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Objective: This thesis explores the application model and impact of CPBL combined with mind mapping teaching method on the job competency of trainees during internships of acute abdomen.

Methodology: A total of 216 interns rotating through the emergency surgery department at Anhui Medical University’s First Affiliated Hospital from April 2023 to September 2024 were selected as research subjects. They were randomly divided into a CPBL combined with mind mapping teaching group and a traditional lecture-based learning teaching group. During the rotation, they completed Mini-CEX, DOPS, teaching compliance, and satisfaction assessments.

Results: There was no significant difference in general information between the control group and the observation group. Both groups of interns demonstrated good cooperation in their respective teaching activities and made significant progress. The observation group scored higher in patient reception and clinical skills operations, and reported higher satisfaction with the teaching.

Conclusion: Receiving CPBL combined with mind mapping teaching is more effective in enhancing the job competency of interns in the treatment of acute abdomen compared to traditional lecture-based learning teaching, demonstrating valuable potential for promotion in clinical teaching.
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1 Introduction

Clinical internship constitutes an integral part of medical education, marking the transition for medical students from theoretical learning to clinical practice. It is a critical teaching stage for developing job competency in professional skills, team collaboration and communication abilities, medical ethics, and research capability (1, 2). As an important clinical teaching base, the emergency surgery department of the First Affiliated Hospital of Anhui Medical University has made internship teaching a significant component alongside medical care, research, and undergraduate teaching. Thus, integrating scientific and effective teaching methods focused on prevalent cases of acute abdominal pain, and establishing a reasonable and fair assessment system, is crucial for enhancing the job competency of interns in emergency diagnosis and treatment (3–5). This approach also serves to stimulate the enthusiasm of students undertaking internships in emergency surgery.

Acute abdomen involves the intersection of multiple disciplines such as surgery, internal medicine and gynecology. As a major type of disease in the emergency surgery department, recognized for its complex etiology, rapid onset and progression, severe symptoms, and potential for misdiagnosis, often accompanied by gastrointestinal dysfunction and general discomfort symptoms (6). Therefore, in the teaching process of acute abdomen, it is necessary to guide the interns to integrate interdisciplinary knowledge, accurately analyze the dynamic evolution characteristics of the disease, complete the in-depth collection of medical history and select reasonable auxiliary examinations, so as to cultivate the correct clinical diagnosis and treatment thinking of acute abdomen. Meanwhile, some interns lack the enthusiasm and initiative for internships due to the traditional lecture-style teaching, which further increases the difficulty with clinical teaching of acute abdomen. Insufficient training will directly result in trainees lacking the job competence to diagnose and treat acute abdomen in their future clinical work (7, 8). Case and Problem Based Learning (CPBL), also known as the Clinical Case Teaching Method, employs real acute abdomen cases to present pertinent questions, guiding students to independently research, engage in group discussions, propose solutions, and track therapeutic outcomes, culminating in a summarized educational model (9–12). As an extension of PBL, CPBL maintains a student-centered, case-led, and problem-based approach, addressing any misleading development of standard cases in PBL (13). By integrating symptom-based mind mapping with foundational theories and essential skills in diagnosing and treating acute abdomen, this method enhances students’ comprehensive understanding of the condition. Selecting cases relevant to improving job competency encourages students to think, analyze, and discuss, fostering proactive clinical learning and meeting the modern medical education requirements for emergency surgery internships.

Between April 2023 and September 2024, 216 interns rotating through the First Affiliated Hospital’s emergency surgery department were engaged. Although there is evidence that CPBL and mind mapping teaching play an important role in medical education, the combined application of these two teaching methods has not yet been investigated in the context of acute abdomen training in emergency surgery rotation. Therefore, the CPBL combined with symptom-based mind mapping teaching method was introduced into acute abdomen internship training. Mini-Clinical Evaluation Exercise (Mini-CEX) and Direct Observation of Procedural Skills (DOPS) were used as formative assessment tools, along with evaluations of teaching compliance and satisfaction (14, 15). The assessment indicates significant efficacy in enhancing medical students’ job competency, providing a basis for future reforms in emergency surgery clinical internship education. Findings are reported as follows.



2 Materials and methodology


2.1 Participants

The study involved 216 interns engaged in emergency surgery teaching, consisting of 120 males and 96 females, aged 20–25 years, with a mean age of (22.48 ± 2.56) years; 185 held an undergraduate degree, and 31 associate degree. Participants were randomly assigned to observation and control groups by a 2:1 ratio (144 and 72) using a random data table method. Initial theory test results confirmed no significant difference in baseline data between groups (Table 1). Inclusion criteria: (1) informed consent provided for this study; (2) completed at least a 2-weeks rotation in emergency surgery; (3) no prior CPBL and mind mapping training; (4) passing entrance assessment score. Exclusion criteria: (1) simultaneous participation in other research; (2) less than a 2-weeks rotation or withdrawal midway; (3) inability to complete clinical teaching training; (4) failing entrance assessment score.


TABLE 1 Comparison of the members of the two groups in general information.


	Group
	Number of cases
	Gender
	Age
 (year, x¯± s)
	Education
	Entry grades
 (score, x¯± s)



	
	
	Male
	Female
	
	Bachelor
	College
	





	Observation group
	144
	79
	65
	22.34 ± 2.45
	123
	21
	78.73 ± 5.78



	Control group
	72
	41
	31
	22.67 ± 2.73
	62
	10
	80.24 ± 7.16



	x2/t
	
	1.625
	0.706
	0.510
	1.374



	P
	
	0.131
	0.592
	0.714
	0.168








2.2 Faculty team

Teaching faculty for intern doctors are selected by the Department of Emergency Medicine with specific criteria: intermediate or higher professional titles, master’s degree or above, a minimum of 5 years of experience, relevant credentials in acute abdomen clinical diagnosis, a teaching qualification or completion of a clinical instructor training course, and completion of CPBL, mind mapping, Mini-CEX, and DOPS training. Instructors should possess comprehensive clinical knowledge to provide appropriate educational training for interns and complete exit assessments objectively and fairly.



2.3 Methodology

216 intern doctors participating in the educational research were randomly divided into control and observation groups. The control group engaged only in traditional lecture-based learning teaching, while the observation group received CPBL combined with symptom-based mind mapping instruction, all assessors were blinded to the group allocation of the interns. Each cohort’s learning and assessment period extended for a minimum of 2 weeks. The Mini-CEX and DOPS assessments were scored by three non-instructor staff with intermediate or higher titles from the emergency surgery department, focusing on comparing group performance and progress. Before exiting, interns completed a teaching compliance and satisfaction survey. The above research contents have been approved by the Clinical Medical Research Ethics Committee of the First Affiliated Hospital of Anhui Medical University (Quick-PJ2022-04-42), and all participants provided written informed consent prior to their inclusion in the study.



2.4 CPBL teaching

Faculty conduct acute abdomen clinical training in group settings and identify CPBL cases suitable for enhancing job competency. Groups collaboratively review literature using problem-based learning and clinical reasoning, organizing case materials for faculty review. Four to five questions concerning acute abdomen diagnosis, treatment, surgical management, and doctor-patient relations are developed by faculty. Group members create mind maps and discuss these questions; a representative presents and discusses findings inter-group. A summative evaluation by the instructor follows. Interns may also engage in scenario simulations of typical cases, role-playing to deepen their understanding of acute abdomen while enhancing practical skills, with post-simulation improvements based on feedback of teachers (16).



2.5 Symptom-based mind mapping instruction

In the observation group, intern doctors use X-Mind software to create mind maps for acute abdomen, with faculty emphasizing mapping principles: (1) A core theme of abdominal pain should be central; (2) Secondary issues arranged succinctly and radially; (3) Use of varied color images for visual impact; (4) Maps should demonstrate comprehensive, easily remembered concepts (17). Faculty select in-patient acute abdomen cases considering job competency improvement requirements while avoiding overly complex or unclear cases to ease mind map creation. By connecting learned points through lateral thinking, students use maps to bridge diseases and form a network. Students are encouraged to discuss during the drawing process to cultivate team spirit, and actively ask the teacher questions to avoid discussion deviation (18).



2.6 Evaluation of teaching effectiveness

Intern doctors participating in this educational research undergo assessments, Mini-CEX and DOPS, at department entry and exit, respectively. Mini-CEX focuses on evaluating trainees’ capabilities in handling patient consultations, while DOPS primarily assesses clinical procedural skills (19, 20). The Mini-CEX assessment form, tailored to the clinical attributes of acute abdomen, covers seven aspects: professionalism, communication skills, interviewing skills, clinical judgment, physical examination, procedural skills, and overall evaluation, scored on a 3-tier 9-point scale, with 1–3 points indicating below standard, 4–6 as satisfactory, and 7–9 as excellent. Trainees’ performance in acute abdomen clinical activities is assessed using the DOPS evaluation form, sampling from standard surgical procedures like nasogastric intubation, dressing changes, suture removal, catheterization, and abdominal paracentesis. This evaluation uses an internationally recognized 4-tier 6-point scale, where 1–2 points indicate below standard, 3 as minimally satisfactory, 4 as satisfactory, and 5–6 as excellent. Cooperation of trainees with the teaching model is categorized from low to high as non-compliant, partially compliant, minimally compliant, and fully compliant, serving as a key indicator of the final educational effectiveness. A post-rotation survey assesses student satisfaction with the teaching, focusing on aspects like acceptance of the teaching model, enhancement of clinical reasoning, deepening of knowledge comprehension, and stimulation of learning interest, rated on a 0–10 point scale based on personal experience.



2.7 Statistical analysis

The software SPSS 27.0 is used to analyze data collected during this educational research. Quantitative data is expressed as x¯ s, with inter-group comparisons using the t-test; categorical data is expressed as case number or percentage, with inter-group comparisons using the x2 test. Statistical significance is determined by P < 0.05.




3 Results


3.1 Integration of CPBL teaching and mind mapping for acute abdomen

Intern doctors in the observation group, after acquiring training related to acute abdomen knowledge, are able to participate effectively in diagnosis and treatment processes. A thorough understanding is achieved regarding patient symptoms, differential diagnosis, treatment principles, surgical decisions, and rehabilitation care. Under faculty guidance, students select clinical acute abdomen cases suitable for CPBL teaching, then generally master the application of X-Mind software and principles for creating mind maps. Team collaboration enables group members to discover, analyze, and resolve case issues, summarizing the entire consultation process for acute abdomen patients based on symptoms in the mind map (Figure 1). The integration of CPBL case analysis with mind mapping renders the diagnosis and treatment of acute abdomen a coherent cognitive process. Furthermore, actively engaging intern doctors in scenario simulations can significantly enhance their job competency, exemplified by the case of a patient with acute abdominal pain illustrated in Figure 2.


[image: Flowchart titled “Acute Abdomen” with central box linked to ten yellow boxes, each describing symptoms like abdominal pain and distention, vomiting, or shock. Green boxes on the left and right provide diagnostic and treatment options for each symptom cluster, including blood tests, imaging, and surgical procedures.]
FIGURE 1
Application of symptom-based mind mapping in diagnosing and treating acute abdomen patients.



[image: Flowchart illustrating the case of a patient with upper abdominal pain for half a day. It is divided into three acts: clinical observation, inpatient treatment, and operative management. Each act includes steps taken, such as examinations, tests, and procedures, with accompanying questions regarding diagnosis and treatment considerations.]
FIGURE 2
Integration of CPBL with mind mapping in clinical cases of acute abdomen.


Case Overview: The patient is a 58-years-old male who experienced persistent upper abdominal distension and pain after consuming a small amount of alcohol at noon, accompanied by back tightness, nausea, and vomiting of gastric contents. There was no fever, chills, palpitations, or chest tightness. The patient took omeprazole capsules for a presumed gastric issue but saw no improvement and then sought consultation at the hospital. The patient has a 10-years history of cholelithiasis, a 5-years history of hypertension with irregular nifedipine extended-release tablet use, and denies any history of diabetes, coronary artery disease, or surgery. Physical examination revealed a temperature of 37.6 °C, pulse of 110 bpm, and blood pressure of 152/95 mmHg. The skin and sclera were mildly jaundiced, and vesecular breathing sounds were slightly coarse. Cardiac auscultation was negative for abnormalities. The abdomen was soft with upper abdominal tenderness most significant on the left, rebound tenderness, and Murphy’s sign equivocal. No abdominal masses or shifting dullness was detected. Questions in Scene One: (1) Which areas should be focused on during the physical exam? (2) What urgent tests need to be arranged initially? (3) What acute abdomen should be considered for a preliminary diagnosis?

Emergency tests included blood count, liver and renal function, lipid profile, amylase levels, ECG, and chest-abdominal CT. Results: WBC 13.2 × 109/L, NEU% 87.5%, RBC 4.16 × 109/L; total bilirubin 46.8 μmol/L, ALT 219 u/L, AST 457 u/L; blood amylase 1690 u/L; CT showed inflammation in both lungs, gallstones, and pancreatic swelling with peripancreatic fluid collection. Slight abnormalities were found in lipid and renal function. Diagnosed with acute pancreatitis and gallstones, the patient was admitted to the emergency surgical ward, receiving anti-inflammatory, enzyme-inhibiting, hepatoprotective, and nutritional treatment, which led to symptom improvement. However, 3 days later, the patient reported increasing right upper abdominal pain, accompanied by cold sweat and dark urine, followed by jaundice and fever up to 39.5 °C. Questions in Scene Two: (1) Why did the abdominal pain initially improve but then worsen? (2) What conditions should be considered when jaundice and dark urine appear during the illness? (3) What diagnostic and therapeutic steps are needed next?

The attending physician noted symptoms of right upper abdominal pain, fever, and jaundice, and an emergency hepatobiliary ultrasound indicated an enlarged common bile duct with mid-distal stones. Blood count re-evaluation: WBC 20.6 × 109/L, NEU% 91.4%, RBC 3.97 × 109/L, suggesting gallstones migrating to the common bile duct causing cholangitis. Despite changing antibiotics to cefoperazone-sulbactam, the patient’s fever persisted, with decreased blood pressure and apathetic expression. An emergency cholecystectomy, bile duct exploration, stone removal, and T-tube drainage were performed, leading to patient improvement and discharge. Questions in Scene Three: (1) What acute abdomen should cholangitis be differentiated from? (2) What are the surgical principles for treating severe acute cholangitis? (3) What should be observed during biliary pancreatitis postoperative recovery? During discussion, interns analyzed the case using mind mapping and completed clinical scenario simulations.



3.2 Comparison of pre- and post-teaching performance in both groups

Interns in both the control and observation groups were evaluated using Mini-CEX and DOPS assessments before and after participating in departmental teaching research. Changes in scores helped evaluate their proficiency in diagnosing and managing acute abdomen cases, as well as their clinical procedural skills. The results indicate substantial improvement in Mini-CEX and DOPS scores for both groups post-teaching, affirming that both CPBL with mind mapping and traditional lecture-based learning teaching effectively enhance job competency in interns, as demonstrated in Figure 3.


[image: Charts display Mini-CEX and DOPS scores for control and observation groups, pre- and post-teaching. Graphs A and C show Mini-CEX scores for control and observation groups across seven categories. Graphs B and D present DOPS scores for both groups in eleven areas. Graph E compares total scores for Mini-CEX and DOPS. Post-teaching scores generally exceed pre-teaching scores.]
FIGURE 3
Within-group competency improvement (pre- vs. post-teaching). (A,B) Compares individual Mini-CEX and DOPS scores in control group before and after instruction, with *P < 0.05, **P < 0.01 versus pre-teaching control group; (C,D) compares individual Mini-CEX and DOPS scores in observation group before and after instruction, with *P < 0.05, **P < 0.01 versus pre-teaching observation group; (E) compares comprehensive Mini-CEX and DOPS scores in groups before and after instruction, with *P < 0.05, **P < 0.01 versus pre-teaching control group, ##P < 0.01 versus pre-teaching observation group.




3.3 Comparative analysis of teaching effects between groups

Interns from both groups underwent assessments of diagnostic and procedural skills before and after participating in departmental teaching research. By analyzing Mini-CEX and DOPS scores, differences in the teaching effectiveness of various training models were determined. Initial assessments showed no significant differences between the two groups, but post-teaching results indicate higher scores for the observation group, suggesting that CPBL with mind mapping better improves job competency in interns, as seen in Figure 4.


[image: Graphs A to D display Mini-CEX and DOPS scores comparing observation and control groups, pre- and post-teaching, with red and blue markers indicating differences. Graph E shows total scores for each group and test type. Statistical significance in scores is denoted by asterisks.]
FIGURE 4
Between-group comparison of teaching effectiveness (control vs. observation). (A,B) Compares individual Mini-CEX scores between groups before and after instruction, with *P < 0.05, **P < 0.01 versus post-teaching control group; (C,D) compares individual DOPS scores between groups before and after instruction, with *P < 0.05, **P < 0.01 versus post-teaching control group; (E) compares comprehensive Mini-CEX and DOPS scores between groups before and after instruction, with *P < 0.05, **P < 0.01 versus post-teaching control group.




3.4 Evaluation of teaching adherence and satisfaction between both groups

Effective teaching outcomes under different training modalities closely relate to the degree of adherence. Evaluations considered standardized practice, proactive learning, and compliance with assessment, categorizing adherence levels as complete, basic, partial, or none, with the former two indicating better adherence. Results showed good adherence in both groups (Table 2).


TABLE 2 Comparison of the members of the two groups in teaching adherence [n (%)].


	Group
	Number of cases
	Full compliance
	Basic compliance
	Partial compliance
	Non-compliance
	Adherence





	Observation group
	144
	86
	35
	17
	6
	121 (84.0%)



	Control group
	72
	44
	19
	6
	3
	63 (87.5%)



	x2
	
	0.862



	P
	
	0.478






Pre-exit satisfaction assessments for intern doctors used a custom survey focusing on teaching model acceptance, learning motivation, teamwork enhancement, clinical reasoning improvement, knowledge comprehension, and overall satisfaction. Survey results showed significantly higher satisfaction scores for the observation group, suggesting a preference for CPBL with mind mapping aimed at improving job competency (Table 3).


TABLE 3 Comparison of the members of the two groups in teaching satisfaction.


	Group
	Number of cases
	Recognizing teaching mode
	Stimulating learning interest
	Enhancing teamwork
	Improving clinical thinking
	Deepening knowledge understanding
	Overall satisfaction
	Overall scores





	Observation group
	144
	9.23 ± 1.42
	8.91 ± 1.03
	8.72 ± 0.96
	9.05 ± 1.66
	8.56 ± 0.90
	9.30 ± 1.45
	53.87 ± 7.42



	Control group
	72
	8.35 ± 1.19
	7.50 ± 0.85
	6.54 ± 1.02
	7.87 ± 1.23
	7.61 ± 1.26
	7.38 ± 1.18
	45.23 ± 6.75



	t
	
	2.826
	4.087
	5.529
	3.614
	3.242
	5.160
	4.728



	P
	
	0.024
	0.003
	<0.001
	0.007
	0.015
	<0.001
	<0.001









4 Discussion

The 21st century marks a pivotal period of rapid advancement and continual innovation in higher medical education, with educators reforming theoretical and practical curricula to develop competent medical professionals to meet societal needs (21). Emergency surgery, as an emerging clinical specialty, has gained considerable attention and is seen as a reflection of a hospital’s comprehensive surgical capabilities. Through effective clinical teaching, interns’ competency in managing acute abdomen cases can be enhanced (22). Pressures of preparing for postgraduate entrance examination, employment concerns, lack of clinical experience, and insufficient communication with instructors often diminish interns’ initiative in clinical learning (23, 24). Thus, improving teaching methods to foster enthusiasm in emergency surgery can enhance students’ clinical reasoning, surgical skills, and physician-patient communication abilities.

By participating in diverse instructional training activities, such as organ/system integration, PBL, scenario simulation, and MOOCs, and combining with the diagnosis and treatment characteristics of acute abdomen patients in the department, this study has decided to implement CPBL with mind mapping for enhancing job competency among medical interns (25–27). Interns engage in analyzing and solving real acute abdomen cases, with teamwork deepening their understanding of theoretical knowledge while fostering clinical reasoning and procedural skills. Mind mapping supplements CPBL by utilizing markers, lines, and images to document thought processes, focusing on clinical symptoms of acute abdomen cases, seamlessly integrating various stages of disease progression and management. Clinical scenario simulations further strengthen interns’ skills in information synthesis and problem-solving (28).

A fair and rational assessment framework ensures objective evaluation of internship teaching efficacy, in which Mini-CEX and DOPS can facilitate simultaneous assessment and feedback of clinical competencies, and prompt interns to reflect upon and improve their learning (29, 30). Post-teaching, both the groups in this research demonstrated significant improvement in Mini-CEX and DOPS scores, with the observation group showing greater progress compared to controls, affirming that CPBL with mind mapping surpasses traditional lecture-based learning teaching in boosting the job competency of interns in acute abdomen management. Both groups exhibited adaptability and cooperation in their instructional activities, and completion of satisfaction surveys post-rotation indicated higher acceptance and interest in CPBL with mind mapping. Therefore, this clinical teaching model is deemed to possess superior applicability. In addition, we are preparing to collaborate with departments such as thoracic surgery, gynecology, neurology and pediatrics to further assess whether this teaching method is generally effective in various medical specialties. Of course, to avoid situations like Hawthorne and novelty effects, where some participants temporarily improve their performance due to new teaching method or to gain more attention, we are also actively promoting a more reasonable training and assessment system (31).



5 Conclusion

In conclusion, acute abdomen cases admitted to emergency surgery often present severe conditions with varied clinical symptoms, making differential diagnosis challenging. Therefore, fostering medical students’ professionalism, correct diagnostic and treatment approaches, swift adaptability, and precise technical skills is crucial. Implementing CPBL with mind mapping in acute abdomen clinical teaching, and utilizing appropriate quantitative assessment tools to analyze educational outcomes, aims to shift from teacher-centered to student-focused learning models (32). This initiative not only enhances interns’ job competency but also stimulates learning enthusiasm and can be further considered and implemented in internship training at hospitals nationwide.
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