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Abstract

Objective: With the ongoing digital transformation of higher education in recent years, 
virtual simulation experiment teaching has emerged as a key direction for instructional 
reform in universities. Taking the course Pain Diagnostics and Therapeutics offered by 
the School of Anesthesiology at Wannan Medical University as an example, this study 
aimed to evaluate the effectiveness of a virtual simulation experiment system in the 
experimental teaching of this course. Methods: A total of 236 anesthesiology students 
from the class of 2021 were enrolled as research participants and randomly divided into a 
control group and an experimental group. The control group received traditional teaching 
combining theoretical lectures with bedside clinical observation. The experimental group 
underwent a blended teaching model consisting of virtual simulation teaching plus bedside 
clinical observation, which included three stages: online virtual pre-training, offline in-
class hands-on practice, and clinical observation with virtual-real mutual verification. 
Results: The experimental group demonstrated significantly better performance than the 
control group across all evaluation indicators (all P<0.001). Regarding course scores, the 
experimental group achieved a mean score of 90.98±6.23, which was significantly higher 
than that of the control group (85.28±4.42). The experimental group also showed marked 
superiority in regular assessment scores (92.58±5.42 vs. 84.56±5.44) and final theoretical 
examination scores (90.30±6.58 vs. 85.59±3.98). In terms of clinical reasoning ability, 
the mean score of the experimental group reached 27.55±1.59, far exceeding that of the 
control group (20.42±2.87). Regarding teaching satisfaction, the experimental group had 
significantly higher proportions of students reporting enhanced learning interest (91.53% 
vs. 55.08%), in-depth understanding of learning content (80.51% vs. 63.56%), and a 
comfortable clinical teaching atmosphere (69.49% vs. 49.15%) compared with the control 
group (all P<0.05). Conclusion: The blended teaching model integrating virtual and 
real practice improves teaching effectiveness, helps consolidate students’ professional 
theoretical foundation, and enhances their clinical reasoning ability. Therefore, this 
approach holds positive reference value for the teaching reform of Pain Diagnostics and 
Therapeutics.
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1 INTRODUCTION

With the widespread adoption and continuous advancement of 
modern educational information technology, virtual simulation 
has emerged as an innovative teaching method and has become 
a key driver of reform in medical education [1, 2]. As an 
important subspecialty of anesthesiology, Pain Diagnostics 
and Therapeutics features is characterized by abstract theories 
and a strong emphasis on practical application [3]. Traditional 
approaches to teaching this course face several prominent ped-
agogical challenges, including limited access to typical clinical 
pain cases, the inability to safely and repeatedly perform high-
risk procedures on real patients, and difficulties in conducting 
standardized evaluations of teaching effectiveness [4, 5]. These 
issues often result in students struggling to integrate theoretical 
knowledge with clinical practice, thereby hindering the devel-
opment of their clinical reasoning and hands-on skills, and ulti-
mately leading to unsatisfactory learning outcomes.

By constructing a highly realistic, interactive virtual environ-
ment that presents authentic three-dimensional clinical scenar-
ios and simulates clinical inquiry through speech recognition, 
virtual simulation technology offers an effective simulated plat-
form for clinical students to practice history-taking and proce-
dural skills (Figure 1). It enables risk-free and repeatable 
simulation of various pain diagnosis and treatment scenarios, 
allowing students to engage in immersive, end-to-end training 
that covers disease inquiry, auxiliary examinations, diagnosis, 
differential diagnosis, treatment, and technical procedures. 
Consequently, this technology provides essential technical sup-
port for shifting the focus of teaching from knowledge trans-
mission to competency-based training [6, 7].

Based on its own teaching practice, the School of Anesthe- 
siology at Wannan Medical University has independently 
developed a Virtual Simulation Experiment Platform for Pain 
Diagnostics and Therapeutics. This platform integrates real 
clinical cases with the learning characteristics of clinical anes-
thesiology and pain diagnostics and therapeutics. It is designed 
to consolidate students’ theoretical foundation and systemati-
cally enhance their clinical reasoning ability, standardized 
operational skills, and comprehensive diagnostic and thera-
peutic capacity through a blended “virtual-real integration” 
teaching model. Taking the experimental course on trigeminal 

neuralgia (head and face) within Pain Diagnostics and 
Therapeutics as an example, this paper summarizes how vir-
tual simulation can be integrated with traditional experimen-
tal teaching to reinforce theoretical knowledge and improve 
students’ clinical reasoning ability.

2 METHODS

2.1 Research subjects

A total of 236 full-time undergraduate students majoring in 
Anesthesiology (Class of 2021) at Wannan Medical University 
were enrolled as research participants. The cohort included 120 
males and 116 females, aged 21 to 23 years. Sample size was 
calculated using the two-independent-samples t-test formula, 
referencing relevant findings from studies on virtual simulation 
teaching in medical education. With a significance level (α) of 
0.05, a statistical power (1−β) of 0.80, an expected mean differ-
ence of 5 points in clinical reasoning ability scores between the 
two groups, and a pooled standard deviation (SD) of 4 points, 
the minimum required sample size for each group was calcu-
lated to be 102 students. Accounting for a potential 15% attri-
tion rate, the final sample size was set at 118 students per group, 
totaling 236 students. A simple randomization method was 
employed using a random number table generated by SPSS 
22.0 software. Each eligible student was assigned a unique seri-
al number from 1 to 236. The software generated 236 corre-
sponding random numbers. Students with odd random num-
bers were allocated to the control group, and those with even 
random numbers were allocated to the experimental group. No 
students were lost to follow-up during the entire study process; 
all participants completed the course learning and all relevant 
assessments.

This study was reviewed and approved by the Institutional 
Review Board of Wannan Medical University. As this study 
involved routine teaching evaluation with non-invasive data 
collection and no identifiable personal information, the re- 
quirement for written informed consent was waived by the 
Institutional Review Board. All participants were informed of 
the study purpose and agreed to participate voluntarily.

Participants were divided into two groups according to teach-
ing modalities: a control group receiving theoretical lectures 

Highlights

● The virtual-real integrated teaching model demonstrates significant advantages. The experimental group showed significantly 
higher course scores, clinical reasoning ability, and teaching satisfaction compared to the control group, with all differences being 
statistically significant.

● Virtual simulation technology provides substantial value in medical education. It effectively addresses the limitations of traditional 
teaching methods, standardizes instructional outcomes, and offers a viable pathway for the digital transformation of medical edu-
cation.

● Future efforts should focus on integrating virtual simulation with artificial intelligence to enable personalized and intelligent ap-
proaches to medical teaching.
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plus bedside probation, and an experimental group taught 
with virtual simulation combined with bedside probation. All 
course instructors were from the Department of Anesthesiology 
at The First Affiliated Hospital of Wannan Medical University. 
All instructors held associate senior professional titles or high-
er and had more than 10 years of experience in clinical 
teaching.

2.2 Experimental arrangement and implementation plan

Experimental group: The virtual simulation experiment on tri-
geminal neuralgia was selected as the main research content 
from the established virtual simulation experimental projects. 
With information technology support from Shanghai Huayi 
Information Technology Co., Ltd., a virtual-real integrated 
experimental teaching approach was implemented for students 
in the experimental group. The teaching process was divided 
into three stages:

Online virtual pre-training: Before class, students completed 
previews of experimental materials and theoretical tests on the 
“StudyLink” platform. They then accessed the virtual simula-
tion platform to conduct independent simulated operations, 
including clinical reasoning training for trigeminal neuralgia 
of the head and face (Figure 1).

Offline in-class in-depth practice: During class, the instructor 
first delivered targeted intensive lectures and clinical demon-
strations based on learning data generated from the virtual 
training activities.

Clinical probation stage: Students proceeded to the pain pro-
cedures ine ward for hands-on procedures and clinical history-
taking. The core objective of this stage was to consolidate and 
verify the results of virtual simulation, achieving “virtual-real 
mutual verification”. Students were required to complete an 
experimental report integrating theoretical analysis and clini-
cal practice using the virtual simulation system.

Control group: The traditional teaching method combining 
theoretical instruction with bedside probation was adopted. 
Before class, instructors released experimental course materi-
als via the “StudyLink” platform, guided students to preview 
and clarify learning tasks, and required them to complete rele-
vant theoretical tests to consolidate basic knowledge. During 
class, instructors illustrated the procedures and principles of 
history-taking, diagnosis, and treatment for trigeminal neural-
gia of the head and face using case examples, emphasizing key 
aspects of clinical reasoning such as the diagnosis of trigeminal 
neuralgia. Subsequently, students entered the clinical probation 

Figure 1. Three-dimensional clinical scenarios and simulated clinical inquiry. This image is from a self-developed virtual simulation experi-
ment—“Diagnosis and treatment of trigeminal neuralgia in the head and face virtual simulation experiment” (website: https://stu.medic-tutor.cn).
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stage, where they conducted independent history-taking in the 
pain medicine ward and finally completed the experimental 
report on their own.

Post-course assessment for both groups: A brief flipped class-
room session was conducted for both groups after each course, 
during which students briefly reported their mastery of the 
clinical knowledge learned. A final course examination was 
also organized for both groups upon completion of the course.

2.3 Outcome measures

2.3.1 Final course scores

In the achievement evaluation system for the Pain Diagnostics 
and Therapeutics course, the total score (full score =100) con-
sisted of two components: the theoretical assessment score 
(accounting for 70%) and the experimental assessment score 
(accounting for 30%). The theoretical assessment score (70%) 
covered basic theories of pain diagnosis and treatment, disease 
pathogenesis, and clinical guidelines. The experimental assess-
ment score (30%) included experimental operation, experi-
mental report writing, and clinical probation performance.

The assessment tools and scoring criteria were standardized 
and applied uniformly for both groups. All examinations were 
conducted in a closed-book format with invigilation to ensure 
objectivity.

2.3.2 Clinical reasoning ability

Clinical reasoning ability was assessed using case-based ana-
lytical questions (full score =30 points) incorporated into the 
final course examination. These questions were developed 
based on real, typical clinical cases in pain medicine (e.g., tri-
geminal neuralgia, postherpetic neuralgia).

Question development and psychometric validation: Pre-
testing and psychometric verification of the case-based ques-
tions were completed three months prior to the formal assess-
ment. The questions were piloted on 40 anesthesiology students 
from the Class of 2020 (who were not involved in the formal 
study). Item analysis was subsequently conducted to verify dis-
criminability (discrimination index >0.30) and difficulty (diffi-
culty coefficient between 0.50 and 0.70). The content validity 
index of the question set was confirmed as 0.92 by five senior 
experts in pain medicine and medical education.

Scoring criteria: Detailed scoring criteria were established for 
each dimension of the case analysis, as follows: clinical inquiry 
(6 points), including completeness of symptom collection and 
rationality of inquiry logic; physical examination (6 points), 
including standardization of examination items and accura-
cy of positive sign identification; auxiliary examinations (6 
points), including rationality of examination selection and cor-

rect interpretation of results; and diagnosis and differential 
diagnosis (12 points), including accuracy of the definitive diag-
nosis and rationality of differential diagnosis reasoning and 
basis. 

Scoring implementation and inter-rater reliability: Scoring was 
performed independently by two senior attending physicians 
from the Department of Anesthesiology, each with over 10 
years of clinical and teaching experience. Both raters received 
uniform training on the scoring criteria prior to the assessment 
and were blinded to the students’ group assignments. Inter-
rater reliability was assessed using the intraclass correlation 
coefficient, which yielded a value of 0.94, indicating excellent 
consistency between the two raters. In cases where the scoring 
discrepancy between the two raters exceeded 2 points, a third 
attending physician (chief physician level) was invited to con-
duct a joint review and determine the final score through con-
sensus [8, 9].

2.3.3 Satisfaction with teaching effectiveness

This indicator was evaluated across three specific dimensions 
to comprehensively reflect students’ subjective perception of 
the teaching mode. The three dimensions were: ① Enhanced 
learning interest—the degree to which the teaching mode 
stimulated students’ initiative and interest in learning Pain 
Diagnostics and Therapeutics; ② In-depth understanding of 
learning content—the degree to which the teaching mode 
helped students comprehend and master the theoretical and 
practical knowledge of the course; and ③ Comfortable clini-
cal teaching atmosphere—the degree of students’ sense of ease 
and acceptance during the teaching process, particularly in 
clinical probation and simulated operation sessions. After 
course completion, an anonymous questionnaire survey was 
administered to students in both groups via the SoJump plat-
form. The questionnaire was developed by the research team. 
Content validity was verified by three medical education ex- 
perts (content validity index =0.89), and internal consistency 
reliability was assessed using Cronbach’s α coefficient (0.91). A 
4-point Likert scale (1= Strongly Disagree, 2= Disagree, 3= 
Agree, 4= Strongly Agree) was adopted, with each dimension 
scored independently. Students completed the anonymous rat-
ings based on their actual learning experiences. The question-
naire recovery rate was 100% for both groups [10, 11].

2.4 Statistical analysis

Data analysis was performed using SPSS 22.0 statistical soft-
ware, and statistical graphs were generated using GraphPad 
Prism 7.0 software. Prior to formal statistical analysis, the nor-
mality of the distribution of measurement data was tested using 
the Shapiro-Wilk test, and homogeneity of variance was veri-
fied using the Levene’s test. The results showed that all mea-
surement data in this study followed a normal distribution 
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(P>0.05) and exhibited homogeneity of variance (P>0.05), 
thereby meeting the assumptions for parametric tests. Mea- 
surement data were expressed as mean ± SD, and the indepen-
dent-samples t-test was used for intergroup comparisons of 
continuous variables. Categorical data were presented as n 
(%), and the Pearson’s chi-square test was used for intergroup 
comparisons; continuity correction was applied when neces-
sary. A P-value of less than 0.05 was considered statistically 
significant.

3 RESULTS

3.1 Comparison of general data between the two groups

There were no statistically significant differences between the 
experimental group and the control group in terms of gender 
distribution, age, or mean scores in Anesthesia Physiology and 
Internal Medicine (all P>0.05), indicating that the two groups 
were comparable in baseline characteristics. The detailed base-
line data are presented in Table 1.

3.2 Comparison of course scores

The experimental group had significantly higher formative 
assessment scores, final theoretical examination scores, and 

overall course scores in Pain Diagnostics and Therapeutics 
compared with the control group (all P<0.001). Detailed results 
are shown in Table 2.

3.3 Clinical reasoning ability

In all four evaluation dimensions of clinical reasoning ability 
(clinical history-taking, physical examination, auxiliary exam-
inations, and diagnosis and differential diagnosis), the experi-
mental group achieved significantly higher scores than the con-
trol group, and all intergroup differences were statistically sig-
nificant (all P<0.001). Notably, the experimental group demon-
strated a prominent advantage in the dimension of diagnosis 
and differential diagnosis, which showed the largest score gap 
between the two groups. Detailed data on the total score and 
each dimension score are presented in Table 3.

3.4 Satisfaction with teaching effectiveness

Students in the experimental group reported significantly high-
er satisfaction with teaching effectiveness compared with those 
in the control group. Across all three evaluation dimensions, 
the number of students in the experimental group who reported 
enhanced learning interest, in-depth understanding of learning 
content, and a comfortable clinical teaching atmosphere was 

Table 1. Comparison of baseline characteristics between the two groups
Control group 
(n=118) 

Experimental group 
(n=118) t/X2 value P value

Gender, n (%) Male 58 (49.15) 62 (52.54) 0.28 0.59
Female 60 (50.85) 56 (47.46)

Age (years) 22.05±0.68 22.12±0.71 0.77 0.44
Mean score of professional basic courses Anesthesia Physiology 84.74±4.82 83.50±5.62 1.82 0.07

Internal Medicine 85.71±6.83 84.83±5.57 1.09 0.28
Note: Data are presented as mean ± standard deviation (

_
x±SD) for continuous variables and n (%) for categorical variables.

Table 2. Comparison of examination results between the two groups
Control group (n=118) Experimental group (n=118) t value P value

Formative assessment score 84.56±5.44 92.58±5.42 11.34 <0.001
Final theoretical score 85.59±3.98 90.30±6.58 6.65 <0.001
Course score 85.28±4.42 90.98±6.23 8.11 <0.001
Note: Data are presented as mean ± standard deviation (

_
x±SD).

Table 3. Comparison of clinical reasoning ability scores between the two groups
Dimension Control group (n=118) Experimental group (n=118) t value P value
Total score of clinical reasoning ability 20.42±2.87 27.55±1.59 23.61 <0.001
Clinical history-taking 4.14±1.22 5.54±0.47 11.63 <0.001
Physical examination 3.93±1.34 5.46±0.53 11.53 <0.001
Auxiliary examinations 3.75±1.46 5.34±0.67 10.75 <0.001
Diagnosis and differential diagnosis 8.71±2.95 11.37±0.88 9.39 <0.001
Note: Data are presented as mean ± standard deviation (

_
x±SD).
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significantly higher than that in the control group (all P<0.05). 
Detailed results are presented in Table 4.

4 DISCUSSION

In this study, the independently developed virtual simulation 
experiment platform was deeply integrated into the Pain 
Diagnostics and Therapeutics course, and a three-stage teach-
ing model consisting of “online virtual pre-training/offline in-
class intensive teaching and practice/clinical bedside practice 
verification” was constructed, thereby incorporating modern 
information technology into traditional experimental teaching 
[12-15]. These findings are consistent with the core conclusions 
of numerous domestic and international studies on virtual 
simulation teaching in medical education and further provide 
empirical evidence supporting the application of virtual simu-
lation technology in the specialized teaching of pain medicine. 

In terms of academic performance improvement, the experi-
mental group demonstrated significant advantages in regular 
assessment scores, final theoretical examination scores, and 
overall course scores (all P<0.001), which is consistent with the 
findings of Bi et al. on case-based learning method in teaching 
postgraduate students of medical oncology and Liu L et al. on 
preclinical orthodontic training with haptic-enhanced VR sim-
ulation [15, 16]. The fundamental reason for this improvement 
is that the online virtual pre-training stage overcomes the time 
and space constraints of traditional teaching: students can 
repeatedly simulate clinical operations and apply theoretical 
knowledge in a risk-free virtual environment, thereby compen-
sating for the “one-time teaching” limitation of traditional the-
oretical lectures and solidifying their professional knowledge 
foundation [17, 18]. More importantly, the virtual simulation 
platform generates real-time learning data for instructors, 
enabling them to deliver targeted intensive lectures and clinical 
demonstrations during offline classes. This student-centered 
teaching design effectively improves the efficiency of knowl-
edge transmission and absorption, which is key to the signifi-
cant academic performance improvement observed in the 
experimental group. This study found that the experimental 
group was significantly superior to the control group in terms 
of final course scores, quantitative scores of clinical reasoning 
ability, and satisfaction with teaching effectiveness. Notably, 
the experimental group achieved a much higher mean clinical 
reasoning score with a smaller SD, indicating that virtual simu-
lation teaching not only generally improves students’ clinical 
reasoning ability but also helps standardize and homogenize 

teaching outcomes, effectively reducing the variability in stu-
dent competencies often seen under the traditional teaching 
model. This finding is consistent with the research conclu-
sions of many domestic scholars. Ward-Gaines et al. also 
reported similar improvements in competency in simulation-
based emergency medicine teaching, while Morel et al. high-
lighted the advantages of virtual systems in standardized 
assessment [19, 20].

In terms of teaching satisfaction, the experimental group 
showed significantly higher levels of recognition in enhanced 
learning interest, in-depth understanding of learning content, 
and a comfortable clinical teaching atmosphere (all P<0.05), 
which is consistent with the findings of Tyransky et al., who 
reported that integrating virtual technology with artificial 
intelligence can improve students’ teaching satisfaction [17]. 
The virtual simulation teaching model changes the passive 
learning state of students traditionally seen in conventional 
teaching. Specifically, the interactive and immersive nature of 
virtual operations stimulates students’ learning initiative and 
curiosity, while the “virtual-real mutual verification” during 
the clinical probation stage enables students to apply the knowl-
edge and skills acquired in the virtual environment to real clin-
ical practice, thereby enhancing their sense of achievement and 
recognition of the teaching process. The comfortable clinical 
teaching atmosphere is also closely related to the risk-free vir-
tual pre-training: by mastering basic clinical operation skills 
and history-taking logic before bedside probation, students 
experience less anxiety when facing real patients and gain 
greater confidence in clinical practice, thus improving the sub-
jective experience of clinical teaching.

5 LIMITATIONS OF THE STUDY

This study has certain limitations that need to be acknowl-
edged and addressed in future research. First, the research sub-
jects were limited to undergraduate anesthesiology students 
from a single grade at one medical college, and the sample 
source is relatively homogeneous, which may limit the gener-
alizability of the research results. The teaching effectiveness 
of the virtual-real integrated model needs to be further verified 
in multi-center, multi-grade, and multi-professional samples. 
Second, the follow-up observation period was insufficient. This 
study only evaluated short-term teaching effects through final 
course scores and immediate assessments of clinical reasoning 
ability, without tracking the long-term impact of this teaching 
model on students’ clinical practice competency after they 

Table 4. Comparison of satisfaction with teaching effectiveness between the two groups
Control group (n=118) Experimental group (n=118) X2 value P value

Enhanced learning interest 65 (55.08%) 108 (91.53%) 6.33 <0.001
In-depth understanding of learning content 75 (63.56%) 95 (80.51%) 2.90 <0.001
Comfortable clinical teaching atmosphere 58 (49.15%) 82 (69.49%) 3.32 <0.001
Note: Data are presented as n (%).
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enter clinical practice. Third, the virtual simulation platform 
still has room for optimization. The current platform primarily 
simulates typical clinical scenarios of trigeminal neuralgia, and 
the coverage of pain-related disease types is relatively limited, 
which cannot fully meet the diverse training needs for clinical 
reasoning in pain medicine. Fourth, this study did not conduct 
subgroup analyses based on students’ academic performance 
levels. Therefore, the differential effects of the virtual-real inte-
grated teaching model on students with different learning foun-
dations needs to be further explored.

6 CONCLUSION

Integrating virtual simulation technology into course teaching 
significantly enhanced students’ learning interest, clinical rea-
soning ability, and overall professional competencies. Taking 
the virtual simulation experiment on trigeminal neuralgia as an 
example, this study examined the implementation of this teach-
ing reform in specific educational practice. The results demon-
strate that this reform improved students’ academic perfor-
mance, consolidated their professional theoretical foundation, 
and enhanced their clinical reasoning ability, thus providing 
reference value for the teaching reform of Pain Diagnostics 
and Therapeutics.
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