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Abstract
Background: Students should become familiar with spatial relationships around anatomical structures,
not just their appearance and function. This is a challenge in traditional classrooms where students use
2D images of books and descriptive articles as a reference. The aim of this study was to evaluate the
effectiveness of VR training applied in anatomy training compared to conventional or 2D digital methods
in the classroom.

Method: Our quasi-experimental method used pre-test and post-test to measure academic achievement
and technology acceptance questionnaires. A total of 92 fourth-year medical students were from three
classes. They were randomly divided into three groups: 1) Traditional education group and 2) Virtual
Reality education group 3) E-learning group (based on Moodle). To examine learning performance, the
measurement tools included pre-test and post-test of anatomy and technology acceptance questionnaire.

Result: The results showed that students who took anatomy courses in VR showed signi�cantly higher
academic achievement than those who taught through traditional methods. There was also a signi�cant
difference between E-learning and traditional groups and no signi�cant difference was observed between
E-learning and VR groups.

Conclusion: The present study provides empirical evidence for the use of VR in anatomy education. In
addition, it explains how to create and implement a VR-based class for formal educational purposes.

Introduction
Anatomy is a visual science that is thought to be an important foundation for medical learning [1]. When
studying anatomy, learners identify structures and their spatial relationships. However, medical students
have di�culty in gaining a su�cient understanding of the three-dimensional anatomy of graphic images,
such as those found in textbooks and PowerPoint. Despite the many teaching methods, many
undergraduate and graduate students underestimate their descriptive knowledge. [2–3]. Many students
are interested in using 3D images to learn anatomy [3–4]. Medical students' knowledge of human
anatomy has an obvious erosion that must be evaluated and examined. Poor knowledge in human
anatomy courses is thought to be one of the reasons for this problem, which is a major concern in
medical education [5–8]. Students should become familiar with spatial relationships around anatomical
structures, not just their appearance and function. This is a challenge in traditional classrooms where
students use two-dimensional images from books and descriptive articles as a reference [7]. However,
with the use of various tools and techniques for teaching anatomy, there is uncertainty about the
methods of providing optimal education. With the rapid advancement of technology and e-learning, it is
crucial to discover the potential of technology in providing tailored anatomical training [9–11]. Therefore,
the development of modern strategies focused on teaching and learning anatomy e�ciently as well as
with high quality has become vital. With the development of new learning tools, the health and medical
education system has begun to make greater use of interactive media and online content [12–13]. The
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use of computer-based 3D models in anatomy education has become popular in recent years. Notably,
VR is a technology that allows you to explore and manipulate the multimedia environments produced by
real or arti�cial 3D computers in real time [8, 14]. This enables an active �rst-person learning experience
through different levels of immersion [15–16]. The advent of virtual reality technology can be traced back
to the entertainment industry in the 1960s [17]. Virtual Reality (VR) promises to provide more engaging
and engaging experiences with them [18]. Recently, the interest in VR has increased in the world of
medical education, especially for the teaching of anatomy and resident surgery [10–11]. VR provides a
simulation scene for students to quickly conceptualize three-dimensional physical communication [19].
Some studies have compared VR with other methods of teaching anatomy, such as dissection, lectures,
2D images, and combination instructions [17]. For example, in 2019, Maresky et al. [20] Tested the
effectiveness of VR cardiac simulation in medical education. They found that students (n = 28)
underwent virtual reality simulation in the �nal test performed much better than the control group (14
people). In 2015, a meta-analysis was conducted to evaluate the effectiveness of teaching the use of 3D
visualization approaches in educational anatomy [21] The results showed that 3D visualization methods
are better tools than 2D methods in obtaining real knowledge of anatomy and knowledge of spatial
anatomy. However, there is not a high level of evidence on the effectiveness of these different VR
methods compared to various other techniques in randomized controlled trials. Accordingly, the aim of
this study was to evaluate the effectiveness of VR training applied in anatomy training compared to
conventional or 2D digital methods in the classroom.

Method

Research design
A quasi-experimental method was used to investigate the effect of VR on students' anatomical learning
performance. We assigned one class to the virtual reality education group, one class to the e-learning
group (Moodle-based), and another class to the traditional education group after they determined that the
three groups had prior knowledge levels. Prior to the test, all students signed the informed consent form
and performed this pre-test. The virtual reality group took anatomy lessons in the VR group and E-learning
(Moodle-based) that they learned through the model platform, while the traditional teaching group
completed the same subjects through traditional teaching methods in a regular class. At the end of the
experiment, post-test and questionnaire were administered to students.

Sample size
The study population consisted of 92 fourth year medical students of RAZI Medical School in
Kermanshah, Iran, then they were randomly divided into three groups: 1) the traditional teaching group
and 2) the virtual reality teaching group 3) the E-learning teaching group (Moodle-based). There were 31
students in the traditional education group, including 13 men and 18 women with a mean age of 21.11 ± 
1.19 years. There were 30 students in the virtual reality education group, consisting of 16 men and 14
women, and their mean age was 20.11 ± 0.67 years. There were 31 students in the e-learning group
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consisting of 15 men and 16 women and their mean age was 20.11 ± 0.67 years. Also, there was no
signi�cant difference between the groups in terms of gender and age (P > 0.05).

Procedure
At the same time as teaching, the traditional teaching team combined literature-based learning with the
teaching of text, images, animation, and �lm in a multimedia data set. While human anatomy modules
on a 3D-VR software, operating systems installed on mobile phones (Table 1) were used for the VR group,
and in the E-learning group, a Moodle-based online course was used. As shown in Fig. 1, the experiment’s
duration was 8 weeks, with seven 60-minute classes per week starting in early September 2019. In the
�rst week, three groups of pre-test students completed. After that, we tested VR lessons and devices for
optimal performance in VR. At the same time, the VR team needed to become familiar with the VR device
and classroom settings, which helped reduce the new effects that might affect students' learning when
using new technologies. From the second to the seventh week, the teacher held six science lessons each
week. Each week, the VR group was introduced to the content and needs of the learning units for
approximately 10 minutes. They then followed the teacher's instructions to gain scienti�c knowledge and
experience virtual scenes. Because there were not enough VR devices for each student, the students were
randomly divided into 10 subgroups of �ve students and used VR devices during the learning process.
Each student experiences approximately 7 to 8 minutes of virtual scenes. After that, each subgroup
engaged in face-to-face activities in which they discussed and completed a worksheet containing
learning tasks (printed material). The E-learning group learned through the Moodle platform. In this
context, 7 topics were designed for anatomy lessons in the form of 7 sessions. Students participated in
an online class on a weekly basis. The teacher also provided students with homework, videos, chats and
text in this room. The traditional teaching group, which was randomly divided into six subgroups of 5
students, studied the same subjects through traditional teaching methods in a regular classroom. Each
week, the teacher used PowerPoint and regular videos to introduce the material. Then, each subgroup
learned the units through science textbooks and worked together to complete the tasks on the activity
page. Following this, the teacher summarized the answers after the students' discussion. The learning
process, including participatory activities and study time, was the same in both groups except for the VR
environment. In the eighth week, students completed post-test and comprehension scale in three groups.
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Table 1
Applications used to teach content in VR group

session Subject of education Application used

1 General body anatomy and pre-test Human body (male) educational VR 3D

2 Anatomy and physiology of the heart (1) Living Heart for Cardboard VR

3 Anatomy and physiology of the heart (1) Living Heart for Cardboard VR

4 Respiratory physiology (1) Respiratory System Anatomy Pro

5 Respiratory physiology (2) Respiratory System Anatomy Pro

6 Brain Anatomy (1) Brain Anatomy Pro

7 Brain Anatomy (2) Brain Anatomy Pro

8 Post -test  

Measurement tools
To examine learning performance, the measurement tools included pre-test and post-test, designed by
two experienced anatomy teachers, as well as technology acceptance questionnaire. The pre-test and
post-test content were designed differently to reduce the learning effect that could result from potential
similarities between the two tests. The pre-test consisted of 25 items that focused on assessing that prior
knowledge of pre-participation student anatomy was equivalent. This included 10 true or false cases and
10 single-choice cases (full score = 40). The post-test consisted of 24 items that measured anatomy
knowledge and students' ability to understand knowledge related to learning units. These included eight
single-choice items, eight true or false items, �ve vacancy �llers, and three short response items. Pre-test
and post-test reliability were assessed using Cronbach's alpha values, both of which were greater than
0.80 and had acceptable internal consistency. A specialized group of three instructors con�rmed the
validity of the test content. Both the anatomy teachers and the expert group reviewed the �nal pre-test
and post-test versions. We have �xed any problems to ensure high reliability and credibility. The language
of both pre-test and post-test in this study was Persian. The Technology Acceptance Questionnaire
developed by Chu et al. [22]. consisted of 13 items that were assessed through a 5-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). This includes six items for perceived usefulness (for example,
the learning system helped me get useful information when needed) and seven items for perceived ease
of use (for example, it is not di�cult for me to learn how the learning system works). Cronbach's alpha
values for both dimensions were 0.84 and 0.86, respectively, which indicates the reliability of the
questionnaire. questionnaire was translated into Persian to ensure that they correspond to the language
culture in Iran. The researchers and two experienced teachers then validated the questionnaires to verify
the accuracy of the items.

Statistical analysis
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Descriptive quantitative analysis by comparison of the means and standard deviations of three groups
was performed using SPSS 25. Moreover, to ensure that the data of the academic achievement test have
the same scale, the perfect scores of the pre- and posttests were normalized using Min-Max
Normalization during the data process.

Results

Academic achievement
The pre-test examined students' anatomy knowledge before learning activities. As shown in Table 2, the t-
test result (e-learning and Traditional: t = 0.89, p = 0.2 > .05, VR and Traditional groups: t = 1, p = 0.8 > .05,
VR and E-learning groups: t = 0.85, p = 0.9 > .05) shows no signi�cant difference between the three groups,
which indicates equivalent prior knowledge prior to learning activities. After learning activities, analysis of
covariance (ANCOVA) test was used to test the difference between the three groups using pre-test scores
as variable and post-test as dependent variables. The results of the homogeneity test showed that the
post-test scores of the three groups are homogeneous (p = 0.73 > .0.05), which means that ANCOVA can
be used. Table 3 summarizes the ANCOVA posttest results, in which a signi�cant difference was found
between VR and traditional groups (p = .001 < .05), indicating that students who have taken VR science
courses have shown signi�cantly higher academic achievement than those who teach through traditional
methods .Also there was a signi�cant difference were found between e-learning and Traditional groups
(p = .001 < .05), indicating that the students who took the anatomy lessons in the e-learning showed
signi�cantly higher academic achievement than those learning through traditional teaching methods.
also there was a no signi�cant difference were found between e-learning and VR groups (p = 0.42 > .05).

Table 2
t-test result of pretest scores

  Group N Mean SD F t

Pretest Traditional

E-learning

31

31

1.13

1.08

0.25

0.21

o.001 0.82

Traditional

VR

31

30

1.13

1.07

0.25

0.20

0.22 0.88

E-learning

VR

31

30

1.08

1.07

0.21

0.20

0.003 0.85
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Table 3
Descriptive data and ANCOVA of the posttest

results
Group N Mean SD F

Traditional

E-learning

31

31

3.78

4.69

1.30

.90

10.28**

Traditional

VR

31

30

3.78

4.61

1.30

.50

10.30**

E-learning

VR

31

30

4.69

4.61

.90

.50

.10

Technology acceptance
Regarding the VR group's assessment of the understanding and ease of use of the VR device, most
students gave positive feedback regarding its effectiveness in learning anatomy. Mean values and
standard deviation of perceived usefulness were 5.11 and 0.53 and mean and standard deviation of ease
of use were 4.43 and 0.49. It can be concluded that students have a high score for technology
acceptance, which means that they feel the bene�ts of using VR in the classroom in terms of its impact
on their learning performance.

Discussion
In this study, we used VR using HMD and mobile containing a set of systematic VR anatomy lessons. To
evaluate the effectiveness of the proposed method, we conducted an experiment in four anatomy
learning units in a medical school. The results showed that students who practiced VR had signi�cant
academic achievement compared to those who learned through traditional teaching methods in a regular
classroom. In addition, the VR group had a high degree of technology acceptance for using VR in the
classroom. Regarding the academic achievement test, the �ndings are consistent with the results of
similar studies, which show that VR has a positive effect on learning achievements [23–30]. In the
present study, three speci�c reasons can illustrate the bene�ts of VR. First, the higher success of the VR
group may be the result of positive VR features (immersion, interaction and immediate feedback). This is
similar to previous studies in that effective VR interactions and communications allow users to focus
more on learning, thus leading to better acquisition [31–35]. Second, face-to-face interactions are better
for creative problem-solving and idea generation, while computer conferencing environments support
better linking of ideas, interpretations, and integration of problems [36–37]. Therefore, face-to-face group
learning activities combined with VR-supported interactive environments may provide a rich learning
experience. In addition, visual descriptions of scienti�c content and instant feedback from the intelligent
robot in the virtual scene may enhance the conceptual development of scienti�c knowledge [12]. The
results also showed that students who worked in the e-learning group had a much higher academic
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achievement compared to students who learned through traditional teaching methods in a regular
classroom. This means that e-learning enables students to engage with extracurricular science concepts
by engaging in an e-learning environment. Inside the classroom, teachers used class time to discuss
emerging ideas. This �nding was supported by the study by Elfeky et al. [38], they concluded that there is
a signi�cant difference in the learning outcomes of learners during teaching with e-learning method. It
could be that the e-learning classroom has created a deep learning environment that contributes to higher
student performance. This is also buttressed by Mitra et al. [39] Which showed that the use of
technological tools improves learning outcomes and encourages students to learn more actively. This
function was better possible because e-learning is commensurate with the individual's learning speed and
constantly provides tasks that accelerate learning outcomes. This brings both fast and slow learners to
the same level of learning, and students are encouraged to frequently practice scienti�c concepts and
experiments at home and at school. Convenience is also central to e-learning, allowing students to study
at their own pace and thus improve performance. This strategy reduces the pressure on students and this
gives them a better opportunity to practice and recall what they have learned. A study of Zipay et al. [40]
showed that those who learn through e-learning performed better and retained more than their peers who
use the conventional method of teaching. This is because today's students enjoy digital media because it
allows them to read comfortably.

This study also showed that VR group students have a positive attitude towards accepting technology to
use VR in the classroom. They found that VR is easy to use and improves their understanding of scienti�c
knowledge. In addition, the high level of usefulness and ease of use shows that VR does not distract
students during learning activities.

Implications, limitations and future research

Because there is so little information on this subject, one of the contributions of this research is due to its
efforts to do more research on the use of VR in classrooms. The novelty of this study was that - in a
classroom environment - a real virtual reality classroom consisting of 30 students and a teacher, who
were in charge of the student learning process and class management through VR tools, was examined.
This means that virtual reality tools have the ability to enhance classroom learning by providing visual
knowledge and motivating young students with authentic learning experiences. For example, the mobile
phone (VR education system) used in this study, which is used as a teaching tool, allows the teacher to
interact directly with students by monitoring and managing their learning content in HMD. Slowly
Therefore, the teacher can manage the classroom and learning content to perform learning activities
more effectively. This study provides a reference for educators who wish to use this method in the
classroom to perform similar learning activities on different topics.

This study also helps to identify and validate the empirical bene�ts (academic achievement) of using VR
with HMD in the classroom. In addition, VR lessons can be integrated into existing anatomy curriculum as
complementary resources. In this way, students have more opportunity to engage with scienti�c content
and processes.
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However, issues such as investing and teacher training are all important things to consider before
successfully using VR with HMD in school classrooms. Schools and educators who want to use VR
without investing may consider low-cost options. In addition, teachers may be challenged with the
technical skills needed to design VR lessons or use VR technology for classroom practices. Because they
need to spend more time and effort understanding the potential features of VR, participating in the design
of virtual environments and classroom activities, and preparing for VR lessons.

This study also has several limitations. First, it was only proven that current VR is effective for fourth-year
medical students, meaning that the results may not be generalizable to all age levels. Designing or
implementing future VR for anatomy learning activities in the classroom should consider more of the
learner's characteristics (age, gender, and perceived immersion). For example, as suggested by Cheng and
Tsai [41], future studies could consider the immersion factors of basic attention and enjoyment. We also
agree with Makransky and Lilleholt [42] that VR features, such as direct control, should be considered
when designing VR environments. In addition, although the present study showed that VR can provide
instant feedback for student learning, is this type of VR design, which includes elements of feedback, not
as effective as many other online systems or traditional classroom conditions? Therefore, in the future,
VR feedback elements should be educationally and technologically designed to improve anatomy
learning. Moreover, since VR student groups had to use HMD during learning activities the student groups
had to take turns using the HMDs during the learning activities, Future research should seek to prepare
students for the effective use of HMD shared time and to explore how this group of students works in a
VR environment. Finally, research into the long-term effects of using VR in classrooms is also needed to
learn anatomy.

Conclusion
The results showed that students who practiced VR had signi�cant academic achievement compared to
those who learned through traditional teaching methods in a regular classroom. In addition, the VR group
had a high degree of technology acceptance for using VR in the classroom. The present study provides
empirical evidence for the use of VR in anatomy education. In addition, it explains how to create and
implement a VR-based class for formal educational purposes. since in VR-based classroom student had
to take turns using the HMDs during the learning activities, Future VR interventions should seek to prepare
students for the effective use of HMD shared time and to explore how this group of students works in a
VR environment.
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