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Abstract

Background The integration of Virtual Reality (VR) with Case-Based Learning (CBL) has the potential to revolu-
tionise undergraduate medical education, particularly in complex subjects such as the anatomy and rehabilitation

of the shoulder joint. This study aimed to explore the effectiveness of this innovative approach in enhancing learning
outcomes and knowledge retention.

Methods This study employed a parallel-group, assessor-blinded randomised controlled trial (RCT) design. A com-
prehensive five-week educational programme was developed, combining traditional lecture-based learning with VR-
enhanced CBL. The study involved 82 undergraduate students from China Medical University, who were divided

into groups receiving different combinations of VR and CBL. Student performance was evaluated through tests

and questionnaires.

Results In the anatomy-related courses, the integration of VR technology with CBL yielded significantly higher
results (87.71+5.60) compared to traditional methods (82.59 +6.64), with a statistically significant difference (P<0.05).
This provides compelling evidence of VR's potential to enhance student engagement and knowledge retention.

In the context of physiotherapy-related courses, however, while the test scores of the VR-combined CBL group
(81.85+5.99) were marginally higher than those of the traditional CBL group (79.02 £7.57), this difference was not sta-
tistically significant (P> 0.05).

Conclusion The present study provides preliminary evidence for the benefits of incorporating VR into medical
education, particularly in anatomy. While the results are promising, further research is needed to explore the optimal
integration of VR and CBL in rehabilitation studies and to assess their long-term impact on student learning and clini-
cal performance.

Trial registration The study was registered with Chinese Clinical Trials Registry (Registration Number:
ChiCTR2400089295) on 05/09/2024.
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Introduction

Virtual Reality (VR) has emerged as a rapidly advancing
technology with particularly profound implications for
medical applications. The integration of digital technol-
ogy into the medical field promises to revolutionise how
educational content is delivered and received. With its
potential to offer immersive, interactive learning experi-
ences, VR technology stands at the forefront of educa-
tional innovation [1]. As digital technologies progress at
an unprecedented rate, they drive significant refinements
in our educational paradigms. Traditional teaching meth-
ods are being redefined and enhanced, paving the way
for more sophisticated and effective educational models
[2]. VR, in particular, with its advanced motion tracking
and superior imaging capabilities, creates a fully digitised
environment where users can engage with content in a
highly interactive and impactful manner. This technologi-
cal innovation is not only reshaping entertainment and
social interaction; it is also transforming the landscape of
medical training and therapy, presenting new possibilities
for both educators and learners [3].

Makransky and colleagues have been instrumental in
synthesising existing studies into a coherent theoretical
framework that explores how VR can enhance learning
outcomes [4]. Their Cognitive Affective Model of Immer-
sive Learning (CAMIL) identifies presence and agency
as key factors facilitated by immersion and control. The
model highlights six factors—interest, motivation, self-
efficacy, embodiment, cognitive load, and self-regula-
tion—that contribute to effective learning and knowledge
transfer in immersive virtual reality environments. Their
work identifies key psychological support mechanisms
within VR environments and assesses their impact on
educational effectiveness. This framework has significant
implications for the design of pedagogical strategies and
future studies, suggesting ways in which VR can be opti-
mally utilised to support and enhance learning experi-
ences [4].

The introduction of VR in medical education has initi-
ated revolutionary changes, significantly enhancing stu-
dent engagement, comprehension, and preparedness for
clinical practice. By providing an immersive and detailed
understanding of complex medical procedures, VR
allows students to acquire essential skills in a controlled
and interactive environment [5].

Advantages of virtual reality learning

VR technology exhibits exceptional capability in creating
immersive and interactive learning environments, and it
has been extensively implemented in the field of medi-
cal education and training [6]. This technology is recog-
nized as an effective instructional method, due to its high
levels of system usability and learner satisfaction [7]. VR
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technology provides a robust and standardized platform
for clinical practice and procedural instruction across
various disciplines, including internal medicine, sur-
gery, rheumatology, ophthalmology, psychiatry, medical
engineering integration, and biopharmaceuticals [8—13].
As an alternative to conventional anatomical training
approaches, VR significantly reduces the risks associ-
ated with the complexities of human anatomy and the
unpredictability of patient interactions [14]. Although VR
does not notably decrease the time required to complete
assessments, it has been shown to enhance test scores,
satisfaction levels, and enjoyment within anatomical
education [15, 16]. Furthermore, virtual reality learning
environments create new opportunities for supporting
learners and improving the learning process [17]. The
study by Andreasen et al. demonstrates that students
using VR technology to practice the ISBAR communica-
tion technique achieve superior educational outcomes
compared to traditional paper-based methods [18]. In the
context of cardiopulmonary resuscitation training, the
application of VR technology significantly enhances stu-
dents’ performance and satisfaction [19].

Advantages of case-based learning

In clinical settings for medical students, Case-Based
Learning (CBL) serves as an effective strategy for teach-
ing basic science subjects [20]. Fink and his colleagues
indicate that interactions with real patients during CBL
are perceived as more authentic compared to virtual
simulations, leading to higher diagnostic accuracy [21].
Furthermore, while VR increases the sense of presence, it
also elevates cognitive load, which may diminish learning
outcomes. Electroencephalogram (EEG) measurements
have demonstrated that this increased cognitive demand
can reduce the effectiveness of learning [22]. Addition-
ally, VR’s reliance on visual-spatial abilities can pose
a limitation for students with weaker skills in this area.
For these students, navigating and interacting within a
3D VR space can be challenging, potentially hindering
their understanding of complex subjects like anatomy.
In contrast, CBL provides a consistent learning experi-
ence across varying visual-spatial abilities, ensuring that
all students, regardless of their inherent skills, can engage
effectively with the educational content [23]. Therefore,
while VR offers significant advantages in terms of engage-
ment and interactivity, it is essential to balance its use
with traditional methods like CBL, which provide high
diagnostic accuracy and equitable learning opportunities.

Integration of virtual reality with case-based learning

In pursuit of nurturing highly skilled and refined medi-
cal professionals, educators utilize various pedagogi-
cal strategies to elevate student engagement, knowledge
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retention, and practical capabilities [24]. The outbreak
of COVID-19 necessitated a pivot to online modalities,
compelling the conversion of conventional face-to-face
instruction and laboratory classes to remote formats
[25]. Within the domain of medical education, there is
an emerging exploration into the synergistic application
of Virtual Reality and Case-Based Learning, aimed at
providing students with tailored training scenarios that
bridge theoretical knowledge with clinical practice expe-
rience [25, 26]. This amalgamation offers distinct advan-
tages over traditional, singular teaching approaches,
particularly in the cultivation of teamwork skills. The
integration not only bolsters basic recall capabilities but,
although it may augment the associated cognitive load,
it leaves deeper cognitive processing unaffected [27].
Moreover, the fusion of VR and CBL creates a risk-free
simulated environment, allowing students to repetitively
practice complex medical procedures until proficiency is
achieved, without diminishing educational quality [28].
For instance, Wainman et al. demonstrate that combining
traditional teaching methods with pre-class online learn-
ing and practical training significantly enhances team
performance. In conclusion, the educational methodol-
ogy integrating VR and CBL merits further investigation
[29].

Study and hypothesis

This investigation aims to elucidate the collaborative
effects of Virtual Reality and Case-Based Learning in
the domain of medical education, specifically regarding
their potential to augment student engagement, enhance
knowledge retention, and facilitate the development of
practical skills. To achieve this, we have initiated a rand-
omized controlled trial to assess the distinctions between
a combined VR and CBL model and a traditional CBL
approach within medical education. This evaluation
focuses on students’ acceptance of differing pedagogical
strategies and their rates of knowledge retention under
each method. This study examined various dimensions
such as teaching methods, cognitive load, teacher-stu-
dent interactions, skill enhancement, and overall satisfac-
tion, all grounded in established educational theories [4,
7,21, 22]. In summary, we posit the following hypothesis:
the integration of VR with CBL will significantly elevate
student engagement and knowledge retention when con-
trasted with the traditional CBL model [7].

Methods

Trial design

This study employed a parallel-group, assessor-blinded
randomized controlled trial (RCT) design. The research
meticulously arranged a comprehensive five-week edu-
cational plan, which included a course every two weeks,
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each lasting two hours, for a total of 20 teaching hours.
The course setup was sequential and rigorously struc-
tured: the first week served as an introductory week to
the basic theories of the shoulder joint; the following
two weeks focused on detailed anatomical studies of the
shoulder joint; and the last two weeks were dedicated
to intensive rehabilitation physiotherapy of the shoul-
der joint (Fig. 1). The initial theoretical teaching was
conducted through traditional Lecture-Based Learning
(LBL). In contrast, the subsequent anatomy and reha-
bilitation physiotherapy modules employed CBL, based
on eight carefully selected real cases of shoulder joint
injuries. These cases were chosen to encompass a wide
range of common pathological conditions and anatomi-
cal details. The course design emphasised four key areas:
the anatomy of the shoulder joint, injury characteristics,
radiological assessment and diagnostic techniques, and
the formulation of personalised rehabilitation strate-
gies. This study received ethical approval from the Ethics
Committee of Shengjing Hospital of China Medical Uni-
versity, and all participants provided written informed
consent.

Participants

This study enlisted 82 third-year students from the Reha-
bilitation program at China Medical University, who had
not yet undergone clinical internships or been exposed
to complex shoulder joint rehabilitation courses. These
students were considered ideal candidates for participa-
tion due to their lack of prior exposure to clinical settings
and intricate rehabilitation protocols related to shoulder
joints. Furthermore, they exhibited similar educational
backgrounds and foundational knowledge, thereby mini-
mising potential external influences on the study out-
comes. The random allocation of these participants into
different study groups ensured the reliability and valid-
ity of the research findings. Throughout the study, they
underwent rigorous course scheduling and training to
assess the impact of the educational program on their
knowledge and skills pertaining to shoulder joint rehabili-
tation. Active participation from these individuals during
the study period, combined with their valuable feedback
post-course completion, provided deeper insights and
understanding into the outcomes of this study.

Interventions

This study deployed a multifaceted teaching intervention
among third-year undergraduates in the Rehabilitation
Therapy programme at China Medical University, with
the objective of enhancing student engagement, improv-
ing knowledge retention, and advancing the development
of practical skills [4].
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Participants
(n=82)

Group A (n=20) Group B (n=21)

Group C (n=21) Group D (n=20)

VR+CBL VR 4natomy *+ CBL

VR physmthcrapy+ CBL CBL

Basic theory coures

Lecture-Based Learning 1week

TestO

VR+CBL
Group A (n=20) + Group B (n=21)

CBL
Group C (n=21) + Group D (n=20)

Anatomy-related courses

2weeks

Testl

VR+CBL
Group A (n=20) + Group C (n=21)

CBL
Group B (n=21) + Group D (n=20)

Physiotherapy-related courses

2weeks

Test2

The final test (T3) + Questionnaire

Fig. 1 Basic flowchart of course design and teaching methods

Theory

Case-based learning To prepare for each Case-Based
Learning course, teachers carefully selected a repre-
sentative clinical case that met the course requirements
and organised its medical history, test results, and imag-
ing data. These materials were distributed to students
two days before the course, allowing them to prepare in
advance.

In this study, both the Virtual Reality combined
with Case-Based Learning group (VR+CBL) and the

Case-Based Learning group (CBL) dealt with eight com-
plete and real cases of shoulder joint diseases, including
frozen shoulder, rotator cuff tear, subacromial impinge-
ment syndrome, shoulder dislocation, calcific tendini-
tis of the supraspinatus tendon, long head of the biceps
tendinitis, acromioclavicular joint dislocation, and
suprascapular nerve entrapment.

Integration of virtual reality with case-based learn-
ing The combined VR experiment group used VR
equipment for teaching while conducting case-based
learning. After the group report and teacher summary,
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students entered an interactive computer simulation
environment. While the teacher explained relevant
knowledge points, students directly observed real ana-
tomical structures in the simulation environment and
personally operated treatment methods, experiencing the
entire process of diagnosing and treating shoulder joint
injuries.

In the functional anatomy part of VR, students used
the angle, axial, and temporal tools located in the lower
right corner of the computer screen to learn the range
of motion for shoulder flexion, extension, adduction,
abduction, internal rotation, external rotation, and inter-
nal and external rotation in the abducted position. They
also studied the biomechanical changes in the scapula,
clavicle, sternum, and chest wall during these activities,
the rhythm of the glenohumeral joint, and the anatomi-
cal starting and ending points of the muscles around
the shoulder joint, including the rotator cuff, as well as
the timing of their involvement in movement, guided by
interactive step prompts.

In the rehabilitation treatment part, based on the
aforementioned test results and the shoulder joint func-
tion scale provided by human—computer interaction, a
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rehabilitation treatment plan was formulated. This plan
included setting rehabilitation goals, designing rehabili-
tation training movements, and learning various reha-
bilitation training methods, such as pendulum exercises,
ball control, standing and prone push-ups, glenohumeral
joint sliding, and shoulder mobilization techniques
(Fig. 2).

VR equipment information VR software names: vir-
tual reality training system for shoulder joint func-
tional anatomy and movement principles V 1.0 (NO.
2023SR1418086) and virtual reality training system for
the rehabilitation and treatment of rotator cuff inju-
ries V1.0 (NO. 2023SR1418090). Computer hardware
requirements: CPU: 3.5 GHz, RAM: 16 GB, GPU Mem-
ory: 8 GB, Storage Capacity: 500 GB. Operating system
and version: Windows 10. Network bandwidth require-
ments: bandwidth>200 Mbps. Head-mounted display
name: The HTC VIVE—Pro professional edition basic
set. Head-mounted display information: The basic set
includes two base stations (1.0) and two controllers (1.0).
The head-mounted display uses SteamVR"" tracking (2.0)
and features Hi-Res Audio certified built-in headphones.

f Showider drop test Chack method

Fig. 2 Virtual Reality system. 1.Utilise the VR system to learn the Jobe Test: The upper limb is abducted to 90 degrees in the scapular plane,

with the thumb pointing downwards, and then resists abduction. 2.Utilise the VR system to learn the Shoulder Drop Test: This test involves passively
abducting the patient’s shoulder to 90-120 degrees. If the affected shoulder cannot be maintained and falls after the examiner removes support,

it indicates a supraspinatus tendon injury. 3.Utilise the VR system to learn glenohumeral traction: Learn how to apply traction to the glenohumeral
joint using the VR system. 4.Students use head-mounted displays for VR learning
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It also has a built-in microphone and an adjustable inter-
pupillary distance (IPD) for optimal comfort.

Learning objectives

Following the completion of the educational interven-
tions, this study anticipates improvements in students’
knowledge retention rates, proficiency in acquired
skills, and elevated levels of classroom participation and
satisfaction.

Materials

The CBL group employed the nationally standardised
textbook, ‘Musculoskeletal Rehabilitation, along with
eight authentic clinical cases of shoulder joint injuries
for instructional purposes. In addition to the resources
used by the CBL group, the VR+ CBL group integrated a
virtual reality simulation system and VR equipment into
their teaching approach.

Educational strategies

Students were designated as Group A (n=20), Group B
(n=21), Group C (n=21), and Group D (n=20). Group
A received CBL teaching assisted by VR technology,
Group D underwent traditional CBL teaching, Group B
used VR technology assistance in anatomy courses only,
and Group C applied VR technology assistance in physi-
otherapy courses only.

They first completed a one-week basic theoretical
course on the shoulder joint, which included two courses
held on Tuesday and Thursday, each lasting two academic
hours. This was followed by a theoretical test (T0), the
results of which were used for subsequent analysis. The
test was a written test lasting 45 min, with a total score of
100 points.

The anatomy-related courses on the shoulder joint
lasted for two weeks, with two courses each week (Tues-
day and Thursday), totalling four courses, each lasting
two academic hours. To prevent bias from different lec-
turers and time slots, each class analysed a case taught by
the same teacher. In the first week, the morning session
on the first day was allocated to Groups A and B, while
the afternoon session was for Groups C and D. On the
second day, the morning session was for Groups C and D,
and the afternoon session for Groups A and B. The teach-
ing sequence in the second week mirrored that of the first
week. After the course, a theoretical test (T1) was con-
ducted to evaluate the learning outcomes. This test was
a written test lasting 45 min, with a total score of 100
points.

The rehabilitation physiotherapy-related courses on
the shoulder joint also lasted for two weeks, with two
courses per week (Tuesday and Thursday), totalling
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four courses, each lasting two academic hours. The
scheduling order of the rehabilitation courses was
identical to that of the anatomy courses. After the
course, a test (T2) was conducted, which included
a written test and a practical operation, with a total
score of 100 points. The written test lasted 45 min
and was worth 40 points, while the practical operation
lasted three to five minutes per person and was worth
60 points.

The final test (T3) was conducted at the end of the
semester, lasting 120 min, with a total written test score
of 100 points. The scores for the shoulder joint-related
questions, which accounted for 22%, were analysed.
After T3, the statistical results of TO, T1, and T2 were
announced to all students without compromising per-
sonal privacy. Each student’s scores were shared indi-
vidually, and a questionnaire survey was conducted.

In both the traditional CBL group and the VR + CBL
group, students were divided into four teams, each
comprising five to six members, to promote collabora-
tive learning. Each team was tasked with reviewing rel-
evant case materials, conducting research on the latest
academic articles to solidify their knowledge founda-
tion, and preparing a concise report. During the course
sessions, each team was allotted five minutes to present
their insights and pose questions. Following each team’s
presentation, the teacher provided comprehensive feed-
back, offered their own perspectives, and addressed
students’ queries, with approximately five minutes ded-
icated to question-and-answer sessions for each team.
After all team presentations, the teacher delivered a
case exposition, introducing key knowledge points and
diagnostic and treatment methodologies. In the tradi-
tional CBL group, the teacher played relevant videos to
enhance students’ understanding of the case. Students
emulated the actions depicted in the videos and dem-
onstrated them within their groups while the teacher
offered guidance. In the VR experimental group, stu-
dents utilized VR equipment for more immersive learn-
ing to gain a deeper understanding of the case. The
teacher initially demonstrated, after which students
engaged in practical operations, with the teacher pro-
viding guidance. Each team was equipped with a set
of VR devices, and team members used them in rota-
tion, with each individual having five to ten minutes
of operation time. Through the VR devices, they could
directly observe anatomical structures, execute treat-
ment procedures, and simulate the entire diagnostic
and treatment process. Upon completing these pro-
cesses, teachers in both the traditional CBL group and
the VR+CBL group recapitulated the course content,
further clarified students’ queries, and assigned perti-
nent homework to reinforce learning outcomes.
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Incentives
In this study, no incentives / reimbursements were pro-
vided to participants.

Instructors

The teaching was conducted by a team of experienced
professional educators: the basic theory component
was taught by a professor with 27 years of experience
in medical education; the anatomy module was led by
an anatomy expert with 16 years of teaching expertise;
and the rehabilitation physiotherapy segment was con-
ducted by a Master of Physical Therapy with 12 years of
clinical practice experience.

Delivery

The CBL group employed a traditional face-to-face
interactive teaching model, while the VR+CBL
group utilised both face-to-face and virtual simula-
tion modalities. The same course was delivered by the
same instructor to both groups (which were subjected
to identical interventions). The student-to-teacher ratio
was either 40:1, 41:1, or 42:1.

Environment

Foundational theory classes were conducted in a lec-
ture room with all students participating together. Both
the anatomy-related courses and the rehabilitation
therapy-related courses were held in the same class-
room, regardless of whether VR was used. To mini-
mise bias, groups undergoing different interventions
attended classes at different times, with their schedules
alternating accordingly.

Schedule

This study meticulously arranged a five-week compre-
hensive educational plan, consisting of a course every
two weeks, each lasting two hours, totalling 20 teaching
hours. The course structure was sequential and rigor-
ously organised: the first week served as an introduc-
tory week to the basic theories of the shoulder joint;
the following two weeks focused on detailed anatomi-
cal studies of the shoulder joint; and the last two weeks
were dedicated to intensive rehabilitation physiother-
apy for the shoulder joint.

In this study, the various educational methods
employed did not require learners to possess specific
adaptive capabilities, nor were there any alterations
made to the educational methods specifically for the
research. Attendance was managed by the teaching
staff, who conducted roll calls at the beginning of each
course. As these were compulsory courses within the
programme, all students attended, resulting in a 100%
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attendance rate. The materials and educational strate-
gies used in the interventions were delivered as origi-
nally planned, and all interventions were conducted on
schedule.

Outcomes

Knowledge retention assessment

At the conclusion of each section of the course, a knowl-
edge assessment was conducted to evaluate the students’
understanding of the material. These assessments were
independently created by the instructors and comprised
100 multiple-choice questions (each with five options),
with a maximum score of 100 points. The duration of
the test was 120 min. To minimise experimental bias
and interference, the knowledge tests were proctored by
a teacher who was not informed about the study. This
teacher also reviewed and tabulated the results. In the
final test, scores related to shoulder joint issues were spe-
cifically analysed, consisting of 22 multiple-choice ques-
tions (each with five options), with a maximum score of
22 points.

Anonymous questionnaire survey

An anonymous questionnaire survey was conducted to
evaluate students’ views on the course structure, content
practicality, teaching methods, teacher-student interac-
tion, assignments and feedback, learning resources, study
load, skill improvement, course recommendation, and
overall satisfaction [7, 20-22, 27]. The scoring range for
each indicator in the questionnaire was from 1 to 5, with
1 being ’Strongly Disagree, 2 being 'Disagree, 3 being
‘Neutral, 4 being 'Agree, and 5 being 'Strongly Agree. The
student questionnaire exhibited high reliability, with a
Cronbach’s alpha exceeding 0.8.

Sample size

The sample size for this study was determined based on
the research by Falahan et al., with a confidence level set
at 95%, a test power of 80%, and an effect size of 0.65 [19].
Using G*Power (version 3.1.9.7), the total required sam-
ple size was calculated to be 78 participants. A total of 82
students were available and willing to participate, all of
whom signed informed consent forms. Therefore, there
were 82 participants in total, meeting the requirements
outlined in the study design.

Randomization

Using a random number table method, the 82 students
were divided into four groups, each comprising either 20
or 21 participants. To minimise experimental bias and
interference, the random allocation was conducted by a
teacher who was not informed about the specifics of this
study. The groups were designated as Group A (n=20),
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Group B (n=21), Group C (n=21), and Group D (n=20).
Group A received CBL teaching assisted by VR tech-
nology, Group D underwent traditional CBL teaching,
Group B received VR technology assistance in anatomy
courses only, and Group C applied VR technology assis-
tance in physiotherapy courses only.

Blinding

Students were partially blinded in the study as they were
assigned numbers without being informed of their signif-
icance. To ensure educational equity, the same instructor
taught all groups, resulting in the instructors not being
blinded. To reduce errors and bias, the teacher respon-
sible for statistical analysis was blinded to the group
assignments.

Statistical methods

Data analysis commenced with the Shapiro—Wilk test to
ascertain the normality of continuous variables, setting
the stage for appropriate statistical testing. For normally
distributed data, comparisons were conducted using
independent sample t-tests, one-way Analysis of Variance
(ANOVA), and chi-square tests. Alternatively, non-nor-
mally distributed data were analyzed using Mann—Whit-
ney and Kruskal-Wallis H tests, adhering to a statistical
significance threshold of P<0.05. The reliability of Likert
scale responses was assessed via the Cronbach’s alpha
coefficient, ensuring the internal consistency of survey
instruments. All statistical procedures were executed in
SPSS software (Version 29.0).

Results

Baseline characteristics

Table 1 presents the demographic data of the under-
graduates participating in this study. There were no sig-
nificant differences between Groups A, B, C, and D in
terms of age, gender, and theoretical test scores (P> 0.05).
The mean age of all participants was 20.43 years, with a
standard deviation of 0.65.
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Outcomes and data analysis

Test scores evaluation

In the theoretical tests, there were no significant differ-
ences in the scores of students between groups (P> 0.05),
indicating comparability in statistical terms.

Overall, compared to the pure CBL teaching method,
VR+CBL demonstrated a significant advantage in the
test scores for the anatomy course, although there was no
statistical difference in the treatment course test scores
(Table 2).

Specific analysis: In the anatomy course, the groups
using VR+CBL (Groups A and B) outperformed those
using CBL (Groups C and D), demonstrating a signifi-
cant effect of VR. In Test 1, Group A achieved superior
results compared to Group B, which in turn surpassed
Group D, while Group D marginally exceeded Group C
in their overall scores. There was no statistically signifi-
cant difference in scores between Group A and Group B
(P>0.05), nor between Group C and Group D (P>0.05).
However, the scores of Group A were significantly higher
than those of Groups C and D (P<0.05), and the scores
of Group B were also significantly higher than those of
Groups C and D (P<0.05) (Table 3).

In the rehabilitation therapy course, Group A, which
consistently used VR+CBL, achieved the highest scores,
while Group D, which always used CBL, scored the low-
est. Interestingly, the scores of Group C, which also
employed VR+CBL, were lower than those of Group
B, which used CBL. The analysis revealed a hierarchical
score across the groups, with Group A leading, followed
sequentially by Group B, Group C, and Group D, reflect-
ing a gradation in achievement from highest to lowest.
The scores of Group A were significantly higher than

Table 2 Comparison of the test scores between the VR + CBL
and CBL

VR + CBL CBL tvalue Pvalue
(n=41) (n=41)

Test1 score, mean (SD)  87.71 (5.60) 8259 (6.64) 3.778 <0.001

Test2 score, mean (SD)  81.85(5.99) 79.02(757) 1.878 0.064
Table 1 Baseline characteristics
Characteristic Group A Group B Group C Group D Statistics P-value

(n=20) (n=21) (n=21) (n=20)

Age 20.15 (0.59) 2043 (0.51) 2048 (0.75) 20.65 (0.67) H=5419 0.144
Gender
Men 4 6 6 6 X’=0643 0.887
Women 16 15 15 14
TestO score 82.70 (6.06) 84.76 (5.35) 82.95 (5.99) 83.80 (6.65) F=0497 0.685

TestO score is the pretest
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Table 3 Comparison of the test scores between the group A, B, C, D

Group A Group B Group C Group D

(VR+CBL) (VR 4patomy + CBL) (VR physiotherapy + CBL) (CBL)

(n=20) (n=21) (n=21) (n=20)
Test0 score 82.70 (6.06) 84.76 (5.35) 82.95 (5.99) 83.80 (6.65)
Test1 score 88.00 (5.62) 87.43 (5.70) 82.57 (5.90) *° 82.60 (7.49)*°
Test2 score 82.30 (5.92) 43 (6.17) 80.29 (8.75) 77.70 (6.03)°
Test3 score' 17.50 (2.67) 16.00 (2.00)* 16.90 (2.05) 15.65 (3.07)°

Test score =Mean (SD). 2= Compared with group A, P<0.05. =Compared with group B, P<0.05. ' Total score is 22

those of Group D (P<0.05), but the differences in scores
between the other groups were not statistically signifi-
cant (P>0.05) (Table 3).

In the final test, the results demonstrated a clear
sequence in score rankings, with Group A leading, fol-
lowed by Group C, Group B, and Group D in descend-
ing order. The difference in scores between Group A and
Group D was statistically significant (P<0.05), while the
differences between Group B and Group D, as well as
between Group C and Group D, were not statistically sig-
nificant (P> 0.05) (Table 3).

Student questionnaire evaluation

After the final test, student questionnaires were dis-
tributed and collected, resulting in 82 returned ques-
tionnaires and a 100% response rate. Analysis using the
Kruskal-Wallis H test revealed significant differences
(P<0.05) among groups in six key areas: teaching meth-
ods, teacher-student interaction, learning resources, skill
improvement, course recommendation, and overall sat-
isfaction (Fig. 3). On the other hand, there were no sig-
nificant differences (P>0.05) regarding course structure
clarity, content practicality, assignments and feedback,
and learning burden (Table 4).

Discussion

This study employed a variety of statistical methodolo-
gies to investigate the impact of VR4 CBL on the learn-
ing outcomes of medical students. Statistical analyses
revealed that in anatomy tests, Groups A and B, who
utilized Virtual Reality technology, significantly outper-
formed Groups C and D, who did not use VR. This dif-
ference underscores the effectiveness of VR technology in
enhancing students’ mastery of the anatomy of the shoul-
der joint. It also validates the viability of substituting tra-
ditional CBL with VR+CBL in the field of anatomy [14].
However, in the rehabilitation therapy tests, although the
VR group scored higher on average, the difference was
not statistically significant, indicating that the impact
of VR technology varies across different educational
domains [30].

In order to deepen our understanding of these differ-
ences, we provide detailed descriptions of two VR learn-
ing environments. The VR environment for anatomy was
specifically designed to simulate the three-dimensional
structure of the shoulder joint, enabling students to gain
a deeper understanding of various anatomical structures
through interactive manipulation. The corresponding
anatomy knowledge tests primarily assess students’ abil-
ity to identify and understand these structures. Exist-
ing experiments have found that Virtual Reality is more
effective in enhancing medical anatomy learning out-
comes than traditional methods [15].

In the field of rehabilitation therapy, the VR environ-
ment simulates the rehabilitation process; however, these
simulated scenarios may not align precisely enough with
the post-test content on rehabilitation therapy knowl-
edge, which affects the significance of the learning
outcomes.

Another possible explanation is the high complexity of
learning in rehabilitation therapy, which requires more
practical operation and the accumulation of experience.
Current VR technology may not yet fully replicate this
complexity. Therefore, although VR technology provides
a novel teaching method, its applicability and effective-
ness may vary across different disciplines due to the spe-
cific requirements and complexities of the course content
[31].

It is noteworthy to compare the performances of Group
A (VR+CBL) and Group D (traditional CBL) across the
anatomy and rehabilitation therapy tests: students in
Group A consistently outperformed those in Group D.
This suggests that Virtual Reality technology enables stu-
dents to immerse themselves in an interactive artificial
world, providing a more intuitive learning experience
and deepening their understanding of complex shoulder
joint structures and treatment methods [32]. These find-
ings demonstrate that the educational model VR+CBL
surpasses traditional simulation practices in educational
outcomes, highlighting the potential to enhance learning
effectiveness [33].

The comparison between Group B (using Virtual Real-
ity only in the anatomy course) and Group C (using
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Fig. 3 Student questionnaire evaluation
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Virtual Reality only in the rehabilitation therapy course)
revealed varying learning outcomes, reflecting the suit-
ability and effectiveness of Virtual Reality technology

Table 4 Student questionnaire evaluation®

H value Pvalue
Course structure clarity 1914 0.590
Content practicality 2.095 0.553
Teaching methods 8.987 0.030
Teacher-student interaction 11.679 0.009
Assignments and feedback 1.785 0.686
Learning resources 10321 0.034
Learning burden 2.720 0.449
Skill improvement 11.107 0.015
Course recommendation 10.273 0.045
Overall satisfaction 13.366 0.007

A BCD

A B CD A B CD

across different educational contents [33]. Specifically,
the application of Virtual Reality technology in anatomy
learning may be more effective than in rehabilitation
therapy learning [14, 31]. This difference not only under-
scores the necessity of flexibly applying and developing
Virtual Reality technology in medical education but also
highlights the importance of anatomical knowledge as a
foundational basis for learning in rehabilitation therapy
[34].

Further analysis indicates that the group integrating
Virtual Reality technology comprehensively (Group A)
consistently achieved higher scores across all tests than
other groups. These findings confirm the significant posi-
tive impact of the comprehensive application of Virtual
Reality technology on the overall learning outcomes of
students [5, 30]. Statistical results show that VR+CBL
significantly enhances students’ acquisition of knowledge
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and skills in shoulder joint anatomy and rehabilitation
therapy, emphasizing the potential value of Virtual Real-
ity technology in providing immersive and interactive
learning experiences in medical education [35, 36]. The
study by Fink et al. has also demonstrated the efficacy of
integrating teaching support into case-based learning,
and that such support can significantly enhance learn-
ing success [37]. In addition, VR might also be useful to
include support for anatomy curricula that lack resources
like donor-based dissection.

The results of the questionnaire survey corroborated
the findings of the statistical analysis. In terms of teach-
ing methods, the groups using Virtual Reality technol-
ogy (Groups A and B) received higher evaluations than
the traditional Case-Based Learning group (Group D)
and the partially VR-integrated group (Group C). This
suggests that students perceive the integration of Vir-
tual Reality technology as significantly enhancing the
effectiveness of teaching methods, particularly in foster-
ing intuitive understanding and practical operation [38,
39]. This finding is consistent with the improvements in
learning outcomes and further validates the role of Vir-
tual Reality technology in enhancing the quality of medi-
cal education [33]. Studies have shown that, compared
to traditional methods, VR technology in education
has increased test scores, satisfaction, and enjoyment,
although it has not significantly reduced the time taken
to complete tests [16].

In terms of teacher-student interaction and learning
resources, students using VR technology reported higher
satisfaction. This may be because the VR environment
offers more opportunities for interaction between teach-
ers and students, such as direct guidance and feedback in
virtual scenarios, while also increasing student participa-
tion through virtual case discussions [5]. Additionally,
VR technology enriches learning resources by simulating
complex medical scenarios in the real world, reducing
resource consumption and thereby improving teaching
effectiveness [40].

Feedback on skill improvement indicated that the
VR+CBL teaching method not only strengthened the
learning of theoretical knowledge but, more importantly,
enhanced students’ practical operational abilities [10,
12]. This is particularly evident in physical therapy and
clinical decision-making training, where students can
repeatedly practice in a safe virtual environment, thereby
deepening their understanding and application of course
content [41]. Furthermore, the high course recommenda-
tion rate reflects students’ recognition and satisfaction
with the VR+CBL method, highlighting its potential
impact and applicability in future medical education [42].

Students expressed high overall satisfaction with the
VR +CBL method, further emphasising its popularity as
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a teaching approach. They universally believe that this
innovative method enhances enjoyment, interactivity,
and effectiveness in learning through its realistic virtual
environments, marking it as a promising educational
strategy [43]. Studies by Fink (2023) and others also con-
firm that VR education exhibits higher system usability
and satisfaction [7]. This positive feedback supports the
further development and application of Virtual Reality
technology in medical education, particularly in skill-
intensive and highly specialised medical fields [42, 44].

The survey results provide valuable insights, indicating
that the introduction of VR technology not only improves
students’ learning outcomes and skills but also signifi-
cantly enhances student satisfaction and participation [5,
30, 35]. Future research should further explore effective
integration of VR technology with case-based learning
methods, customising them according to different medi-
cal specialties and course content to enhance students’
immersion and participation, thereby maximising teach-
ing effectiveness and student satisfaction [45]. Addition-
ally, research should consider the impact of introducing
VR technology on the roles of teachers, teaching meth-
ods, and students’ self-learning abilities [25].

Despite providing valuable insights into the application
of Virtual Reality technology in medical education, this
study faces several major limitations that might affect the
universality and interpretation of the findings [46].

The sample size of the study was relatively small,
which could limit the generalisability of our conclusions.
Although an efficacy analysis was conducted to ensure
that the sample size was sufficient to detect significant
differences between teaching methods, a smaller sample
may not fully represent the diverse population of medical
students. Moreover, the diversity of the sample—such as
educational background, grade level, and prior VR expe-
rience—was not thoroughly explored, which are factors
that could influence the effectiveness of VR learning.

The scope of application for Virtual Reality technol-
ogy was limited in this study. While we explored the use
of VR in anatomy and rehabilitation therapy education,
it did not extend to other medical fields, such as surgical
procedures or clinical decision-making training, where
the potential benefits of VR might differ. Expanding the
scope of VR application could reveal a broader educa-
tional impact.

This study primarily focused on short-term learning
outcomes, without assessing the long-term retention
of knowledge and development of clinical skills by stu-
dents. The impact of Virtual Reality technology on long-
term memory retention and skill preservation is a crucial
aspect of evaluating its true value in education.

In conclusion, to overcome these limitations and
deepen our understanding of the innovative applications
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of Virtual Reality technology in medical education, future
research should expand the sample size, increase sam-
ple diversity, explore the use of VR technology across a
broader range of medical fields, and conduct longitudi-
nal studies. These measures will facilitate a more accurate
assessment of the educational benefits of Virtual Reality
technology and its long-term impact on the development
of students’ clinical skills [39, 43, 47].

Conclusions

This study underscores the effectiveness of integrat-
ing VR with CBL in medical education, highlighting the
achievements in student engagement, knowledge reten-
tion, and skill development, especially in the treatment
of the shoulder joint. Despite the limited scope of the
study and the small sample size, the results advocate for a
broader application of VR technology in medical training
subjects. The study suggests that by incorporating vir-
tual reality into medical courses, it is possible to closely
combine educational experience with the complexity of
clinical practice, better preparing future medical profes-
sionals. This represents a significant advancement in the
evolution of medical education methods.
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