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Simulation-based Education in Anatomy Students

ORIGINALARTICLE

Impact of Simulation-based Education on Learning
Outcome and Technology Acceptance in
Postgraduate Anatomy Students

Background: Simulation-based education is an effective
method for developing students practical skills.
Considering the importance of the anatomy course and the
growing need for modern teaching approaches, the aim of
the present study was to investigate the effect of
simulation-based education on learning outcomes and
technology acceptance of Master of Science students in the
field of anatomy.

Method: This study was based on an interventional design.
Twenty Master of Science students in the field of anatomy
were divided into two groups: a control group (taughtwith
traditional lectures) and an experimental group (taught
with fixed cadaver simulator software). Learning was
assessed based on students’ academic scores and
technology acceptance  was assessed using Chen's
Technology Acceptance Questionnaire. Data were
analyzed using SPSS 26, software employing the
independent t-test and Pearson’s correlation coefficient.
Results: There were significant differences between the
experimental and the control groups in learning outcomes (p
=0.01) and technology acceptance (p = 0.01). Analysis of
statistics revealed significant differences in the subscales of
perceived ease of use (p = 0.03) and perceived insecurity (p
= 0.02) between the two groups. Additionally, there was a
significant correlation between learning scoreand age (p =
0.003) as wellas gender (p=0.001).

Conclusion: Compared to traditional lecture-based
method,  simulation-based  education  significantly
enhanced learning and increased technology acceptance
among Master of Science students in anatomical sciences.
Furthermore, individual factors such as age and gender
were associated with learning performance. These findings
suggest that simulation-based methods can serve as
effective tools in teaching practical and complex subjects
such as anatomy.

Keywords: Students, Simulation training, Anatomy,
Learning, Education

Gy g 6350k ol 59 Y gemw 1 Sme (B3900 T
oLl (LaoSS dluazs (bgaiiils 55 (559U

dnsgi iy S50 Hsel S Siloterd 1 (e Ghjsel 180 9 Ao
4 ks g ol oys Camedl 4y azgi Lol hgamiils les sl lee
99l 55U oy p 2l B | Bam Gy (288 Sl 65,5
0 (el bomadls 6 9bd Ginds 9 x5Sk p ket (e
SsruriS pele axd)

A5 ey lgmads 1 a Ve sg sl dlslae g5 5 Gleghy ) ibe s
@75 055 5 (o Lons (sel) S 095 93 4yt pgle s
Ot ol A e (e S5l 4t B 05 Loss (355eT)
OF S35 (s aeiion 003 (d py (6518 0y g 92l 0
S iS5 s 5 09551 5 SPSS 536,31 o sols b oz
05 oS 941355 (9

P =)y ol Sk 5l 0,25 5 S 055 99 (sleo g Joline SO iaasdly
e g5 (sl lTcctls 525 (= 0.01) 65905555 524 50.01
055 9 o P=0.02)cislpac s = 0.03) s pacala> o 55l
P =) o b nS o 0 ol (e (6510 (e (Smmotr 8l LS (1,25 5 S5
Zalssezg (P = O.OOI)QQWH Sz g 0.003

et (it o) b dslie 0 (il i (e Shgel 16 S A
0 (oS )B Qbgmads 3 6ydid By GB35 6ok d9ate wzse
S e b Sz 5 G iile (63,8 ey ciwizren A g 225 pole
sl (5 e by Wl on (6 ot 030 LS S (nl o g Lad e
5l oagbl aiilo os (9,0

3l 5550k o9 bT sl A (igal e ligpmids 1 gualS (sl o3l

W Lo gles Jgdg 91&2”&3&: e 5kt e 95\.53] mlmﬂ;}ﬁi
aj‘.‘h‘.” ﬁlﬁé U=t Slatyu) oMb

damll Ohlgbl st I Golul 5Ll o @8 ulut) dmy  cdedld)
o5 gl J) Buliall delolly pu il ple )yhe dusal iy oMl
U PN PWESTIEN L3 PPN | N IRV PR KPRV o SR
e ple e § polsll xruzle OMb W LeglsSall Juiis pletl) 25
Bl e Wl 05 st oad s gund o Lyl ks Cukozel 1 )
Cand) dhils Logems g gens ] g ple dims § pols usle
el plisial Ca)d) dipsed dosamey (hadil) Clblall plusals
by bl LeabY Closall o ol elutl o8 (Gl Cndl 38l
Sl Clle Lo ol Jod) 35 Olustal plisatuls Lo geiSall ealuts
Bloyl Jaolmoy JBtack] b 5lasl pditay galiys 525 SPSS 26 puaby plastuly
09w
& dhilally doyzal gussankl gu dolas] DV OIS Baj Cuzs st
Slelasl Jidos @S (p = 0.01) Le oSl Lis (p = 0.01) plath 5l
(p = 0.03) Spull plusaadl Pspud L )il Guelill & Dym92 338 05
Jua O el ] BLaYL e szt oo (p = 002) Gl o plamils
(p =0.001) uizdly(p =0.003) yaxlly plestl d2yd oy $y2 92 blo)
B gadmtl 33 lpdlokl o LEEN Ludinl &)l me Dylall oY)
stazle OMb o LoglsSall Jsd e dlis Bamle Sty plstll 81l s
sl die 38 Jolge syl el Jo Bsde o il pslell § psled
oS BSlekl e A8l Ll 0T ) pbdl ode s alel eldly Guizdlls
2ot ple o Budsbly dlasll Slskl (w33 § dlsd Olgol 655 o
b=l el g i) ple SSltl o o yadl) oMb dio kit SlodSU)

Aodsd (S (PSS 5l B S S s b 4l S g2 S Sy
IS s iy S

3 SIS S S st e (S 2 Ub e s g o 50 faie
D32 I RS WA W sl o] S oS U o b
il oo ot I oSl daie 5 s 035250« s S, Aide S
G oS n el S 2SS ) Bl 5 e S LD S el
B LS o ol SOl S ek

S il s et S o S0 G e S S ae Sl e 1 b
5 1) @ S i S U S LS o o 5 S 53 S b s ey
i b ; A JSS ) 058 s S sl (o Bl Wy le S
b oS Sl Lok 5 2L 51 S i (o Ul Ly e o5 55
PSS Dy 5 Sl 5 ol S cdy3 (2SS S 02 sl WS LS
S LS Sy 5,5 Jlxzal 1S SPSS 26 ayions 18 Led LS LBI o511 S w3 S
- U ] 5 SO (B3| S o 55 o ST 2 s 2L

1 (P = 0.01) @5 5 i slonss o5 s S o258 ol 2 1
e 5 S ol 5 slael L 554 Qe e (p=0.01) eod 58 (S 2SS
s Sl sl (p=10.03) ST Iy Sl oo 5loys =5 0595 0590
e U ol 5,3 s e S s 5 (p =0.02) Jaiows e
S oyt 5 (p=0.001) iz g5hs 5lus 5 (p = 0.003) a5 , Sl 5
ke o

S S i s R s A e e S b e 2SS Al e
A o e Wb S el T 2l s sk Slanz 551 Loz b s 55
S s iz 3l o e il 3l T de LS ML e e 3 S
o Ul b e s AT S ot S - s oo (5256
st s S 28 b S S5 e s ekt (S eeliae s sl as

s L U 5 £ L B s

FME] 15;4 mums.ac.ir/j-fmej November 30, 2025

41



42

FUTURE of MEDICAL EDUCATION JOURNAL

INTRODUCTION

With the increasing advancement of technology,
electronic educational environments have gained a
special status. Simulator educational software is
one of theachievementsintroduced with the aim of
improving the quality of education. In the field of
medical science, virtual reality and simulation are
widely used in surgery and anatomy (1-3).
Simulation is a representation of some real devices
or work situations and aims to display some
behavioral aspects of one system through the
behavior of another system. Simulation-based
education, as an effective educational method,
increases the development of practical skills and
critical thinking by integrating the knowledge and
skills of learners (1-3). Simulation in a fictitious
situation can recreate the real effects of some
possible conditions and provide the learner with an
environmentthatis as close as possible to the real
environment, while being less costly and risky than
facing the real environment. This can be used
effectively in education (4-7). By simulating the
real environment, interactive learning is facilitated
for students at a low cost and leads to behavior
modification by engaging them with the learning
environment. One of the simulation methods is
virtual simulation, in which real people use
simulated equipment in a simulated environment
(4-7). Studies show that simulators increase student
learning and performance, especially in medical
and related fields. Simulation provides the
opportunity to master skills that can be acquired
through continuous practice and repetition with a
simulator (4-7).

Some studies have suggested that students’ clinical
vision improves after training with a simulator (8-
11). For example, a 2019 study involving 292
undergraduate students used virtual dissection to
teach the anatomy of the thorax, abdomen, pelvis,
and spinal cord. The results of this study showed
that 78.7% of students stated that digital dissection
improved students’ understanding of the material of
participants. They also stated that digital dissection
enhanced their understanding of the material and
clinical vision (8). Swain et al., conducted a study
titled “The Role of Simulator Software in
Microcontrol Education” which showed that this
software had a significant positive impact on
student learning (9). Wolffe etal., used a simulation
tool in their study. In this study architecture
studentswere divided into two groups: control and
intervention. Theresults indicated thatthistoolhad
a favorable effect on students' learning
(10).Another study also reported a significant
improvementin learning outcome following the use
of a combination of virtual dissection and
traditional cadaver dissection (11). As antomy isa
basic and challenging discipline, there is a
continued need to employ innovative and engaging

educational methods to ensure high-quality
education. The present study was, therefore,
conducted with the objective of checking for the
effectiveness of simulation-based education on
Master of Science (MSc) students' learning and
acceptance of technology within the field of
anatomy.

METHODS

This was an interventionalstudy that was approved
by the Ethics Committee of Mashhad University of
Medical Sciences (Ethics code:
IR.MUMS.REC.1400.260). The statistical
populationwas 20 MSc students in the field of
anatomy at Mashhad University of Medical
Sciences who were included in the study using a
convenience sampling method. The inclusion
criterion was willingness to participate in the study
and the exclusion criterion included students who
had chosen this course for the second time. The
students were divided into two control and
experimental groups. The control group consisted
of 11 people who were not trained with the fixed
cadaver simulator software and only the lecture
method was used for them. The experimentalgroup
consisted of 9 people who were trained using the
fixed cadaver simulator software. The same
professor taught both groups.

Designing the Body Fix Simulator Software

In the first step, educational objectives were
defined according to the course title. In the second
step, educational content and software scenario
were developed. Thethird step involved designing
the software using the C# programming language
and Unity 3D simulation software (version 2019),
which is one of the most powerful game
development and design platformsacross various
systems. In the fourth step, debugging and testing
were conducted to ensure the software was fully
functionaland practical before deployment. During
the fifth step, the simulator was introduced to the
students, familiarizing them with the environment
and simulation tools. An explanation of the
scenarios and instructions on how to operate
different parts of the software were provided,
alongside a short introductory video. In the sixth
step, students in the experimental group worked
individually with the software (figure 1). Finally,
learning outcomes were measured based on
students’ scores, and technology acceptance was
evaluated using the standard Technology
Acceptance Questionnaire developed by Chenetal.
(13).

Study tool

The standard 18-item Technology Acceptance
Questionnaire developed by Chen (2014) was used.
This questionnaire comprises four domains:
optimism (5 items), creativity (5 items), difficulty
(4 items), and insecurity (4 items). Responseswere
scored on a Likert scale ranging from 1 (very low)
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Figure 1. View of the cadaver fixation simulator software
(A) Femoral artery section.

(B) Insertion ofthe pump tube for fixativesolution
injection.

(C) Injection of fixative solution into the back region for
supplementary fixation.

(D) Injection of fixative solution into the palm for
additional fixation

to 5 (very high). Face and content validity were
confirmed based on the opinions of the supervisor
aswell as those of several professors, specialists,
and experts. The reliability of this questionnaire has
also been supported by the research conducted by
Noori et al., and Chen et al., (12, 13). Cronbach’
alpha coefficients were 0.85 for optimism, 0.78 for
creativity, 0.91 for difficulty, and 0.71 for
insecurity. The score interpretation of the
questionnaireis as follows: Scores between 18 and
36 were considered to indicate a low level of
variability within the population, scores between 36
and 72 represented a moderate level of variability,
and scores above 72 were classified asindicating a
very good level of variability.

Analysis Method

After data collection, the data were entered into
SPSS version 26 and summarized using descriptive
statistics, including frequency, mean, and standard
deviation. Inferential analyses were performed
using the independent t-test and Pearson correlation
coefficient.

RESULTS

Table 1 shows the participants'demographic datain
the study. Of the 20 students, 12 (60%) were
femalesand 8 (40%) were males. Of these, 5 males
(45.5%) were in the control group, and 3 (33.3%)
were in the experimental group. The frequency
distribution of the gender, place of residence, and
maritalstatus of the students are shown in Table 1.
There was no significant difference between the
control and experimental groups with respect to
gender (p = 0.21), place of residence (p = 0.50), and
maritalstatus (p = 0.83) (all p > 0.05).

Table 2 shows the mean scores of students'learning
and technology acceptance. Statistically, it was

Table 1. Demographic characteristics of participants in the
two study groups

Characteristics Control  Experimental
group group
Age Mean (SD) (31'09%;)3 30.62 (2.50)

Gender Female 6 (54.5%) 6 (66.6%)
N G8) Male  5(45.5%) 3(33.3%)
Place of residence Do:\rlmtory 9(81.8%) 3(33.3%)
o_

(percentage) dormitory 2 (18:2%) 6 (66.6%)

Single  8(72.7%) 3 (33.3%
Marital status ingle ( 0) 3( 0)
(percentage) Married 3 (27.3%) 6 (66.6%)

Table 2. Comparison of learning levels and technology
acceptance in the two study groups

Experimental

Characteristics Control group

group
Learning Mean (SD) 7.54 (0.56) 9.12(0.35)
Optimism 17 75 (261)  22.5(2.67)
Creaivity 1591 (252) 22.5(2.67)
Technology .
acceptance '"CONVENEN® 13 18 > 55) g 75 (4.43)"
Mean (SD) =
Insecunity g 5452  9.37(4.17)"
Totaldomains o7 57 561y 63.12 (7.03)

The average Tearning score Increased significantly compared
to the control group (* p=0.01).

The average technology acceptance score increased
significantly comparedto the control group (* p =0. 01).
The average difficulty score decreased significantly compared
to the control group (**p =0. 03).

The average insecurity score decreased significantly compared
to the control group (# p =0.02).

discovered thatthere exists a significant difference
between the experimental and control group in
learning (p = 0.01) and technology acceptance (p =
0.01). There was no significant difference between
groups in optimism (p = 0.81) and creativity (p =
0.45) areas, whereas differences existed in the
absence of ease (p =0.03) and insecurity (p = 0.02)
areas.

There was a strong relationship between learning
scores, age (p = 0.003), and gender (p = 0.001).
There were no strong relationships for learning
scores and marital status (p = 0.36) or place of
residence (p = 0.38). Furthermore, there were no
significant  correlations  between technology
acceptancescores,age (p = 0.07),gender (p =0.13),
maritalstatus (p = 0.33), or place of residence (p =
0.52).
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DISCUSSION

There were significant differences between the
experimental and the control groups in learning
outcomes and technology acceptance. Analysis of
statistics revealed significant differences in the
subscales of perceived ease of use and perceived
insecurity between the two groups. There was a
significant correlation between learning score and
age, as well asgender. The results of this study
demonstrated a significant difference between the
mean learning and technology acceptance scores of
students in the control and experimental groups.
Similarly, Yakura et al. (2022) investigated the
effect of simulation-based education on the initial
training of medical students. Their findings
indicated a significant increase in students’ self-
efficacy scores and written test results, while
satisfaction levels remained relatively unchanged.
Additionally, the implementation of simulator-
based education was associated with a reduction in
injury incidence. Therefore, simulator-based
education can effectively enhance anatomical skills
and knowledge in dissection courses (14). Patterson
et al. (2010) also reported improvements in both
students’ satisfaction and learning outcomes
following the design and implementation of a
multimedia laboratory simulator for chemistry
education (15).

Many medicaleducation programsstill rely heavily
on traditional methods of teachinganatomy, such as
using cadavers and textbooks. However, new
technologies such as simulators can significantly
enhance the learning process. Although some
studies have investigated the effects of using
simulators in anatomy education, there is still
insufficient data to comprehensively evaluate and
compare learning outcomes with traditional
methods. In addition, there is still a lack of
understanding of the benefits of using simulators in
anatomy education. This gap could lead to the lack
of adoption of these technologies in educational
programs. There is a need to investigate the impact
of simulator training on the clinical abilities of
medical students, especially in the field of
diagnosing and treating diseases. Incorporating
simulators in anatomy education can lead to
improved quality of evidence-based teaching and
learning. This, in turn, could have a positive impact
on students'clinical performance (16-18).

In 2019, Darras et al., conducted an integration of
dissection into medical anatomy courses. The aim
of the study was to investigate the feasibility of
integrating virtual dissection into a cadaver-based
medical anatomy course and to assess students’
overall attitudes towards it. Two hundred and
ninety-two first-year medical students were
enrolled in the study. The virtual dissection lab was
integrated into a cadaver-based anatomy course.
After the course, students completed a short survey

that was developed using a theoretical framework
for evaluating the curriculum. The results showed
that 78.7% of students believed that the virtual
dissection lab increased their understanding of
cadaver anatomy and its clinical applications.
73.8% of students believed that the virtual
dissection lab was an effective use of laboratory
time. 61.5% considered it a strength of the
curriculum. The researchers concluded that blended
learning enhanced learning (19). In the present
study, training with simulator software also
improved understanding of the anatomy course.
Bush et al. (2023) integrated the use of a virtual
dissection laboratory in an undergraduate speech
and hearing anatomy and physiology course. Nine
students, divided into two focus groups, were
invited to share their experiences and thoughts
regarding the pedagogical methods and practical
exercises within the dissection laboratory. The
results showed that this method led to a better
understanding of the course material compared to
traditional methods. Further, this method of
education, particularly in speech and language,
enabled learning through the use of models and
cadavers (20). Further, in the present study,
simulatortraining was accepted by the studentsand
resulted in high satisfaction.

Funjanetal. (2023) conducted a study involving 99
medical students to compare the perceptions of
high- and low-performing students regarding the
effectiveness of virtual dissection, interaction,
accessibility, technical usability, and learning. The
study used a validated questionnaire consisting of
20 closed and 15 open-ended questions,
administered via Google Forms. Responses were
measured on a five-point Likert scale. The results
showed that 73.03% of studentsagreed that virtual
dissection is an effective tool for understandingthe
lectures better. Additionally, 75.28% stated that
virtual dissection should serve only as a
complement to cadaver dissection in learning
anatomy. Moreover, 61.79% believed that virtual
dissection motivates study. 70.78% of participants
believed thatit led to better academic performance.
In addition, 64.04% considered it to promote
continuous learning, and 78.65% felt that it
facilitated deep learning. Furthermore, 47.19%
believed it helped reduce anxiety in learning
anatomy (21).

According to constructivist theory, the use of
simulators and active learning tools enables
students to use their experiences to construct
concepts. Moreover, simulators help reduce
cognitive load and manage learning effectively.
Based on our search, very few studies have been
conducted on this topic, which is one of the
strengths of this research. However, including a
pre-test would have improved the study (22-23).
Similarly, feedback was provided to learners after
the tasksto enhance their future performance, anda
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reflective facilitation was conducted, which is
recommended for future researchers to consider.
One of the limitations of this study was its single -
center nature and smallsample size.

CONCLUSION

The findings of this study demonstrate that
simulation-based education significantly enhances
learning outcomes and increases technology
acceptance amongstudents of anatomical sciences.
The notable difference between the group trained
using simulation software and the group taught
through traditional lectures highlights the
effectiveness of modern teaching methods in
improving practical understanding of anatomical
concepts. Furthermore, the results suggest that
factors such as ease of use and perceived security
when interacting with technology influence its
acceptance.  Furthermore,  the  significant
relationship between learning outcomes and
variables such as age and gender indicates that
individual student characteristics may impact the

effectiveness of educationalapproaches. Therefore,
the use of simulation as an effective instructional
tool—particularly in hands-on courses like
anatomy—isstrongly recommended.
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