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Objective: To explore the application effectiveness of a multimodal-integrated teaching method combining case-based learning, 
scenario simulation teaching, and the flipped classroom in neurosurgery education.
Methods: Sixty resident physicians undergoing standardized training in the Department of Neurosurgery at The First Affiliated 
Hospital of Wannan Medical College from January 2024 to December 2025 were selected as the study subjects. Thirty trainees were 
taught using the multimodal integrated teaching method (study group), while the other thirty received traditional teaching methods 
(control group). A diversified evaluation system was used to compare the teaching effectiveness between the two groups.
Results: The study group showed higher satisfaction with the teaching arrangement compared to the control group. Students in the 
study group also achieved higher scores in surgical skill operation, theoretical knowledge assessment, and had a higher pass rate in 
case analysis ability than those in the control group. Furthermore, the study group outperformed the control group across all three 
dimensions of the self-benefit comprehensive questionnaire.
Conclusion: The multimodal integrated teaching method demonstrates significant teaching advantages and effectiveness, warranting 
further promotion in neurosurgery clinical practice teaching.
Keywords: neurosurgery, case-based learning, scenario simulation, flipped classroom, application effectiveness

Introduction
Neurosurgical diseases are characterized by acute onset, rapid progression, complex anatomical structures, and high 
surgical risks, placing extremely high demands on the professional competence of practitioners. From foundational 
knowledge of cranial anatomy and neurophysiology to the diagnosis and treatment of complex cerebrovascular diseases 
and surgical techniques for brain tumors, and further to emergency management of conditions like cerebral herniation 
and severe craniocerebral trauma, learners are required to possess solid theoretical foundations, clear clinical reasoning, 
and proficient operational skills.1 However, traditional teaching models remain prevalent in current neurosurgery 
education: instructors primarily deliver knowledge points via PowerPoint presentations and blackboard writing in the 
classroom, supplemented by limited case image displays. The practical component often relies on observation in the 
operating room or animal experiments, with few opportunities for students to perform hands-on operations themselves. 
Under this model, students often resort to rote memorization of knowledge points, struggling to effectively bridge theory 
with clinical practice. They frequently face dilemmas such as “understanding theory but unable to perform operations” or 
“knowing the diagnosis but finding decision-making difficult” when confronted with real cases.2 With the deepening of 
medical education reform, the student-centered teaching philosophy is gradually replacing the traditional teacher- 
centered model, emphasizing the enhancement of student engagement and comprehensive abilities through interactive 
and immersive learning. Case-based learning guides students in problem analysis using real cases, scenario simulation 
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teaching hones practical skills through simulated environments, and the flipped classroom restructures the teaching 
process via “pre-class self-learning + in-depth classroom interaction”. The integration of these three approaches provides 
a novel strategy to address the pain points in neurosurgery teaching.3,4 This study aims to systematically evaluate the 
application effectiveness of this multimodal integrated teaching method, offering a reference for the reform of neuro
surgery education.

Materials and Methods
Research Subjects
Sixty resident physicians undergoing standardized training in the Department of Neurosurgery at The First Affiliated 
Hospital of Wannan Medical College from January 2024 to December 2025 were selected as the study subjects. 
Standardized residency training is a mandatory pathway for every medical student to become a clinical physician. 
According to the Content and Standards for Standardized Residency Training, such training emphasizes the development 
of core competencies including professionalism, communication skills, and humanistic care, with volunteer service 
regarded as an important supplement to the “second classroom”. All participating physicians had completed their basic 
and preclinical medical coursework, possessed a certain foundation of medical knowledge, and had received no 
specialized teaching or training in neurosurgery prior to this study. They were randomly divided into a study group 
and a control group using a random number table, with 30 participants in each group. Both the study group and the 
control group consisted of 27 male and 3 female participants, and all subjects agreed to participate in this study and 
signed informed consent forms. A pre-course test was administered to both groups before starting the rotation. 
A comparison of baseline data, including the pre-test results, showed no statistically significant differences between 
the two groups (P > 0.05), indicating good comparability, as detailed in Table 1.

Comparison of Pre-Test Results Between the Two Student Groups
The results showed that there was no statistically significant difference in the pre-test comparison between the two groups 
of students (P > 0.05), as detailed in Table 1.

Teaching Implementation
The same group of instructors, comprising attending neurosurgeons or those with higher professional titles, taught both 
student groups. The teaching content was unified, covering the diagnosis, differential diagnosis, treatment principles, and 
related operational skills (eg, lumbar puncture, basic craniotomy procedures) for common neurosurgical diseases such as 
cerebral hemorrhage, brain tumors, and craniocerebral trauma.

Control Group (Traditional Teaching Method)
This group followed the traditional “theoretical lecture + observational practice” model.

Theoretical Teaching
Instructors systematically explained neurosurgical anatomy, physiological fundamentals, etiology, clinical manifestations, 
auxiliary examinations, diagnostic criteria, and treatment plans for common diseases using PowerPoint presentations, 
supplemented by illustrations with typical case images. Textbook exercises were assigned after class for consolidation.

Table 1 Comparison of Pre-Test Results Between the Two 
Groups (n=30)

Group 90–100 80–89 60–79 <60 Z P

Control Group 0 0 16 14 0.257 0.797

Study Group 0 0 17 13
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Practical Teaching
Students were arranged to observe relevant skill demonstrations and surgical procedures, watch instructional videos on 
neurosurgical operations, and practice basic procedures like lumbar puncture in a simulation lab with instructors 
providing brief guidance.

Study Group (Multimodal Integrated Teaching Method)
Based on the same teaching content and duration, this group utilized a combined model of case-based learning, scenario 
simulation, and the flipped classroom. The specific implementation process was as follows:

Pre-Class Preparation (Flipped Classroom Foundation)
One week in advance, instructors provided students with learning objectives, key knowledge points, and extended 
reading materials (eg, latest guidelines, literature on typical cases) for self-study. Preview test questions focusing on 
foundational theory were also assigned. Students were required to independently watch videos, read materials, complete 
the test, and record any questions arising during their study. Questions were summarized by study groups (5 students per 
group) and submitted to the instructor.

In-Class Implementation
Case Discussion (Case-Based Learning)
The instructor selected 1–2 typical cases (eg, “hypertensive intracerebral hemorrhage”, “transtentorial herniation”), 
presenting patient history, physical examination findings, imaging data, and initial treatment plans. Student groups 
discussed questions such as “What is the basis for the diagnosis?”, “Which diseases require differential diagnosis?”, 
and “How should the next treatment plan be formulated?”. Each group selected a representative to present their 
discussion. The instructor guided the discussion on contentious points, ultimately synthesizing a complete diagnostic 
and therapeutic reasoning process.

Scenario Simulation (Scenario Simulation Teaching)
Practical teaching was conducted in a simulated ward/operating room, featuring three scenarios: “Emergency Reception 
of a Craniocerebral Trauma Patient” (Simulated using standardized patients presenting with impaired consciousness and 
scalp hematoma; students were required to perform history-taking, Glasgow Coma Scale scoring, and request a head CT). 
“Lumbar Puncture Procedure” (Simulated on a model; students had to perform strict aseptic technique, with instructors 
providing real-time correction of hand movements). “Emergency Management of Cerebral Herniation” (Simulating 
monitor readings showing dropping blood pressure and slowed heart rate; students needed to quickly assess the situation 
and perform interventions like administering dehydrating agents or simulating ventricular puncture). Following each 
scenario, the instructor provided feedback, using video playback when available, to highlight key procedural points and 
areas for improvement.

Q&A and Summary
The instructor addressed common questions raised by students before class and those exposed during case discussions 
and simulations. Finally, the instructor summarized the logical framework of the knowledge points, emphasizing key 
points (eg, early recognition of cerebral herniation) and difficult aspects (eg, hemostasis techniques in craniotomy).

Post-Class Reinforcement
Each student group was tasked with independently searching for and analyzing one similar case based on the classroom 
discussion, submitting a written report within one week. The instructor graded and provided feedback on these reports for 
student review and consolidation.

Evaluation Indicators and Methods
Upon completion of the teaching period, a diversified evaluation system was used to compare the teaching effectiveness 
between the two groups.
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Theoretical Knowledge Assessment
A closed-book exam covering foundational theory, disease diagnosis, and treatment principles was administered (100 
points total, 90 minutes duration).

Clinical Skill Operation Assessment
Three practical skills were assessed: ① Lumbar Puncture (30 points); ② Craniotomy Incision Design and Hemostasis 
Simulation (40 points); ③ Initial Assessment and Management of a Craniocerebral Trauma Patient (30 points).

Case Analysis Ability
Students were provided with one complex case and required to complete diagnosis, differential diagnosis, and treatment 
plan formulation within 30 minutes. Instructors scored based on “Diagnostic Accuracy (40 points)”, “Logical Clarity (30 
points)”, and “Plan Rationality (30 points)”. A score ≥60 was considered a pass, and the pass rate was calculated.

Teaching Satisfaction
A questionnaire collected student evaluations of the teaching method, including five items such as “Does it help in 
understanding knowledge points?”, “Does it improve practical ability?”, and “Are you willing to continue using this 
method?”. A four-level scale (“Very Satisfied”, “Satisfied”, “Neutral”, “Dissatisfied”) was used. Satisfaction rate = 
(Number of “Very Satisfied” + Number of “Satisfied”) / Total number × 100%.

Comprehensive Self-Perceived Benefit Questionnaire
A self-designed questionnaire was used for effect analysis across three dimensions: 1) Whether the understanding of the 
neurosurgery specialty had improved; 2) Whether it was helpful for future learning and work; 3) Whether implementing 
the multimodal integrated teaching method was considered necessary.

Statistical Methods
All data collected in this study were analyzed using SPSS 26.0 statistical software. Categorical data were expressed as 
counts (n). Inter-group comparisons were performed using the chi-square test and the Mann–Whitney U-test. A P-value < 
0.05 was considered statistically significant. For the primary outcome measures (theoretical knowledge assessment and 
clinical skill operation scores), post-hoc power analysis was performed and Cohen’s d was calculated as the effect size. 
With α=0.05 and a sample size of 30 per group, a moderate-to-large effect size (Cohen’s d ≥ 0.5) would yield a statistical 
power of approximately 0.80–0.85. The actual Cohen’s d values were 0.85 for skill operation scores and 0.79 for 
theoretical knowledge scores, both indicating large effect sizes, with corresponding power values around 0.85. These 
results suggest that the sample size was adequate to detect group differences.

Results
Comparison of Neurosurgical Skill Operation and Theoretical Knowledge Assessment 
Between the Two Groups
The results showed that the study group performed significantly better than the control group in both neurosurgical skill 
operation and theoretical knowledge assessment (P < 0.001). Details are presented in Table 2.

Table 2 Comparison of Neurosurgical Skill Operation and Theoretical Knowledge 
Assessment Between the Two Groups (n=30)

Evaluation Method Group 90–100 80–89 60–79 <60 Z P

Surgical/Procedural Skills Control Group 1 6 21 2 5.280 <0.001

Study Group 8 20 2 0

Heoretical Knowledge Control Group 0 6 21 3 4.970 <0.001

Study Group 5 20 5 0
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Comparison of Case Analysis Ability Qualification Rates Between the Two Groups
The results showed that the case analysis ability qualification rate in the study group was significantly higher than that in 
the control group (P < 0.05), as detailed in Figure 1.

Comparison of Teaching Satisfaction Between the Two Groups
The results showed that the teaching satisfaction rating in the study group was significantly higher than that in the control 
group (P < 0.001), as detailed in Figure 2.

Comparison of the Comprehensive Self-Perceived Benefit Questionnaire Between the 
Two Groups of Students
The results showed that the study group outperformed the control group across all three dimensions of the comprehensive 
self-perceived benefit questionnaire (P < 0.05). Details are presented in Table 3.

Comparison of Various Evaluation Indicators Between the Two Student Groups. After the teaching intervention, the 
study group demonstrated significantly superior performance compared to the control group across all evaluated 
indicators: theoretical knowledge assessment, clinical skill operation, case analysis ability qualification rate, teaching 
satisfaction, and the comprehensive self-perceived benefit questionnaire. The differences were all statistically significant 
(P < 0.05).

Figure 1 Comparison of Case Analysis Ability Qualification Rates Between the Two Groups (n=30, χ2=5.455, P=0.020), * p<0.05.
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Discussion
The core objective of neurosurgery education is to cultivate students’ comprehensive capabilities encompassing “theore
tical understanding, practical skill proficiency, and adept critical thinking”.5 The integrated model combining case-based 
teaching, scenario simulation, and the flipped classroom adopted in this study, through its closed-loop design of “pre- 
class self-directed learning, in-class interactive practice, and post-class extended application”, effectively overcomes the 
limitations inherent in traditional teaching methods. This approach strengthens the connection between theory and 
practice. Case-based teaching uses real patient cases as a link, integrating disparate knowledge points (such as anatomy, 
pathology, and treatment) into a coherent diagnostic and therapeutic chain.6,7 For instance, in the “hypertensive 
intracerebral hemorrhage” case, students must analyze the relationship between the hemorrhage location and limb 
hemiplegia based on the anatomical features of the basal ganglia region, and determine whether the hemorrhage volume 
visible on CT scans meets surgical intervention criteria. This “from case to knowledge” reverse learning approach is more 

Figure 2 Comparison of Teaching Satisfaction Between the Two Groups (n=30, P<0.001).

Table 3 Comparison of the Comprehensive Self-Perceived Benefit Questionnaire Between the Two Groups of Students (n=30)

Item Study 
Group

Control 
Group

Z P

Has your understanding of the neurosurgery specialty improved Significantly improved 25 5

Moderately improved 5 23 5.127 <0.001

No improvement 0 2

Do you find it helpful for your future learning and work Greatly helpful 24 15

Moderately helpful 5 13 2.362 0.018

Not helpful 1 2

Do you consider it necessary to implement the multimodal integrated teaching method Highly necessary 26 15

Moderately necessary 4 14 3.053 0.002

Unnecessary 0 1
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conducive to forming deep memory than rote memorization of textbooks.3 The significantly higher theoretical knowledge 
assessment scores in the study group confirm this method’s role in promoting knowledge internalization. It enhances the 
proficiency and standardization of clinical skills. Scenario simulation provides students with a “safe space for trial and 
error”. During lumbar puncture simulation, students can repeatedly practice puncture site localization (L3-L4 interspace) 
and needle insertion angle adjustment. Instructors provide real-time feedback to correct issues such as “excessive needle 
insertion depth risking spinal cord injury” and “failure to maintain strict aseptic technique”. In cerebral herniation 
emergency simulation, students must make rapid decisions under pressure (eg, immediate intravenous mannitol admin
istration), thereby honing their emergency response capabilities. This “simulation-feedback-correction” cycle resulted in 
the study group’s clinical skills scores being significantly superior to the control group’s, indicating that improving 
practical ability relies not merely on “observation” but more crucially on “hands-on practice coupled with precise 
guidance”. It stimulates students’ active learning awareness. The flipped classroom moves the “knowledge transmission” 
phase forward, compelling students to shift from “passive listening” to “active preparation”. Furthermore, the clash of 
perspectives during case discussions and role immersion in scenario simulations further enhance learning engagement, 
signifying that students have transitioned from a mindset of “being required to learn” to one of “I want to learn”.8,9

In practice, to ensure teaching effectiveness, attention to the following details is necessary. First, the multimodal 
approach imposes significantly higher demands on instructors compared to traditional teaching. Teachers must not only 
master domain knowledge but also develop skills in case design, simulation scenario scripting, standardized patient 
training, and debriefing facilitation. They need to invest substantial pre-class time in selecting appropriate cases, 
preparing video materials, and anticipating student questions. During in-class sessions, instructors shift from lecturing 
to real-time guidance—moderating group discussions without providing direct answers, observing simulation perfor
mances while avoiding interruption, and conducting video-assisted debriefings that pinpoint specific technical errors. 
This requires training in educational methodologies, such as how to ask probing questions (eg, “What would you do if the 
patient had renal failure?”) and how to give constructive feedback. Furthermore, institutions should provide workload 
compensation and faculty development workshops to sustain this teaching model. Without such support, teacher burnout 
may undermine the long-term implementation of multimodal integration. Graduated Case Selection: Initially, typical and 
straightforward cases (eg, “epidural hematoma”) can be used, gradually introducing more complex cases (eg, “multiple 
intracranial hematomas combined with cerebral herniation”) later. Appropriately incorporating “misdiagnosis cases” (eg, 
misdiagnosing “brain metastasis” as “brain abscess”) can cultivate students’ differential diagnosis skills through 
comparative analysis. Authenticity of Scenario Simulation: Beyond hardware facilities (eg, simulation models, monitors), 
training standardized patients is paramount.10 For example, when simulating a “patient with cerebral herniation”, the 
standardized patient needs to be trained to demonstrate the progression of consciousness from “agitation to drowsiness to 
coma”, and signs such as “pupils initially constricting then dilating”, providing students with a more authentic clinical 
experience. Transformation of the Teacher’s Role: In the new teaching model, instructors must transition from “knowl
edge transmitters” to “facilitators” and “organizers”. During case discussions, they should avoid providing direct 
answers. Instead, they should guide students towards deeper thinking through questioning (eg, “If the patient also had 
renal insufficiency, how might the treatment plan be adjusted?”).11–13 After scenario simulations, instructors should 
conduct “debriefing-style” reviews using video playback, pointing out specific issues (eg, “failing to stabilize the 
patient’s head during needle insertion, leading to positional change”) rather than offering general evaluations. 
Nevertheless, the combination of these methods is likely synergistic: flipped classroom ensures pre-class preparation, 
case-based learning activates clinical reasoning, and scenario simulation consolidates hands-on skills.14,15 The integrated 
closed-loop design may yield greater benefits than the sum of its parts, which is why we advocate for the multimodal 
package rather than isolated techniques.

Limitations
This study has certain limitations. First, the sample size is relatively small (30 per group), and it is a single-center study, 
which may affect the generalizability of the findings. Second, the evaluation was conducted immediately after the 
teaching intervention, without tracking the long-term performance of students after they entered clinical practice. Future 
research could involve multi-center, large-sample studies and include follow-ups over 1–2 years to analyze the sustained 
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impact of the new teaching method on students’ clinical work capabilities. Third, this study applied the three teaching 
methods (case-based learning, scenario simulation, and flipped classroom) as a bundled intervention. Therefore, the 
observed improvements cannot be quantitatively attributed to any single component. Whether each method contributes 
equally or synergistically remains unclear. Future research could employ factorial designs or component analysis to 
disentangle the individual effects. Furthermore, the sample size was relatively small (30 per group) and no a priori 
sample size calculation was performed. Although post-hoc power analysis indicated a power close to 0.85 for the primary 
outcomes, small-sample studies may still affect the robustness and generalizability of the findings. Future multi-center 
studies with larger samples are warranted to confirm our conclusions.

Conclusion
The multimodal integrated teaching method combining case-based teaching, scenario simulation teaching, and the flipped 
classroom can effectively enhance postgraduate surgical education in neurosurgery, as evidenced by improved mastery of 
theoretical knowledge, clinical skill level, case analysis ability, and learning initiative in neurosurgery education, with 
high student satisfaction. This model aligns with the “student-centered” philosophy of modern medical education, 
provides a viable pathway for neurosurgery teaching reform, and is worthy of further promotion and refinement.
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