1038/oby.2008.29
	 6. van Stralen MM, Yildirim M. te Velde SJ, Brug J, van Mechelen W, Chinapaw MJ, et al. What works in school-based energy balance behaviour interventions and what does not? A systematic review of mediating mechanisms. Int J Obes (Lond). (2011) 35:1251–65. doi: 10.1038/ijo.2011.68
	 7. Waters E, de Silva-Sanigorski A, Hall BJ, Brown T, Campbell KJ, Gao Y, et al. Interventions for preventing obesity in children. Cochrane Database Syst Rev. (2011) 7:CD001871. doi: 10.1002/14651858.CD001871.pub3
	 8. Liu Z, Xu HM, Wen LM, Peng YZ, Lin LZ, Zhou S, et al. A systematic review and meta-analysis of the overall effects of school-based obesity prevention interventions and effect differences by intervention components. Int J Behav Nutr Phys Act. (2019) 16:95. doi: 10.1186/s12966-019-0848-8
	 9. Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E, et al. Developing core outcome sets for clinical trials: issues to consider. Trials. (2012) 13:132. doi: 10.1186/1745-6215-13-132
	 10. Biggane AM, Brading L, Ravaud P, Young B, Williamson PR. Survey indicated that core outcome set development is increasingly including patients, being conducted internationally and using Delphi surveys. Trials. (2018) 19:113. doi: 10.1186/s13063-018-2493-y
	 11. Williamson P, Altman D, Blazeby J, Clarke M, Gargon E. Driving up the quality and relevance of research through the use of agreed core outcomes. J Health Serv Res Policy. (2012) 17:1–2. doi: 10.1258/jhsrp.2011.011131
	 12. Bruce I, Harman N, Williamson P, Tierney S, Callery P, Mohiuddin S, et al. The management of Otitis Media with Effusion in children with cleft palate (mOMEnt): a feasibility study and economic evaluation. Health Technol Assess. (2015) 19:1–374. doi: 10.3310/hta19680
	 13. Harman NL, Bruce IA, Kirkham JJ, Tierney S, Callery P, O'Brien K, et al. The importance of integration of stakeholder views in core outcome set development: otitis media with effusion in children with cleft palate. PLoS ONE. (2015) 10:e0129514. doi: 10.1371/journal.pone.0129514
	 14. UNICEF. The United Nations Convention on the Rights of the Child (1992). Available online at: https://www.unicef.org/child-rights-convention/convention-text (accessed: May 19, 2024).
	 15. de Vries LW, Harrington D, Grooten I, Van 't Hooft J, Deutekom AV, Roseboom TJ, et al. Development of a core outcome set for school-based intervention studies on preventing childhood overweight and obesity: study protocol. BMJ Open. (2022) 12:e051726. doi: 10.1136/bmjopen-2021-051726
	 16. Barter C, Renold E. ‘I wanna tell you a story': exploring the application of vignettes in qualitative research with children and young people. Int J Soc Res Methodol. (2000) 3:307–23. doi: 10.1080/13645570050178594
	 17. Kirkham JJ, Gorst S, Altman DG, Blazeby JM, Clarke M, Devane D, et al. Core outcome set-STAndards for reporting: the COS-STAR statement. PLoS Med. (2016) 13:e1002148. doi: 10.1371/journal.pmed.1002148
	 18. Kirkham JJ, Gorst S, Altman DG, Blazeby JM, Clarke M, Tunis S, et al. Core outcome set-STAndardised protocol items: the COS-STAP statement. Trials. (2019) 20:116. doi: 10.1186/s13063-019-3230-x
	 19. Reilly ST, Harding AJE, Morbey H, Ahmed F, Williamson PR, Swarbrick C, et al. What is important to people with dementia living at home? A set of core outcome items for use in the evaluation of non-pharmacological community-based health and social care interventions. Age Ageing. (2020) 49:664–67. doi: 10.1093/ageing/afaa015
	 20. Harman NL, Bruce IA, Callery P, Tierney S, Sharif MO, O'Brien K, et al. MOMENT—Management of Otitis Media with Effusion in Cleft Palate: protocol for a systematic review of the literature and identification of a core outcome set using a Delphi survey. Trials. (2013) 14:70. doi: 10.1186/1745-6215-14-70
	Copyright
 © 2025 Altenburg, de Vries, Barbeau, Button, Cox, Lannoy, MacDonald, Naidoo, Staiano, Tremblay and Harrington. 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.












	
	TYPE Mini Review

PUBLISHED 02 May 2025
DOI 10.3389/fspor.2025.1532809






[image: image2]

Mini review: physically active schools as an arena for promoting health and cognition at the same time

Jennifer Liersch*, Karin Eckenbach and Michael Pfitzner

Division of Sport Pedagogy and Subject-matter Teaching and Learning, University of Duisburg-Essen, Essen, Germany

EDITED BY
Domenico Martone, University of Naples Parthenope, Italy

REVIEWED BY
Josie Booth, University of Edinburgh, United Kingdom

*CORRESPONDENCE Jennifer Liersch Jennifer.liersch@uni-due.de

RECEIVED 22 November 2024
ACCEPTED 03 April 2025
PUBLISHED 02 May 2025

CITATION Liersch J, Eckenbach K and Pfitzner M (2025) Mini review: physically active schools as an arena for promoting health and cognition at the same time.
Front. Sports Act. Living 7:1532809.
doi: 10.3389/fspor.2025.1532809

COPYRIGHT © 2025 Liersch, Eckenbach and Pfitzner. 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.


Children and young adults spend a large part of their daily lives at school. Due to the increasingly critical physical and mental health of students, various concepts have been developed over the past decades to ensure that physical activity is implemented regularly and wherever possible in everyday school life. Although the relevance of these concepts is widely recognized, physical activities are often cancelled first when time is (suddenly) short. To secure cognitive components, low-movement core subjects are given preference over health-relevant physically active parts. However, there is empirical evidence that targeted integration of physical activity can improve students' cognitive performance, even when the amount of academic core subjects is reduced. The promotion of executive functions through movement has been demonstrated to be a useful approach. The findings of relevant studies are presented and discussed here in relation to different settings in everyday school life, including physical education, extracurricular school sports, and other learning areas. The aim is to demonstrate and justify ways of implementing physical activity in everyday school life and to promote the health and cognitive development of the students at the same time.
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1 Introduction

In educational context, schools often fail to provide sufficient opportunities for physical activity (PA) and enjoyment of it, which is necessary for the healthy development of students. Although physical education (PE) is a compulsory subject in most countries, its absence is often accepted without resistance. A report by the European Commission indicates that PE has a relatively low status in Europe compared to other subjects (1). Over the past three decades, the number of hours of compulsory PE has been reduced in several European countries. Additionally, it is not uncommon for PE lessons to be cancelled at short notice in order to allow time for core subjects (2). Overall, the integration of PA into the school environment is often perceived more as a burden than an enrichment (3). In particular, the time aspect of implementation is seen as a hindrance (4).

These circumstances are problematic as they impede regular PA, which is crucial for students' health. It is undisputed that PA is associated with positive physical, psychosocial, and cognitive health (5). Schools, as collective institutions for all children and young adults, have the potential to establish PA in students' everyday lives and motivate them to engage in sports all their lives. Everyday school life could and should contribute to achieving the recommended 60 min of PA per day (6).

In addition to promoting health, promoting cognition provides another strong argument for the systematic implementation of PA in everyday school life. In a framework for the successful implementation of PA in schools, Chalkley et al. (7) emphasize that the simultaneous integration of education and health paradigms can strengthen acceptance of regular PA. In addition, research findings from the practical field justify the implementation of PA. This article aims to illustrate the connection between health-promoting PA and cognitive development. We ask to what extent cognitively beneficial effects can be achieved by including PA in everyday school life referring to empirical studies from the school. We focus on studies that concentrate on effects on the executive system. The relevance of the executive system is widely recognized, because of its relation to self-regulatory (8) and learning-related processes (9). Executive functioning is divided into the areas of inhibition (the ability to break automatic patterns of behavior and block out disturbing stimuli), cognitive flexibility (the ability to switch between different demands or adapt quickly), and updating (the ability to mentally process information stored short-term, e.g., to rearrange it) (10). Evidence from exercise neuroscience shows that especially cognitively demanding exercise interventions have positive effects on the executive system (11).

In contrast to previous reviews that take a broader view of cognitive performance and focus for example on academic performance in general [e.g., (12); Singh et al., 2019], we take a detailed look at a specific area (executive functions). At the same time, we consider all potential implementation scenarios in everyday school life and do not limit ourselves to a single area or rather exclude special areas [as was done, for example, in (13)]. Furthermore, we exclude clinical studies and measurement, as well as studies that also include interventions outside of the school environment [e.g., (11, 14–16)]. This mini-review exclusively considers longitudinal field studies whose results are valid in the authentic school setting.

To facilitate the presentation of the results, we adhere to the structural framework of PA, play, and sports from the German state of North Rhine-Westphalia (17). This framework encourages the systematic use of PA throughout the school context. Opportunities to integrate PA into everyday school life are divided into three pillars: PE, extracurricular school sports, and other learning areas or subjects. We analyzed existing literature regarding these pillars to determine their individual and combined beneficial impact.



2 Method

In line with the study aim and to distinguish it from existing studies (see Chapter 1), only certain studies were included in this mini-review. The search for suitable studies was based on several inclusion criteria. The findings presented refer to studies that:


	•were designed as field studies, i.e., were integrated into everyday school life and implemented by the actors working there,

	•assessed the executive system as an outcome measure,

	•were designed as long-term intervention studies (no cross-sectional studies).



The review revealed various approaches based on empirical research. These approaches can be found for each of the three pillars of the structural framework. In total 13 sources were included.



3 Results


3.1 Physical education

There are two methods of implementing approaches in PE: Either by organizing lessons with specific and cognitively demanding content or by implementing movement games that challenge students both cognitively and physically. Schmidt et al. (18) conducted an intervention study to investigate the impact of two different teaching designs in PE lessons that differed in the cognitive demand of the movements and compared them with regular PE lessons. One group engaged in team games that incorporated cognitive demand and supplementary rules and the other group performed movement exercises with the objective of enhancing aerobic fitness while minimizing cognitive demand. The six-week intervention comprised 12 sessions of 45 min each, with two sessions per week. The study involved 181 pupils aged 10–12 in Switzerland. Inhibition, cognitive flexibility, and updating were measured. The results showed a significant improvement in cognitive flexibility in the group that participated in the team games compared to the control group and the other intervention group.

In contrast, cognitively demanding movement games are detached from the content of the lesson and can, therefore, be used more variably. A 20-week, controlled intervention study compared such specially designed movement games, which require executive functions to cope with the demands, according to the principles, with regular PE classes (19). The intervention consisted of two weekly sessions of 10–15 min each and was delivered to 197 German children aged 11–13. The results showed a significant improvement in inhibition in favor of the intervention group. It was particularly remarkable that children with weaker baseline scores and older children achieved greater improvement. Kolovelonis et al. (20) followed the same intervention idea with specially designed movement games. However, the intervention was shorter, lasting only 8 weeks, while the individual sessions were longer with 45 min. The study only measured inhibition. Still, an effect in favor of the intervention was also found for the 99 Greek children with an average age of 9 years who took part. In addition, a follow-up showed that the effects were still noticeable one month later.

Pesce et al. (21) and Lichtensteiger (22) also examined the implementation of cognitively demanding movement games in PE lessons, although with particular emphases. In the study conducted by Pesce et al. (21), the efficacy of a motor and coordination-demanding intervention design was investigated in Italian educational settings. The intervention was conducted over a six-month period, with children participating in a one-hour unit once a week. The units were led by external specialists and conducted outside the school context. The parameters measured included inhibition and updating. The results of the sample, comprising 460 children aged between 5 and 10, indicate a significant improvement in inhibition. Lichtensteiger (22) compared the effects of two types of movement games at German primary schools, fitness and coordination games. As part of the study, the children participated in the games, twice a week for 15–20 min at the beginning of PE lessons over a period of 22 weeks. The focus of the study was on inhibition and updating, with the sample (n = 282; age: 6–12 years) demonstrating an effect in both components in favor of both intervention groups compared to the control group.

The aforementioned points can be summarized as follows: Studies on physical education have shown that cognitively demanding movement games can improve children's executive functions, such as cognitive flexibility and inhibition. These games, which challenge both the body and the mind, have been found to enhance cognitive skills more effectively than traditional PE lessons. The benefits were particularly noticeable in children with weaker baseline cognitive abilities and persisted even after the interventions.



3.2 Extracurricular school sports

Some empirical studies can be found regarding the pillar of extracurricular school sports. Existing studies expanded the weekly school sports with additional sports programs. Crova et al. (23) implemented two additional sports lessons related to tennis, with the content divided between the promotion of basic motor skills and the development of tennis-specific skills. The study was conducted at two primary schools in Italy with 70 children aged between 9 and 10. While no effects were observed in the updating component, a comparison of overweight (37%) and non-overweight children indicated that the former benefited significantly more from the intervention in inhibition. Konijnenberg and Fredriksen (24) examined the impact of an additional daily PA lesson. In Norwegian primary schools, 1,173 children between the ages of 7 and 12 participated in physical activities and games implemented by teachers in various indoor and outdoor settings, including school playgrounds, gymnasiums, and hallways. The study only analyzed inhibition, and there were no intervention-related effects identified. The additional exercise program by van der Niet et al. (25) was conducted during the lunch break. In addition to moderate to intensive exercise, the program included cognitive challenges for the 99 Dutch pupils aged between 8 and 12. The intervention was conducted twice a week for a duration of 30 min, spanning a total of 22 weeks. All three components of the executive system were included in the measurements, but only inhibition and updating showed statistically significant improvement in comparison to the control group.

To sum up studies on extracurricular school sports have explored the effects of additional PA programs on children's executive functions. Some interventions, like tennis lessons and daily PA sessions, showed limited cognitive benefits. However, programs that combined exercise with cognitive challenges led to significant improvements in inhibition and updating compared to control groups.



3.3 Other learning areas and subjects

This section outlines various approaches to integrate movement-based programs into the classroom. These include full movement-based lessons or single learning components, as well as physically active breaks during a lesson.

De Greeff et al. (26) investigated the effects of physically active lessons on the executive functions of primary school children with an average age of 8 years. In two consecutive school years, teachers implemented a 22-week intervention program consisting of three 30-minute lessons per week. Each unit integrated an equal amount of mathematics and language content, combined with moderate to high-intensity PA. In a sample of 499 children, the three components of inhibition, cognitive flexibility, and updating were recorded, but no effects were identified. In their study, Mavilidi et al. (27) also identified that movement-based learning components integrated into English lessons had no impact on executive functioning. However, the intervention period was limited to six weeks.

Egger et al. (28) explored the potential of physically active breaks in the classroom. The study employed a between-subjects design with three experimental groups: a cognitive focus, a cognitively and physically active conceptualization, and a purely physically active implementation. Teachers at primary schools in Switzerland integrated the physically active breaks for ten minutes twice a day over a period of 20 weeks. Before and after the intervention period, all three components of the executive system were measured in 142 children aged 7–9. The results demonstrated significant improvement in cognitive flexibility in favor of the combined group, while inhibition and updating showed no intervention-related effects.

In a further intervention study, Mavilidi et al. (29) compared the effects of a program of pure physically active breaks with a program that combined such breaks with additional math exercises. The pure physically active breaks comprised physical activities such as squats or jumping jacks, while the combined physically active breaks demanded solving mathematical problems or answering questions while performing the physical activities. Both forms of physically active breaks were video-based. The physically active breaks had a length of two to three minutes and were integrated into mathematics lessons at Australian primary schools for a period of four weeks on three days a week. The breaks were implemented at the beginning and during the lesson. The study analyzed the components of inhibition and updating and reached the conclusion that the intervention had no effect on the two executive functions in the sample of 87 children with an average age of 9 years.

Overall, the following can be stated: Studies on integrating movement into classroom learning have explored various approaches, such as movement-based lessons, active learning components, and physically active breaks. Some interventions, like combining PA with subjects such as math and language, showed no significant effects on executive functions. However, one study found improvements in cognitive flexibility when physically active breaks were combined with cognitive tasks, while other approaches, like purely physically active breaks, did not lead to significant changes in executive functions.



3.4 Concepts

Two school concepts designed to encourage more PA in the everyday school environment were evaluated in Norway. These concepts combined different PA components. In the “Active School” program, Kvalø et al. (30) adapted three school elements that are no longer sedentary but physically active: homework, breaks and whole lessons. This increased PA at nine participating Norwegian schools from the regular 135 min to a total of 325 min. A total score for executive functions was measured in 449 children aged 9 and 10, and while there were tendencies, no significant effects were observed. When considered individually, however, the components demonstrated considerable improvement in the intervention group regarding updating. Aadland et al. (31) developed a similar concept in collaboration with teachers, comprising the same three components. In a larger sample of 1,129 children with an average age of 10 years, no overall effect was observed. Nevertheless, in analyses that considered the implementation of the intervention and referred to the test subjects who completed at least 80% of the intervention, there were minor statistically significant effects regarding executive functions in favor of the intervention group.

The concepts presented are aimed at increasing PA. They showed mixed results on executive functions. While both programs increased PA through active homework, breaks, and lessons, they found no significant overall effects. However, some improvements in executive functions, particularly updating, were observed for students who participated fully in the interventions.




4 Discussion

Referring to the structural framework of PA, play, and sports made it possible to systematically uncover different forms of implementation of PA in everyday school life. Studies were identified that met the previously defined search criteria and related to the three pillars of the framework. Regarding the three pillars, different intervention approaches have been established in research to promote the executive system. It is possible to derive a wide range of application within an active school day. Referring to the framework, the various approaches identified are presented as a diagram in Figure 1.


[image: Chart titled "Movement-based promotion of the executive system in everyday school life" with three sections. "Physical education (curricular)" includes cognitively demanding team games, movement games, and fitness games. "Extracurricular school sport" includes additional sports programs, daily lessons, and active lunch breaks. "Other areas of learning and subjects" includes physically active lessons, cognitively demanding breaks, and active homework.]
FIGURE 1
Intervention approaches for movement-based promotion of the executive system in everyday school life, divided into curricular physical education, extracurricular school sport and other areas of learning and subjects.


Overall, most positive effects showed for inhibition control. One possible explanation for this is that movement-based situations in which inhibition skills are required are very authentic and easy to integrate into the classroom. An example is the use of simple visual or acoustic signals to call for or prohibit certain reactions (cf. “Simon Says”).

Fewer positive effects were found in the pillar “Other learning areas and subjects” compared to the other pillars. Further differentiation in this area and the development of additional implementation options are therefore recommended.

The significance of the results is limited by three main facts: First, only long-term studies were included in the analysis. Short-term studies with acute effects were disregarded. Second, there is limited comparability among the referenced studies because the study designs differ in terms of the test instruments used, the intervention content, and the duration of the interventions. Third, the referenced studies look at the individual pillars almost exclusively in isolation. Still, in some studies, a more holistic approach is already pursued in the sense of PA-friendly schools: concepts that go beyond the individual pillars are developed and evaluated. The studies by Kvalø et al. (30) and Aadland et al. (31) can be cited as examples of such an approach. In each of these studies, various measures to promote PA in everyday school life were developed and then evaluated regarding the executive system. The cross-sectional study by (32) follows a similar approach: In this study, different forms of PA are examined in relation to inhibitory control. 340 children with an average age of 8.6 years completed a self-report on their PA and sports activities during the school day. According to the results, unstructured PA during break time was associated particularly with good inhibition performance.

It is recommended to invest in overarching, holistic concepts in the future to expand the effects of PA on health and cognition. The practical advice of de Greeff et al. (11) should be considered: Exercise interventions should occur regularly and over several weeks.



5 Conclusion

Many solutions for the implementation of movement-based promotion of the executive system have already been proposed. Overall, it can be said that a PA-orientated school day does not only promote an active lifestyle and benefit health. It also promotes executive functions—an area of central importance for cognitive performance.

Schools need to disrupt sedentary habits as often as possible and implement movement in a targeted manner. This can take the form of cognitively demanding physically active breaks in the classroom or targeted cognition-enhancing content in PE lessons, for example. In addition, students should be motivated to spend break times actively, for example by designing playgrounds in a stimulating way.

The study situation can still be described as heterogeneous. There is an acute need for development in relation to other learning areas and subjects. At the same time, holistic concepts need to be developed, implemented, and evaluated regarding a school culture of movement.
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Introduction: Various studies have applied the 20-meter shuttle run test (20mSRT) to estimate cardiorespiratory fitness in different population groups, with the aim of associating test performance with the physiological, psychosocial, and cognitive health of children and young people. However, to date, no bibliometric review that analyzes the research landscape has been conducted. The objective was to conduct a bibliometric review to develop an overview of the current state of scientific literature and identify research trends in the study of the 20mSRT in the Web of Science and PubMed databases.



Methods: The final sample consisted of 797 documents. For the publication period, between 2010 and 2021, there was a considerable increase of 248.1% of the number of investigations. The year 2011 had the highest citation count, and the trend reveals low citation rates for the years 2018 and 2023, with decreases of −70.40% and −86.65% compared with the years 2012 and 2019, respectively.



Results: Most of the production is in research articles (95.98%). The most cited authors are Ruiz, Castro-Piñero, Mayorga-Vega, Ortega, and Tomkinson. The five concepts with the highest occurrence in the research are children (n = 290), cardiorespiratory fitness (n = 205), adolescents (n = 203), performance (n = 164), and aerobic fitness (n = 146). The journals with the most published documents are the Journal of Strength and Conditioning Research (n = 45), the International Journal of Environmental Research and Public Health (n = 42), and the Journal of Sports Sciences (n = 25). The countries with the highest number of published documents and citations are Spain (n = 187 documents and 6,209 citations), the United States (n = 112 documents and 3,475 citations), Australia (n = 85 documents and 2,393 citations), and Sweden (n = 54 documents and 4,121 citations).



Discussion: An analysis of the existing knowledge produced by the 20mSRT revealed that there is a preference for studying the school-age stage, with cardiorespiratory fitness variables associated with physical activity and sedentary time. Finally, there are different applications of the 20mSRT in various population groups, ranging from the evaluation of cardiorespiratory fitness in children, adolescents, and adults, as well as in specific groups of athletes.
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maximum oxygen consumption, multistage physical fitness test, aerobic fitness, cardiorespiratory endurance, youth, childhood





1 Introduction

Physical fitness is related to morbidity and mortality (1). Moreover, engaging in moderate to vigorous intensity physical activity improves cardiorespiratory fitness, provides additional benefits in terms of all-cause mortality (2). Among the components of physical fitness, cardiorespiratory fitness (CRF) has been shown to represent the greatest benefit and is inversely associated with long-term mortality (3). Various studies highlight the importance of physical activity for health (4) and the assessment of physical fitness via tests that are easy to administer and highly valid.

An association has been established between low physical fitness and higher cardiometabolic risk in children, making it relevant to consider assessments with internationally validated tests (5). Various tests are used to evaluate CRF, but the 20-m shuttle run test (20mSRT) is one of the most widely used tests and has been validated and applied in different contexts and populations. This makes a bibliometric review a good strategy to analyze studies that have utilized this test. This test allows for the evaluation of CRF in both sports and educational settings (6). Nevertheless, the classification and application of these methods in different groups have been the subject of study and debate.

In this sense, another contribution of the present bibliometric analysis is that it details the areas of knowledge and variables, in this case sports, in which the 20mSRT has been most used, which allows us to identify the topics that need more exploration. These results are associated with those reported in the study by van der Zwaard et al. (7) where it has been reported that articles on exercise, training, performance and V˙o2max and large collaborative articles in contrast to articles on respiratory physiology or sleep apnea and letters to the editor. These findings serve as a reference for rethinking new lines of research. On the other hand, various studies have demonstrated good reliability of the test for quantifying VO2max in adolescents and adults (8). In addition to its reliability, this test can be applied in various settings, such as educational contexts (9). Its easy application and standardization across diverse populations make it a valuable evaluative tool. Therefore, the objective was to conduct a bibliometric review to develop a general description of the current state of the scientific literature and identify research trends in the study of the 20mSRT in the Web of Science and PubMed databases, including documents published from January 1, 2010, to July 8, 2024.



2 Material and methods


2.1 Design

This study uses bibliometrics as a research technique. According to Hernández-Torrano & Ho (10), bibliometric analysis is considered a theoretical study because it aims to systematize, analyze, and condense a large amount of data related to the temporality of studies, as well as their evolution over the years. This type of study seeks to examine information related to knowledge production in a specific area through specific criteria such as (i) authors; (ii) countries; (iii) institutions; (iv) keywords; (v) document citations; (vi) cocitations among cited references; and (vii) editorial groups (11).



2.2 Data extraction

The search for documents was conducted between July 6 and 8, 2024, by the two principal investigators in the Web of Science (WoS) database. WoS was used because it is the most commonly used database for developing bibliometric studies (12–14). A search was also conducted in the PubMed database. During the screening of the information, 93% of the documents were duplicates. Consequently, it was decided to consider only WoS studies and to add the papers that were not included. The WoS database has been considered in other bibliometric studies on Sport Sciences and following the guidelines of other bibliometric studies (15–17).

A review was conducted on the basis of Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) recommendations in the WoS database via the following terms: [“20 m shuttle run” (Title/Abstract)] OR [“20-m shuttle run test” (Title/Abstract)] OR [“20-meter shuttle run test” (Title/Abstract)] OR [“20mSRT” (Title/Abstract)]. After each of the concepts was reviewed, it was determined which one yielded the most documents. Finally, the search equation used was 20 m AND shuttle AND run. Three search periods were established between July 6 and 8, 2024 (Table 1). Each search used different terms, as there are various denominations for the “20mSRT” (Table 1). The search equation with the highest number of documents found was determined. These results were analyzed by two of the principal investigators (J.D.P.-U. and B.A.B.-P.). A systematic process was developed for selecting the documents included on the basis of bibliometric criteria such as document duplication and direct relevance to the study objective (18). Initially, 1,000 documents were analyzed and subjected to the metadata regulation process to eliminate duplicates, lack of full access, or lack of relevance to the study topic. After the PRISMA protocol was applied, 797 documents met the eligibility criteria established for this study (Figure 1).


TABLE 1 Overview of searches with keywords, Boolean terms, and the number of documents by type in the Web of science and pubMed databases.

[image: A table displays the results of six searches conducted on July 6 and 7, 2024, with publish date range from 2010 to 2024. Columns include Boolean operators used, total items found, types of documents, and number of documents by type. The third search yielded the highest results with 1,000 total items, mostly articles. Other searches vary from 10 to 715 items, with document types including articles, review articles, letters, meeting abstracts, and editorials. A note indicates search three was selected for its high record count.]


[image: Flowchart depicting study identification and screening process. Initially, 1,881 records are identified from Web of Science and PubMed. After removing 752 duplicates, 1,129 records are screened, excluding 227. The retrieval sought 902 reports, with 902 assessed. Final review includes 797 studies. Exclusions include 79 for the 5-meter shuttle run test and 26 for the 4x10-meter shuttle run test, totaling 105 report exclusions.]
FIGURE 1
Flowchart for the selection of studies according to PRISMA guidelines.




2.3 Eligibility criteria

The inclusion criteria for the studies were as follows: (i) studies focused on the study of children, adolescents, or older adults; (ii) studies on samples of high-performance athletes, recreational athletes, or physically inactive individuals; (iii) original full-text studies reviewed by academic peers; (iv) access to the full document to complement the initial review; (v) documents written in English, Spanish, Portuguese, German, French, or Russian; (vi) publication date between January 1, 2010, and July 8, 2024; and (vii) journals indexed in the Journal Citation Report (JCR) in the quartiles: Q1, Q2, Q3, and Q4.

To select the documents, an analysis matrix was developed in Microsoft Excel based on the following categories: (1) year of publication; (2) type of document; (3) most cited articles; (4) authors’ names; (5) number of authors per study; (6) keywords; (7) journals and cited references; (8) editorial groups; (9) areas of knowledge; (10) language; (11) countries; (12) organizations; and (13) evaluated sample.



2.4 Data analysis

The data found in the WoS database were extracted in two different formats: plain text and Excel. This action allows for descriptive and percentage analyses of the results via a Microsoft Excel spreadsheet (v. 2006, Microsoft Corporation, Redmond, WA, USA), and, similarly, the download of data in plain text format enables the development of analyses by coauthorship of authors, coauthorship by organizations, occurrence by keywords, citation by documents, citation by journals, citation by countries, and citation by authors via the VOSviewer program (v.6.19., Center for Science and Technology Studies, Netherlands). The attraction and repulsion parameters in VOSviewer allow for the creation of maps in response to the topic. The parameters of 3 and −3 were addressed, following those of other recently published bibliometric analyses (19, 20) on the basis of nodes, seeking to identify the relationships established in scientific production from the information stored in various databases (21). Additionally, to strengthen the bibliometric analysis, the following laws were considered: (i) Price's law using the R2 coefficient (22); (ii) Lotka law to identify the authors with the most publications (23, 24); and (iii) Zipf law to identify the occurrence of the most used terms (25). The h-index was also used to determine the academic productivity of the authors, aiming to establish that h documents have been cited at least a minimum h of times (26).




3 Results


3.1 Evolution of the number of documents

The analysis of scientific production reveals an increasing number of publications per year. There is oscillatory growth from the first year analyzed to the last year, with 2020, 2021, and 2022 being the years with the highest production (n = 259). Likewise, it is revealed that by mid-2024, the trend reflects a low number of published documents.

With respect to the R2 coefficient of the sample, exponential growth of the sample was identified, considering the number of publications from 2010 to 2018, at 96.29%. From the first reference year (2010) to the year with the highest number of published documents (2021), there was an increase of 248.1%, and finally, between 2018 and 2023, there was an increase of 45.28% (Figure 2).


[image: Bar chart illustrating the number of articles published annually from 2010 to 2024, with a trend line showing a general increase over time. The year 2021 has the highest number of articles at 94, while 2010 has the lowest at 27. The trend line equation is y = 2.9179x + 29.79 with an R squared value of 0.354, indicating a moderate positive trend.]
FIGURE 2
Evolution of the number of annual publications.


In contrast, Figure 3 shows the analysis of citations per year reveals an inverse pattern to that of publications. Between 2010 and 2011, a pronounced increase of 114.97% in citations was observed. Subsequently, a gradual decrease in the annual number of citations occurred, paradoxically coinciding with an increase in the number of published documents. This trend reached its lowest points in 2018 and 2023, with reductions of 70.40% and 86.65% respectively, compared to the years of highest impact (2012 and 2019).


[image: Line graph showing citations from 2010 to 2024. The highest citation count is 3403 in 2011, followed by a general decline to 2 in 2024. A trendline with equation y = -137.4x + 2143.2 indicates a downward trend, with R-squared value of 0.5953.]
FIGURE 3
Evolution of the number of annual citations.




3.2 Documents by type

The analysis of methodological designs employed in studies on the 20mSRT test (Table 2) reveals a clear predominance of original scientific articles (95.98%). In contrast, review studies represent a significantly smaller proportion (2.88%), while other document types appear with marginal frequencies. This distribution suggests a research field primarily focused on generating original empirical evidence rather than synthesizing or reviewing existing knowledge.


TABLE 2 Types of published documents.

[image: Table displaying document types, number of documents, and their percentages. Research articles: 765 documents, 95.98%. Review articles: 23 documents, 2.88%. Conference summaries: 4 documents, 0.50%. Letters to the editor: 4 documents, 0.50%. Editorials: 1 document, 0.12%. Total: 797 documents, 100%.]



3.3 Analysis of the most cited documents

Only one meta-analysis was identified that studies the 20mSRT (27), as were several systematic reviews addressing the 20mSRT. However, no bibliometric analysis or Scoping Review was found. Figure 4 shows the total number of citations for the 26 studies that have received at least 100 citations. There was a systematic decrease between 2011 and 2015 and between 2015 and 2019.


[image: Bar chart illustrating citations from 2010 to 2019. Peak at 2011 with 2179 citations. Noticeable decline from 2015 to 2018, following a downward trend line with equation y = -112.15x + 1092.5 and R² = 0.2828.]
FIGURE 4
Total number of citations for the 26 studies that have received at least 100 citations.


After the classification and individualized analysis of the documents, Table 3 shows the analysis of review articles that have received at least 100 citations, and Table 4 shows the research articles that have received at least 160 citations. It should be noted that the two most cited studies are review articles: 483 citations (28) and 344 citations (29). Similarly, only one paper, developed by Tomkinson et al. (30), was found at a recent date (last five years).


TABLE 3 Most cited review articles.

[image: Table summarizing studies on field-based fitness assessments in youth. It includes the title, author, publication year, journal, study objective, main findings, and citation metrics. Key topics include the ALPHA health-related fitness test battery and the validity of the 20-meter shuttle run test for cardiorespiratory fitness. Notable studies include reliability analysis and the PREFIT battery proposal for preschool children. Main findings highlight the usefulness of these assessments for monitoring health-related fitness in children and adolescents. Total and average annual citations are listed for each study.]


TABLE 4 Most cited research articles.

[image: A table with multiple columns and rows, detailing various studies. Column headings include Title, Author and publication, Journal, Objective of study, Main findings, Total citations, and Average citation per year. Each row contains specific information about different studies, such as the main objectives, findings, and citation metrics. The studies cover topics related to physical fitness, health, metabolic risk, and cognitive functions among diverse age groups. Data is presented in a structured format for easy comparison across different studies.]

A total of 797 documents were identified and included in this review. To conduct the citation analysis, we established a minimum threshold of 50 citations per document.

Among them, only 66 documents (8.28%) exceeded this predefined threshold, and of these, only 47 (71.21%) presented bibliometric interconnections (Figure 5). Chronological analysis of the citation network revealed the formation of 8 main nodes distributed across three distinct temporal periods. During the 2012–2014 period, the highest-impact documents corresponded to Ruiz et al., Ortega et al., Castro-Piñero et al., Ruiz et al., and Artero et al. Throughout the 2014–2016 interval, citations to Mayorga-Vega et al., Ortega et al., and Bianco et al. predominated. In the most recent period analyzed (2016–2018), the documents that accumulated the greatest number of citations were the works of Tomkinson et al. and Lang et al. This temporal distribution reflects the evolution of scientific interest in different dimensions of the 20mSRT.


[image: Visualization of research collaborations with interconnected nodes representing authors and lines indicating co-authorship. Node colors vary based on years from 2010 to 2018, with a color gradient legend shown at the bottom.]
FIGURE 5
Citation by documents cited at least 50 times.




3.4 Authoŕs analysis

For the analysis of the documents by author considering the first author, it is evident that none of the authors has developed more than 10 studies. Thus, the main 16 authors produced 9.91% of the total scientific production. Furthermore, at least two authors have published their studies in a language other than English, and curiously, they are two of the three authors with the highest number of citations for those documents where they appear as first authors (Table 5).


TABLE 5 Number of documents per author taking into account the first author.

[image: Table listing authors, number of publications, language of publication, and total citations received. Authors with the most citations include Jiménez-Pavón with 66 and Ruiz with 61 citations. The total publications are 79, with an average of 20.23 citations per publication. Most publications are in English, with some in English-Spanish.]

With respect to academic cooperation evaluated in response to the number of authors, it is evident that the largest number of documents, close to half of the total scientific production, is produced between 3 and 5 authors. The production greater than or equal to nine authors is greater than that produced by authors 1–2, highlighting the importance of collaboration between researchers to produce new knowledge in the 20mSRT study (Table 6).


TABLE 6 Total number of documents by author.

[image: Table displaying the distribution of studies by the number of authors. For 1-2 authors: 48 studies, 6.02%; 3-5 authors: 327 studies, 41.02%; 6-8 authors: 278 studies, 34.88%; 9 or more authors: 144 studies, 18.06%.]

Figure 6 shows the interactions produced between the citations of the authors. The size of the nodes represents the number of published documents, and the color corresponds to the established connections. A strong concentration is observed from 2012 to 2014 led by Ortega, F., whereas Tomkinson, G., has led the academic contribution between 2018 and 2020. Similarly, there are other nodes that are not closely related, which respond to a smaller number of citations produced: Kriemer, S., Utzinger, J., and Gerber, M.


[image: Network visualization showing clusters of interconnected names with varying node sizes and colors. Lines indicate relationships between nodes, with color representing years from 2012 to 2020. Larger clusters include prominent names like "mota, jorge" and "ortega, francisco b." The image was created using VOSviewer, with a color gradient from blue to yellow indicating temporal progression from 2012 to 2020.]
FIGURE 6
Citation by authors.




3.5 Keyword analysis

For occurrence by keywords, it was established that the word was included at least 20 times in each study. Thus, of the 2,546 words identified, only 63 met the threshold. The analysis of the most recurrent keywords in the studies that analyze the 20mSRT reveals that these keywords are diverse in reference to the age of the participants and are associated with other physiological and physical condition variables. Depending on time, for 2016, the most referenced concepts were “cardiovascular risk”, “metabolic syndrome”, and “overweight”. From 2017 to 2018, the concepts used were “children”, “adolescents”, “cardiorespiratory fitness”, “aerobic fitness”, and “valence”. In 2019, the most referenced concepts were “exercise”, “muscular fitness”, “strength”, “body composition” and “association”. Thus, the most recent concepts are associated with nutritional and physiotherapy processes, among which the following stand out: “supplementation”, “ingestion”, “prevention”, “risk” and “concurrent training” (Figure 7).


[image: A network visualization displays interconnected terms related to physical activity and fitness in children and adolescents. Terms like "cardiorespiratory fitness," "adolescents," "children," and "exercise" are prominent. The connections are color-coded, spanning from purple to green, with a timeline from 2016 to 2019, indicating research focus or trends over time. The image is generated using VOSviewer.]
FIGURE 7
Occurrences by keywords in response to temporality.


Moreover, the concepts related to the number of times that have been cited the most are children (n = 290), cardiorespiratory fitness (n = 205), adolescents (n = 203), performance (n = 164), aerobic fitness (n = 146), exercise (n = 145), physical activity (n = 142), physical fitness (n = 134), obesity (n = 128), childhood (n = 126), youth (n = 125) and health (n = 125) (Figure 8).


[image: Network visualization using VOSviewer depicting relationships between terms related to physical fitness and health. Nodes are color-coded: green for cardiorespiratory fitness, red for performance and exercise, blue for obesity and overweight, and yellow for associations. Connections represent term co-occurrences.]
FIGURE 8
Occurrences by keywords.




3.6 Analysis of the journals and cited references

There are 243 journals that published the 797 documents found for this bibliometric review. To analyze citations by journal, the journal was considered to have published at least five documents and had received at least 20 citations. Thus, only 38 journals met the threshold. Similarly, the citation map by journal shows that the journals with the greatest number of published documents are the Journal of Strength and Conditioning Research (n = 45), the International Journal of Environmental Research and Public Health (n = 42) and the Journal of Sports Sciences (n = 25). The colors represent the established connections. Each node is defined by a color. In this case there are at least 6 nodes, with the red node led by Plos One and the green node led by Journal of Strength and Conditioning Research being the most important (Figure 9).


[image: Network visualization showing connections between various academic journals, such as "International Journal of Environmental Research and Public Health" and "Journal of Strength and Conditioning Research". Lines connect related journals, forming clusters with varying node sizes and colors. Generated using VOSviewer.]
FIGURE 9
Citation by journals.


Similarly, for the analysis of cocitations between the journals, 5,565 sources were found, where it was established that the minimum number of citations for each journal was 50. Only 90 journals met the requested threshold. The journals with the highest number of citations are Medicine and Science in Sports and Exercise (n = 1,359) and the British Journal of Sports Medicine (n = 1,143). The colors represent the established connections. Each node is defined by a color. Three main nodes are established, with the green node led by Sport Medicine and the red node led by Medicine & Science in Sports & Exercise (Figure 10).


[image: Network visualization map displaying clusters of related academic journals. The red cluster centers around "int j obesity," while the green cluster centers around "med sci sport exerc." A smaller blue cluster includes "j sci med sport." Connecting lines illustrate the relationships and co-citations between these journals, with varying node sizes indicating citation strength. The map was created using VOSviewer.]
FIGURE 10
Cocitation by journals.


For the analysis of the cited references, 20.074 were included, of which 46 were cited at least 30 times. The studies of Leger, Cole, Ortega and Ruiz stand out. The colors represent the established connections. Each node is defined by a color. Four major nodes are established, with the yellow and green nodes being the most relevant. The yellow node is led by the study of Leger and the green node by Ortega (Figure 11).


[image: Network visualization of academic citations with different clusters in green, yellow, blue, and red. Nodes represent publications, and links indicate citations. Prominent nodes include "léger la, 1988, j sport sci, v" and "ortega fb, 2008, int j obesity." Created using VOSviewer.]
FIGURE 11
References cited.




3.7 Analysis of editorial groups

The scientific production carried out by the publishers that disseminate scientific knowledge about the 20mSRT study reveals how the Multidisciplinary Digital Publishing Institute (MDPI) is the editorial group with the largest number of published documents, although it is not the one that receives the largest number of citations. The first six editorials represent half of the total scientific production (49.43%). There are 4 publishers that have received more than 1,000 citations (Table 7).


TABLE 7 Total number of documents published by editorials.

[image: Table listing 13 editorial publishers with columns for names, number of documents, and number of citations. MDPI has 100 documents and 701 citations. Wiley has 73 documents, 1,406 citations. Elsevier has 65 documents, 1,367 citations. Lippincott Williams & Wilkins and others follow. Total of 553 documents out of 797 and 11,369 citations.]



3.8 Areas of knowledge

The analysis of the areas of knowledge where documents on 20mSRT are published reveals that the most prolific and cited areas are sport sciences, with an average of 25.19; public, environmental & occupational health, with 22.96; and pediatrics, with 17.20 citations per published document. Similarly, the main one is “Sport Sciences”. Similarly, the first five areas covered more than half of the published documents (56.58%) (Table 8).


TABLE 8 Areas of knowledge.

[image: Table showing the number of publications and citations across various academic areas. Sport Sciences leads with 263 publications and 6,627 citations, followed by Pediatrics with 88 publications and 1,514 citations. The total for seven areas is 714/797 publications and 14,415 citations.]



3.9 Language and analysis by country

The analysis by language shows that the greatest production is generated in the English language (n = 773), with 96.98% of the total scientific production, followed by Spanish (n = 17), with 2.13%. Furthermore, among the 797 documents reviewed and included in the present bibliometric study, three documents were found in Portuguese, two in German, one in French and one in Russia. Figure 12 shows coauthorship by country. It details how there are three main cooperation networks: the yellow network led by Spain and with the largest number of connections with other countries; the red network led by the connections between the United States, Australia, Portugal, Canada and Brazil; and, finally, the green network led by Sweden and France. The colors represent the established connections. Each node is defined by a color. For the countries, five nodes are established, with yellow and red being the most relevant. The yellow node is led by Spain and England, while the red node has the largest number of countries, led by USA, Canada, Portugal, Australia and Brazil.


[image: A network visualization map displaying interconnected countries with Spain as the central node. Lines represent connections between countries, with varying colors and thickness indicating relationship strength. Countries like the USA, Australia, and Sweden are prominently linked.]
FIGURE 12
Coauthorship by country.


Figure 13 shows the coauthorship and citations of documents by country. There, it is evident that only 84 countries have contributed to the knowledge of 20mSRT. To establish the threshold, it was determined that each country had published at least 10 studies and received 50 citations. Thus, only 31 countries met the threshold. The countries that receive the greatest number of documents and citations are Spain (n = 187 documents and 6,209 citations), the United States (n = 112 documents and 3,475 citations), Australia (n = 85 documents and 2,393 citations) and Sweden (n = 54 documents and 4121 citations). The map shows that Spain is the epicenter country of all the connections that are established with the subject, whereas there are countries that are increasing their scientific production in European countries (Serbia, Poland, Slovenia and Croatia), Asian countries (China, Japan and South Korea), Africa (Tunisia) and South America (Chile). Finally, there are countries from each continent, which highlights the importance of this topic among the academic community.


[image: Heatmap visualization from VOSviewer shows various countries with clustering based on similarity or relationships. Bright yellow signifies high intensity, with Spain, USA, and Australia prominently highlighted. Surrounding countries like Sweden, Portugal, and Germany are in green, while others, such as Japan and South Korea, appear in darker tones, indicating lower intensity.]
FIGURE 13
Citation by countries.




3.10 Organizations

For organizations, there are 1,174 organizations that have been studying the 20mSRT. Only 38 organizations published at least 10 studies and received at least 50 citations. Specifically, the University of Granada is the organization that has the most publications and citations (n = 83 and 4,631), the Karolinska Institute (n = 46 and 3,880), the University of Zaragoza (n = 37 and 2,346) and the University of Cadiz (n = 34 documents and 2,106) of which 59 comply with 2 documents and two subpoenas. Of the 59 organizations, only 33 appear to be connected.

With respect to time (2014–2016), a strong trend is evident in Spanish universities, among which the University of Zaragoza and the Polytechnic University of Madrid stand out. For the years 2016–2018, there was an increase in the number of documents and networks from different universities, where the University of Granada and Cadiz in Spain, Basel University in Switzerland, University of Coimbra and Porto in Portugal and, finally, University of Santiago stand out from Chile. For the years 2018–2020, there are organizations from other continents that are carrying out various studies, including the Autonomous University of Chile and the Federal University of Santa Catarina in South America, East China Normal University in Asia, University Jyväskylä and Universitat Jaume I in Europe, on the production of knowledge related to the 20mSRT (Figure 14).


[image: Network visualization of academic collaboration among various universities. Nodes represent universities, with larger nodes indicating more collaborations. Colors range from blue to yellow, showing activity from 2014 to 2020. Notable universities include University of Granada, University of Basil, and University of Cadiz. The legend in the bottom right corner represents the year range.]
FIGURE 14
Coauthorship by organizations.




3.11 Evaluated samples

There was diversity in the samples evaluated when the 20mSRT was used, highlighting its application in children and adolescents, with more than half of the total scientific production (58.71%). It also highlights its applicability in the evaluation of athletes (Table 9).


TABLE 9 Characteristics of the evaluated sample.

[image: Table showing areas of study, number of publications, and percentage. Children lead with 249 publications (31.24%), followed by Adolescents with 219 (27.47%), and Athletes with 142 (17.81%). Categories vary in publication numbers and percentages, with Referees having one publication (0.12%). A note indicates an article may cover multiple sports.]

The characteristics of the athlete population also highlight concerns for different sports when the 20mSRT is used to assess cardiorespiratory fitness. It has been used in 23 sports, in athletes with disabilities and in team and individual sports (Table 10).


TABLE 10 Characteristics of the athlete sample evaluated with the 20mSRT.

[image: Table showing the number of publications and percentage for various sports. Soccer has the highest with 40 publications (28.16%). Other sports include handball with 13 (9.15%), basketball with 11 (7.74%), and Australian futbol with 9 (6.33%). Several sports, including cycling and swimming, have 1 publication each (0.70%). Total publications are 142, with percentages summing to 99.99%. Note: Articles can be considered in more than one sport.]




4 Discussion

To our knowledge, this is the first study that performs a bibliometric analysis of scientific publications on the use of 20mSRT to evaluate cardiorespiratory fitness (CRF) in sports sciences oriented to sports performance and health. The number of annual publications on this topic shows exponential growth, in line with other bibliometric studies that analyze the global panorama of physical literacy research (44), medical research (45) and research based on child health surveys (46). To this end, a bibliometric analysis of the studies analyzed in the WoS and PubMed databases was carried out. The main findings were as follows:


	(1)A total of 797 documents related to the 20mSRT study have been published.

	(2)The number of studies increased by 185.18% between 2010 and 2023, and, in turn, the years with the greatest production were 2020, 2021 and 2022.

	(3)There was a preference for the development of research articles (95.98%), with a very low percentage of review studies.

	(4)As of 2010, only one meta-analytic study has been reported, and no scoping review or bibliometric analysis has been found to date in the document search.

	(5)at least 26 studies that have received 100 citations.

	(6)There is a decrease in the number of citations received from studies that have 20mSRT as their study topic, mainly between 2011 and 2015 and 2015–2019.

	(7)2011 was the year with the highest number of citations, and starting in 2020, there was a decrease in total annual citations.

	(8)The main 16 authors produced 9.91% of the total scientific production.

	(9)the largest number of documents, close to half of the total scientific production, is produced between 3 and 5 authors.

	(10)The concepts with the greatest occurrence are Children, Cardiorespiratory Fitness, Adolescents, Performance, Aerobic Fitness, Exercise, Physical-Activity, Physical Fitness, Obesity, Chilhood, Youth and Health.

	(11)243 journals have published the 797 papers, and the top three journals that have published manuscripts related to 20mSRT are: Journal of Strength and Conditioning Research (USA), International Journal of Environmental Research and Public Health (Switzerland) and Journal of Sports Sciences (UK).

	(12)The MDPI is the publishing group with the largest number of published documents, and those that receive the largest number of citations are BMJ Publishing Group and Lippincott Williams & Wilkins.

	(13)Sport Sciences, Public, Environmental & Occupational Health and Pediatrics are the main areas in which studies are published according to WoS categories.

	(14)the prevailing language in the publications is English.

	(15)the most prolific countries in terms of the number of documents and subpoenas received are Spain, the United States, Australia, Sweden and Portugal.

	(16)According to the density map, there are countries for each continent, which demonstrates the importance of this topic among the international academic community.

	(17)the main organizations that share their research are Spanish, with the University of Granada, University of Zaragoza and University of Cádiz being the ones that develop the greatest number of studies.

	(18)There is diversity in the samples evaluated, ranging from studies in children, adolescents and adults to studies evaluating physical conditions, military forces, firefighters, and referees to athletes seeking to determine the effects on specific abilities.

	(19)In response to the sport in which the 20mSRT test is used, those with the greatest number of studies are team sports: soccer, handball, and basketball.



The results reported by this analysis can be used by researchers to evaluate the scientific interest of using 20mSRT in different population groups. Other studies have referred to the importance of the findings derived from bibliometric analyses, highlighting the value of revealing research trends in a specific field of knowledge and thereby enabling the study of less explored problems (7, 13). The use of the 20mSRT test has been confirmed to occur mainly in the evaluation of cardiorespiratory fitness in children (47, 48), adolescents (49, 50) and adults (51). In turn, few studies have evaluated children and adults in the same investigation. This may respond to the specificities of knowing in deep childhood and adulthood separately. The study developed by Tello-Navarro et al. (52) revealed that by delving deeper into a topic, the research landscape can be expanded, revealing that there are emerging concepts associated with adulthood, adolescence, and young adulthood. Moreover, other studies in adults have revealed that the results of bibliometric analyses could be directed at predicting future research trends, thus helping to promote the understanding of a topic for all the actors included, including those responsible for policies. administrators of economic resources and researchers (53).
An analysis of the 17 most cited studies identified in the present study and that have received at least 100 citations revealed that there is a concern about the evaluation of physical fitness (cardiorespiratory) related to the health of children and adolescents of school age (29, 36, 37) while evaluating the effects of different interventions on motor skills (43) and learning styles. Life and adiposity (42) and in children with cancer (34). This preference toward the study of physical condition in children has also been addressed in other bibliometric review studies, highlighting that studies on physical activity in preschool children have increased significantly between 2024 and 2020, and, in turn, the most studied thematic areas are teaching and health (54). Similarly, the study by Jiménez-Jiménez et al. (54) concluded that the methodological techniques most commonly used to evaluate children's health are questionnaires and accelerometry and that there is a greater preference for the development of experimental studies that use intervention programs with the inclusion of a control group. These findings are related to the results of the present bibliometric study, where there is a greater number of studies and a greater number of citations for those research articles that use the 20mSRT.
On the other hand, one study aimed at evaluating whether improvements in cardiorespiratory fitness, muscle strength and body composition are similar at the onset of obesity in adulthood vs. the onset of obesity in childhood (55). This demonstrates the interest in recognizing physical activity as a facilitator that helps in the primary and secondary prevention of different chronic diseases, including cardiovascular diseases, diabetes, cancer, hypertension, obesity, depression and osteoporosis (56, 57). This is related to the analysis of the most cited documents on the use of 20mSRT in the present bibliometric study because the concern of the most cited research focuses on evaluating children and adolescents and, with it, being able to implement interventions (58), plans and programs that help resolve future sedentary behaviors and inappropriate lifestyles (59).
Its use has also been identified in the evaluation of athletes in practices where there is only 1 study, including Alpine Skiing, Pentathlon, Netball, Swimming, Wrestling, Gymnastics, cycling and wheelchair basketball. The largest number of studies on soccer players has been conducted on the evaluation of adolescents (60), semiprofessionals (61) and professionals (62). With this, the opportunity to be able to evaluate physical conditions in other sports and in response to different levels is also evident: training, specialization, semiprofessional and professional. This is perhaps one of the main contributions of this bibliometric review study that helps to favor the current panorama of research trends and thereby reveals that there are areas, sports, population groups, countries and concepts that need greater research development.

4.1 Future perspectives

Given the future perspectives of studies focused on evaluating, identifying and recognizing the contributions of 20mSRT to evaluate physical conditions, specifically cardiorespiratory fitness in different population samples, the need arises to carry out a greater number of review studies, including meta-analyses, scoping reviews and more specific bibliometric analyses. Similarly, in the evaluation of athletes, a greater number of randomized controlled trials, longitudinal designs and case studies need to be developed that provide a greater understanding of the effects on other physical, technical, tactical abilities, etc. Faced with this, it is necessary that scientific evidence allows us to glimpse the effects that different training protocols have on the adaptations induced for other sports that were not identified in the present study.

The use of the 20mSRT has been increasing in the number of studies that use it for physical assessment in heterogeneous population samples; however, very few studies with multivariate designs exist that allow us to understand the relationships established between cardiorespiratory fitness and other sociodemographic characteristics. psychosocial, educational, emotional, etc., of the evaluated individuals.



4.2 Limitations

The present study presents different limitations associated with the heterogeneity of population samples and the characteristics evaluated, as well as the name of the test. Similarly, the present study was limited to documents cataloged in the Web of Science and PubMed, so the language biases of these indexers must be considered. An additional limitation of this study is that the search was carried out on the basis of the following concepts: “20-m shuttle run test”, “20-m shuttle run test”, “20 m shuttle run”, “20 m SRT”, “20-m endurance shuttle run test”, and “20-m multistage shuttle run test”, excluding terminology related to “Course-navette” and “Navette test”.





5 Conclusions

The specialized literature in the study of the 20mSRT has a preference for the study of physical conditions in different populations, highlighting its use in children and adolescents, with a smaller proportion of adults, athletes and military forces. Studying the most cited studies confirms the need for more review research. The countries that have led scientific production are the European continent (Spain and Sweden), North America (the United States) and the Oceanic continent (Australia); however, the institutions that have been studying the subject the most are Spanish. Moreover, various countries have increasingly published studies related to 20mSRT, highlighting those from the European, Asian, African and South American continents, revealing the interest in this topic among the academic community.
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Introduction: Childhood obesity is a growing global public health issue, with significant implications for children’s physical and psychological well-being. Schools offer a structured environment for implementing health-promoting interventions to address this challenge. This study examines how organizational conditions within schools influence frontline workers’ (e.g., teachers and pedagogic staff) early implementation behavior in a school-based health intervention. Insights aim to inform strategies for enhancing the sustainability and effectiveness of such programs.



Methods: The study utilizes a qualitative design, conducting 11 focus group interviews across 11 of the 12 intervention schools participating in the Generation Healthy Kids (GHK) intervention program in Denmark. Using the Consolidated Framework for Implementation Research (CFIR) and the COM-B Model for Behavior Change, the interviews explored organizational factors shaping frontline workers’ capabilities, opportunities, and motivation for implementing GHK components. Thematic analysis, guided by predefined theoretical constructs, was applied to identify key patterns in the data.



Results: The findings highlight organizational conditions within schools as critical to frontline workers’ early implementation behavior. Capability was linked to training and resources, though time constraints hindered effective application. Opportunity was shaped by structural factors such as limited access to facilities, causing logistical challenges. Motivation was influenced by alignment with existing workflows, reflective beliefs about the program’s relevance, and tension for change due to perceived pupil needs. Leadership emerged as a cross-cutting factor, with engaged leaders enhancing implementation through active support and resource coordination.



Discussion: The study underscores the interplay between organizational conditions and frontline workers’ behaviors in implementing health programs. Addressing logistical barriers, fostering supportive leadership, and ensuring alignment with school priorities are essential for successful implementation. These findings highlight the need for adaptive, school-specific implementation strategies to sustain health-promoting interventions like GHK and suggest stakeholder engagement to further optimize implementation processes.
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Introduction

Childhood obesity is a significant public health issue worldwide, posing severe threats to children’s overall well-being and long-term physical health (1–3). The consequences of childhood obesity extend beyond immediate health risks, and obesity is associated with lower psychological well-being, negative social experiences (e.g., bullying and stigmatization), and increases the risk of obesity in adulthood (4–6). In Denmark, the prevalence of overweight and obesity among children aged 6–7 is 12%–13%. This figure increases through elementary school, reaching 18%–19% among children aged 14–15 years (7, 8). This age-related incline highlights the urgent need for early prevention and comprehensive strategies to address the varied factors contributing to childhood obesity. Schools have specifically been identified as a promising setting for health promoting activities due to the marked possibility to reach children of all socioeconomic groups, and because most children spend a large proportion of their everyday in school (9–12). Furthermore, schools provide a structured environment for targeting obesity prevention through interventions like diet and physical activity (13–15).


The role of frontline workers in early implementation stages

Early implementation refers to the initial phase of program delivery, ideally initiated after an installation phase during which foundational structures, resources, and competency drivers have been organized to support the upcoming implementation activities (16). This early implementation process represents a critical period of adjustment, where intervention activities are introduced into existing organizational routines, and where high expectations is likely to meet resistance to change and entrenched habits within organizations and individuals (16). Michael Lipsky’s street-level bureaucracy theory (17) stands as an early major work on the characteristics and impact of frontline workers such as teacher and pedagogic staff. Lipsky defines frontline workers as actors who interact directly with citizens daily and who make large amounts of discretionary decisions in those relations. In that respect, teachers and pedagogic school staff can be defined as frontline workers. Teachers and pedagogic staff are often designated as responsible for delivering school-based interventions and therefore the success of school-based programs is often highly dependent on their capabilities, willingness and interests in delivering the intervention. This underscores the importance of frontline workers’ implementation behavior, which refers to the actions and decisions of individuals or teams within an organization that directly impact the adoption, adaptation, and execution of an intervention or program in a given context (16). According to Lipsky, the sum of frontline workers’ actions implies that they function as actual policy decision-makers. It is at the end of the implementation chain that policies are realized by welfare professionals such as teachers and pedagogues (17, 18).



Conditions modeling frontline worker behavior

Although teachers’ cumulative actions significantly influence the realization of school-based interventions and may be seen as a primary agent of change within the school environment, organizational conditions and structural factors play a critical role in shaping their individual implementation behaviors (16, 19, 20). Adequate managerial and leadership support and resources are also crucial in overcoming barriers to implementation—for one thing, because frontline workers are motivated and feel capable of realizing program goals when supported by such stakeholders (21). At the same time, organizational factors within educational settings can significantly influence the success of programs by shaping the context in which frontline workers operate, as well as their behaviors (22). Research has consistently underscored the importance of organizational factors in the successful adoption of educational programs, highlighting how a supportive and structured environment is essential for shaping implementation behaviors (23–25). These findings collectively illustrate the close relationship between organizational conditions and frontline worker behaviors in school-based programs. Additionally, evidence suggests that explicitly linking implementation strategies to the specific organizational contexts of schools increases the likelihood of successful integration and sustainability of new programs (26).

As such, the local organizational conditions help form the behavior of frontline workers. These frontline workers are responsible for delivering the program. Their behavior, in turn, influences whether the intended outcomes related to health and well-being are achieved (27, 28). Frontline workers play a vital role in the initial stages of implementation and throughout the entire process. This highlights the need for studies that focus on multi-component school programs and how these are delivered by frontline workers. Such research is essential to addressing a broader gap in the literature on school-based strategies and their implementation (29). Thus, the present study aims to examine how organizational conditions within the school shape frontline workers’ early implementation behavior. The goal is to generate insights that can contribute to the development of implementation strategies targeting a school setting, and enhancing their adoption, implementation, effectiveness and sustainability.




Material and methods


The generation healthy kids study

The Generation Healthy Kids study (GHK) is a comprehensive school intervention program designed to promote healthy weight development among Danish children aged 6–11, running over two school years. GHK is a cluster-randomized trial conducted across 23 schools (12 intervention and 11 control schools) in Denmark (30), containing a multi-setting, multi-component intervention that utilizes a whole-systems approach. Across the intervention schools, located in various regions of Denmark, GHK implements structural and educational components across four domains that influence childhood healthy weight and wellbeing: diet, physical activity, screen media use, and sleep habits. These four behavioral components are individually well-established as critical factors influencing childhood overweight, obesity, and overall health and wellbeing (31–34). In terms of diet, a main component is free school lunch provided four days a week. The school lunch is aligned with the national Food-based Dietary Guidelines and the Nordic nutrition recommendations and designed to improve children’s food courage and liking of healthy foods. Teachers and pedagogic staff act as meal hosts, and food literacy exercises are incorporated into classroom activities. The physical activity component includes three 40-minute weekly sessions of organized vigorous activity, based on the FIT FIRST 10 concept (35), alongside efforts to promote active play during recess and in after-school settings. To address screen media use and sleep practices, teachers and pedagogic staff guide pupils through classroom exercises, encouraging them to reflect on their habits, supplemented with 3 parent workshops delivered by the research team at each school.

To support the delivery and quality of the intervention, GHK applied specific implementation strategies. Each participating school—both intervention and control—was assigned a dedicated project staff member serving as a liaison. Intervention schools received additional support, including resources for upgrading kitchen facilities and inspirational webinars to foster engagement. Project staff also conducted supervisory visits, particularly focus on FIT FIRST and the school lunch components. Furthermore, all participating teachers and pedagogues received comprehensive training to ensure implementing across all four intervention domains (30). In line with broader calls for transparency in implementation research (36), an overview of these implementation support strategies—covering planned actions, responsible actors, target groups, timing, and intended outcomes—is available in the GHK program protocol (30). For additional detail, readers are referred to the protocol’s supporting files, particularly Supplementary Table S3 (Details of Generation Healthy Kids Intervention Components) and Supplementary Table S4 (Completed TIDieR checklist), which provide structured, component-specific descriptions of implementation content, delivery, and adaptation.

While the primary aim of this paper is to generate broader insights into how organizational conditions within schools influence frontline workers’ early implementation behaviors, these findings can also inform the ongoing implementation and effectiveness of GHK, particularly regarding its potential impact on reducing childhood obesity and promoting pupil well-being (30).



Theoretical framework

This study applies the Consolidated Framework for Implementation Research (CFIR) (27) and the COM-B Model for Behavior Change as theoretical frameworks (37, 38). CFIR is a comprehensive framework with five key domains including: Intervention Characteristics, which examine the specific features of the intervention itself; Outer Setting, which considers the external influences on implementation such as policy and community needs; Inner Setting, which focuses on the organizational culture, structure, and resources within the implementing site; Characteristics of Individuals, which address the knowledge, beliefs, and motivations of individuals involved; and Implementation process, which includes planning, engaging, executing, and reflecting on the implementation (27). The framework constitutes an overarching approach, used across the GHK to evaluate its potential for sustainability and scalability (30). The use of CFIR as a conceptual starting point entails a focus on the organizational factors and dynamics that shape the potential for GHK’s implementation. Given the aim of this study, we specifically focus on the Inner Setting dimension of CFIR to explore how organizational factors within schools’ shape frontline workers’ implementation behavior of GHK. By concentrating on internal organizational culture, structures, and available resources, we aim to gain deeper insights into the ways in which these inner setting elements affect frontline workers’ engagement with GHK. To support this exploration, we integrate the COM-B model’s behavioral lens to examine how these inner settings influence frontline workers’ capabilities, opportunities, and motivation, ultimately shaping their implementation behavior. COM-B posits that Behavior is driven by the interaction of Capability, Opportunity, and Motivation (38). Frontline workers’ capabilities refer to their knowledge and skills to deliver the program effectively. Opportunities pertain to the external conditions that facilitate or hinder the implementation process, such as availability of resources. Finally, motivation encompasses the internal drives and incentives that encourage teachers to engage actively with the program while also concerning whether a given behavior becomes an automatic and natural part of a given behavior. Such an in-depth exploration of frontline workers’ capabilities, opportunities, and motivation regarding the implementation of programs like GHK is important for understanding the factors contributing to both immediate and long-term program outcomes.



Study design and participants

The present study utilizes a qualitative approach to gain a broad understanding of the role of frontline workers in the early implementation of the GHK program. The study employs focus group interviews to explore the experiences and perceptions of frontline workers from the intervention schools—including teachers and pedagogic staff. Participants were recruited across the 12 intervention schools. The 12 schools represent both public (n = 10) and private (n = 2) institutions. Schools were distributed across urban (n = 7) and rural (n = 5) locations and varied in size, with student populations ranging from 173–778 pupils. Further information on participating schools can be found in Thomsen et al. (30). Due to the recruitment strategy for the GHK study (30), a diverse selection of schools in terms of sociodemographic composition, geographic location, size and community context, was represented.



Data collection

Focus group interviews were conducted to gain in-depth understanding of the experiences of frontline workers, with the aim of capturing their perspectives on implementing GHK components (39). The focus group design allowed for the exploration of nuances and complexities inherent in the early implementation process, providing insight into the diverse experiences, thoughts, and attitudes of frontline workers regarding GHK. A semi-structured interview guide, based on the inner setting domain of CFIR and COM-B, was developed to both facilitate discussions and ensure that all relevant domains and factors within these frameworks were covered (see Supplementary Appendix 1: Interview guide). This semi-structured approach also allowed for openness to responses and insights that extended beyond the predefined themes of the theories. By using open-ended questions, the interview guide supported in-depth, reflective responses, allowing participants to explore their own experiences and perceptions in detail. Participants were also encouraged to comment on each other’s statements, fostering a more dynamic and interactive discussion. The interviews were conducted in the spring of 2024, i.e., 1.5–3 months after the implementation had begun at the schools for FIT FIRST and school lunch, corresponding to the post-installation phase (16), during which the necessary structural supports and competency drivers for program initiation had already been established. At the time of the interviews, the screen and sleep intervention components were still in the installation phase (16), with foundational structures and supports being organized to prepare for their implementation.

Out of the 12 intervention schools, one small school opted not to participate, citing concerns about feeling overwhelmed by the presence of participant observers and testing activities related to GHK. Consequently, they prioritized using teachers’ working hours to maintain the quality of program implementation and focus on everyday core tasks, such as teaching. Thus, a total of 11 focus group interviews were conducted, with one focus group held at each of the remaining 11 intervention schools. Each focus group was comprised of three to six teachers and pedagogic staff who were directly involved in the implementation of the physical activity, diet, or screen and/or sleep aspects of the GHK program. There was a relatively equal distribution of participants involved in the diet and FIT FIRST (physical activity) components. However, participants addressed the screen and sleep components to a lesser extent, as these had not yet been fully implemented in the schools at the time of the interviews. These individuals were recruited by a school contact designated to assist in connecting the GHK project group and involved schools. Interviews were conducted by two GHK project staff members and three master’s students at the schools and arranged to accommodate the informants’ scheduling issues. Interviews lasted between 30 and 50 min.

Prior to data collection, to minimize interviewer bias and ensure a cohesive data collection process, all interviewers participated in preparatory training sessions designed to calibrate their interviewing techniques, streamline their approach, and ensure consistent procedures (40).



Data analysis

Interviews were transcribed verbatim and pseudonymized prior to analysis. Guided by Braun and Clarke’s (41) framework for thematic analysis (41), the first author conducted a systematic data analysis. The initial phase involved familiarization with the data through repeated reading and immersion to develop a comprehensive understanding of the dataset. Coding was primarily deductive, informed by predefined constructs from the CFIR framework and the COM-B model. An initial codebook was developed before the main coding phase and tested on a single interview. This pilot coding led to minor refinements of code definitions to ensure specificity and alignment with the intended constructs. Using the finalized codebook, a broad initial coding of the entire dataset was conducted, followed by a more detailed, fine-grained coding phase to ensure that each code strictly captured relevant information linked to its corresponding construct. As the coding was conducted solely by the first author, reliability was strengthened through ongoing reflexive engagement with the data, the frameworks, and the emerging analytical interpretations. Throughout the analysis, particular attention was paid to the co-occurrence of codes within the same transcript segments and to thematic proximity across participants’ narratives. Codes were examined not only individually but also for how they clustered together, providing insight into relationships between organizational conditions and frontline workers’ early implementation behavior. To systematically track and refine these relationships, matrices were developed to link codes associated with the COM-B components (Capability, Opportunity, Motivation) and relevant CFIR constructs, ensuring that thematic linkages were grounded in consistent patterns across multiple cases.

The analytical process thus focused on understanding how structural and organizational factors within schools shaped frontline workers’ early implementation behavior in GHK. The analysis identified three key components of the COM-B model (Capability, Opportunity, and Motivation) alongside the significant cross-cutting influence of leadership, all closely tied to constructs within CFIR. Capability was linked with CFIR’s construct of access to knowledge and information within the organization and addresses the extent to which frontline workers have the resources and training needed for successful implementation. Opportunity was linked with CFIR’s construct of structural characteristics and available resources, which pertains to the tangible assets required for effective implementation. Motivation was linked with CFIR’s constructs of tension for change and compatibility, which focus on the perceived necessity of the program and its alignment with existing values and workflows. Finally, leadership emerged as a cross-cutting influence on all three components of the COM-B model, linked to the CFIR construct of work infrastructure. Work infrastructure is identified as tasks and responsibilities within and between individuals and teams in the organization—also including leadership through organizing work structures, delegating tasks, and managing resources.



Ethical considerations

Written informed consent was obtained from all participants prior to their involvement in the study, ensuring they were fully aware of the study’s aims, procedures, and their right to withdraw at any time. All data were anonymized to protect participant privacy and confidentiality and were securely stored in accordance with the General Data Protection Regulation (GDPR) in Europe.




Results

The findings from the focus group interviews revealed several key themes within the inner setting of the schools, influencing frontline workers’ early implementation of GHK. These were mainly structured around the components of the COM-B model and are closely linked to the organizational constructs within the ‘Inner Settings’ domain of CFIR.


Capability (access to knowledge and information)

In general, frontline workers with a backgrounds such as Physical Education teaching expressed strong confidence in their capability in delivering the FIT FIRST physical activity component of GHK. Across components, participants generally reported that they felt equipped with the necessary skills after attending the preparatory courses. As one frontline worker explained:


I attended the course on diet and also the FIT FIRST part, and I think it’s a course that really brings everything down to earth. It becomes so tangible and easy to approach [School 10]



Despite these positive experience, some participants still found it challenging to translate the course content into their daily teaching routines. As one noted:


“We need more training to fully understand how to integrate these activities into our daily routine.” [School 4]



This suggest variation in perceived readiness to implement, depending not only on the quality of course activities and materials, but also on the extend to which the material were adapted to the school context and supported daily integration. Importantly, some participants also pointed to a perceived loss of professional autonomy in structuring their schedules and lessons (e.g., to adhere to the needs of their pupils). As a participant highlighted:


There are many things we have to take into account, and there are also some things we no longer do because of this—shorter lessons due to the meals [red. the free school lunch delivered as part of GHK] and fewer things we can decide for ourselves, as much of it is predetermined in relation to physical activity. [School 8]



Such experiences reflect tensions between standardized program content and local pedagogical judgment. In several cases, these tensions were linked to frustrations around scheduling and prioritization, as participants struggled to fit new activities into existing demands:


It’s hard to fit these new activities into our schedule, and sometimes it feels like we’re sacrificing core subjects. [School 2]




Because we’re all fighting, the teachers among us, to get our hours so we can cover our curriculum. [School 5]



This frustration reflects the tension between adopting a new program and meeting the regular educational demands. Thus, while the project group supported the capability of frontline workers through training and resources, addressing the logistical challenges—in relation to existing priorities and tasks—is equally important to ensure successful implementation of the GHK program.



Opportunity (structural characteristics and available resources)

Frontline workers reported several barriers related to opportunity, particularly in terms of time, space and facilities. While many felt capable and motivated to deliver the intervention, their ability to do so was often constrained by structural and contextual factors beyond their control.

A frequently mentioned challenge concerned the availability of time to engage meaningfully with the training materials provided and integrate new practices into daily routines. Although participants generally appreciated the easy access to knowledge and information from courses (such as written and visual guides), they expressed frustration over the lack of time to explore and apply them effectively. As participant noted:


I think we got a lot of material. It’s not that we're missing anything…it's more about finding the time to immerse ourselves in it so that we can translate it into something we can use. [School 6]



Time constraints were a recurring theme, indicating that even with adequate knowledge and motivation, the opportunity to implement depended on frontline workers’ ability to prioritize and protect time within a packed school schedule.

Beyond time, several participants highlighted difficulties related to physical infrastructure. Limited access to gyms or suitable spaces posed barriers to implementing the physical activity component of GHK. One frontline worker shared the challenge of negotiating gym space:


Our gym is often booked, and we struggle to find time and space for additional physical activities. [School 1]



Interviews reveal that the struggle to secure adequate facilities resulted in logistical challenges, limiting the ability of frontline workers to fully implement the physical activity sessions. Similarly, for those responsible for the diet component, access to proper kitchen facilities showed some initial difficulties. As one participant mentioned:


The food authorities couldn’t approve our kitchen for use, so we had to move to another location where they’re setting up a new kitchen. [School 11]



This highlights how the physical infrastructure at some schools could act as a limiting factor for the successful implementation of certain program components. Although most of the participants were confident that over time they would find a way to implement GHK at their school, the limited availability of suitable spaces for physical activities, in some schools not only delayed program implementation but also forced frontline workers into complex negotiations over shared school resources, as highlighted by one frontline worker:


We also need the gym or the sports-hall-space, and we have to negotiate with the other teachers and the administration on where we can be. [School 6]



Overall, the findings suggest that logistical constraints—including time, space, and infrastructure—shaped the opportunity to implement the GHK program. This was mostly related to aspects of the physical activity component, as it to a higher degree collided with other school and educational activities (e.g., other classes having physical education lessons). Interviews showed that frontline workers at schools with insufficient or inappropriate facilities were urged to try and find workarounds, which then added to the complexity of implementing the program.



Motivation (tension for change and compatibility)

Frontline workers’ motivation to implement GHK was strongly influenced by their reflective beliefs about the program’s relevance. Many participants expressed that their motivation depended on their personal commitment to the program’s goals. As one teacher noted,


I believe in the importance of this health program, but it’s challenging to maintain motivation without seeing immediate results. [School 2]



This underscores the need for visible outcomes to sustain long-term motivation, especially when the program demands significant changes to established routines. Teacher motivation also depends on their belief in the program to make a relevant difference and how well it fits to the existing duties and curriculum. At one of the schools, a participant expressed how the physical education teachers find that the GHK physical activity element disrupts their existing structure in delivering the curriculum, as several schools opted to integrate FIT FIRST as part of their physical education:


What they say [the physical education teachers at the school] is that they feel it [FIT FIRST] disrupts their physical education lessons, and that’s why they continue with their own teaching. [School 7]



GHK did not mandate that the physical activity should be conducted during physical education lessons. For instance, some schools maintained an additional weekly double lesson in physical education alongside the three days with the FIT FIRST physical activities, demonstrating a flexible approach to scheduling. However, a small number of partisipants still highlighted this disruption, and that teaching staff did not make efforts to incorporate the GHK components.

The interviews also show a broad belief that GHK addresses real and pressing issues, thus reinforcing frontline workers’ motivation to participate in the program through a tension for change. Two nts from different schools highlighted a need for the program in addressing pressing health concerns for their pupils:


I think we have many children who are inactive, use too much screen time, sleep too little, and eat poorly. So, I see this as a huge win-win, especially when parents get educated. Even if it doesn’t fully register with them, the children still get something out of it. [School 3]




As my colleague mentioned, with those kids who may not bring the best lunch, at least we know there’s one good meal during the school day. And the fact that there’s mandatory physical activity three times a week is also really valuable for most of them. [School 9]



According to participants, these accounts reflect not only general health challenges but also perceived social and health disparities within the pupil population, particularly related to diet, activity levels, and access to healthy routines. This also resonates with an acknowledged diversity in the pupil backgrounds, expressing relief that e.g., the school’s lunch scheme addresses inequalities by providing healthy meals for pupils who might not otherwise have access to them:


There’s a lot of diversity among pupils. I also have some kids where I think “thank goodness we have the lunch scheme”. [School 11]



Another frontline worker discussed how their team worked together to ensure that the program’s activities aligned with their schedules and responsibilities:


We also contributed and said it made sense, and then we agreed as a team. We all contributed and agreed that it made sense. Then, as a team, we worked out who could do what and how to fit it all together. [School 1]



These findings suggest that frontline workers’ motivation can be closely tied to how well the GHK program aligns with their existing workflows and the extent to which they are involved in the planning and adaptation of activities.

In summary, motivation to implement GHK was driven by a combination of personal commitment to health promotion, the perceived urgency of addressing pupil health disparities, and the early involvement of teachers and other staff in the decision to become part of GHK.



Work infrastructure and leadership as a cross-cutting influence

The engagement, support, and communication from school leaders were consistently reported as critical to enable frontline workers effective implementation. The findings revealed that most school leaders were actively engaged, and visibly supporting frontline workers—positively influencing their motivation and capability to implement the program. As one participant noted,


There’s been a belief from the school leaders that we could do it, and I think they [the leaders] have contributed to that by being responsive to any challenges we’ve had. [School 10]



At one school, participants also pointed out the crucial role that their school leader played in navigating challenges associated with introducing GHK to the other teaching staff, including logistical challenges—such as ensuring access to spaces and resources. Two participants from different schools elaborated on this:


The other teachers already felt like it was just another project being forced on them… At least some of them did… So, it was really important that we had the backing of the school leader, and we’ve had that so far. [School 11]




We have to negotiate where we can be [for activities], but the leadership has been helpful in coordinating and supporting us to ensure we have the resources we need. [School 4]



This highlights the essential role of leaders in mitigating resistance to change by showing a clear and useful path that supports the early implementation of GHK and helps foster buy-in from frontline workers. When school leadership demonstrated commitment to the program and took on the responsibility of coordinating, it alleviated some of the burden from frontline workers, making them feel supported and less overwhelmed by the introduction of GHK. Moreover, frontline workers reported that the leadership’s involvement went beyond simple oversight and opinion setter, as leaders often took an active role in concrete program planning, which enhanced the overall readiness of the school to implement GHK. One participant mentioned,


The school leadership showed their engagement by taking on the overall coordination. It really helped us because we knew there was someone to turn to if issues arose, and it showed that this program was a priority for the school. [School 1]



This hands-on approach from leaders ensured that GHK became an integral part of the school’s broader agenda, thereby reinforcing its importance among school staff in general.

Several of the participants reflected on the significance of school leadership in facilitating a positive implementation environment. Leadership’s ability to engage, coordinate, and communicate effectively was repeatedly identified as key to both the success of the GHK program and the motivation of frontline workers.


Leadership engagement has been key to ensuring we have the resources we need, whether it’s access to materials or the time to actually use them. Without their involvement, it would be much harder to get everything in place. [School 9]



In summary, participants across the eleven schools highlighted that engaged leadership is a pivotal factor supporting frontline workers in their early implementation efforts. Leaders who took on active roles in coordination, promoted timely, inclusive and accurate program communication, and prioritized the program within the school created an environment enhancing frontline workers sense of organizational support and empowerment. This suggests that leadership not only provided the structural and logistical resources needed but also were important in fostering a positive organizational culture that encouraged engagement with the program. This proposes that involvement, support, responsibility, backing, and coordination from school leaders are important factors that support program realization through structural and logistical resources while also nurturing an organizational culture that contribute to frontline workers feeling capable of and motivated to implementing GHK.




Discussion

The findings offer insights into the factors that shape frontline workers early implementation process. Utilizing the COM-B model and CFIR framework, the analysis reveals that successful implementation is influenced by a complex interplay of capability, opportunity, and motivation. These components are affected by both the characteristics of the frontline workers and the organizational context, particularly the role of leadership. The results underscore the need for adequate time, availability of facilities, and strong leadership to optimize the implementation of school-based health programs like GHK. These aspects are discussed further in the following.


Frontline workers at the core

Results show that frontline workers had a perceived tension for change, through a recognition that the current situation concerning their pupil’s health behavior (e.g., unhealthy lunch boxes or screentime habits) compels change. This concept is related to, but not the same, as readiness for Change, which can be defined as the degree to which stakeholders accept, embrace, and adopt a specific plan to change the status quo (28). Despite a perceived tension for change, frontline workers, such as teachers, can still face a “battle of values and resources” in deciding which priorities to address—whether to allocate time to core subjects like mathematics or to focus on food, physical activity, and health-related programs (18, 42, 43). Teachers and school staff often face competing demands, including curriculum requirements, administrative expectations, and the diverse needs of pupils (29, 43). This prioritization of tasks and resources was also evident during the recruitment for interviews, as one school opted to use teachers’ working hours to maintain the quality of program implementation and focus on everyday core tasks, such as teaching. In GHK, this tension was further highlighted by several participants who expressed the challenge of integrating health-focused activities into already packed school schedules, which led to concerns about sacrificing core subjects. These findings are further supported by literature highlighting the challenge of balancing intervention demands with existing educational priorities, emphasizing the need for consistent evaluation of implementation contexts, organizational readiness, resources, and leadership as critical barriers to successful program implementation (25, 44).

Programs that align well with existing organizational and/or professional values are more likely to be embraced and implemented with fidelity (29, 43, 45). A key element of Lipsky’s theory is recognizing that frontline workers operate under constraints, such as limited time, resources, and institutional support (18), a point that has been further substantiated by subsequent studies highlighting similar challenges in various contexts (15, 16, 21). This was reflected in the findings, where teachers frequently mentioned the lack of time and facilities as significant barriers to implementing GHK effectively. As Lipsky (17) suggests, these constraints force frontline workers to make choices about what aspects of the program to prioritize, which can result in variations in the quality and fidelity of implementation across different schools.



From individual engagement to organizational embedding

The findings suggest that frontline workers’ individual engagement can have a significant impact on programs like GHK, as their decisions and behaviors shape the organizational culture that these programs aim to transform (18). Their participation is crucial in embedding long-lasting, sustainable health practices within the school environment. Thus, the success of GHK very much depends on frontline workers’ buy-in with the program’s goals and their ability to navigate these competing demands. Findings revealed that during the initial stages of the implementation, teachers often expressed a need for more time to engage with the program’s materials, which posed a barrier to an extensive implementation.

This challenge is further compounded by the goal to, if not alter, then adjust established school cultures, finely balanced by existing tasks and available resources (46, 47). This implies that implementing a new practice in school settings necessitates organizational change, and programs must be flexible enough to ensure sufficient local adaptability to accommodate teachers’ professional autonomy, and provide directly usable resources (knowledge, facilities, tools, manpower etc.) (48, 47). Such goals and premises bring with it the possibility, or more likely, the probability, of individuals and groups questioning, or at least considering, the relative advantages of changes to be implemented and, at the same time, showing a preference to hold on to the status quo (49, 50).

In relation to CFIR, the concept of relative priority becomes particularly relevant (27). The results suggest that the priority given to GHK by school leaders and teachers influenced its early implementation. When teachers and other frontline workers perceive the implementation of a new program as a high organizational priority—backed by institutional support and reward systems—the implementation climate becomes more conducive to success (21, 51). However, if teachers are overwhelmed by multiple competing programs, the program risks being deprioritized or seen as a distraction from their core tasks (52). This tension closely mirrors Lipsky’s notion of competing values, where teachers must balance the demands of delivering core academic content with the objectives of programs like GHK (18). Some participants reported that the GHK activities were seen as disruptive by their colleagues, especially among physical education teachers who felt their regular teaching schedules were being interrupted. In this context, ensuring that GHK is viewed as a central priority is pivotal to fostering motivation and engagement among frontline workers, increasing the likelihood of achieving the program’s intended outcomes.

As an example, the findings reveal that leadership engagement extended beyond merely providing resources and general support. Participants noted that leaders played an active role in alleviating resistance to change by framing the program as a high organizational priority, which was essential in fostering teacher buy-in. As highlighted by frontline workers, when leadership figures demonstrated active support, it allowed teachers to feel less overwhelmed by the new responsibilities associated with GHK. Furthermore, the findings suggest that while frontline workers’ initial capabilities and motivation are crucial, ongoing support and adaptive leadership are equally important for sustaining implementation efforts. This underscores the critical role of frontline worker motivation and engagement in shaping the organizational culture aimed at by programs like GHK. Teachers’ initial capabilities and motivation are essential, yet ongoing organizational support and adaptive leadership are equally crucial for sustaining implementation efforts (24, 43, 53).



Leaders frame the inner setting

Despite small variations across the schools, frontline workers generally reported that they had the necessary skills, opportunities, and motivation to deliver the GHK program. However, a range of factors—including school leaders’ engagement, coordination, and prioritization of the GHK program impacted the success of implementation. This aligns with the argument that explicitly linking implementation strategies to the organizational context enhances the likelihood of successful and sustainable interventions, as well as the notion that leadership plays a crucial role in creating a supportive implementation climate conducive to adherence to guidelines (24, 26).

Our findings further indicate that leadership behavior significantly influence the organizational climate and readiness for change (54, 55). Therefore, enhancing leadership capabilities through targeted training and strategic support can strengthen the sustainability and effectiveness of interventions like GHK (25).

The findings highlight the determining role of leadership in the successful implementation of school-based programs like GHK. If leadership engagement in fact is crucial, there is a strong case for further investment in supporting school leaders throughout the implementation process. This suggests the need for upskilling leaders and equipping them with the tools necessary to facilitate complex program effectively. Future research should explore strategic opportunities and develop frameworks to support school leadership in processes such as these. By strengthening the capacity of leaders, the sustainability and long-term impact of programs like GHK are more effectively realized, particularly in diverse school contexts where leadership frequently proves crucial.



Relational connections in the implementation setting

The implementation of large-scale, multi-component programs requires not only changes at the individual level but also significant organizational shifts and prioritization across the school. This type of program extends beyond the daily routines of the teachers and pupils directly involved, influencing other branches of the school’s organizational structure. This is evident in the challenges related to finding time and physical facilities, and the negotiations that arise when a project as comprehensive as GHK is introduced. Such organizational adjustments emphasize the interconnectedness of the entire school environment, where also those not directly involved in a given program might be affected.

This point touches on an issue raised in the literature, regarding the role of team dynamics in ensuring successful program implementation. Studies have highlighted that a sense of relational connections or community among staff contributes significantly to implementation outcomes (27, 56, 57). CFIR emphasizes the development of cohesive teams to strengthen the collective capacity to engage with complex programs like GHK. Within GHK, some participants noted how team cooperation was vital for overcoming logistical challenges, as one teacher expressed how they worked together to balance schedules and responsibilities. This finding reinforces the importance of relational connections, where cohesive team structures allow for collective problem-solving and support, which supports the notion of how team-level implementation outcomes relates to the successful program implementation (58).

Finally, it should be highlighted that every organization operates within a formal structure, which offers both constraints and opportunities (59). Therefore, it is essential for research-based programs like GHK to understand how each school works as an organization, and how to use this understanding to foster productive collaboration, ultimately leading to more effective partnerships (60, 61). Fostering strong organizational partnerships between schools and the GHK program is crucial for long-term impact, and without clear strategies and structured communication channels, frontline workers may deprioritize such programs, seeing them as secondary to their core teaching responsibilities. In the context of the GHK program, individual school contacts and communication channels have been established to promote effective collaboration of program delivery and data collection (30). To our knowledge, however, detailed strategies and guidelines on how to establish such effective communication and collaboration between research programs like GHK and schools have not been developed, warranting further investigation in future studies. Ultimately, the success of school-based health programs like GHK depends not only on effective organizational partnerships but also on the personal engagement of teachers within the school environment.



Limitations and future research

While the study provides valuable insights, it is not without limitations. One being the reliance on self-reported data from frontline workers, which may be subject to social desirability bias or may not fully capture the complexities of the implementation process (62). Additionally, the focus on a specific program within a particular cultural context may limit the generalizability of the findings to other settings or populations. The study’s cross-sectional design also does not allow for an examination of how the implementation processes and outcomes evolve over time, which could provide a deeper understanding of the factors influencing sustained implementation. Furthermore, fidelity to the intervention components has not yet been systematically assessed or reported. These data are planned as part of the broader GHK evaluation (30) but are not yet available.

An important and unanswered question in the current literature is whether and how a “tipping point” can be reached where the attitudes and buy-in of school staff is predominantly supportive of a research driven program (43). Future research should establish longitudinal studies that could provide a deeper understanding of how frontline workers’ roles and the factors influencing them evolve over time. Additionally, investigating how frontline workers’ perceptions and practices change over time could also provide more insights into the long-term sustainability of school-based health programs.

Expanding the scope to include multiple stakeholders, such as pupils, parents, and external partners, could offer a more holistic view of the factors influencing the implementation of health programs in schools. Such stakeholder perspectives are planned to be explored in the GHK, but not yet published (30). Moreover, further research examining the relationship between frontline workers’ motivation, engagement, and the quality of implementation is essential for identifying strategies that improve program outcomes.

Finaly, the integration of the COM-B model and CFIR in this study offers a notable effort in the further theoretical development of implementation science. By demonstrating the utility of combining behavioral and implementation science frameworks, the study explores a new approach for examining the complex interplay between individual behaviors and organizational contexts. This integration suggests that future studies could benefit from employing multiple theoretical perspectives to explore the various dimensions of implementation processes.



Implications and future directions

The study’s findings contribute to a refined understanding of the role of frontline workers in earlyimplementation, emphasizing the importance of considering both individual and contextual factors. This aligns with the growing recognition within implementation science that successful programs require both the capacity for change at the individual level and an environment that supports and sustains those changes over time.

Specifically, the study offers several contributions to the field of school-based health program implementation. First, it provides early-stage insight into how frontline workers experience and respond to a complex, multi-component program in a real-world school context. Second, by combining the COM-B model and CFIR framework, the study contributes to a more integrated understanding of how individual-level motivation, capabilities, and contextual opportunities interact during the initial phase of implementation. Third, it points to the importance of leadership and organizational conditions—such as time constraints, professional autonomy, and resource availability—not as passive background elements but as active influences on implementation behavior. Finally, the study draws attention to relational and structural aspects of implementation, including team-level coordination and organizational readiness, which may be particularly relevant in schools facing diverse and demanding circumstances. These findings complement existing research by offering a practice-oriented perspective on the micro-level dynamics of early implementation.

In conclusion, this study highlights the crucial role of frontline workers in the implementation of the GHK and provides insights into the factors that influence successful implementation. By moving beyond general barriers and facilitators, the study foregrounds the situated experiences of frontline workers navigating the complex interplay between motivation, leadership, and organizational context. By integrating behavioral and implementation science frameworks, the study advances our understanding of the dynamic and complex nature of implementation processes in school settings. Future research should continue to build on these findings to further refine theoretical framework and models and develop practical strategies for improving the implementation of health-related programs in schools. Longitudinal designs and multi-stakeholder perspectives may be particularly valuable for capturing how implementation evolves and becomes embedded over time.
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Introduction: This study evaluated the FIT FIRST FOR ALL program's effects on health-related quality of life (HRQOL) among Faroese schoolchildren aged 7–16 years during a 10-week school-wide intervention.



Methods: A non-randomized controlled design included 360 pupils from an intervention (INT, n = 179) and a control school (CON, n = 181). The INT group participated in 3 weekly 40-minute physical activity sessions over 10 weeks. HRQOL was assessed using KIDSCREEN-52, and changes were analyzed using linear mixed-effects models.



Results: A significant Time × Group interaction (P = 0.002) showed a 7% improvement in INT pupils' physical well-being, particularly among boys (8% increase, P < 0.001) and the youngest age group (7% increase, P = 0.006). No significant changes were observed in other HRQOL dimensions.



Discussion: The FIT FIRST FOR ALL program improved physical well-being, particularly among boys and younger age groups, showcasing its potential to influence selected dimensions of HRQOL through structured school-based physical activity. These findings suggest that tailoring the program to specific age and gender groups could further strengthen its scalability and effectiveness across diverse school settings.
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1 Introduction

Physical inactivity and sedentary behavior are growing global challenges, threatening the health and well-being of millions of children and adolescents (1, 2). Evidence shows that physical activity and sports participation are strongly linked to improved physical and mental health in young people (3, 4). Regular participation, particularly in team sports, boosts cardiovascular and musculoskeletal health and enhances physical and mental health (5). Despite these benefits, only 20% of children achieve the recommended 60 min of moderate-to-vigorous physical activity daily (6). To combat this, the World Health Organization aims to reduce global inactivity by 15% by 2030 (7).

Children spend a significant portion of their waking hours in school, making it an ideal setting to promote physical activity (8). Global physical activity policies identify schools as critical environments for integrating quality physical education as part of a whole-school approach, fostering health and physical literacy for lifelong active lifestyles and quality of life (1, 7, 9). However, despite this potential, many school-based interventions yield only modest improvements in physical fitness, body composition (10), and psychosocial outcomes (11), likely due to the complexities of their implementation and varied methodologies. Also, while interventions have been able to increase physical activity during school, they have not been found to increase overall daily physical activity (10, 12). The duration of the intervention—10 weeks—reflected what was feasible within the school schedule and aligns with previous studies showing that even longer interventions often produce only modest improvements in dimensions of health-related quality of life (HRQOL) (13), suggesting that factors beyond duration likely influence outcomes. This underscores the importance of intervention design, including how pupils experience participation. Current literature emphasizes the need for future studies to identify the most effective school-based physical activity interventions (6, 10, 14, 15). These studies should prioritize increasing physical activity before examining psychosocial outcomes and incorporate children's perspectives in their assessment (11).

To conceptually frame our focus on subjective outcomes related to HRQOL, we draw on Self-Determination Theory (SDT) (16), which posits that human well-being is supported when three basic psychological needs are fulfilled: autonomy, competence, and relatedness (16). In the context of school-based physical activity, these needs can be supported through inclusive, engaging, and appropriately challenging environments that promote enjoyment, effort, and social connection (17–20). The structure of FIT FIRST FOR ALL mirrors key features of Quality Physical Education (QPE): consistent session formats, age-appropriate design, full-class inclusion, and a non-evaluative atmosphere (21, 22). These design features are intended to support confidence, motivation, and perceived competence—particularly among pupils who may be less fit or less confident in typical PE settings (23–25). In this study, we assess HRQOL using the validated KIDSCREEN-52 instrument. Based on this framework, we expected the intervention to positively influence selected HRQOL dimensions, particularly those related to physical and psychological well-being. Age- and gender-related differences were also considered plausible, given prior findings showing that engagement and perceived benefit from school-based activity programs may vary across developmental stages and between boys and girls (24, 26). Where appropriate, we use the term well-being to refer specifically to the subscales Physical Well-being and Psychological Well-being (27, 28).

Physical Education (PE) is a mandatory component of the Faroese public school system, Fólkaskúli. This emphasis on physical activity highlights its integral role in the curriculum, creating an ideal framework for promoting quality physical education and implementing physical activity interventions. The system is modeled after the Danish Folkeskole and serves children from ages 7–16, with an optional grade 10 at age 17. Compulsory schooling includes three levels of three grades each: Level I (grades 1–3), Level II (grades 4–6), and Level III (grades 7–9). After completing these levels, most students advance to upper secondary or vocational training. PE is a required component of the curriculum from grades 1–9, covering swimming, ball games, gymnastics, dance, athletics, and outdoor activities. Grade 1 students receive 30 h of PE annually, which increases to 60 h per year from grades 2–9, averaging 1–2 h per week. Although students are evaluated within the national grading system, PE classes involve no formal exams or physical assessments and are primarily taught by trained PE teachers.

Despite limited data on Faroese children's physical activity levels, existing evidence aligns with global trends, indicating that only 20% meet recommended activity guidelines (6, 29, 30). Recent studies highlight a decline in self-reported health and psychosocial functioning among Faroese schoolchildren, including a rise in bullying (31). Furthermore, at study found that 61% of schoolchildren reported positive physical well-being, which is comparable to findings from an identical study in Denmark. The same study revealed that participation in leisure-time physical activity was associated with enhanced physical well-being, though disparities persist, with benefits diminishing for girls and adolescents (29).

To address this, a village school with approximately 200 pupils launched a government-supported FIT FIRST FOR ALL initiative, a 3-year (2022–2025) program aimed at improving physical health and psychosocial outcomes through a school-wide extracurricular physical activity intervention. The program's initial evaluation showed improvements in cardiorespiratory fitness and body composition (30); the present study focuses on its effects on HRQOL. The intervention introduced three 40-minute sessions of extracurricular physical activity per week during school hours, utilizing the FIT FIRST concept. This innovative, school-based program features structured, high-intensity sessions rooted in playful inclusive activities inspired by over 20 sports themes (32). The sessions are tailored for three age-specific groups: FIT FIRST 10 (ages 7–9), FIT FIRST 20 (ages 10–12), and FIT FIRST TEEN (ages 13–16). Each session emphasizes enjoyment and participation over competition, employing simple rules and team-based games to create a supportive environment. Furthermore, the program promotes both physical development and social interaction by organizing pupils into small groups, thereby fostering teamwork and inclusivity (33, 34).

Although the FIT FIRST FOR ALL concept combines these age-specific programs, it had not been implemented across an entire school or systematically evaluated over a 10-week period prior to this study. This project represents a first step in exploring its broader impact on pupils' physical health and quality of life.


1.1 Aim of the study

Building on our previously published findings demonstrating significant improvements in key health markers such as cardiorespiratory fitness, agility, and body composition across all age groups (30), the present study investigates whether the FIT FIRST FOR ALL intervention also affects pupils' HRQOL. While physical fitness improvements have been established, the relationship between structured physical activity and subjective outcomes such as HRQOL remains less clear, particularly in real-world school settings.

This study focuses on selected HRQOL dimensions measured using the KIDSCREEN-52 instrument. Our primary hypothesis posited that the 10-week FIT FIRST FOR ALL intervention would improve HRQOL, particularly in the dimensions related to physical and psychological well-being, as these are most plausibly influenced by the program's emphasis on effort, enjoyment, and perceived competence. We further hypothesized that these effects might vary by age and gender, based on prior findings indicating developmental and gender-based differences in motivation, perceived competence, and response to physical activity programs.




2 Methods


2.1 Study design

This non-randomized controlled study, best characterized as a non-randomized cluster trial (35), examined the impact of the FIT FIRST FOR ALL physical activity program on health-related fitness and HRQOL among Faroese schoolchildren. The study design was determined by the participating schools: one school had already committed to implementing the FIT FIRST FOR ALL program, while a neighboring school agreed to serve as a control. Random allocation was therefore not possible. Conducted during the spring term (February to May 2023), the 10-week intervention period reflected the available implementation window and involved 30 extracurricular physical activity sessions implemented at an intervention school (INT) in the Faroe Islands. The control school (CON), of comparable size, demographics, and regional characteristics, followed its standard curriculum without additional physical activities.

Pre- and post-intervention assessments included measures of health-related fitness, as outlined in prior research (30), and HRQOL, evaluated using the KIDSCREEN instrument. Pupils were categorized into three age groups according to the Faroese school system: level I (grades 1–3; ages 7–9), level II (grades 4–6; ages 10–12), and level III (grades 7–9; ages 13–16). These levels align with the age-specific adaptations of the FIT FIRST program.



2.2 Participants

Pupils aged 7–16 years from grades 1–9 were invited to participate (INT, n = 190; CON, n = 191). Pupils in grade 10 (INT, n = 25; CON, n = 12) and those enrolled in special education classes (INT = 14; CON = 14) were excluded from data collection. Children in special education classes were included in all teaching and PE sessions, but the small group size would not have allowed for meaningful analysis. For this reason, they were not invited to participate in fitness testing or questionnaire-based assessments. Of 381 eligible pupils, 365 received parental consent, with 360 pupils ultimately participating (INT, n = 179; CON, n = 181). Table 1 presents the baseline characteristics of pupils in each level, and a participation flowchart is seen in Figure 1.



TABLE 1 Participant characteristics at the time of pre-intervention tests.



	Variable
	Age group (lvl)
	Intervention
	Control



	Mean ± SD
	n
	Mean ± SD
	n





	Age (yrs)
	I
	8.8 ± 0.9
	65
	8.7 ± 0.9
	56



	II
	11.8 ± 0.9
	59
	11.8 ± 0.9
	68



	III
	14.7 ± 1.0
	55
	14.6 ± 0.9
	57



	Height (cm)
	I
	134 ± 8
	65
	134 ± 8
	56



	II
	155 ± 9
	59
	155 ± 10
	68



	III
	168 ± 8
	55
	166 ± 8
	57



	Weight (kg)
	I
	34.2 ± 9.6
	65
	31.9 ± 7.9
	56



	II
	50.4 ± 13.3
	59
	50.1 ± 11.8
	68



	III
	64.6 ± 14.0
	55
	65.5 ± 17.9
	57



	BMI
	I
	18.7 ± 3.4
	65
	17.5 ± 2.7
	56



	II
	20.9 ± 4.3
	59
	20.6 ± 3.6
	68



	III
	22.7 ± 4.2
	55
	23.7 ± 5.5
	57



	Gender distribution [M/F (%)]
	I
	(52/48)
	65
	(41/59)
	56



	II
	(51/49)
	59
	(60/40)
	68



	III
	(45/55)
	55
	(53/47)
	57



	ALL
	(50/50)
	179
	(52/48)
	181




	BMI, body mass index; M, male; F, female; age group level I, 7–9 years; level II, 10–12 years; level III, 13–16 years.
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FIGURE 1
Flowchart comparing pupil participation in the FIT FIRST FOR ALL health-related quality of life (HRQOL) study. The figure shows the number of pupils invited, excluded, and included in the analytic sample with complete pre- and posttest HRQOL data, stratified by intervention and control school. Pupils in Grade 10 and in special education classes were excluded because their group sizes were too small for between-school comparisons.




2.3 Physical activity sessions

The FIT FIRST sessions were planned and conducted by trained PE teachers. Each class participated in 3 weekly 40-minute sessions over a 10-week period. Two PE teachers led each session with support from classroom teachers, supporting consistency and fostering active engagement. Teachers rotated FIT FIRST sports themes weekly, with each theme covering three sessions, resulting in a total of 30 sessions across the intervention period. All sessions were planned with the detailed age-related FIT FIRST programs (FIT FIRST 10, FIT FIRST 20, FIT FIRST TEEN). Teachers reported minor adjustments, such as slight modifications to game rules or activity duration to suit group size, facility availability, or pupil needs. Of the planned 3 weekly sessions, an average of 2.3 ± 0.2 sessions were completed for Level I, 2.2 ± 0.0 for Level II, and 2.1 ± 0.1 for Level III. Student attendance rates for the completed sessions were 84 ± 11% for Level I, 87 ± 11% for Level II, and 75 ± 24% for Level III.



2.4 Health-related quality of life (HRQOL) assessment

HRQOL was assessed using the KIDSCREEN-52, a validated self-report instrument designed to capture children's well-being across physical, psychological, social, family, and school domains (28). Its multidimensional structure reflects the WHO definition of health and incorporates child perspectives in line with current recommendations for school-based health research (27, 28). The tool includes 52 items divided across ten dimensions: Physical well-being (5 items), Psychological well-being (6 items), Moods and emotions (7 items), Self-perception (5 items), Autonomy (5 items), Parent relations and home life (6 items), Financial resources (3 items), Peers and social support (6 items), School environment (6 items) and Social acceptance (bullying) (3 items). Several of these domains—particularly physical and psychological well-being, autonomy, and social support—also reflect processes described in Self-Determination Theory, including perceived competence, social connection, and agency in health behaviors (16, 20, 24). Questions are answered on a 5-point Likert scale and transformed into T-values with a mean of 50 and standard deviation of 10 with higher scores indicating higher HRQOL. The KIDSCREEN-52 is appropriate for children and adolescents aged 8–18 and demonstrates good psychometric properties, including good internal consistency (Cronbach's α: 0.77–0.89) and test-retest reliability (ICC: 0.56–0.77) (27).

To ensure cultural relevance, the questionnaire was translated into Faroese by two native-speaking researchers. A professional translator then back translated it into English to confirm accuracy (36). This translation was tested on children aged 7–15 to verify comprehension and clarity.



2.5 Test administration

Testing took place in classrooms, where a trained researcher distributed the KIDSCREEN-52 questionnaire in paper form. Following a brief instructional introduction, the researcher read each question aloud while displaying it on a large screen for pupils to follow, ensuring accessibility for all literacy levels. The researcher remained neutral and addressed pupils' questions without influencing responses. Classroom teachers were also present and were briefed on their supportive role to avoid impact on pupil responses.

To accommodate attention spans, testing for grade 1 pupils was divided into two to three shorter sessions, totaling approximately 60 min. Pupils from grade 2 onwards completed the questionnaire within a single session of 30–40 min.



2.6 Analyses

Raw data was transcribed from paper and processed using R Statistical Software (version 4.4.1, R Core Team 2024), in line with KIDSCREEN guidelines (27). KIDSCREENS-52 item scores (1–5) were aggregated into ten dimensions, converted to Rasch person parameters and transformed into T-values. As defined in the KIDSCREEN manuals, single-item imputation was performed only when one item was missing within a given dimension. No further imputation procedures were applied; analyses were conducted using available cases.

Data analysis employed SPSS (version 30.0.0, IBM SPSS Statistics 2024) using linear mixed-effects models for repeated measures to evaluate outcomes (37). Statistical analyses were conducted based on the intention-to-treat (ITT) principle, whereby all participants were included in the analysis regardless of adherence to the intervention. However, only participants with complete pre- and post-intervention HRQOL data were included in the linear mixed-effects models, in line with a complete case approach. Three models addressed different study aspects, with statistical significance set at P < 0.05.

A primary analysis compared INT and CON groups with fixed effects for Time, Group, and their interaction (Time × Group) to assess the differences in response between the intervention school from pre- to post-intervention. Pairwise comparisons were performed for all endpoints to assess within-group differences across time points and between-group differences at baseline and post-intervention, with Sidak adjustment for multiple comparisons. The model was fitted using Restricted Maximum Likelihood (REML), and Kenward-Roger degrees of freedom were applied to obtain accurate standard error estimates. The repeated effect of Time was modeled for each subject, and appropriate covariance structures were used for both repeated measures and random intercepts. Residuals and predictions underwent graphical diagnostics.

Secondary sub-analyses were conducted to explore additional interactions for gender and for age group. A linear mixed model was employed with three-way interactions, incorporating fixed effects for Time, Group, Gender, and their interaction (Time × Group × Gender) to assess whether the Time × Group interaction differed by gender. Another sub-analysis included fixed effects for Time, Group, Level (age group), and their interaction (Time × Group × Level) to determine whether the Time × Group interaction varied across age groups. For both three-way interaction tests, Sidak-adjusted pairwise comparisons were conducted to assess within-group pre to post changes for gender and age group.




3 Results


3.1 Overall results


3.1.1 Physical well-being

A significant Time × Group interaction effect was observed for Physical well-being (P = 0.002). INT showed an increase of 2.12 [0.68; 3.56] (P = 0.004), whereas CON exhibited a non-significant numerical reduction of −1.12 [−2.53; 0.30] (P = 0.12) (Table 2).



TABLE 2 KIDSCREEN T-value dimensional scores.



	Intervention
	Control
	P



	Pre
	Post
	Pre
	Post





	Physical well-being



	46.1 [44.5; 47.8]#
	48.2 [46.6; 49.9]**
	48.9 [47.3; 50.5]
	47.8 [46.2; 49.4]
	0.002



	Psychological well-being



	47.3 [45.6; 49.0]#
	47.3 [45.6; 49.0]#
	50.7 [49.1; 52.4]
	51.4 [49.7; 53.1]
	0.56



	Moods and emotions



	45.1 [43.5; 46.7]
	46.6 [44.0; 48.2]*,#
	46.6 [45.1; 48.2]
	49.5 [47.9; 51.1]**
	0.28



	Self-perception



	48.9 [47.3; 50.5]
	50.0 [48.3; 51.6]#
	49.5 [47.9; 51.1]
	52.8 [51.2; 54.4]*
	0.01



	Autonomy



	46.4 [45.0; 47.8]
	48.1 [46.6; 49.5]*
	47.8 [46.4; 49.3]
	49.5 [48.1; 51.0]*
	0.98



	Parent relations and home life



	47.4 [46.0; 48.9]
	47.4 [45.9; 48.9]
	48.0 [46.5; 49.4]
	48.5 [47.0; 49.9]
	0.55



	Financial resources



	51.0 [49.5; 52.4]#
	51.9 [50.5; 53.4]
	53.0 [51.6; 54.5]
	53.5 [52.1; 55.0]
	0.61



	Social support and peers



	46.7 [45.2; 48.3]#
	46.5 [44.9; 48.1]
	49.8 [48.3; 51.3]
	48.5 [47.0; 50.1]
	0.35



	School environment



	46.0 [44.2; 47.8]#
	45.7 [43.9; 47.6]#
	51.1 [49.4; 52.9]
	51.6 [49.8; 53.4]
	0.54



	Social acceptance (bullying)



	42.2 [40.4; 44.1]#
	44.6 [42.7; 46.5]*,#
	45.3 [43.4; 47.1]
	47.8 [45.9; 49.6]*
	0.91




	Values are presented as mean KIDSCREEN T-value dimensional scores (with 95% confidence intervals) from a linear mixed model with Time, Group and Time × Group as explanatory variables. INT, n = 179 and CON, n = 181. The P interaction value (Time × Group) of the linear mixed model is presented. The result of the post hoc analysis is indicated by *P < 0.05, **P < 0.01 for within-group change from pre-intervention, and #P < 0.05 compared with CON at the same timepoint. Parentheses () indicate a statistical tendency (P = 0.07).









3.1.2 Psychological well-being

No significant intervention effect was detected for Psychological well-being. However, CON exhibited higher scores compared to INT both at pre- (P = 0.005) and post-intervention (P < 0.001) (Table 2).



3.1.3 Moods and emotions

No significant between-group effect existed for Emotional well-being. Nevertheless, post-hoc analysis revealed a significant increase of 2.84 [1.19; 4.50] (P < 0.001) in CON and a borderline significant increase of 1.54 [−0.13; 3.22] (P = 0.07) in INT. As a result, CON had a significantly higher score compared to INT post-intervention, with a difference of 2.88 [0.59; 5.16] (P = 0.01) (Table 2).



3.1.4 Self-perception

A significant Time × Group interaction effect was observed for Self-perception (P = 0.047). CON showed an increase of 3.32 [1.74; 4.90] (P < 0.001), while INT remained unchanged (1.06 [−0.53; 2.64], P = 0.19). This resulted in a significantly higher score in CON compared to INT post-intervention, with a difference of 2.84 [0.51; 5.17] (P = 0.02) (Table 2).



3.1.5 Autonomy

No significant between-group effect was found for Autonomy. However, pairwise comparisons demonstrated significant increases in autonomy in both groups, with magnitudes of 1.71 [0.25; 3.17] (P = 0.02) in CON and 1.69 [0.22; 3.15] (P = 0.02) in INT (Table 2).



3.1.6 Parent relations and home life

No significant between-group or within-group effects were observed for Parent relations (Table 2).



3.1.7 Social support and peers

No intervention effect was observed for Social support. However, CON showed significantly higher scores compared to INT at pre-intervention (P = 0.006) (Table 2).



3.1.8 Financial resources

No significant between-group or within-group effects were found for Financial situation (Table 2).



3.1.9 School environment

No intervention effect was observed for School environment. However, CON had significantly higher scores compared to INT both at pre- and post-intervention (P < 0.001) (Table 2).



3.1.10 Social acceptance (bullying)

No significant between-group effect existed for Social acceptance (bullying). However, post-hoc analysis demonstrated significant increases in scores in both groups, with increases of 2.50 [0.61; 4.40] (P = 0.01) in CON and 2.35 [0.44;4.26] (P = 0.02) in INT (Table 2).




3.2 Sub-group/post hoc analyses


3.2.1 The effect of gender

A significant three-way interaction between Time, Group, and Gender was observed for Physical well-being (P = 0.004), suggesting a gender-specific effect of the intervention on Physical well-being. Post-hoc analysis revealed that, in the intervention group, boys showed a marked improvement in Physical well-being score of 3.7 [1.7; 5.8] (P < 0.001), while girls exhibited no significant change (0.6 [−1.4; 2.6], P = 0.55). No within-gender changes were observed in the control group (Table 3).



TABLE 3 KIDSCREEN the effect of gender.



	Gender
	Intervention
	Control
	P



	Pre
	Post
	Pre
	Post





	Physical well-being



	M
	47.2 [44.9; 49.5]
	50.9 [48.6; 53.2]***
	49.7 [47.5; 51.9]
	48.9 [46.6; 51.1]
	0.004



	F
	45.0 [42.7; 47.3]
	45.7 [43.3; 48.0]
	48.1 [45.8; 50.4]
	46.7 [44.3; 49.0]



	Psychological well-being



	M
	48.0 [45.6; 50.3]
	49.1 [46.7; 51.5]
	51.6 [49.3; 51.1]
	52.1 [50.0; 54.4]
	0.70



	F
	46.6 [44.2; 49.1]
	45.6 [43.2; 48.0]
	49.8 [47.4; 52.2]
	50.6 [48.2; 53.1]



	Moods and emotions



	M
	45.9 [43.7; 48.1]
	48.4 [46.1; 50.7]*
	48.4 [46.2; 50.6]#
	51.2 [49.0; 53.4]*
	0.67



	F
	44.2 [41.9; 46.5]
	44.9 [42.7; 47.2]
	44.8 [42.5; 47.1]
	47.6 [45.2; 49.9]*



	Self-perception



	M
	50.7 [48.4; 52.9]
	52.3 [50.0; 54.6]
	50.5 [48.2; 52.7
	54.8 [52.6; 57.1]***
	0.17



	F
	47.1 [44.8; 52.9]
	47.6 [45.3; 49.9]
	48.4 [46.1; 50.7]
	50.5 [48.1; 52.8]



	Autonomy



	M
	48.6 [46.6; 50.5]
	48.9 [46.9; 51.0]
	48.9 [46.9; 50.9]
	51.0 [49.1; 53.0]*
	0.42



	F
	44.1 [42.1; 46.2]
	47.2 [45.2; 49.2]**
	46.7 [44.7; 48.7]
	47.9 [45.8; 50.0]



	Parent relations and home life



	M
	48.3 [46.3; 50.4]
	48.8 [46.7; 50.9]
	48.0 [46.0; 50.0]
	49.3 [47.3; 51.3]
	0.50



	F
	46.5 [44.4; 48.6]
	45.9 [43.8; 48.0]
	47.9 [45.8; 50.0]
	47.5 [45.4; 49.7]



	Financial resources



	M
	50.5 [48.4; 52.6]
	51.8 [49.7; 53.9]
	53.3 [51.3; 55.3]
	54.8 [52.7; 56.8]
	0.41



	F
	51.4 [49.3; 53.5]
	52.1 [50.0; 54.2]
	52.7 [50.6; 54.8]
	52.2 [50.0; 54.3]



	Social support and peers



	M
	46.8 [44.6; 49.0
	46.7 [44.5; 49.0]
	49.7 [47.5; 51.8]
	48.5 [46.3; 50.6]
	0.91



	F
	46.7 [44.4; 48.9]
	46.3 [44.1; 48.5]
	49.9 [47.7; 51.1]
	48.6 [46.3; 50.9]



	School environment



	M
	43.4 [41.0; 45.9]
	44.5 [41.9; 47.0]
	50.6 [48.2; 53.0]
	50.8 [48.3; 53.2]
	0.35



	F
	48.7 [46.1; 51.2]
	47.1 [44.6; 49.7]
	51.7 [49.2; 54.2]
	52.5 [49.9; 55.1]



	Social acceptance (bullying)



	M
	43.0 [40.5; 45.6]
	44.0 [41.3; 46.6]
	46.7 [44.1; 49.2]
	48.7 [46.2; 51.2]
	0.49



	F
	41.4 [38.7; 44.0]
	45.2 [42.6; 47.8]**
	43.7 [41.1; 46.4]
	46.7 [44.0; 49.5]*




	Values are presented as mean KIDSCREEN T-value dimensional scores (with 95% confidence intervals) from a linear mixed model with time, group, gender and Time × Group × Gender as explanatory variables. INT, n = 179 (M, n = 89; F, n = 90) and CON, n = 181 (M, n = 94; F, n = 87). The P interaction value (Time × Group × Gender) of the linear mixed model is presented. The result of the post hoc analysis is indicated by *P < 0.05, **P < 0.01, ***P < 0.001 for within-gender change from pre-intervention. M, male; F, female.







No significant Time × Group × Gender interaction was found for any of the other variables measured. In general, post-hoc analyses revealed similar within-gender responses in both the intervention and control groups across other outcomes (Table 3).



3.2.2 The effect of age-group

A significant three-way interaction between Time, Group, and Level was observed for Physical well-being (P = 0.02), School environment (P = 0.003) and Social acceptance (P = 0.004), suggesting an age-specific effect of the intervention on these psychosocial outcomes. For physical well-being, the post-hoc analysis revealed that, in the INT, only level I demonstrated significant improvement in Physical well-being score of 3.3 [0.9; 5.7] (P = 0.006), whereas in the CON, a borderline significant reduction was observed in level III of −2.5 [−4.9; 0.03] (P = 0.053) (Table 4).



TABLE 4 KIDSCREEN the effect of age group (level).



	Level
	Intervention
	Control
	P



	Pre
	Post
	Pre
	Post





	Physical well-being



	I
	50.8 [48.3; 53.3]
	54.1 [51.6; 56.7]**
	54.0 [51.4; 56.6]
	53.2 [50.5; 55.9]
	P = 0.02



	II
	43.6 [41.1; 46.2]
	45.1 [42.5; 47.7]
	48.5 [46.0; 50.9]
	48.5 [46.0; 51.0]



	III
	43.1 [40.3; 46.0]
	44.5 [41.6; 47.3]
	44.4 [41.7; 47.0]
	41.9 [39.3; 44.6]*



	Psychological well-being



	I
	52.2 [49.6; 54.8]
	53.4 [50.7; 56.0]
	55.5 [52.7; 58.2]
	55.1 [52.2; 58.0]
	P = 0.18



	II
	43.8 [41.1; 46.5]
	43.2 [40.5; 46.0]
	50.3 [47.7; 52.9]
	52.3 [49.6; 54.9]



	III
	45.2 [42.2; 48.2]
	44.8 [41.8; 47.8]
	46.3 [43.5; 49.1]
	46.8 [44.0; 49.6]



	Moods and emotions



	I
	45.4 [42.8; 48.1]
	46.6 [43.9; 49.4]
	46.8 [44.0; 49.6]
	50.1 [47.1; 53.0]*
	P = 0.42



	II
	43.0 [40.3; 45.7]
	44.8 [42.1; 47.6]
	47.7 [45.0; 50.3]
	49.3 [46.6; 52.0]



	III
	47.2 [44.1; 50.2]
	48.7 [45.7; 51.7]
	45.3 [42.4; 48.1]
	49.1 [46.3; 51.9]*



	Self-perception



	I
	53.0 [50.4; 55.5]
	54.5 [51.9; 57.1]
	54.2 [51.6; 56.9]
	58.7 [55.9; 61.5]**
	P = 0.11



	II
	47.3 [44.7; 49.9]
	47.8 [45.1; 50.4]
	50.7 [48.2; 53.2]
	53.6 [51.0; 56.1]*



	III
	45.6 [42.7; 48.5]
	46.9 [44.0; 49.8]
	43.3 [40.6; 46.0]
	46.4 [43.7; 49.1]*



	Autonomy



	I
	48.4 [46.1; 50.8]
	48.9 [46.5; 51.3]
	50.4 [47.9; 52.9]
	51.3 [48.7; 53.9]
	P = 0.44



	II
	45.6 [43.2; 48.1]
	46.8 [44.3; 49.2]
	47.4 [45.0; 49.7]
	48.3 [45.9; 50.6]



	III
	44.6 [41.9; 47.3]
	48.6 [45.9; 51.3]**
	45.8 [43.3; 48.3]
	49.3 [46.8; 51.8]**



	Parent relations and home life



	I
	48.9 [46.5; 51.3]
	48.0 [45.6; 50.5]
	50.3 [47.8; 52.8]
	49.3 [46.7; 52.0]
	P = 0.18



	II
	45.4 [42.9; 47.8]
	45.9 [43.4; 48.4]
	48.5 [46.1; 50.9]
	49.4 [47.0; 51.8]



	III
	48.1 [45.3; 50.9]
	48.3 [45.5; 51.1]
	44.9 [42.3; 47.4]
	46.5 [44.0; 49.1]



	Financial resources



	I
	48.3 [45.9; 50.6]
	48.5 [46.1; 50.9]
	50.6 [48.1; 53.1]
	51.3 [48.8; 53.9]
	P = 0.98



	II
	50.7 [48.3; 53.2]
	52.1 [49.6; 54.5]
	52.3 [50.0; 54.6]
	52.7 [50.4; 55.1]



	III
	54.8 [52.1; 57.4]
	56.1 [53.4; 58.8]
	56.3 [53.8; 58.7]
	56.6 [54.1; 59.1]



	Social support and peers



	I
	47.9 [45.3; 50.4]
	47.8 [45.2; 50.4]
	52.6 [50.0; 55.3]
	49.7 [46.9; 52.5]*
	P = 0.57



	II
	45.6 [43.0; 48.3]
	45.5 [42.8; 48.2]
	49.8 [47.3; 52.4]
	49.2 [46.6; 51.8]



	III
	46.6 [43.7; 49.5]
	46.1 [43.2; 49.0]
	46.8 [44.0; 49.5]
	46.6 [43.9; 59.4]



	School environment



	I
	47.4 [44.5; 50.2]
	47.7 [44.8; 50.6]
	57.7 [54.7; 60.7]
	57.1 [53.9; 60.2]
	P = 0.003



	II
	44.1 [41.2; 47.0]
	42.1 [39.2; 45.1]
	50.5 [47.7; 53.3]
	50.4 [47.6; 53.2]



	III
	46.4 [43.2; 49.6]
	47.6 [44.4; 50.8]
	45.0 [42.0; 48.1]
	47.5 [44.4; 50.5]*



	Social acceptance (bullying)



	I
	38.4 [35.5; 41.3]
	38.7 [35.7; 41.6]
	42.7 [39.6; 45.8]
	46.7 [43.4; 50.0]*
	P = 0.004



	II
	40.6 [37.6; 43.6]
	45.2 [42.1; 48.2]**
	47.7 [44.8; 50.5]
	47.5 [44.6; 50.5]



	III
	49.4 [46.0; 52.7]
	51.2 [47.9; 54.5]
	45.1 [41.9; 48.2]
	49.1 [46.0; 52.2]*




	Values are presented as mean KIDSCREEN T-value dimensional scores (with 95% confidence intervals) from a linear mixed model with Time, Group, Level and Time × Group × Level as explanatory variables. INT, n = 179 (I, n = 65; II, n = 59; III, n = 55) and CON, n = 181 (I, n = 56; II, n = 68; III, n = 57). The P interaction value (Time × Group × Level) of the linear mixed model is presented. The result of the post hoc analysis is indicated by *P < 0.05, **P < 0.01 for within-age-group change from pre-intervention. Age groups Level I = 7–9 years; Level II = 10–12 years; Level III = 13–16 years.







For Social acceptance, the pairwise comparisons showed that, in INT, only level II demonstrated a significant increase of 4.6 [1.4; 7.8] (P = 0.005), whereas in CON, both level I and level III demonstrated significant improvements, with magnitudes of 4.0 [0.6; 7.5] (P = 0.02) and 4.0 [0.7; 7.3] (P = 0.02), respectively (Table 4).





4 Discussion

Our main finding of the HRQOL investigation is that the Physical well-being of 7–16-year-old school children improved following the 10-week FIT FIRST FOR ALL intervention, with the largest effects seen in boys and younger age groups. In contrast, the intervention had no measurable impact on other well-being domains, providing partial support for our primary hypothesis. Furthermore, we observed that the impact of the intervention was affected by gender and age, which is in line with our secondary and explorative hypothesis. While the study design did not allow for randomization, it followed the structure of a non-randomized cluster trial, which can yield valid comparative insights when contextual factors and baseline differences are acknowledged (35).

The choice of the KIDSCREEN-52 instrument, encompassing ten dimensions, reflects an understanding of HRQOL as a multifaceted construct of well-being (11, 28). While certain dimensions may be less relevant in the context of the Faroe Islands—where a school-based physical activity intervention is unlikely to influence them—the dimensions nonetheless offer value in evaluating its effectiveness and, in a sense, calibrating it to expected outcomes. For instance, scores for Parent Relations (47.4–48.5) and Financial resources (51.0–53.5) are near or above the European 50th percentile norm (27). These findings demonstrate that KIDSCREEN effectively captures the expected HRQOL of the population and aligns well with the anticipated scenarios anticipated by the schools' sociodemographic profiles (38). Some of the more responsive KIDSCREEN dimensions—particularly Physical well-being, autonomy, and social support—also align conceptually with motivational and social processes described in self-determination theory, including perceived competence, relatedness, and agency (20, 24).

Previous studies in the Faroe Islands have used a Danish translation of the shorter KIDSCREEN-27 instrument and found it effective for mapping HRQOL (39). However, this study marks the first time the KIDSCREEN-52 was translated into Faroese and implemented across an entire school population, which represents a significant methodological strength.


4.1 Physical well-being dimension

The primary outcome of the study was a significant overall increase in Physical well-being, reflected by a 4% improvement in INT, while CON experienced a non-significant 2% decrease. When comparing to European norm data (27), INT moved from a relatively low physical well-being ranked between the 25th and 50t percentile almost to the 50th percentile (49.63).

Interpretations should of course be careful, as school interventions are inherently complex. They take place within the dynamic environment of daily school life, making it challenging to blind and isolate specific effects and avoiding bias (10). While school-based physical activity interventions have yielded mixed results regarding physical fitness and well-being outcomes, research suggests that improvements in physical fitness are a prerequisite for enhancing well-being (11). This aligns with the findings of the current study, where significant increases in physical fitness and improved body composition among pupils in the intervention group (30) were accompanied by enhancements in their perceived physical well-being.

A notable strength of the current study is the structured FIT FIRST program and standardized manuals, which successfully facilitated these outcomes. The program incorporated intermittent high-intensity physical activity sessions designed to elicit elevated heart rates and significant musculoskeletal benefits, even for participants with minimal prior sports experience (33). Moreover, the sessions were led by skilled PE teachers specifically trained in the FIT FIRST methodology. Evidence highlights the pivotal role of specialist PE teachers, as their expertise, coupled with a well-designed curriculum, has a profound impact on pupils' fitness levels and overall physical activity (40, 41) and well-being (42). The program's consistent, developmentally appropriate, and inclusive structure reflects core principles of Quality Physical Education, and may have supported competence, motivation, and perceived inclusion—key psychological conditions for engagement, especially among pupils who are typically less confident or successful in PE (20, 24). Preliminary observations from a parallel, not-yet-published evaluation suggest that pupils with lower baseline fitness were equally engaged and reported enjoyment despite higher exertion, reinforcing the intervention's potential to support internal motivation and participation across subgroups. This delivery model—integrated into the school day and led by trained PE teachers—underscores the program's practical scalability and real-world applicability.

Interestingly, although fitness and body composition improvements were comparable across genders and age groups (30), the increase in physical well-being, as measured by the KIDSCREEN instrument, was predominantly driven by boys. Indeed, their scores increased significantly by 7% whereas no statistically significant change was detected for girls. By the conclusion of the intervention, boys approached the European 50th percentile (52.43), while girls remained within the 25th to 50th percentile range (42.53 and 47.08) (27). A potential explanation for the difference between boys and girls is gender-specific response bias in which girls and women are prone to report their well-being less positively than boys and men. This is apparent in several public health surveys where young women in particular report their mental and physical health lower than men (43). Research has also indicated that men tend to underreport symptoms of distress (44, 45).

Regarding age, solely the youngest group (level I) demonstrated a significant 6% improvement in physical well-being, surpassing the European 50th percentile (52.42) for 8–11-year-olds. Notably, both boys and the youngest age group, who drove the improvements, initially exhibited the highest physical well-being scores. In contrast, the older age groups (levels II and III) showed no significant changes, with scores ranking them between the 25th and 50th percentiles for 12–18-year-olds (42.53 and 47.08) (27).

This trend aligns with existing literature which highlights that populations most in need of well-being interventions—such as girls and adolescents—are often the most challenging to target (46). In contrast, an 11-week school-based physical activity intervention in the Faroe Islands targeting 10–12-year-olds did not yield comparable fitness improvements (26) but demonstrated significant enhancements in physical well-being, predominantly among girls (39). This outcome was likely driven by its emphasis on task-based games and health education within a multi-component framework, which aligns well with the preferences and engagement styles of this demographic (47, 48).

These findings should also be understood within the context of broad developmental and psychosocial variation. Children and adolescents aged 7–16 differ not only in physical and cognitive maturity, but also in motivational needs, perceptions of competence, and social sensitivity. Self-determination theory suggests that autonomy support and perceived competence are especially important during adolescence (20, 24), while younger pupils may benefit more from structure and play. In addition, gender norms may further influence engagement. Girls are more likely to report body-related discomfort or social self-consciousness in PE settings, while boys may disengage if they do not feel physically skilled or competitive (49, 50). These complexities highlight the difficulty of designing a single program that reaches all pupils equally.

Yet, the structure of FIT FIRST FOR ALL—non-evaluative, team-based, and predictably organized—creates conditions that support perceived safety, shared success, and motivation across subgroups. Preliminary observations from a parallel, not-yet-published evaluation suggest that even pupils with low baseline fitness—who are often harder to engage—reported enjoyment and effort acceptance. These observations align with findings that low-fitness pupils often feel unseen in traditional PE despite high effort (51), and that interventions without deliberate structural support tend to benefit those already doing well (46). Rather than tailoring to individual characteristics, scalable models may succeed by removing systemic barriers—particularly those embedded in competitive or performance-oriented PE environments. Programs that are flexible yet consistent, structured yet socially safe, may offer the best chance of reaching pupils with diverse developmental profiles.

These findings suggest either gender- and age-based differences in the time required for adaptation or the need for tailored adjustments, preferably through multicomponent approaches, to better support physical well-being improvements in girls and older pupils. A follow-up mixed-methods project has been initiated to examine pupil experiences and engagement through the lens of Self-Determination Theory, alongside quantitative evaluation of physical outcomes and implementation processes. Such research could investigate not only quantitative outcomes but also qualitative factors, including pupils' perceptions, teachers' strategies, and the broader school environment, to inform even more inclusive and effective intervention designs, as proposed by global policy stakeholders (8, 9). This focus on implementation is particularly relevant given that similar versions of the FIT FIRST program have shown divergent results across studies. While we previously reported positive changes among older pupils in cardiorespiratory fitness and body composition (30), other studies using the same FIT FIRST TEEN program have not found consistent physical effects in comparable adolescent samples (52). This contrast likely reflects differences in delivery context rather than program content. Supporting this, substantial variation in implementation fidelity and perceived feasibility has been observed across schools using the FIT FIRST 10 program (53). Teacher motivation, available facilities, and timetabling constraints all shaped how the program was enacted. These findings underscore that successful school-based physical activity interventions depend not only on design, but also on local ownership, alignment with school routines, and supportive environments.



4.2 Other HRQOL dimensions

The intervention's primary impact on physical well-being, the main outcome, offers several interpretations. First, the FIT FIRST FOR ALL program is specifically designed to improve participants' health-related fitness and physical well-being, which may explain the lack of significant (52, 53) effects on other HRQOL dimensions (9). While the frequency and duration of sessions, averaging 2.2 sessions per week each lasting 40 min, favor children's engagement and align with previous findings linking such activities to improved mental health outcomes (42), the intervention lasted only 10 weeks. It is likely that effects on other domains of HRQOL, such as autonomy, social support, or school environment, require longer or more socially focused interventions (19, 20). A promising initiative in Denmark extends the FIT FIRST concept over 2 years, incorporating strategies addressing diet, social media use, and sleep habits, which may provide valuable insights into its broader effects (54, 55).

Second, psychosocial outcomes like peer support or bullying can be understood as socially enacted phenomena, closely tied to group dynamics and the school environment as a whole (56). Compared to European KIDSCREEN norm data (27), INT pupils rated the dimensions Social support and peers, School environment and Bullying lower than the norm and lower than CON. As observed in neighboring countries, the incidence of bullying in Faroese primary schools has risen significantly over the past years (31). The low scores may, therefore, suggest broader challenges within the national school environment that could limit the intervention's effectiveness in psychosocial domains.

These outcomes can be interpreted in light of the program's design, which emphasizes exercise intensity and leverages group dynamics. Research consistently highlights the crucial role of enjoyment in fostering physical activity engagement and adherence among children and adolescents (57, 58). Immediate enjoyment, or state enjoyment, serves as a mediator for long-term intrinsic motivation, known as trait enjoyment (59). This immediate positive experience is significantly influenced by factors such as peer and group acceptance, positive feedback, and encouragement from teachers and classmates (50, 57). This reflects key motivational pathways described in self-determination theory, in which perceived social connection, autonomy, and competence enhance both momentary and lasting well-being outcomes (16, 20). The structured, inclusive design of the FIT FIRST FOR ALL sessions may have supported some of these needs—particularly competence and relatedness—offering a plausible link between the session experience and changes in HRQOL dimensions such as Physical well-being and social support (20). Although increasing intensity is generally associated with positive effects on children's and particularly adult's mental health (42), an interesting study exploring children's state enjoyment as a contextual construct of attraction, preference, environment, and social factors revealed a nuanced relationship between perceived enjoyment and exercise intensity (59). While children's preference for physical activity sessions generally increases with higher intensity, social and environmental factors often decline, potentially reducing perceived social enjoyment. This decline may result from a shift in group dynamics toward competitive individualism (59). This dynamic could help explain the observed improvements in the KIDSCREEN physical well-being dimension but the lack of measurable intervention-induced effects in the KIDSCREEN social domains.

A key strength and primary achievement of the FIT FIRST FOR ALL intervention was its success in increasing health-related physical fitness across the entire school (11, 30) by successfully introducing vigorous intensity sessions (15, 60). Previous studies have shown the FIT FIRST concept to generally be broadly inclusive and engaging while increasing fitness (33). However, while the program's success in fostering fitness gains is evident, its long-term effects on trait enjoyment and social HRQOL dimensions remain unclear, highlighting a limitation that future research should address. Pupils who do not feel recognized in typical PE settings may require more relational support to benefit emotionally (51), and sustained delivery by skilled teachers may be key to broader improvements in HRQOL (41). Finally, it is important to note that the subgroup analysis may be underpowered, and the results related to the explorative hypothesis should be interpreted with caution.




5 Conclusion

Our study showed a positive impact of structured physical activity on physical well-being among Faroese primary school pupils. The intervention did not significantly affect the other nine psychosocial dimensions measured with KIDSCREEN. This study contributes to a growing body of literature that calls for a multifaceted approach to school-based health interventions, emphasizing the need for sustained and culturally adapted programs that address both physical and psychosocial domains for a more holistic impact on children's HRQOL.



Data availability statement

The datasets presented in this article are not readily available because the datasets discussed in this article are not publicly available due to the sensitive nature of the information collected in a small-scale society, which could risk the identification of participants. While the research team is dedicated to fostering transparency and openness, safeguarding the privacy and rights of the participants takes precedence. Access to the datasets is therefore subject to strict protocols. Interested parties may contact the corresponding author for further information about potential access. Requests to access the datasets should be directed to helgio@setur.fo.



Ethics statement

The studies involving humans were approved by the Research Ethics Council of the Faroe Islands (No. 2023-08). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

HO: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. BD: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Validation, Writing – original draft, Writing – review & editing. TS: Data curation, Formal analysis, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. SA: Data curation, Formal analysis, Methodology, Software, Validation, Writing – original draft, Writing – review & editing. PK: Writing – review & editing, Methodology, Conceptualization, Project administration, Validation, Funding acquisition, Resources. ML: Conceptualization, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing. MM: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. AD: Conceptualization, Investigation, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing. M-BS: Conceptualization, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by a grant from the Faroese Ministry of Education and publication fees were funded by the Betri Research Grant.



Acknowledgements

The researchers express their gratitude to the school leadership and teachers for facilitating the intervention and to the pupils for their participation. We especially thank school principals John Henrik Holm and Jón Johannesen. We also extend our appreciation to the Faroese Ministry of Education for their support of the study.



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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Generative 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. Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic of physical inactivity: global action for public health. Lancet. (2012) 380:294–305. doi: 10.1016/S0140-6736(12)60898-8


	2. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth. Int J Behav Nutr Phys Act. (2011) 8:98. doi: 10.1186/1479-5868-8-98


	3. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. (2016) 41:S197–239. doi: 10.1139/apnm-2015-0663


	4. Bjørnarå HB, Westergren T, Sejersted E, Torstveit MK, Hansen BH, Berntsen S, et al. Does organized sports participation in childhood and adolescence positively influence health? A review of reviews. Prev Med Rep. (2021) 23:101425. doi: 10.1016/j.pmedr.2021.101425


	5. Hoffmann MD, Barnes JD, Tremblay MS, Guerrero MD. Associations between organized sport participation and mental health difficulties: data from over 11,000 US children and adolescents. PLoS One. (2022) 17:e0268583. doi: 10.1371/journal.pone.0268583


	6. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical activity among adolescents: a pooled analysis of 298 population-based surveys with 1·6 million participants. Lancet Child Adolesc Health. (2020) 4:23–35. doi: 10.1016/S2352-4642(19)30323-2


	7. World Health Organization. Global Action Plan on Physical Activity 2018–2030: More Active People for a Healthier World. Geneva: World Health Organization (2018). p. 1–101.


	8. Murthy VH. Physical activity: an untapped resource to address our nation’s mental health crisis among children and adolescents. Public Health Rep. (2023) 138:397–400. doi: 10.1177/00333549231175458


	9. Kriemler S, Meyer U, Martin E, Van Sluijs EMF, Andersen LB, Martin BW. Effect of school-based interventions on physical activity and fitness in children and adolescents: a review of reviews and systematic update. Br J Sports Med. (2011) 45:923–30. doi: 10.1136/bjsports-2011-090186


	10. Neil-Sztramko SE, Caldwell H, Dobbins M. School-based physical activity programs for promoting physical activity and fitness in children and adolescents aged 6 to 18. Cochrane Database Syst Rev. (2021) 2021:1–357. doi: 10.1002/14651858.CD007651.pub3


	11. Rafferty R, Breslin G, Brennan D, Hassan D. A systematic review of school-based physical activity interventions on children’s wellbeing. Int Rev Sport Exerc Psychol. (2016) 9:215–30. doi: 10.1080/1750984X.2016.1164228


	12. Love R, Adams J, van Sluijs EMF. Are school-based physical activity interventions effective and equitable? A meta-analysis of cluster randomized controlled trials with accelerometer-assessed activity. Obes Rev. (2019) 20:859–70. doi: 10.1111/obr.12823


	13. Resaland GK, Aadland E, Moe VF, Kolotkin RL, Anderssen SA, Andersen JR. Effects of a physical activity intervention on schoolchildren’s health-related quality of life: the active smarter kids (ASK) cluster-randomized controlled trial. Prev Med Rep. (2019) 13:1–4. doi: 10.1016/j.pmedr.2018.11.002


	14. World Health Organization. Promoting Physical Atctivity Through Schools: Policy Brief. Geneva: World Health Organization (2022). p. 1–15.


	15. Chaput JP, Willumsen J, Bull F, Chou R, Ekelund U, Firth J, et al. 2020 WHO guidelines on physical activity and sedentary behaviour for children and adolescents aged 5–17 years: summary of the evidence. Int J Behav Nutr Phys Act. (2020) 17:1–9. doi: 10.1186/s12966-020-01037-z


	16. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. Am Psychol. (2000) 55:68–78. doi: 10.1037/0003-066X.55.1.68


	17. Chatzisarantis NLD, Hagger MS. Effects of an intervention based on self-determination theory on self-reported leisure-time physical activity participation. Psychol Health. (2009) 24:29–48. doi: 10.1080/08870440701809533


	18. Ferriz R, Jiménez-Loaisa A, González-Cutre D, Romero-Elías M, Beltrán-Carrillo VJ. A self-determined exploration of adolescents’ and parents’ experiences derived from a multidimensional school-based physical activity intervention. J Teach Phys Educ. (2022) 41:68–77. doi: 10.1123/jtpe.2020-0130


	19. Holt AD, Smedegaard S, Pawlowski CS, Skovgaard T, Christiansen LB. Pupils’ experiences of autonomy, competence and relatedness in ‘move for well-being in schools’: a physical activity intervention. Eur Phy Educ Rev. (2019) 25:640–58. doi: 10.1177/1356336X18758353


	20. Kelso A, Linder S, Reimers AK, Klug SJ, Alesi M, Scifo L, et al. Effects of school-based interventions on motivation towards physical activity in children and adolescents: a systematic review and meta-analysis. Psychol Sport Exerc. (2020) 51:101770. doi: 10.1016/j.psychsport.2020.101770


	21. Bailey R, Armour K, Kirk D, Jess M, Pickup I, Sandford R, et al. The educational benefits claimed for physical education and school sport: an academic review. Res Pap Educ. (2009) 24:1–27. doi: 10.1080/02671520701809817


	22. McLennan N, Thompson J. Quality Physical Education (QPE): Guidelines for Policy Makers. Paris: UNESCO (2015). p. 89.


	23. Haerens L, Kirk D, Cardon G, de Bourdeaudhuij I, Vansteenkiste M. Motivational profiles for secondary school physical education and its relationship to the adoption of a physically active lifestyle among university students. Eur Phy Educ Rev. (2010) 16:117–39. doi: 10.1177/1356336X10381304


	24. Moeijes J, Van Busschbach JT, Wieringa TH, Kone J, Bosscher RJ, Twisk JWR. Sports participation and health-related quality of life in children: results of a cross-sectional study. Health Qual Life Outcomes. (2019) 17:86–111. doi: 10.1186/s12955-019-1124-y


	25. Standage M, Gillison FB, Ntoumanis N, Treasure DC. Predicting students’ physical activity and health-related well-being: a prospective cross-domain investigation of motivation across school physical education and exercise settings. J Sport Exerc Psychol. (2012) 34:37–60. doi: 10.1123/jsep.34.1.37


	26. Skoradal MB, Purkhús E, Steinholm H, Olsen MH, Ørntoft C, Larsen MN, et al. “FIFA 11 for health” for Europe in the Faroe Islands: effects on health markers and physical fitness in 10- to 12-year-old schoolchildren. Scand J Med Sci Sports. (2018) 28:8–17. doi: 10.1111/sms.13209


	27. Ravens-Sieberer U, Herdman M, Devine J, Otto C, Bullinger M, Rose M, et al. The European KIDSCREEN approach to measure quality of life and well-being in children: development, current application, and future advances. Qual Life Res. (2014) 23:791–803. doi: 10.1007/s11136-013-0428-3


	28. Ravens-Sieberer U, Gosch A, Rajmil L, Erhart M, Bruil J, Duer W, et al. KIDSCREEN-52 quality-of-life measure for children and adolescents. Expert Rev Pharmacoecon Outcomes Res. (2005) 5:353–64. doi: 10.1586/14737167.5.3.353


	29. Thøgersen M, Eske M, van Bedaf Sterner A. The future practices and settings for exercise in the Faroe Islands - participation and physical framework. Aarhus. (2022). 1–242.


	30. Olsen HW, Sjúrðarson T, Danielsen BB, Krustrup P, Larsen MN, Skoradal MB, et al. A 10-week implementation of the FIT FIRST FOR ALL school-based physical activity concept effectively improves cardiorespiratory fitness and body composition in 7–16-year-old schoolchildren. Front Public Health. (2024) 12:1419824. doi: 10.3389/FPUBH.2024.1419824/BIBTEX


	31. av Kák K, Davidsen AH, Blaasvær LH, Olsen E. Wellbeing in the Faroese compulsory schools 2023: report and recommendations. Tórshavn (2023). p. 1–94.


	32. Aggestrup CS, Andreasen AT, Larsen MN. FIT FIRST. The national Olympic committee and sports confederation of Denmark (2024). Available at: https://www.dif.dk/raadgivning-og-stoette/mere-idraet-i-folkeskolen/fit-first (Accessed November 9, 2024).


	33. Larsen MN, Nielsen CM, Helge EW, Madsen M, Manniche V, Hansen L, et al. Positive effects on bone mineralisation and muscular fitness after 10 months of intense school-based physical training for children aged 8-10 years: the FIT FIRST randomised controlled trial. Br J Sports Med. (2018) 52:254–60. doi: 10.1136/bjsports-2016-096219


	34. Póvoas S, Randers MB, Krustrup P, Larsen MN, Pereira R, Castagna C. Heart rate and perceived experience differ markedly for children in same- versus mixed-gender soccer played as small- and large-sided games. Biomed Res Int. (2018) 2018:1–9. doi: 10.1155/2018/7804642


	35. Schmidt WP. Randomised and non-randomised studies to estimate the effect of community-level public health interventions: definitions and methodological considerations. Emerg Themes Epidemiol. (2017) 14:1–11. doi: 10.1186/s12982-017-0063-5


	36. Sousa VD, Rojjanasrirat W. Translation, adaptation and validation of instruments or scales for use in cross-cultural health care research: a clear and user-friendly guideline. J Eval Clin Pract. (2011) 17:268–74. doi: 10.1111/j.1365-2753.2010.01434.x


	37. Cnaan A, Laird NM, Slasor P. Using the general linear mixed model to analyse unbalanced repeated measures and longitudinal data. Stat Med. (1997) 16:2349–80. doi: 10.1002/(sici)1097-0258(19971030)16:20%3C2349::aid-sim667%3E3.0.co;2-e


	38. Mohr M. Faroe Islands health status 2019 -Hvussu hevur tú tað? (2019). 1–19. Available at: https://www.folkaheilsa.fo/ti%C3%B0indi/hvussu-hevur-tu-ta%C3%B0-2019-1 (Accessed April 3, 2024).


	39. Skoradal MB, Olsen MH, Madsen M, Larsen MN, Mohr M, Krustrup P. “11 for health” in the Faroe Islands: popularity in schoolchildren aged 10–12 and the effect on well-being and health knowledge. Scand J Med Sci Sports. (2023) 33:1010–20. doi: 10.1111/sms.14329


	40. Starc G, Strel J. Influence of the quality implementation of a physical education curriculum on the physical development and physical fitness of children. BMC Public Health. (2012) 12:1–7. doi: 10.1186/1471-2458-12-61


	41. Telford RM, Olive LS, Cochrane T, Davey R, Telford RD. Outcomes of a four-year specialist-taught physical education program on physical activity: a cluster randomized controlled trial, the LOOK study. Int J Behav Nutr Phys Act. (2016) 13:1–11. doi: 10.1186/s12966-016-0388-4


	42. Ahn S, Fedewa AL. A meta-analysis of the relationship between children’s physical activity and mental health. J Pediatr Psychol. (2011) 36:385–97. doi: 10.1093/jpepsy/jsq107


	43. Campbell OLK, Bann D, Patalay P. The gender gap in adolescent mental health: a cross-national investigation of 566,829 adolescents across 73 countries. SSM Popul Health. (2021) 13:100742. doi: 10.1016/j.ssmph.2021.100742


	44. Sigmon ST, Pells JJ, Boulard NE, Whitcomb-Smith S, Edenfield TM, Hermann BA, et al. Gender differences in self-reports of depression: the response bias hypothesis revisited. Sex Roles. (2005) 53:401–11. doi: 10.1007/s11199-005-6762-3


	45. Vickery A. Men’s help-seeking for distress: navigating varied pathways and practices. Front Sociol. (2021) 6:724843. doi: 10.3389/fsoc.2021.724843


	46. Hartwig TB, Sanders T, Vasconcellos D, Noetel M, Parker PD, Lubans DR, et al. School-based interventions modestly increase physical activity and cardiorespiratory fitness but are least effective for youth who need them most: an individual participant pooled analysis of 20 controlled trials. Br J Sports Med. (2021) 55:721–9. doi: 10.1136/bjsports-2020-102740


	47. Owen MB, Curry WB, Kerner C, Newson L, Fairclough SJ. The effectiveness of school-based physical activity interventions for adolescent girls: a systematic review and meta-analysis. Prev Med. (2017) 105:237–49. doi: 10.1016/j.ypmed.2017.09.018


	48. Yli-Piipari S, Barkoukis V, Jaakkola T, Liukkonen J. The effect of physical education goal orientations and enjoyment in adolescent physical activity: a parallel process latent growth analysis. Sport Exerc Perform Psychol. (2013) 2:15–31. doi: 10.1037/a0029806


	49. Renninger D, Sturm DJ, Marques A, Peralta M, Popovic S, Gardasevic J, et al. Physical activity and body-mass-index: do family, friends and teachers restrain the risk for physical inactivity in adolescents? Sustainability. (2021) 13:6992. doi: 10.3390/su13136992


	50. Greule C, Sudeck G, Thiel A, Kastner L, Janßen P, Nieß A, et al. Correlates of physical activity enjoyment in children and adolescents for a new perspective on the treatment of overweight: a systematic literature review. Obes Rev. (2024) 25:1–15. doi: 10.1111/obr.13655


	51. Andresen F, Torvik E, Lagestad P. Students’ experience of being seen by their physical education teachers and associated factors. Front Sports Act Living. (2023) 5:1101072. doi: 10.3389/fspor.2023.1101072


	52. Meiner CB, Eckert C, Aggestrup CS, Pfeffer K, Koch S, Thøgersen-Ntoumani C, et al. FIT FIRST teen–a cluster RCT evaluating the effects of a 10-week high-intensity exercise intervention for 12–15-yr-old school children. J Sports Sci. (2025):1–10. doi: 10.1080/02640414.2025.2505380


	53. Koch S, Eckert C, Ntoumanis N, Thøgersen-Ntoumani C, Cimenti C, Larsen MN, et al. The FIT FIRST 10 dose-response study: evaluation of implementation outcomes. Front Sports Act Living. (2025) 7:1504494. doi: 10.3389/fspor.2025.1504494


	54. Lund L, Brautsch LAS, Hoeeg D, Pedersen NH, Thomsen LT, Larsen MN, et al. Feasibility and acceptability of school-based intervention components to promote healthy weight and well-being among 6–11-year-olds in Denmark: mixed methods findings from the generation healthy kids feasibility study. BMC Public Health. (2024) 24:3208. doi: 10.1186/s12889-024-20605-7


	55. Thomsen LT, Schmidt-Persson J, Damsgaard CT, Krustrup P, Grøntved A, Krølner RF, et al. Generation healthy kids: protocol for a cluster-randomized controlled trial of a multi-component and multi-setting intervention to promote healthy weight and wellbeing in 6–11-year-old children in Denmark. (2023).


	56. Søndergaard DM, Hansen HR. Bullying, social exclusion anxiety and longing for belonging. Nord Stud Educ. (2018) 38:319–36. doi: 10.18261/issn.1891-2018-04-03


	57. Bajamal E, Abou Hashish EA, Robbins LB. Enjoyment of physical activity among children and adolescents: a concept analysis. J Sch Nurs. (2024) 40:97–107. doi: 10.1177/10598405221137718


	58. Bai Y, Allums-Featherston K, Saint-Maurice PF, Welk GJ, Candelaria N. Evaluation of youth enjoyment toward physical activity and sedentary behavior. Pediatr Exerc Sci. (2018) 30:273–80. doi: 10.1123/pes.2017-0101


	59. Howe CA, Clevenger KA, McElhiney D, Mihalic C, Ragan MA. Measurement of children’s real-time physical activity enjoyment using a new visual analog scale. J Phys Act Health. (2019) 16:406–15. doi: 10.1123/jpah.2018-0074


	60. Olsen HW. Physical and perceptual responses to two FIT FIRST TEEN sessions in Faroese 7th-grade schoolchildren: 2790. Med Sci Sports Exerc. (2024) 56:1038. doi: 10.1249/01.mss.0001061540.37879.37















	
	TYPE Original Research

PUBLISHED 14 July 2025
DOI 10.3389/fspor.2025.1543741






[image: image2]

Promoting daily physical activity in Norway as a FYSAK school: a comparative longitudinal study of lower secondary school pupil

Ingeborg Barth Vedøy1*, Knut Ragnvald Skulberg1, Patrick Foss Johansen1, Hege Eikeland Tjomsland1,2 and Miranda Thurston1

1Faculty of Health and Social Sciences, Inland Norway University of Applied Sciences, Elverum, Norway

2Department of Sport, Food and Natural Sciences, Western Norway University of Applied Sciences, Bergen, Hordaland, Norway

EDITED BY
Malte Nejst Larsen, University of Southern Denmark, Denmark

REVIEWED BY
Noriteru Morita, Hokkaido University of Education, Japan
Eddy Noviana, Universitas Riau, Indonesia

*CORRESPONDENCE Ingeborg Barth Vedøy ingeborg.vedoy@inn.no

RECEIVED 11 December 2024
ACCEPTED 19 June 2025
PUBLISHED 14 July 2025

CITATION Barth Vedøy I, Skulberg KR, Johansen PF, Tjomsland HE and Thurston M (2025) Promoting daily physical activity in Norway as a FYSAK school: a comparative longitudinal study of lower secondary school pupil.
Front. Sports Act. Living 7:1543741.
doi: 10.3389/fspor.2025.1543741

COPYRIGHT © 2025 Barth Vedøy, Skulberg, Johansen, Tjomsland and Thurston. 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.



Background: Schools have been described as “ideal settings” for promoting PA, but they have struggled to find effective and sustainable ways of doing so given the demands of the curriculum. In Norway, the FYSAK school model is an example of a population approach to PA promotion wherein daily PA is embedded into the routines of the school. Little is known about the extent to which the model supports pupils' daily PA, especially with regard to meeting the national recommendations. The paper addresses the following research question: what impact does the FYSAK model have on pupils' PA patterns over time?



Methods: The paper draws on device-measured PA data from a three-year (2016–2018) longitudinal study of lower secondary school pupils from 11 schools in Norway, of which one was a FYSAK school. Data from 535 adolescents (56.1% female, mean age at baseline ± SD 13.3 ± 0.3 years) was derived and used to compare the PA level (cpm−1) of the one FYSAK school in the sample with the other 10 schools.



Results: There was no difference in PA level between category of school in 2016. In 2017 and 2018 however, pupils attending the FYSAK school had significantly higher levels of PA compared to control schools (2017: 54.7 cpm−1, p ≤ .05, 2018: 59.2 cpm−1, p ≤ .05). Analyses of weekdays only, reinforced this pattern where larger differences in PA level across category of schools became evident (2017: 73.5 cpm−1, p ≤ .001, 2018: 85.7 cpm−1, p ≤ .001). Pupils attending the FYSAK school were also significantly more likely to adhere to the national recommendations for PA compared to control schools throughout all three years (2016: 57% FYSAK vs. 41% control, 2017: 62% FYSAK vs. 38% control, 2018: 52% FYSAK vs. 30% control).



Conclusions: Overall, the results are indicative of a FYSAK school effect, which can be explained in terms of the sustained embedding of PA into pupils' daily routines over a three-year period. We conclude that the FYSAK model offers a framework for systematically providing realistic opportunities for being physically active during the school day.
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1 Introduction

Evidence of the benefits of regular physical activity (PA) for young people's physical and mental health, as well as their academic achievement, has accumulated in recent years (1). The most recent guidelines from the World Health Organization (WHO) for school-aged young people (5‒17-years-old) recommend 60 min of moderate- to vigorous-intensity PA (MVPA) daily alongside limiting the amount of time spent being sedentary (2). While many countries (including Norway) have incorporated these recommendations into their PA guidance frameworks, few young people meet them (3). Schools are widely regarded as having a role in facilitating PA and thus supporting the achievement of such recommendations. They are, however, increasingly viewed as part of the problem in that contemporary patterns of schooling often give rise to extended periods of sedentary time—itself an independent risk factor for current and future health problems (4)—and limited opportunities for promoting PA in a crowded curriculum. While there has been a plethora of school-based initiatives (including time-limited interventions) over the past three decades or more, there is little evidence of their impact on either increasing PA during the school day (5) or on outcomes such as mental health and academic achievement (6, 7). The disadvantages of limited-duration interventions have, in particular, become widely recognized: promising results in the short-term are rarely maintained as schools struggle to sustain PA promotion post-intervention (8). Promoting PA by adapting everyday school routines may be a more effective and sustainable organizational model, yet it has rarely been researched (9). The departure point for this paper is, therefore, to explore the impact of such an organizational model of PA promotion—specifically the Norwegian school physical activity [FYSAK1] model. We first provide an overview of school-based PA promotion globally before focusing more specifically on the Norwegian context.


1.1 School-based PA promotion

Jourdan et al. (10) draw a distinction between “discrete programmatically based interventions […] and more systemic approaches that underpin sustainable health-promoting practices”. Although varied in structure, duration, and form, the field of school-based PA promotion has, to date, largely been characterised by the former, which have shown limited effectiveness and sustainability due to their typically time-bound nature and lack of wider integration (11–13). Systemic approaches—often referred to as whole school or whole-of-school approaches, draw, to varying degrees, on the WHO framework for health promoting schools originally established in the 1980s. Few countries, however, have successfully implemented such approaches (10) even though evidence suggests that whole school approaches can be effective in improving learning and health outcomes (14–16). Typically, PA promotion has taken the form of “tightly-constructed content” (8). However, given the well-documented limitations of such approaches, there has been some diversification in recent years. The integration of PA into curriculum subjects—physically active learning (PAL)—has been one such development (see, for example, 7, 17). Broader still, are whole-of-school multi-component approaches such as those that have emerged in the US, which aim to “implement comprehensive and coordinated approaches to PA to provide all students with opportunities to be physically active while on school grounds” (18). Such approaches have also developed in Europe (19).



1.2 School-based PA promotion in Norway

As far as school-aged children are concerned, recent device-measured PA studies indicate that Norway is one of the most physically active countries in Europe (20). Consistent with other countries, however, the proportion of girls and boys meeting the PA recommendations declines through the primary and secondary school years. For example, in 2018, 40% of 15 year-old girls and 51% of boys of the same age met the recommendations compared to 64% of girls and 81% of boys at age 9 (21). Thus, schools are viewed as important settings for countering these trends. The most recent public health White Paper articulates an ambition for schools to incorporate daily PA into their schedules (22) but the government has fallen short of mandating daily PA across all schools (23). Although this may be indicative of a reduced commitment to institutionalizing regular PA, schools in Norway have, over many years, responded to the ambition to promote PA, in a variety of ways: the use of extended breaks; the incorporation of PAL into lessons in a way that combines movement with academic content; interest-based physical education; and the FYSAK model, wherein a school schedules PA during the day as part of curriculum time without it being linked to any specific subject (24). Our interest is in the FYSAK school model. This model can be seen as a direct response to the requirements set forth in the Education Act §1–7, which mandates that all students have the right to regular physical activity outside of PE. Unlike other school-based PA initiatives that are often tied to specific subjects or learning objectives (e.g., PE or PAL), the FYSAK model is distinct in its primary aim to provide additional opportunities for movement without being explicitly linked to curricular goals. The flexibility of the FYSAK approach means that implementation varies between schools in terms of format, timing, and frequency. It typically entails breaking up the school day according to a planned schedule, with short periods of activity such as dancing or table tennis depending on a school's access to resources, so that pupils can accumulate an additional 30 min of PA during each school day. The overarching principle is to provide a low-threshold form of PA that does not require changing clothes. This makes it an accessible and inclusive solution, ensuring that all students, regardless of skill level or motivation, can participate regularly in physical activity as a normal part of their school day. Thus, the model aligns with the regulation's aim to ensure that students engage in PA beyond structured PE lessons, recognizing the broader benefits of physical activity for health, while also being widely assumed to support well-being and learning.

Our overall purpose is to investigate the impact of the FYSAK model on PA using an observational study design in a real-world setting. The paper thus addresses the following research question: what impact does the FYSAK model have on PA patterns over time?




2 Methods


2.1 Design and participants

This paper draws on data from a larger study (the schools, learning and mental health study) (25), which was designed to explore relationships between physical activity, mental health and academic achievement. This longitudinal cohort study of 13‒16-years-olds in Norway was conducted between 2016 and 2018. The participants were recruited from 11 lower secondary schools situated in two counties on the west and east side of Norway. Each school was recruited to the study via an initial visit that entailed the collection of qualitative information from the leadership, which provided insights into how PA initiatives, such as the FYSAK model, were implemented in the school environment. The schools were selected to provide a diverse sample that represented schools in Norway on the basis of geographical location, school size, type of school, socio-economic status of the school population and the school's average on standardized national tests. The participation rate for the entire study population was 59.8%, 58.0% and 55.1% for 2016, 2017 and 2018 respectively [for details, see (26)]. For Søndre Land specifically, the participation rate was 100% in all three years. In total, 621 participants generated data for at least one year; 441 participants provided valid PA data for two years or more. A detailed description of the methodology has been published elsewhere (25). This paper draws on data relating to patterns of PA over time. In particular, it compares the one FYSAK school in the sample, Søndre Land lower secondary school, with the other 10 schools.



2.2 Søndre land lower secondary school: a FYSAK school

Søndre Land is a large municipality in the Inland county of Norway. At the start of the study (2015‒ 2016), the municipality had one of the highest number of people (adults between 18‒49 years of age) on social welfare in Norway. Many pupils came from disadvantaged backgrounds, as indicated by the public health profile for the area, with relatively high levels of parents with low levels of education and income (27). Specifically, a higher percentage of children (0‒17 years) lived in low-income households compared to the national average, which highlighted the economic challenges faced by families in the region.

At the time of the study, Søndre Land was the only lower secondary school in the municipality and drew pupils from four primary schools. Because of this, many pupils travelled by bus to school. In 2015‒2016, there were 220 pupils in grades 8‒10 (age 13‒16 years) and 38 teachers. The school was located in an area of natural beauty close to Randsfjord and had good facilities, including access to a swimming pool and sports hall. It had been a FYSAK school since 2002, offering compulsory daily physical activity for all pupils. The PA initiative was led and co-ordinated by the headteacher with all teachers participating daily. The school leadership regarded FYSAK as having become a central part of the school's identity (see website2). Its work has been recognized nationally (24).

PA promotion has been embedded into the school's routines in order to ensure that pupils are active daily for 30 min (in addition to PE, which occurred 1–2 days a week). One of the PE teachers had responsibility for drawing up monthly FYSAK plans for all pupils. The pupil council also provided input into the organization and content of activities. Time for PA was made available by reallocating it from breaks, as well as by taking five minutes from all subjects over the course of each day. Activities were teacher-led, relatively simple, easily organized, and required no change of clothing; they included walking, dancing, orienteering, frisbee golf, skating, table tennis, corridor running, table bouldering (24). The initiative's goal was to seamlessly incorporate movement throughout the school day, with the hope of improving not only physical health but also mental wellbeing. The school also had a strong focus on outdoor life, easily facilitated given its location. This included a three-day trip in Jotunheimen mountains every autumn.



2.3 Measurements


2.3.1 Physical activity

Physical activity was measured by accelerometry (ActiGraph GT3X+ and GT3X-bt, LLC, Pensacola, Florida, USA). Trained personnel attached the accelerometer on the participant's right hip at first wear and participants were instructed to wear the accelerometer for seven consecutive days. The accelerometer was only to be removed before sleep and water activities as it was not completely waterproof. PA data were included when participants had at least 4 days of valid measurements. A valid day consisted of ≥480 min of wear time. Intervals of ≥20 consecutive minutes of no recorded acceleration were defined as non-wear time. The accelerometer was initialized to start recording data the day after they were handed out to participants. Data recorded between 00:00 and 06:00 were excluded from the analysis. An epoch of 10 s was used to capture the potentially intermittent PA level of adolescents (28). Initialisation, downloading and processing of accelerometer data were conducted through ActiLife (v6. 13.4).

As a measure of the habitual PA level, average daily counts·min−1 (cpm) for the entire assessment period was used. Measuring habitual PA is recognized as being challenging because of the variation across days, weeks, and seasons (29). As there is currently no agreed approach to characterize habitual PA by accelerometer, one solution to increase stability of data is to create mean PA variables across the three years of data collection. Consequently, mean PA-variables were derived by including the mean PA value across a minimum of two waves of data collection. Participants with <2 PA measurements were excluded from these analyses. Analyses of the overall PA level included both weekdays and weekend days. To explore the specific PA level on school days, analyses including weekdays only was used (“PA level weekdays”). We defined sedentary behaviour (SED), light intensity PA (LPA) and moderate-to-vigorous PA (MVPA) as <100 cpm, 100–1,999 cpm and ≥2,000 cpm respectively. These cut-points have been used in previous studies of Norwegian school-aged young people's PA levels (30). Further, the Norwegian recommendation for PA “accumulation of an average of ≥60 min MVPA/day” was used to categorize participants into adhering/not adhering to national recommendations (31).



2.3.2 Socio-economic status (SES)

The Family Affluence Scale version three (FAS III) was used to measure SES. The scale measures material affluence, which serves as a much-used proxy for SES (32). The scale consists of six questions reflecting material affluence (33). Based on these questions, a score of relative family affluence can be derived by summing scores on all answers and categorizing them into three broader groups (the lowest 20%, the middle 60% and the highest 20%).



2.3.3 Transportation to/from school

Transportation to/from school was assessed through two questions where participants were asked about their usual travel mode to and from school. The category “Active transportation” consists of participants reporting either walking or biking to/from school. These questions have been used in previous studies of Norwegian school-aged young people's PA levels (30).



2.3.4 Covariates

Sex and SES are identified as two of the most important covariates that confound the analysis of PA levels amongst school-aged young people (21, 34, 35). Consequently, the effect of both variables should be controlled for in analyses. However, due to the relatively small numbers of participants at Søndre Land school we were unable to control for both variables in the analyses. Given the well-documented evidence of differences in PA level related to sex (36), as well as the limitations of FAS III with regard to highly affluent study samples (32), we thus decided to adjust solely for sex in analyses of PA level.




2.4 Analyses

Statistical analyses were performed using IBM SPSS for Windows, Version 28.0.1.1. Descriptive data are presented as frequencies (n and percent) and mean (±SD) where appropriate (Table 1). To explore differences in descriptive characteristics between Søndre Land and control schools, Chi-Square tests were applied for the nominal variables, and Independent-samples T-test for the interval level variables. Analysis of covariance (Ancova) was used to explore differences in PA levels between Søndre Land and control schools adjusted for sex, both for overall PA level and PA level for weekdays only (Tables 2, 3). For the nominal variables, Chi-square tests were performed (Figure 1). Effect sizes attributable to adhering to national PA recommendations by category of school (Fysak vs. non-Fysak) were explored by Phi and Cramer's V. These analyses were not stratified by sex due to the low number of pupils at Søndre Land school.



TABLE 1 Descriptive characteristics of the study sample by school category, all time points (mean ± SD unless otherwise specified).



	Characteristic
	Time 1 (2016)
	Time 2 (2017)
	Time 3 (2018)



	Søndre Land
	Control schools
	Søndre Land
	Control schools
	Søndre Land
	Control schools





	N
	56
	479
	50
	377
	44
	296



	 Boys (n, %)
	31 (55.4)
	204 (42.6)
	26 (52.0)*
	141 (37.4)
	19 (43.2)
	97 (32.8)



	 Girls (n, %)
	25 (44.6)
	275 (57.4)
	24 (48.0)*
	236 (62.6)
	25 (56.8)
	199 (67.2)



	Age
	13.3 (0.3)
	13.4 (0.3)
	14.3 (0.3)
	14.4 (0.3)
	15.3 (0.3)
	15.4 (0.3)



	SES



	 Lowest 20% (n, %)
	23 (41.8)**
	99 (21.5)
	11 (22)*
	40 (11.5)
	11 (26.2)*
	33 (11.7)



	 Middle 60% (n, %)
	30 (54.5)**
	283 (61.4)
	34 (70.8)*
	240 (68.8)
	29 (69.0)*
	195 (69.4)



	 Highest 20% (n, %)
	2 (3.8)**
	79 (17.1)
	3 (6.3)*
	69 (19.8)
	2 (4.8)*
	53 (18.9)



	Use of active transportation



	 To school (n, %)
	18 (31.6)**
	314 (60.4)
	21 (38.2)*
	277 (57.5)
	20 (37.7)*
	266 (57.6)



	 From school (n, %)
	18 (32.2)**
	332 (64)
	22 (40.0)*
	289 (59.9)
	19 (35.8)**
	276 (59.8)



	PA level (cpm/d)
	433.9 (115.2)
	408.7 (147.8)
	463.1 (123.9)**
	396.7 (148.2)
	433.8 (149.2)*
	367.1 (138.0)



	SED (min/d)
	582.8 (59.7)
	593.2 (67.5)
	571.4 (71.1)*
	596.9 (74.2)
	596.7 (77.4)
	615.2 (76.0)



	LPA (min/d)
	173.9 (32.7)*
	163.3 (33.6)
	167.6 (25.5)*
	156.8 (33.4)
	146.5 (33.0)
	137.0 (31.4)



	MVPA (min/d)
	62.8 (19.3)*
	56.8 (20.7)
	65.2 (17.8)**
	54.8 (21.42)
	62.4 (23.4)*
	50.4 (20.5)



	Adherence PArec (n,%)
	32 (57.1)*
	195 (40.7)
	31 (62.0)**
	142 (37.7)
	23 (52.3)*
	88 (29.7)




	Note: Only data for participants with ≥4 days of valid PA measurements the same year are presented. (N differs depending on characteristics).


	SES, socio economic status; BMI, body mass index; PA level (cpm/d), average daily counts per minute; SED, average daily sedentary behaviour; min/d, average minutes per day; LPA, average daily light intensity physical activity; MVPA, average daily moderate-to-vigorous intensity physical activity; Adherence PArec, adherence to national recommendations for PA.


	*significant at p ≤ .05, Søndre Land compared to control schools.


	**significant at p ≤ .001, Søndre Land compared to control schools.









TABLE 2 Analysis of covariance for the PA level (cpm/d) all days between Søndre Land and control schools with sex as a covariate.



	Year
	PA level (cpm/d)



	Søndre Land
	Control schools
	
	
	



	Adjusted mean (SE)
	N
	Adjusted mean (SE)
	N
	F (df, error)
	P-value*
	Adjusted r square





	2016
	426.3 (18.9)
	56
	409.6 (6.5)
	479
	.694 (1, 532)
	.405
	.05



	2017
	452.6 (19.9)
	50
	398.1 (7.2)
	377
	6.60 (1, 424)
	.011
	.08



	2018
	430.1 (20.9)
	44
	367.6 (8.0)
	296
	7.77 (1, 337)
	.006
	.03



	Mean 2016–2018
	434.0 (17.3)
	52
	390.0 (6.3)
	389
	5.72 (1, 438)
	.017
	.08




	Note: Only data for participants with ≥4 days of valid PA measurements the same year are presented. PA level (cpm/d), average daily counts per minute; df, degree of freedom; SE, standard error.


	*P-values refer to differences in adjusted mean in PA level after controlling for differences among the groups with regard to sex.









TABLE 3 Analysis of covariance for the PA level (cpm/d) weekdays between Søndre Land and control schools with sex as a covariate.



	Year
	PA level (cpm/d)



	Søndre Land
	Control schools
	
	
	



	Adjusted mean (SE)
	N
	Adjusted mean (SE)
	N
	F (df, error)
	P-value*
	Adjusted r square





	2016
	477.6 (20.9)
	56
	444.0 (7.1)
	479
	2.32 (1, 532)
	.129
	.05



	2017
	501.8 (20.1)
	50
	428.3 (7.3)
	377
	11.79 (1, 424)
	≤.001
	.09



	2018
	485.5 (21.7)
	44
	399.8 (8.34)
	296
	13.59 (1, 337)
	≤.001
	.07



	Mean 2016–2018
	486.5 (17.9)
	52
	421.9 (6.5)
	389
	11.51 (1, 438)
	≤.001
	.08




	Note: Only data for participants with ≥4 days of valid PA measurements the same year are presented. PA level (cpm/d), average daily counts per minute; df, degree of freedom; SE, standard error.


	*P-values refer to differences in adjusted mean in PA level after control for differences among the groups with regard to sex.








[image: Bar graph comparing adherence to national PA recommendations between Søndre Land and control schools from 2016 to 2018. Søndre Land shows higher adherence rates each year: 57.1% in 2016, 62% in 2017, and 52.3% in 2018, compared to control schools with 40.7%, 37.7%, and 29.7%, respectively. Significance levels are noted for each year.]
FIGURE 1
Percentage of Søndre, Land pupils compared to control school pupils adhering to national recommendations for PA in 2016, 2017 and 2018.




2.5 Ethics

The study was registered with the Norwegian Agency for Shared Services in Education and Research (Sikt) under project number 48192. Written informed assent from participants and consent from their legal guardians were obtained prior to data collection.




3 Results


3.1 Descriptive data

Descriptive data on key study variables are shown in Table 1. In 2017, there were significant differences in the proportion of girls and boys at Søndre Land school compared to control schools. Furthermore, there were systematic differences in the distribution of pupils in the low, middle and high SES categories across all three years. Analyses of school travel mode showed that a significantly lower proportion of Søndre Land pupils used active transportation to/from school compared to control schools across all three years. Further, analyses of intensity-specific PA showed that Søndre Land pupils had significantly more minutes in MVPA compared to control schools throughout the three years.



3.2 Physical activity level

There were no differences in PA level between Søndre Land and the control schools after controlling for sex in 2016 (Table 2). However, analyses of data from 2017–2018 showed that Søndre Land pupils had a significantly higher PA level than the control school pupils after controlling for sex. Beta values showed that the mean differences in PA level between Søndre Land and control schools increased during the three years (16.6 cpm−1, 54.7 cpm−1 and 59.2 cpm−1 higher PA level in Søndre Land in 2016, 2017 and 2018 respectively). There were also significant differences in PA level between boys and girls, where boys had 66.8 cpm−1, 73.1 cpm−1 and 33.8 cpm−1 higher mean PA levels than girls in 2016, 2017 and 2018 respectively (data not shown). The analysis of mean PA level (2016–2018) also showed that Søndre Land pupils had a significantly higher PA level than control school pupils. In this analysis, sex accounted for a somewhat larger difference in PA level (63.0 cpm−1) than category of school (44.0 cpm−1).

Analyses of PA level for weekdays only showed the same pattern of no significant differences between Søndre Land pupils and control school pupils in 2016 (mean difference 33.6 cpm−1, NS) (Table 3). For 2017 and 2018, Søndre Land pupils had a significantly higher PA level for weekdays than control school pupils (an increase of 73.5 cpm−1 and 85.7 cpm−1 compared to control schools in 2017 and 2018 respectively). Category of school introduced larger differences in PA level for weekdays compared with analyses of the PA level for the entire week (73.5 cpm−1 vs. 54.7 cpm−1 in 2017 and 85.7 cpm−1 vs. 59.2 cpm−1 in 2018). The analysis of mean PA level for weekdays (2016–2018) (Table 3) also showed that Søndre Land pupils had a significantly higher PA level than control school pupils (64.6 cpm−1), which was equal to the difference introduced by sex (63.2 cpm−1) and higher than the difference found in analysis of the mean PA level of the entire week (44.0 cpm−1).



3.3 Adherence to national PA recommendations

The proportion of pupils adhering to national recommendations for PA was significantly higher for Søndre Land pupils compared to control school pupils in all three years (Figure 1). The effect sizes attributable to adhering to national PA recommendations by type of school for the different years were small according to Cohen's interpretation of effect sizes for Cramer's V; 0.10, 0.16 and 0.16 respectively.




4 Discussion

This paper set out to explore the potential of the FYSAK school model for promoting daily PA compared to other schools over a three-year period. Our results showed that pupils at Søndre Land school had significantly higher levels of PA (both all days and weekdays) compared to control schools for 2017 and 2018. Although the differences in 2016 did not reach statistical significance, this might be accounted for in terms of data collection occurring early in the Autumn semester of the first year of lower secondary school before new routines had become established. The mean PA level for all three years (2016‒2018: both all days and weekdays), which is a stronger measure of the habitual PA level (29), was also significantly higher for Søndre Land school than for control schools. When we excluded weekend days from the PA measurements, the difference in PA level for Søndre Land compared to control schools was even greater. This gives further support to the higher levels of PA in Søndre Land school compared to control schools. We interpret these results in terms of the school strengthening its influence on pupil's PA level over time. Taken together these results are supportive of a FYSAK school effect.

Accordingly, pupils attending Søndre Land school were statistically more likely to meet the PA recommendations compared to those at control schools in all three years. Given the well-documented decline in PA levels during the teenage years with fewer meeting the recommendations (20, 21), this is a noteworthy finding. In particular, it is evident that attending Søndre Land school offsets—at least to some degree—the typical decline in PA levels. This further supports the conclusion that the Søndre Land FYSAK model contributes to maintaining pupils' levels of PA during this formative period. Given the social gradient in PA among youth (34) and the SES profile of the Søndre Land school (a larger proportion of students from lower SES backgrounds), this is also worthy of note. Pupils from lower SES backgrounds are less likely to access opportunities for PA through family and friends and thus engage in fewer sporting activities compared to their mid- and upper-middle-class peers (37). Thus, schools that provide PA opportunities during the school day are particularly important for pupils from lower SES groups and have the potential to contribute to narrowing social inequalities in PA. The importance of the school setting also applies to those pupils who do not have the opportunity for active travel to school. At Søndre Land school, a lower proportion of pupils were able to bike or walk to school compared to control schools, underscoring the contribution a FYSAK school can make to PA in such circumstances.

Overall, our results are indicative of a FYSAK school effect, which can be explained in terms of the sustained embedding of PA into pupils' daily routines over a three-year period. Multi-component whole-of-school approaches have been shown to have limited effectiveness, in part because of poor implementation (1, 38) and limited sustainability beyond the intervention period (39), One factor that has been identified as important for the introduction and embedding of such health promotion initiatives is proactive leadership (40) and supportive management practices such as resource allocation (41, 42). In the absence of such leadership whole school initiatives suffer from many of the same limitations as less comprehensive, short-duration interventions. Although this study cannot shed any light on these factors, information collected at the first visit to the FYSAK school identified the key role of the head teacher in developing and implementing the model.

Jago et al. (8) advocate for a much stronger focus on transforming the school context to support PA. Recent research on school improvement initiatives (including those relating to the health promoting school), has further supported the need to conceptualize schools as complex adaptive education systems if sustainability and implementation are to be adequately addressed (43–45). While there have been some recent initiatives underpinned by such a conceptualization (see for example, Creating Active Schools programme in Bradford, UK: 46)), our study has contributed knowledge to this type of organizational model. Furthermore, whole school approaches may well be too complex for schools to implement comprehensively, especially without considerable resources and specialist support. Nonetheless, a simplified focus on transforming the school context to create a culture that supports PA may be a viable, realistic alternative (8, 11, 12, 39). The FYSAK model illustrates how relatively small, systemic organizational adjustments can be integrated into everyday school life. As such, it appears to be a sustainable model that negates the need for any “intervention” and, consequently, is not only effective in increasing PA levels but also viable and equitable. Thus, the model contributes to PA becoming routinized during a formative period of the life course, supporting pupils in developing a physically active habitus: that is to say having a predisposition to move (47). In this regard, we think there is merit in moving beyond a focus on recommendations in terms of MVPA alone, notwithstanding its undeniable health benefits, to incorporate PA to break up and reduce sedentary time alongside incorporating lower intensity PA activities to generate fun and enjoyment. The FYSAK model incorporates relatively short, diverse physical activities that include all forms of movement and intensities, including low intensity activities such as walking, which create opportunities for more socially inclusive and engaging experiences for students. This way of developing a physically active habitus is more likely to foster lifelong engagement in PA [see., e.g., (48)].


4.1 Limitations

Notwithstanding the high participation rate at Søndre Land school, we recognize the limitations of our analyses in terms of its relatively small sample size, which limited our ability to control for SES differences between the two school categories. However, given the higher proportions of pupils from lower SES backgrounds at Søndre Land school, it is likely that this might have diminished PA levels. In addition, some participants did not provide valid PA measurements for all years. Although analyses of mean PA strengthened the power of these analyses somewhat, the small sample inhibited in-depth analyses and inclusion of relevant covariates such as SES, body mass index and travel mode to/from school. Further, although accelerometry is widely regarded as the best way to assess habitual PA (29), it is not without its limitations, such as not being able to measure water activities. Furthermore, because of their placement at the hip, their ability to provide precise measurements of cycling, arm-intensive activities, and activities on a gradient are limited (49). The amount of time spent cycling or swimming was thus recorded in the questionnaire and the majority of participants reported zero hours of both activities. Consequently, this limitation seems unlikely to have led to an underestimation of the true activity level, at least to a large degree. In addition, there is still no consensus regarding processing criteria (50), which may influence the results and inhibit data comparison across studies using different criteria. However, the use of average daily cpm−1 as the measure of PA level removes some of the differences introduced by using different intensity-specific cut-points. Lastly, FAS III was used to measure SES. Although this version is considered to provide absolute and relative inequalities between groups of adolescents, both within and between countries (33), ceiling effects have been identified in highly affluent study samples, often found in Norway (32). The instrument is therefore regarded as only providing a rough measure of SES. It is important to note that these limitations apply to both Søndre Land school and control schools and will thus likely not influence the results.



4.2 Implications for school PA policy and practice

Notwithstanding these limitations, our findings raise important policy and practice issues about how schools can effectively, sustainably and equitably promote PA alongside their educational mandate. The ongoing interest in whole-of-school approaches—including schools as complex adaptive systems—reflects the view that they are more likely to ensure that health promotion becomes institutionalized in the everyday structures and processes of the school (51) and thus more likely to ensure effective, equitable and sustainable ways of promoting health and PA (38, 52). Both frameworks, however, introduce complexity into the everyday reality of schools, an unintended consequence of which may be that they are less likely to be successfully adapted, implemented, and sustained. As far as PA promotion is concerned, our results suggest an alternative way forward. The FYSAK model has embedded PA into the fabric of the school's daily routines through a relatively straightforward shift in the way time is used. The model was initiated, developed and led by the headteacher and implemented by all teachers. Educational leadership has been shown to be influential in stimulating cultural change, which has been widely recognised as important in anchoring and sustaining health promotion initiatives (41, 42). Research on leadership in health promotion is sparse, especially with regard to PA promotion. Nonetheless, the extant research indicates that it is likely that leadership played an influential role in shifting the school culture towards that of valuing PA as well as providing resources to ensure its sustainability (40). Given the competing pressures lower secondary schools especially face, such leadership is particularly likely to be important and warrants further research in Norway as elsewhere.

In terms of inclusion, the FYSAK model is an example of a school population approach to PA promotion that reaches all students, including those most disadvantaged. Thus, it is a model that has the potential to minimize social inequalities in health in general and PA in particular (53). Given the widespread acceptance that the so-called standard school does not exist (10), it is also a model that can be adapted to each school's location, resources and circumstances. In this regard, the model is widely applicable to other schools in Norway and beyond. However, while schools can be important settings for health promotion, their potential effect is likely to be marginal if they are not supported by actions in other domains. Policies that give every child the “best start in life” (54)—in this case with regard to developing a physically active habitus—during the formative years of preschool and primary school are equally important. These early years are crucial for socializing children into viewing movement and PA as integral parts of everyday life.

Finally, it is worth noting that if schools are to address equity thereby narrowing social inequalities in health and PA, then a re-distribution of resources is required towards disadvantaged communities. Schools situated in areas of disadvantage often face unique difficulties with regard to resource limitations and competing academic demands. If the aim is to ensure equitable opportunities for all pupils, then policymakers would be advised to allocate targeted funding and tailored support to under-resourced schools. This not only enables these schools to implement effective PA initiatives, it also helps bridge the gap in health outcomes between socio-economic groups, including in relation to PA.




5 Conclusion

Our results suggest that if schools are to become settings for sustainable PA promotion, then a shift away from top-down, limited-duration interventions that leave little organizational imprint once completed is necessary. In the same vein, we also raise questions about the continuing advocacy of complex whole-of-school models because they may well overwhelm schools, especially lower secondary schools. On the basis of our results, we conclude that the FYSAK model offers a framework for systematically providing realistic opportunities for being physically active during the school day if it becomes seamlessly integrated—in other words institutionalized—into schools' daily practice of teaching and learning. The model offers a way of balancing academic priorities with the desirability of developing active lifestyles. The prerequisites for such a model are likely to be an empowering school leadership, engaging teachers in collaborative processes, and facilitating pupil involvement (40). These are, however, our tentative conclusions and require further research. In addition, future research should explore whether the FYSAK model influences sports participation outside of school.
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East Bridge School was run as an independent school, with a student group that mainly came from high
resource households and most of them lived in the area. Here, all students graduated from middle school with
passing grades. A majority of the students were born themselves and had parents born in Sweden. A similar
background was also mirrored in most school staff.

Lakeview Academy was run as a public school with both high and low resourced groups of students, with
students in the higher resourced group traveling in from other residential areas because of the school’s
specific educational profile that made up for a fourth of the student population. The two student groups
differed in that students not in the educational profile had a higher proportion of parents born in a foreign
country and graduated from middle school with non-passing grades.

Springfield School had students traveling in from other areas and was a resource school run as a foundation
with a student body with special needs. The school had a mixed resourced group of students. There was
around 20-25 percent of students who had parents with foreign background, which was similar to the national
level in Swedish schools. Almost half of the students graduated from middle school with non-passing grades.

Southside Academy was run as a public school and most students came from low resource households and
catchment area. A majority of the students were born themselves or had parents born in a foreign country,
and many of the school staff had a similar background. Here, around 40 percent of the students graduated
from middle school with non-passing grades.
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Physical Fitness Levels Among European
Adolescents: the HELENA study

Author and
publication
year
Ortega et al. (2011)
(35)

Journal

British Journal of
Sports Medicine

Objetive of study

“To report on sex- and age-specific physical fitness
levels in European adolescents.

Main findings

‘The figures showed greater physical fitness in boys, except for
the flexibility test, and a trend toward greater physical fitness in
boys as their age increased, while fitness levels in girls were more
stable across of ages.

Total
citations

Average
citation by
year®

Objectively Measured Physical Activity and | Ruiz et al. (2011) | American Journal | To characterize objectively measured levels of physical | A greater proportion of children (56.8% of boys vs. 27.5% of girls) 248 1907
Sedentary Time in European Adolescents | (36) of Epidemiology | activity and sedentary time in adolescents from 9 | met the MVPA physical activity recommendations of at least
the HELENA Study European countries. 60 min/day. Adolescents spent the majority of recorded time in
sedentary behaviors (9 h/day, or 71% of recorded time). Both
average intensity and moderate to intense physical activity were
higher in adolescents with good cardiorespiratory fitness, and
sedentary time was lower in the high physical fitness group. There
were no diff in physical activity or sedentary
‘maternal education categories.
Temporal Trends in the Cadiorespiratory | Tombkinson et l. | Briish Journal of | To estimate the international and national temporal | Since 1981 ther has beena subsantal decine n CRE, suggesinga | 209 4180
Fitness of Children and Adolescents (2019) (30) Sports Medicine | trends in cardiorespiratory fitness (CRF) among thehealth However, the
Representing 19 High-Income and Upper children and adolescents and examine the intenational CRF trend has not followed the expected trajectory,
Middle-Income Countries Between 1981 relationships between temporal trends in CRF and with negigile ch. 2000. CRE
and 2014 temporal trends in broad socioeconomic indicators | data from children in low- and middle-income countries are needed
related to health across countries. to more confidently determine international trends and determine
whether temporal trends are similar to those observed in high- and
upper middle-income countries.
Muscular and Cardiorespiratory Fitness are | Artero et al. (2011) | Pediatric Diabetes | To examine the independent associations of muscular | Muscular and cardiorespiratory fitness are independently 189 1453
Independently Associated With Metabolic | (37) and cardiorespiratory fitness with pooled metabolic | associated with metabolic risk in adolescents. These results
Risk in Adolescents: the HELENA study risk in adolescents. support current physical activity recommendations for youth,
which include muscle-strengthening activities in addition to
aerobic exercise
Cognitively Engaging Chronic Physical | Schmidt et al. (2015) | Journal of Sport & | To investigate the effects of two q different | Ani thetam 187 2077
Activity, However, Not Aerobic Exercise, | (38) Exercise chronic PA interventions on executive functions in Therefore,
Affects Executive Functions in Primary Psychology primary school children. physical activity appears to
School Children: A Group-Randomized be the most promising type of chronic intervention for improving
Controlled Trial executive functions in children, providing further evidence for the
importance of qualitative aspects of physical activity.
Alpha-fitness Test Battery: Health-Related | Ruiz et al. (2011) | Nutricion Describe the work developed for the creation of the | The evidence-based ALPHA-Fitness battery includes the 181 1392
Field-Based Fitness Tests Assessment in | (39) Hospitalaria® ALPHA Fitness field test batery for the evaluation of | following tests: (1) 20-meter shuttle test to assess aerobic
Children and Adolescents health-related physical condition in children and | capacity, (2) handgrip strength test, and (3) feet-together broad
adolescents. jump test to evaluate musculoskeletal capacity, and (4) BMI, (5)
waist circumference, and (6) skin folds (triceps and subscapular)
to evaluate body composition. Additionally, 2 variants are
included: (i) ALPHA-Fitness high priority battery. This variant
includes all the tests except the skinfold measurement, and (ii)
the extended ALPHA-Fitness battery, which includes all the tests
and in addition to the 4 x 10 m speed and agiliy test.
‘Time-motion Characteristics and Hill-Haas et al. Journal of Strength | To examine the acute physiological responses and | Subtle changes in SSG game rules can influence physiological, 180 1384
Physiological Responses of Small-Sided | (2011) (40) and Conditioning | time-motion characteristics associated with 4 soccer- | perceptual, and time-motion responses in young elite soccer
Games in Elite Youth Players: the Influence Research specific small game (SSG) formats (3 vs. 4 players, 3 | players. Rules that are related to a team’s chances of scoring can
of Player Number and Rule Changes vs. 3 players + float, 5 vs. 6 players, and 5 vs. 5 improve player motivation and therefore increase training
players + float) and 4 rule changes in elite youth soccer | intensity during SSGs. There were no differences between the
players. fixed and variable formats in terms of physiological and
perceptual responses, although both can provide useful
technical tactical training. Coaches should be careful when
designing different football SSGs, as each rule change or game
format can influence exercise intensity independently.
International Normative 20 m Shuttle Run | Tomkinson et al. | British Journal of | To develop sex- and age-specific international “This study provides the most comprehensive and up-to-date set| 177 2528
Values from 1142 026 Children and Youth | (2017) (41) Sports Medicine | standards for the 20 m shuttle run test (20mSRT) in | of international sex- and age-specific 20mSRT standards for
Representing 50 Countries children and youth (ages 9-17) and estimate the | children and youth, which are useful for health and fitness
prevalence of compliance with the standards screening, profiling, monitoring and surveillance.
referenced in the FITNESSGRAM eriteria for healthy
cardiorespiratory endurance.
Effect of Multidimensional Lifestyle Puder et al. (2011) | BM]-British To test the effect of a lifestyle A ion increased aerobic capacity and 167 1284
Intervention on Fitness and Adiposity in | (42) Medical Journal | intervention on aerobic fitness and adiposity in reduced body fat, but not BMI, in predominantly migrant
Predominantly Migrant Preschool Children predominantly migrant preschool children. preschool children. The intervention included a physical activity
(Ballabeina): Cluster Randomised program, lessons on nutrition, media use and sleep, and
Controlled Trial adaptation of the built environment of the preschool classroom.
‘The intervention also produced beneficial effects on body fat
percentage, sum of four skinfolds, waist circumference, and
motor agility.
Relationship of Physical Activity With | Bargi et al. (2011) To lationship of objectively measured | Physical activity was positively associated with motor skills and 160 1230

Motor Skills, Aerobic Fitness and Body Fat
in Preschool Children: a Cross-Sectional
and Longitudinal Study (Ballabeina)

3)

Journal of Obesity

physical activity (PA) with motor skills (agility and
balance), acrobic fitness, and body fat percentage in
young children.

aerobic capacity at baseline, as well as their longitudinal changes.
Specifically, only vigorous physical activity, but not total or
moderate physical activity, was related to changes in aerobic
capacity. In young children, baseline physical activity was
associated with improvements in motor skills and aerobic fitness,
an important determinant of cardiovascular risk.

“Avenge citations per year were calculated from publication date to July 8, 2024.
bDocument published in Spanish.
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Author and Journal Objective of the Total Average
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Field-based fitness Ruiz et al. (2011) | British Journal | To summarize the work When there are time limits, the
assessment in young people: | (28) of Sports developed by the ALPHA authors propose the ALPHA health-
the ALPHA health-related Medicine (Assessing Levels of Physical | related fitness test battery, which
fitness test battery for Activity) study and describe | comprises all evidence based fitness
children and adolescents the procedures followed in | tests except skinfold thickness
selecting the tests included in | measurements. The time necessary
the ALPHA health-related to manage this battery to a group of
‘physical fitness test battery for | 20 young people by a physical
children and adolescents. education teacher is less than 2 h. In
conclusion, The ALPHA test battery
is valid, reliable, feasible, and safe
for assessing health related physical
fitness in children and adolescents
for population-level health
monitoring purposes.
Criterion-related validity of | Castro-Pifiero et al. | British Journal | To comprehensively study the | The results from 73 studies (50 344 2457
field-based fitness tests in | (2010) (29) of Sports criterion validity of existing | high-quality) addressing the
youth: a systematic review Medicine field fitness tests used in criterion-related validity of field-
children and adolescents. based physical fitness tests in
children and adolescents indicate
the following: there is evidence
indicating that the 20 m-shuttle run
test is a valid test to estimate
cardiorespiratory fitness, the hand
pressure strength test is a valid
measure of musculoskeletal fitness,
skinfold thickness, and body mass
index are suitable for estimating
body composition and waist
circumference is a valid measure to
estimate central body fat.
Reliability of Field-Based | Artero et al. (2011) | International | To study the reliability of The review provides an evidence- 191 1469
Fitness Tests in Youth [E)) Journal of existing field physical fitness | based proposal for the most reliable
Sports Medicine | tests intended for children and | field fitness tests for use with
adolescents. children and adolescents, these are:
20 m shuttle run to measure
cardiorespiratory fitness; handgrip
strength and long jump tests to
measure musculoskeletal fitness;
410 m shuttle run test for height,
weight, BMI, skinfold,
circumference, and body fat
‘percentage estimated from skinfold
thickness to measure body
composition.
Criterion Related Validity | Mayorga Vega Journal of To examine the criterion- ‘The 20 m shuttle run test has 178 1977
of the 20-M Shuttle Run | et al. (2015) (6) | Sports Science | related reliability of the 20m | moderate to high validity for
Test for Estimating and Medicine | shutlle run tests for estimating | estimating cardiorespiratory fitness.
Cardiorespiratory Fitness: fitness. ‘The criterion-related validity of the
A Meta-Analysis 20 m shuttle run test s significantly
higher for adults than for children.
However, when the achievement
score is combined with other
variables, the value of criterion-
related validity increases
considerably among children.
Gender and maximum oxygen
consumption level of individuals do
not appear to affect the criterion-
related validity of the 20 m shutdle
test. When maximal oxygen
consumption cannot be assessed in
laboratory conditions test, the 20 m
shuttle run test appears to be a
useful alternative to estimate
cardiorespiratory fitness.

Main findings

Systematic Review and Ortega et al. (2015) | Sports Medicine | To systematically review ‘The present systematic review 164 1822
Proposal of a Field Based | (32) studies conducted in preschool | identified the need for further
Physical Fitness-Test children using field-based research on the validity of physical
Battery in Preschool physical fitness tests and fitness tests in preschool-aged
Children: The PREFIT examine their (1) reliability, (2) | children, as well as their relationship
Battery validity, and (3) relationship to | with health. Due to this limited
health outcomes. Our ultimate | information, the PREFIT battery
goal was to propose a battery of | proposed here is based on the
field-based physical ftness tests | results of the present systematic

for use in preschool children. | review in preschool children,
together with existing evidence in
older children and adolescents.
While we wait for more evidence to
accumulate in preschool children,
the PREFIT battery proposed here is
a useful tool for assessing physical
fitness in children aged 3-5 years.
Physical Exercise Training | Braam et al. (2016) | Cochrane To evaluate the effect of a | The effects of exercise training 161 2012
Interventions for Children | (33) Database of | Physical exercise training interventions for participants with
and Young Adults During Systematic intervention (at home, ina | childhood cancer are still not

and After Treatment for Reviews physical therapy center or in a | convincing due to the small number
Childhood Cancer hospital) on the physical of participants and insufficient

aptitude of children with study methodology. Despite this,
cancer, in comparation with | the first results show a trend toward
physical fitness in a control | better physical condition in the
group with usual care. intervention group compared to the

control group. Changes in physical
fitness were observed through
improved body composition,
flexibility, and cardiorespiratory
fitness. However, the evidence is
limited and these positive effects
were not found for the other
outcomes evaluated (muscle
strength/endurance, daily activity
level, health-related quality of life,

and fatigue).
Systematic Review of the | Lang et al. (2018) | Journal of To summarize the rescarch that | 142 studies were identified that 108 18.00
Relationship Between 20 m | (34) Science and assessed the associations determined an association between
Shuttle Run Performance Medicine in | between performance on the | 20mSRT test performance and a
and Health Indicators Sport 20 m shuttle test (20mSRT) | health indicator, representing
Among Children and Youth and indicators of physiological, | 319,311 children and youth from 32

psychosocial, and cognitive | countries. The performance of the

health among school-age 20mSRT test was favorably

children and youth. associated with indicators of

adiposity and some indicators of
cardiometabolic, cognitive and
psychosocial health in boys and
girls. These findings support the use
of 20mSRT as a holistic indicator of
population health in children and
youth.

BMI, body mass inde; m, meters; PREFIT, field-based physical fitness testing in preschool children.
"The: aviracn iiitibes of cXatins pec pe wis. cilsalated oo fhie du of pollicaos 1o Tabiy &, 2086
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N° Boolean operators Search | Publish date | Total number of Type of Number of
search date range items found documents documents by type
1 “20-meter AND shuttle AND run | July 6, 2024 2010-2024 146 Article 138
AND test” Review Article
Letter 3
Meeting Abstract 2
Editorial 1
2 “20-m AND shuttle AND run Tuly 6, 2024 2010-2024 715 Article 684
AND test” Review Article 25
Letter 3
Meeting Abstract 2
Editorial 1
3 “20m AND shuttle AND run” | July 7, 2024 2010-2024 1,000 Article 962
Review Article 29
Letter 4
Meeting Abstract 4
Editorial 1
4 “20m AND SRT” July 7, 2024 2010-2024 10 Article 9
Review Article 1
Letter 0
Meeting Abstract 0
Editorial 0
5 “20-m AND endurance AND July 8, 2024 2010-2024 140 Article 130
shuttle AND run AND test” Review Article 10
Letter 0
Meeting Abstract 0
Editorial 0
6 “20-m AND multistage AND Tuly 8, 2024 2010-2024 9 Article 91
shuttle AND run AND test” Review Article 3
Letter 0
Meeting Abstract 0
Editorial 0

*This search was selected to perform the flowchart because it was the one with the highest number of records found.
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Activity Purpose Explanation Duration

Warm-up Safety General warm-up 3-5min
involving movement-
based games and dynamic
stretching
GymEit Develop resistance | Workout consisting of for | 20-30 min
training movement | example Gymsticks™!
skills bands and body weight
exercises with moderate
intensity.
HIRT Improve muscular | Short, high-intensity 8-26 min
and cardiorespiratory | workout
fitness
BoxFit, Enjoyment and Session of eg, boxing, | 20-30 min
CardioFit, students’ choice circuit training, Pilates or
CoreFit or modified game with
GameFit fitness focus.
Cool Down | Reflection and Static stretching and light | 5 min
restitution activity including
evaluations of the training,

The original structure of RT4T can be accessed here: http:/links Iww.com/MSS/B19 (21).
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Study variables
Physical acitvity

8th grade

9th grade

1st year

2nd year

3rd year

Total score

No days

17.3%

17.5%

N=1,703

N=1,645

1-2 days a week

37.0%

34.9%

N=3,643

N=3284

3-4 days a week

28.7%

28.6%

N=2,829

N=2,692

5-6 days a week

13.1%

14.9%

N=1,286

N=1404

Everyday

40%

42%

46%

3.8%

N=390

N=-398

N=435

N=315

N=232

N=149

Self efficacy

139 (3.0)

138 (29)

141 29)

144 29)

146 (2.7)

146 (25)

Satisfaction with life

7.0 (19)

67 (19)

6.8 (1.9)

6.7 (1.9)

6.8 (1.8)

6.8 (1.7)
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Study variables
Physical acitvity

8th grade

9th grade

10th grade

1st year

2nd year

3rd year

Total score

No days

14.1%

12.6%

13.7%

N=139%

N=1,181

N=420

1-2 days a week

30.0%

26.8%

303%

N=2978

N=2510

N=928

3-4 days a week

29.4%

27.9%

252%

N=2916

N=2611

N=773

5-6 days a week

17.5%

222%

211%

N=1737

N=2,077

N-648

Everyday

9.0%

105%

93%

7.6%

9.7%

N=888

N=984

N=770

N=535

N=298

Self-efficacy

152 (3.1)

154 (3.1)

156 (3.5)

158 (3.1)

159 (2.9)

Satisfaction with life

7.8 (1.7)

76 (1.7)

75 (1.8)

7.4 (17)

7.3(1.7)
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Study variable
Physical activity levels

95% Cl

P value

No days

~031 to ~0.15

1-2 days a week

001 to 0.07

34 days a week

0.04 to 0.09

5-6 days a week

0.06 to 0.10

Active everyday

0.06 to 0.09
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Study variable
Physical activity levels

95% Cl

P value

No days

~121 to ~0.30

1-2 days

~031 10 0.14

3-4 days

—006 to 0.24

5-6 days

0.04 10 027

Active everyday

0.05 to 0.24
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Child-reported Frequency Overall importance

outcome reported? rating®
Being healthy 5 171), 2(4), 3(1)*
Healthy diet 5 1(74), 2(19), 3(4)
Concentration 4 1(33)*
Having fun 4 1(36), 2(3), 3(1)*
Feeling happy 4 1(50), 2(5), 3(1)
To be safe 3 1(14)*
Being outside 2 1(17), 2(1), 3(1)
Making friends b 115)

No bullying 2 1), 2(1)
Playing 2 1(6), 3(1)
Trust each other 2 16)*

Sleep quality 2 1(9), 2(1)
Time spent reading 2 1(20),2(5), 3(2)
Making children active 2 1(20), 2(4), 3(1)*
Intelligence 2 1010)*
Frequency and 2 1(10), 2(1)
duration of exercise

Better at sports 2 109, 2(1)
More physical 2 1(28), 2(6), 3(4)
education

Stronger heart 2 1(17), 2(1), 3(1)
Motivation 2 109),203)

*Frequency reported indicates the number of countries in which the outcome was reported
by children.

>Summary importance rating, summing the number of children (across countries) scoring
the outcomes as “very important” (1), “important” (2) or “not important” (3) (according to
the traffic light system). An outcome was considered as “important” when 70% of the children
scored the outcomes as “very important” and <15% of the children scored the outcome as
“not important”.

*Indicates consistency in the overall rating of “very important” across counties in which the
outcome was reported by children.
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executive system in everyday school life
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Canada Scotland h Africa  The Netherlands
Sessions 6 4 5 6 6 3
Children per 32 (4-9) 27 (6-7) 14 (2-5) 48 (8) 23(2-5) 15 (2-7)
session (range)
Mean age, in 10.6 9.4 10.3 10.1 10.3 10.5
years
Frequency age, Unknown
in years

(2 unknown)

Gender 31% girls, 50% girls, 50% girls, 63% girls, 43% girls, 40% girls,

59% boys, 50% boys 50% boys 27% boys 57% boys 60% boys

10% unknown
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Number % of pupils
relative to 360
Only unguided/free offers
Only open gym
Only sports courses

Unguided/free offers & open gym

Unguided/free offers &

sports courses

Open gym & sports courses
Unguided/free offers & open gym &
sports courses

No offers

The percentages are based on a total of 360 pupils, as some data could not be included in this
Table due to missing data of pupils, who did not answer this question.
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Other languages

yes
n (%)

no
n (%)

Open gym yes 97 (26) 51 (14) 14.470"
no 101 (27) 124 (33)
Year long courses yes 101 (25) 66 (17) 4568 0112
no 113 29) 117 (30)
Boys. Open gym yes 71 (34) 29 (14) 15377 0281
no 47 (23) 62 (30)
Year long courses yes 73 (32) 40 (18) 434 0148
no 56 (25) 56 (25)
Girls Open gym yes 26 (16) 22(13) 0513 0.069
no 54 (33) 62 (30)
Year long courses yes 28 (16) 26 (15) 0072 0033
no 57 (33) 61 (36)
“=p<5.

“ = <001
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Individual level

Determinants

Knowledge

Theory-based
methods
Information meetings (44)
Advance organizers (52)

Practical application

“The purpose and potential benefits of the MOVE-breaks are communicated by the Project leader
and the PI to the students.
Presenting an overview of the different exercises in a digital compendium.

Attitude

Direct experience (45)

Encouraging a process whereby knowledge is created, and attitude is changed towards
participating in MOVE-breaks through the interpretation of experience.

Self efficacy

Guided practice/Feedback (46,
47)

PE-teacher will provide feedback to the students related to the 2 weeks practice prior of the start
of the intervention.

"The teacher ambassador will provide regular feedback to the students related to MOVE-breaks
they are responsible for organising.

Autonomy

Goal setting (48)

Stadents pie plan the content of the MOVE beeaks sesions, ncuding ¢ deiiion of which
health-rel ics and skills they want the session to help influence.

Competence

Guided practice (46)

‘The students, both in their role as instructors and as participants in others’ sessions, will have
sufficient time for demonstration, exercise and rehearsal with feedback from the PE teacher and
teacher ambassador.

Relatedness

Social support (49)

Both peer students, the sports teacher and the school's teacher ambassador will provide support
throughout the intervention period.

Environmental

Social support

School culture

Mobilizing social support (49)

Tailoring (44)
Sense-making (50)
Financial incentive

Each participating school will be provided with financial incentives to appoint a dedicated
teacher ambassador. This ambassador will act as the key contact between the research team and
the school, specifically tasked with facilitating the MOVE-breaks and supporting students
throughout the project. Additionally, both school management and teachers will be encouraged
to support and make it possible for the students to be physically active through MOVE breaks in
selected teaching sessions.

‘The school management defines MOVE-breaks as a special focus area which is communicated
through information letters to parents and guardians.

‘The school, through its management, teacher ambassadors and teachers promote and arranges
for MOVE breaks to become a natural part of the school’s daily operations.

Enable the school to engage a dedicated teacher ambassador with responsibility for following up
students and teachers at each school.

Facilitation (51)

The classroom environment will be facilitated with adequate equipment that makes physical
activity possible.
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Outcomes Full-dose Half-dose

‘Weeks with FF10 (Mean, SD, range) 164 [22, (13-18)] | 132 [56, (3-18)]

FF10 lessons per week (Mean, SD, 28[0.13,27-30)] | 20 [063 (07
30)]

range)
FF10 lessons per week with FF10 22 (069) 18 (0.78)
content (Mean, SD)
Minutes per week® (Mean, SD) 1232 (14.5) 795 (24.7)

“In weeks where FF10 lessons were logged. Average for 1718 weeks of intervention was
1187 min and 56.2 min, respectively.
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1. The informed and listened to
a. being listened to when pupils needed a break
b. being informed in advance when pupils have PAL

2. The responsible and open to teachers’ questions and facilitation
4. being asked and wishing to be asked as a means of involvement

b, responsibility and teacher facilitation
3. The invited to have a choice and practice participation
a. activity choice
b, “we had a chance to have a say”
<. pupils’ suggestions for moving more
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Rural/Urban

Country

Primary/secondary education

Focus groups

Norway Rural 1-7 5th* grade Focus group 1: 2 boys, 1 girl (10-year-olds)
Focus group 2: 1 boy, 2 girls (10-year-olds)
Focus group 3: 1 boy, 2 girls (10-year-olds)
Norway Urban 8-10 9th” grade Focus group 4: 2 boys, 1 girl (15-year-olds)
Focus group 5: 1 boy, 2 girls (15-year-olds)
Estonia Rural 112 4th+ 8th grade | Focus group 6: 3 boys, 4 girls (10-year-olds)
Focus group 7: 4 boys, 2 girls (15-year-olds)
Estonia Utban 1-9 4th grade Focus group 8: 2 boys, 3 girls (10-year-olds)
Estonia Urban 1-9 8th grade Focus group 9: 1 boy, 4 girls (15-year-olds)

*5th grade in Norway is equal to 4th grade in Estonia (10-year-olds).
b9th grade in Norway is equal to 8th grade in Estonia (15-year-olds).
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Gender (% Girls)

Median

51.8
Age, years 66 258
BMI z-score -0.10 140
Age (fathers) 395 7.00
BMI (fathers) 260 499
Age (mothers) 364 488
BMI (mothers) 234 398
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Median Minimum Maximum

MPVA before school (min/day) 269 338 0.00 17.42
MVPA during school (min/day) 4025 2484 467 10255
MVPA after school (min/day) 37.45 2449 5.32 118.15
Segment duration before school (min/day) 6220 3171 933 17061
Segment duration during school (min/day) 413.27 9492 220.13 661.91
Segment duration after school (min/day) 54935 9037 34039 74150
MVPA before school/MVPA total (%) 342 3.60 0.00 2389
MVPA before school/duration of the segment (%) 472 485 0.00 27.28
MVPA during school/ MVPA total (%) 4785 18.04 11.92 8370
MVPA during school/duration of the segment (%) 954 563 1.90 21.68
MVPA after school/MVPA total (%) 4739 19.45 10.73 80.54
MVPA after school/duration of the segment (%) 7.05 417 117 1946
Abbreviations: IQR, interquartile range: MVPA, moderate-to-vigorous physical activity.
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Before school MVPA/ In school MVPA/duration of After school MVPA/
duration of the segment the segment duration of the segment

B 95% Cl p-value 95% Cl p-value B 95% CI p-value

Model 1—Maternal indicators (n = 130)°

Mother BMI 0.00 =0.12; 0.11 0.991 —0.15 —0.28; —0.01 0.031 0.02 —0.10; 0.14 0.740
Mother education (University)* 0.58 —0.44; 1.60 0.279 =119 —2.46; 0.09 0.066 -0.19 -1.31; 0.93 0.734
Mother MVPA 0.00 0.00; 0.01 0325 0.01 I 0.00; 0.02 0.171 0.01 0.00; 0.02 0.060
Model 2—Paternal indicators (n=89)

Father BMI —0.28 —0.49; —0.07 0.010 0.12 —0.06; 0.29 0.178 0.06 —=0.10; 0.22 0.485
Father education (University)* —0.13 —2.00; 1.73 0.887 —0.50 -2.07; 1.07 0.528 145 0.00; 2.90 0.049
Father MVPA 0.00 —0.01; 0.02 0.850 0.02 0.01; 0.03 <0.001 0.01 0.00; 0.02 0.046

Boldface values indicate significant association at p <0.05.
‘Reference value was set to Education = lower than university degree.

"Models were adjusted for children's age, sex, body mass index z-score, and body mass index, education, and moderate-to-vigorous physical activity of mothers.
il v ailiostad Tor GHArGrs how S Doty inie Sadis 5-acor Wil bod i indi: sdusatlin. dnd saciaie o naoaon phasal sciivily of St
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Before school MVPA/ In school MVPA/duration After school MVPA/duration of
duration of the segment of the segment the segment

B 95% Cl p-value 95% CI p-value 95% ClI p-value

Model 3—Contextual factors (n=249)
Residence type (House)* 052 | -161;058 —L09 1.19 —1.68 0.26
FAS (Middle)® 073 ~0.10 2.88 ~0.86 1.65
FAS (High)® 138 ~0.70 2.8 -077 2.23
Neighborhood safety (No)* 082
Active transport (yes)” 1.90 0.94; 2.85

—0.91 1.86 ~1.48 083

Boldface values indicate significant association at p <0.05.
All models were additionally adjusted for children's age, sex, body mass index z-score.

Cl, confidence intervals; FAS, family affluence scale; MVPA, moderate to vigorous physical activity.
‘Reference value was set to residence type = apartment.

"Reference value was set to FAS=low.
“Reference values was set to Safety = yes.
dReference value was set to Active transpor
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Test item

Total SD

Standing broad jump (cm) 12671 2167 M 79 13248 2385 001 439,17.17
F 91 121.70 1828

Hopping on two feet (5) 381 077 M 7 381 087 o140 ~028, 160
F 90 381 068

Hopping on one foot (s) 344 0.84 M 78 346 101 482 ~029, 014"
F %0 343 068

‘Throwing a tennis ball (m) 1063 428 M 79 1231 476 <001 193,436
F 91 917 319

Pushing a medicine ball (m) 378 1.00 M 79 402 106 005 0.16, 0.74°*
F 91 357 090

Climbing wall bars (5) 2344 1614 M 27 2169 1388 436" -8.42, 433"
F 2 2532 1837

105 m shuttle run (s) 2402 288 M 79 2370 330 037 ~1.67, ~0.6™
F 91 2429 244

20m run (s) 464 0.59 M 78 456 061 032 —0.37, 0.2
F 91 471 036

Reduced Cooper test (m) 828.12 17308 M 68 89626 18426 <001 68.86,172.74
F 88 775.47 14418

“Mann-Whitney U test for independent non-parametric distributions.

**Hodges—Lehmann estimation of 95% CI.
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The specific 11 items of the AHRQ are as follows: (1) Is the information source clearly stated (survey, review)? (2) Are exposure group criteria listed or referenced? (3) Is the patient
dentification period specified? (4) Is the study population consecutive if not population-based? (5) Do raters' biases affect study subject assessment? (6) Are quality assurance assessments
described (e, retests)? (7) Are reasons for patient exclusions clarified? (8) Are methods to assess/control confounders described? (9) Are missing data handling methods explained if
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“Participants with bascline and follow-up data.
“Fulfilled criteria out of five.

Fulfilled criteria out of four.

%5.point scale (poor to excellent).

“Average of four questions on a 5-point scale (not true for me to very true for me).
‘Average of four questions on a 5-point scale (strongly disagree to strongly agree).
eSum of eight questions on a 7-point scale (strongly disagree to strongly agree).
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Central
themes
Acceptability

Fidelity and
adaptations

Key points

‘Teachers found it relevant and were inspired by the activities and the
structure of the sessions.

Examples

V... this is one of the areas we must work with according to Common Goals
is Physical Education, so I think this could be a good structure to build the
area up around... (Teacher 1, School 2)

Students were familiar with the exercises, and they were able to
participate with different competencies

«.. There were exercises I had not tried before, but it was not because I did
not know them.... (Student 3, School 1). v/ So, they (exercises) got scaled to
those (Students) who was not that good (Student 3, School 2)

Students liked the new activities and equipment, but motivation
declined during the 8-weeks.

Structure, activities, and materials were used as intended, but different
parts were prioritized or left out

.. weeks, where we have done the same at every session (...) in the end it
got very boring... (Student 4, School 1) v/ ...when it is just resistance
training for so long, they lost the concentration a lttle (Teacher 2, School 1)

We had a good structure (..) the sessions were built up in the same way
[but] I really often forgot the last part with stretch and cool
down... (Teacher 1, School 2) V' The boxing and music challenges were the
part... where they forgot themselves and just were committed (Teacher 1,
School 1)

each time .

Providing choices for the students were not prioritized

1did rot give the students any options (Teacher 1, School 2)

Some teachers experienced that the students disregarded the test
criteria during the physical fitness tests, which questions the reliability
of the test results

.. it was difficult to score correct because they cheated.... in one way or
another, they mostly helped each other with the technique during testing.
(Teacher 2, School 1)

Delivery and
support

Some teachers found it difficult to adjust the activities to different skills
levels, and to provide students with useable feedback

All could participate, but it was difficult to challenge everybody unless you
really had to differentiate... (Teacher 2, School 1)

‘The equipment and circuit cards were motivating and useful, but the
Gymstics were difficult to use for some.

. the students take up the new exercises without coaching them during the
session (...) and then I could focus on the students, who needed it...
(Teacher 2, school 2) It was more fun with the boxing gloves, because the
other exercises were exercises you could do at home... (Student 1, School 2)
V Lliked the physical objects... (Teacher 2, school 1)

‘The smartphone app was not used due to technical and practical issues,
and the students had difficulties to understand some of the information
on the circuit cards in English.

It was a huge challenge to log in (Teacher 2, School 2) V' ... It is diffcult to
interpret the description when it is on English... (Teacher 1, School 1)
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Outdoor Outdoor recess on Indoor
recess some days recess

In what degree do you agree with the following

It is easier 1o concentrate in the lesson after the outdoor recess 362006 3472007 3182007
Participating in the outdoor recess makes the rest of the school day lighter 3.56 + 0.07 3.17+0.08" 2.93+0.08%¢
Participating in the outdoor recess has helped to facilitate relationships with my peers 3,62+ 0.07 3.17 =008
Outdoor recess should be all year long 4.02+0.08 3.78+0.09° 3.66 +0.09°
I enjoy being active with my peers during outdoor recess 440 = 0.06 4.05 007" 405 %0.07°
How often are you physically active outdoors during your leisure-time? Do not include 225+005 207+ 0.06" 1.940.06"
participation in organized sports
Statements are rated on a five-point Likert scale. Adjusted “Responses to th i ized into three groups (1): rarely or 1-2 times a week (2); 34 times

a week: (3) almost every day or every day. PSignificantly different from “outdoor recess”® group. Slgmﬁc:m.ly different from “outdoor recess on some days” group.
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How important it is for you that.
...your child's school has provided opportunites for students to be active during the school day 3822002 3804003 3724003

..your child has outdoor recess every day 3712003 351+004° 3252005

our child has an opportunity to be active with their peers during recess 3.81+0.02 3.69 +0.03° 3.5+ 0.04%
he school has enough equipment (balls, balancing boards, hopscotch etc.) that students can use during recess | 369 = 0.03 361004 3.50 = 0.04%

....school staff encourages students to be active during recess 368 0.03 362+004 355+004°

In what degree do you agree with the following
It is beneficial for students to go outside during recess 471003 452+0.04° 431+005%

Providing opportunities for being active in recess promote students” ips with each other 4352004 433005 4314005

Being active during recess promotes peaceful learning 4382004 4352005 4194005
Being active during recess decreases health risks of students 4402004 426+0.06° 425+005°

“Statements are rated on a four-point Likert scale. "Statements are rated on a five-point Likert scale. “Significantly different from “outdoor recess” group. “Significantly different from “outdoor
recess on some days” group.





OPS/images/fspor-06-1434661/fspor-06-1434661-t004.jpg
Participant | Age | Girl | Boy | Participation Pre Post Both Bodysensor | Interviews
4 questionnaires questionnaires pre/post
1

FGUM13

FGUM14

FGUMI5

FGUM16

FGUH1

FGUH2

FGUH3

FGUH4

FGUH5

FGUH6

FGUH7

FGUHS

FGUH9

FGUH10

FGUH11

FGUAL

FGUA2

FGUA3

FGUA4

FGUAS5






