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Background & Objective: Computer-based simulations are increasingly used in medical
education to enhance practical learning. They allow flexible interaction with physiological
processes while providing structured, engaging experiences. However, student perspectives on
enjoyment, stress, and perceived learning remain underexplored. The aim of this study is to
evaluate medical students’ perceptions and experiences of a simulation-based physiology
practical session.

Materials & Methods: A descriptive cross-sectional questionnaire-based study was conducted
among 94 third-year medical students who completed a physiology practical session via
computer-based simulation using the Lt platform (ADInstruments, Australia). A structured
questionnaire was used to collect data on students’ experience, covering perceived enjoyment,
content comprehension, teacher effectiveness, perceived stress, and skills acquisition. The
questionnaire demonstrated excellent internal consistency (Cronbach’s alpha = 0.97). Data were
analysed using descriptive statistics and Chi-square tests in SPSS version 28. A p-value < 0.05
was considered statistically significant.

Results: Students reported high levels of enjoyment (92.6%), with significant associations with
instructor effectiveness (p < 0.001), student participation (p < 0.001), skill acquisition (p <
0.001), and low perceived stress (p < 0.001). Most students agreed that the learning objectives
were met and that the session content was clearly understood.

Conclusion: The findings showed that computer-based practical simulations provide a positive
and effective learning environment. Beyond enhancing enjoyment and reducing stress, these
platforms support active participation and reinforce skill acquisition. Given the observed
advantages, we strongly recommend integrating simulation-based platforms into physiology
curricula.
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Introduction

Computer-based simulation has become an innovative
modality in medical education over recent years,
especially for practical and laboratory-based training [1,
2]. These interactive online modules simulate real-life
clinical scenarios so that students can study complex
physiological signs in a well-organized, educational, and
student-oriented learning process [3]. Unlike traditional
practical sessions, which may be limited by time, space,
or resources, computer-based simulations offer

innovative solutions that accommodate a large number of
students while maintaining educational integrity [4, 5].
Simulation also provides opportunities for independent
learning, prolonged practice, and immediate feedback,
which are critical to the development of competence and
confidence in undergraduate learners [6]. In addition to
the limited access to patients, the recent shift toward
simulation-based learning in practical sessions is driven
by the need to integrate theory with practice in ways that
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are flexible, reproducible, and accessible [7, 8]. In
physiology education, for instance, simulations of
techniques such as electromyography, electrocardiogram
recording, and respiratory assessments provide students
with exposure to essential clinical tools, without the
logistical or ethical constraints of real patient interactions
[9, 10]. It is worth noting that these platforms are suitable
for diverse learning styles, as they combine multimedia
elements, self-directed progression, and data-driven
experimentation with opportunities for multiple
repetitions and immediate feedback, thereby deepening
conceptual understanding and  supporting the
development of practical skills [11, 12]. Effective
practical training is essential for both medical and
paramedical students, as their professional needs require
more than just textbooks. They should develop the
capacity to react skilfully in actual medical contexts.
Through simulation, hands-on experience can be well
developed in a safe, controlled environment to bridge the
gap between knowledge and action. Students can acquire
fundamental skills without endangering their patients.
Computer-based simulation is central to improving
student outcomes, as it allows repetition until skills and
confidence are gained before transfer to the actual
clinical setting [13]. Although the existing literature has
extensively documented the benefits of simulation-based
education for knowledge acquisition and skills
development, fewer studies have addressed students'
perceptions of its use in practical physiology. Factors
such as learner enjoyment, perceived instructional
quality, opportunities for student participation, and
emotional engagement are found to influence students’
motivation and long-term educational outcomes [14—16].
Enjoyment, in particular, has been shown to enhance
cognitive engagement, reduce anxiety, and promote
sustained interest, which are especially important in early
clinical training [17-19]. In the context of computer-
based simulations, enjoyment plays a pivotal role in
sustaining learner attention, promoting deeper
interaction with the material, and reducing the monotony
often associated with traditional practical classes. When
students perceive the activity as enjoyable, they are more
likely to demonstrate persistence, creativity, and self-
directed learning, which ultimately strengthen both
conceptual understanding and practical competence [20].
Computer-based simulations are increasingly used in
medical education to supplement traditional practical
instruction because they overcome the limitations of
resource constraints, time constraints, and limited access
to patients. The interactive nature of such platforms

enables students to engage with the experiments, repeat
steps, and receive instant feedback, thereby developing
their skills. Although past studies have reported the
advantages of simulation-based education for knowledge
acquisition and skills training, there is a paucity of data
on students’ perceptions and overall enjoyment during
physiology practical sessions. In addition, the association
between students' enjoyment of such platforms and
knowledge gain, skills development, the instructor's
skill, and perceived stress was not investigated. The aim
of this study is to explore medical students' perceptions
of a computer-based physiology practical session, with
special emphasis on enjoyment as a key aspect of the
learning experience.

Materials & Methods

Design and setting(s)

A descriptive cross-sectional study was conducted in the
Physiology laboratory during the period from 9 October
2024 to 15 April 2025 to assess medical students’
perceptions of a computer-based practical session
delivered via the ADInstruments Learning Tool (Lt)
platform. The session included interactive simulations
that allowed students to explore physiological principles,
such as electromyography and grip force measurement,
in a controlled digital environment. The study was
designed to capture students' immediate reflections on
their learning experience, focusing on active
participation, enjoyment, instructor effectiveness,
perceived stress, and perceived skill acquisition.

Participants and sampling

The study included all 94 third-year medical students
enrolled in the physiology course during the 2024-2025
academic year, representing a 100% participation rate.
All participants had completed at least one computer-
based simulation session using the Lt platform. Lt by
ADInstruments  (Australia) is a computer-based
simulation platform that enables students to conduct
physiology experiments using interactive digital tools. It
provides engaging modules that replicate traditional
laboratory activities to enhance skill acquisition and
conceptual understanding. The questionnaire was
administered immediately after the simulation session
while students remained inside the Physiology
laboratory. Although the survey was distributed via a
Google Forms link sent to students’ university emails, it
was opened and completed on their personal mobile
phones or iPads before leaving the session. The process
was conducted under the instructor's direct supervision
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to ensure independent completion and prevent students
from collaborating while responding to the
questionnaire. Participation was voluntary, anonymity
was assured, no incentives or reminders were provided,
and written informed consent was obtained prior to
survey administration. To minimize bias, the instructor
was present only to offer technical support and to ensure
that students completed the questionnaire individually;
students were instructed not to discuss their responses
until all submissions were finalized.

Tools/Instruments

Data were collected using a structured questionnaire “the
Learning Enjoyment Scale”, which was designed
previously by the researchers to measure students’
enjoyment of a learning experience and its relation to
various dimensions of teaching [15, 21]. The final
instrument consisted of 12 items in two sections. The
first section included six items assessing knowledge,
comprehension, application, analysis, concentration, and
enjoyment, each rated on a five-point Likert scale (1 =
strongly disagree to 5 = strongly agree). The second
section evaluated the impact of various factors on
students’ enjoyment, including teacher proficiency, topic
complexity, student participation, objective fulfilment,
perceived stress, and skill acquisition. This allowed
direct analysis of how each factor contributed to overall
enjoyment, providing a detailed understanding of the
learning experience [15, 21]. The scale used in this study
is a previously validated instrument with established
content and construct validity in undergraduate health-
professions students [21]. To ensure alignment with the
current educational context, three experts in physiology
and medical education reviewed the items for clarity,
representativeness, and relevance.

Their consensus supported the appropriateness of the
scale without the need for item modification. Construct
validity was not reassessed in this study because the LES
has undergone factor-analytic validation in earlier
publications [21], and our study aimed to apply rather
than redevelop the scale. Internal consistency was
evaluated in our sample and demonstrated high
reliability (Cronbach’s a = 0.97).

Data collection methods

A professor of Physiology, with strong experience in
teaching the subject, conducted the computer-based
practical session. The session was delivered using the Lt
simulation platform (ADInstruments, Australia), which
provides interactive modules for laboratory-based

learning. Students were exposed to computer simulations
of fundamental physiological principles, including
electromyography and grip-force measurement, in a
well-organized, well-regulated
Immediately after completing the teaching session,
students were asked to fill out the survey before leaving
the laboratory.

environment.

Data analysis

All responses were recorded using a five-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly
agree). Data analysis was performed using SPSS Version
28 (IBM Corp., Armonk, NY). Descriptive statistics,
including frequencies, percentages, means, and standard
deviations, were calculated to summarize students’
responses. Chi-square tests were used to examine
associations between students’ enjoyment of the teaching
activity and various teaching dimensions. Fisher—
Freeman—Halton exact tests were used as a sensitivity
check for tables with small cell counts. A p-value of <
0.05 was considered statistically significant. A post-hoc
power analysis was conducted using G*Power 3.1 for the
chi-square tests of independence performed in this study.
For the 2x3 contingency tables analyzed (df = 2, o =
0.05, n = 94), the observed chi-square statistics
corresponded to large to very large effect sizes (Cohen’s
w = 0.67-0.85). Based on these values, the achieved
statistical power exceeded 0.99 across all associations,
indicating that the sample size was fully adequate to
detect the effects observed.

Results

Table 1 presents students’ responses to the survey
statements evaluating their perceptions about the
learning experience during the practical activity. Overall,
the responses indicate a high level of satisfaction and
perceived effectiveness. A substantial majority of
participants either agreed or strongly agreed that they
remembered most of the new information presented
(91.5%), and 88.3% expressed confidence in applying
what they had learned.

Notably, 92.6% also agreed or strongly agreed that they
enjoyed the activity. Additionally, 93.6% perceived the
teacher as effective / highly competent in delivering the
content. Confidence in analysing and evaluating
problems was 91.5%, affirming analysis and evaluation
capabilities. Importantly, 90.4% of students reported
being relaxed and not stressed during the session, and
over 92% expressed satisfaction with the skills
acquisition during the practical component.
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Table 1. Summary of student responses to survey statements (n = 94)

Strongly Disagree /
Question o Agree (%) Strongly disagree Unsure (%)

agree (%) (%)
1. I remember most of the new information taught in the teaching activity 38 (40.4) 48 (51.1) 6 (6.4) 2(2.1)
2. I understand most of the information given during this teaching activity 33 (35.1) 53 (56.4) 6 (6.4) 2(2.1)
3.1 feel confident to apply the information I learned in this activity 33 (35.1) 50 (53.2) 5(5.3) 6(6.4)
4.1 feel confident to analyze and evaluate problems related to the information 34 (36.2) 52 (55.3) 5(5.3) 3(3.2)
5.1 followed most of the teaching activity with interest 38 (40.4) 46 (48.9) 5(5.3) 5(5.3)
6. I enjoyed the teaching activity 46 (49.0) 41 (43.6) 7(7.4) 0 (0.0)
7. The teacher is talented in teaching 46 (49.0) 42 (44.6) 4(4.3) 2(2.1)
8. The topic contents are easy 36 (38.3) 47 (50.0) 8 (8.5) 333.2)
9. I was able to participate 45 (47.9) 38 (40.4) 5(54) 6(6.4)
10. The learning objectives were fulfilled 41 (43.6) 45 (47.9) 5(.3) 3(33.2)
11. I was relaxed and not stressed 44 (46.8) 41 (43.6) 5(.3) 4(4.3)
12. I am satisfied with the skills I acquired during the practical part of this activity 47 (50.0) 40 (42.6) 6(6.4) 1(1.1)

Note: Data are presented as number (percentage). The survey assessed students' perceptions across cognitive, affective, and behavioral domains of the learning experience.

Abbreviations: n, number of participants.

Table 2 displays the association between students'
perceived ability to remember new information and their
reported enjoyment of the computer-based physiology
practical session. A statistically significant association

was observed (¥%, n =94 = 60.31, p < 0.001), indicating
that students who reported greater enjoyment were also
more likely to affirm that they remembered the new
content delivered during the session.

Table 2. Association between students’ enjoyment of the computer-based session and content recall (n = 94)

I remember most of the new information taught in the teaching activity.

I enjoyed the teaching activity. Agree (%) Disagree (%) Unsure(%) Total (%)
Agree 85(90.4) 1(1.1) 1(1.1) 87(92.6)
Disagree 1(1.1) 5(5.3) 1(1.1) 7(7.4)

Total 86 (91.5) 6 (6.4) 2 (2.1) 94 (100)

Note: The Chi-square test was used to assess the association between students’ enjoyment of the teaching activity and their recall of new information. In
addition, the Fisher—Freeman—Halton exact test was performed as a sensitivity analysis, and it yielded consistent results. 32, n=94 = 60.31, p <0.001.

Table 3 presents a cross-tabulation of student responses
comparing their enjoyment of the teaching activity with
their perceptions of the instructor’s teaching
effectiveness.

Most students who reported high enjoyment (98%) also
perceived the instructor as talented. In contrast, those
expressing lower levels of enjoyment were more likely
to provide neutral or negative evaluations of teaching
effectiveness. The association between these two
variables was statistically significant (¥, n =94y = 51.96,
p <0.001), indicating a strong link between instructional
quality and students’ enjoyment of the teaching activity.

Table 3. Association between students’ enjoyment of the
computer-based session and quality of instructor (n = 94)

The teacher is talented in teaching.

I enjoyed )
the teaching A o Disagree Unsure Total (°
activity. gree (%) %) %) otal (%)
Agree

85(904)  0(0.0) 22.1) 87 (92.6)
Disagree 3(3.2) 4(43) 0(0.0) 7(7.4)
Total 88(93.6)  4(4.3) 22.1) 94 (100)

Note: The Chi-square test was employed to assess the association between
students’ enjoyment of the teaching activity and their perception of the
instructor’s teaching talent. In addition, the Fisher—Freeman—Halton exact test
was performed as a sensitivity analysis, and it yielded consistent results. ¥z 2, n=
94=51.96, p <0.001.

Table 4 describes the association between students’
enjoyment of the teaching activity and their perceived
active participation during the practical session. The
majority of students who reported enjoying the session
also participated actively. A statistically significant
relationship was observed (¥, n=94) = 41.98, p <0.001),
highlighting a strong association between enjoyment and
active involvement.

Table 4. Association between students’ enjoyment of the
computer-based session and active participation (n = 94)

I was able to participate.

I enjoyed the

Disagree Unsure

teaching o, o,
activity, Agree (%) %) %) Total (%)
Agree 81 (86.2) 1(1.1) 5(5.3) 87 (92.6)
Disagree 2(2.1) 44.3) 1(1.1) 7(7.4)

Total 83 (88.3) 5(5.3) 6 (6.4) 94 (100)

Note: The Chi-square test was used to determine the association between
students’ enjoyment of the teaching activity and their ability to participate. In
addition, the Fisher—Freeman—Halton exact test was performed as a sensitivity
analysis, and it yielded consistent results. y%2,n=94) = 41.98, p <0.001.

Table 5 illustrates the relation between students’
enjoyment of the computer-based physiology teaching
activity and their satisfaction with the skill acquisition
during the activity. Among those who enjoyed the

session, nearly all (99%) were satisfied with the skills
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acquisition. A statistically significant association was
observed (Y22, n=94) = 67.57, p < 0.001), indicating that

students who enjoyed the session were more likely to
report high satisfaction with their skill acquisition.

Table 5. Association between students’ enjoyment of the computer-based session and skills development (n = 94)

I am satisfied with the skills I acquired during the practical part of this activity.

I enjoyed the teaching activity. Agree (%) Disagree (%) Unsure (%) Total (%)
Agree 86 (91.5) 1(1.1) 0 (0.0) 87 (92.6)
Disagree 1(1.1) 5(5.3) 1(1.1) 7(7.4)
Total 87 (92.6) 6 (6.4) 1(1.1) 94 (100)

Note: The Chi-square test was applied to assess the association between students’ enjoyment of the teaching activity and their satisfaction with the skills
acquisition during the practical part. In addition, the Fisher—Freeman—Halton exact test was performed as a sensitivity analysis, and it yielded consistent

results. ¥*2,n=94) = 67.57, p <0.001.

Discussion

The current study analysed the experiences of medical
students during a computer-based practical physiology
session provided on the Lt platform. The study
investigated enjoyment as an indicator of active
engagement, the quality of teaching, skill development,
and perceived stress. The findings indicate a high level
of student satisfaction with this computer-based
simulation, reinforcing its pedagogical value in medical
education. One of the most important findings is the
instructor’s effectiveness being endorsed. The majority
of students rated the teacher as talented at delivering
practical content, and this perception was strongly
associated with higher levels of enjoyment. This aligns
with findings of previous studies that identified
instructor competence as a core determinant of learner
satisfaction, especially in interactive or digitally
mediated learning environments [22, 23]. While teacher
effectiveness is clearly influential, it is important to
acknowledge other factors that contribute to the overall
success of a teaching experience, such as the educational
environment, the nature of the topic, the types of tasks,
and the quality of the educational technology used during
the activity [24-27]. Student enjoyment is a positive
emotional state during learning that supports motivation
and engagement. It creates a favorable atmosphere for
concentration and knowledge retention and helps
students persist with challenging tasks [28]. In
simulation-based settings, enjoyment reduces frustration
and makes interaction with complex material easier [29].
Studies have shown that enjoyment is positively related
to academic achievement, partly by increasing
motivation and active participation [28, 30]. Enjoyment
was further found to enhance focus and social
interaction. The high enjoyment levels observed in our
study, therefore, likely played an important role in
supporting both satisfaction and learning outcomes.
Student involvement during the practical session and
active participation are critical for enhancing overall

satisfaction [31]. Many students reported active
participation during the practical session, suggesting that
the LT simulation, which included procedures such as
EMG and grip force measurements, successfully
translated theoretical knowledge into practice. Practical
activities have always played a crucial role in studying
physiology, as they help go beyond abstract knowledge
and facilitate application, a crucial process for deep
learning [32, 33].

Moreover, the literature indicates that interactive
assignments encourage critical thinking and reinforce
memory, especially when students engage with materials
in a self-directed, technology-rich manner [34].
Consistent with our findings, the majority of students
perceived the sessions as low stress [35]. They provide a
supportive, psychologically safe learning environment,
which is recommended in medical education,
particularly during practical sessions when students may
feel apprehensive about making mistakes [36]. These
findings align with the notion that reduced performance
pressure can increase learner confidence and engagement
[37]. However, some scholars suggest that moderate
levels of cognitive stress (by controlling teaching
activity) may enhance focus and resilience, underscoring
the importance of an optimal balance between support
and challenge [38, 39]. The session's perceived success
was further demonstrated by students’ satisfaction with
their skill acquisition and with achieving the learning
objectives.

Most students agreed that the activity enabled them to
acquire relevant skills, validating the role of simulation
platforms in supporting procedural learning alongside
theoretical understanding. These outcomes support the
use of computer-based simulations for skill acquisition
in health education, particularly when they are
accompanied by real-time feedback, the option to repeat,
and individualized pacing [40, 41]. In terms of content
comprehension, students described the practical topic as
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well-structured and clearly organized, facilitating
understanding of key physiological principles. It is worth
noting that a few participants reported difficulty, which
may reflect variation in prior experience with digital
tools, different learning styles, or individual preferences
in instructional delivery. Although computer-based
platforms are designed to enhance understanding through
multimedia and interactivity, some students may benefit
from additional orientation or technical support to
navigate digital learning environments effectively [42,
43]. Collectively, these results align with established
educational theories.

The high engagement and reported satisfaction are
supported by Constructivist Learning Theory, which
emphasizes hands-on, student-centered experiences that
promote meaningful learning [44, 45].

The findings also resonate with Self-Determination
Theory, which holds that student motivation is enhanced
through feelings of autonomy, competence, and
relatedness, all of which are fostered during computer-
based practical sessions [46, 47]. Motivational teaching
activities are important tools in education because they
enhance student engagement by drawing students’
attention and developing their interest in learning.
Moreover, the positive outcomes align with principles of
Cognitive Load Theory, suggesting that the Lt platform
may have provided an optimal balance between
challenge and cognitive processing, thereby facilitating
deeper learning [48].

Our findings should be interpreted in the light of the
following limitations.

The study was conducted at a single institution, limiting
the external generalisability of the results, and the sample
size is relatively small, further limiting generalisability.
Furthermore, the use of a self-administered survey
increases the possibility of reporting bias.

Although the instructor’s presence in the lab for
supervising data collection minimized collaboration and
ensured response independence, it may have influenced
students’ responses through social desirability effects. In
addition, the cross-sectional design of the study does not
allow for making conclusions about long-term
knowledge retention or skill durability.

Other possible confounding factors, including prior
simulation experience, baseline digital literacy, and
variation in students’ learning styles, may affect the
findings. Because of the small sample size, the
relationship between demographic variables and
questionnaire outcomes was not analyzed; however, this

will be addressed in future studies with larger, more
diverse participants.

Conclusion

Despite these limitations, the present study clearly
highlights the value of integrating computer-based
simulations into physiology education.

Results support a statistically significant association
between computer-based simulation sessions and
students’ overall enjoyment, positive perceptions of
instructor efficacy and skill improvement, and low
perceived stress. The strong alignment between
enjoyment, learning outcomes, and instructional quality
underscores the pedagogical strength of such digital
platforms. Future research is recommended to examine
long-term knowledge retention, sustained skill
acquisition, and the scalability of these methods across
diverse educational contexts.

Ethical considerations

Ethical approval was obtained from the Institutional
Research Ethics Committee under reference number
HEC-10-2023/24-F-M. All participants provided
informed consent before participating in the study.
Responses were anonymized, and confidentiality was
maintained throughout, in accordance with the
Declaration of Helsinki.

Artificial intelligence utilization for article
writing

The authors declare that no Al-based tools were used in
conducting the research or preparing this manuscript.

Acknowledgment

The authors would like to express their sincere gratitude
to the medical students who participated in this study and
provided valuable feedback. Their engagement and
insights were essential to the success of this research.
The authors received no financial support for the conduct
of this study or the preparation of this manuscript.

Contflict of interest statement
The authors declare that they have no conflicts of
interest.

Author contributions
TM conceptualized the study, developed the simulation-
based practical activity, supervised data collection, and

J Med Edu Dev

2026;19(1)



SIMULATION-BASED INSTRUCTION

80

drafted the manuscript. NAK coordinated the teaching
session, assisted with data collection and interpretation,
and critically reviewed the manuscript.

HT contributed to the literature review, data collection,
data interpretation, and critically reviewed the
manuscript.

AOA contributed to the literature review, questionnaire
refinement, statistical analysis, and contributed to
manuscript drafting and review. All authors reviewed
and approved the final version of the manuscript.

Funding

None.

Data availability statement
The datasets used and analysed in this study are available
from the corresponding author upon reasonable request.

References

1. WuQ, Wang Y, Lu L, Chen Y, Long H, Wang J.
Virtual simulation in undergraduate medical
education: a scoping review of recent practice.
Front Med (Lausanne). 2022;9:855403.
https://doi.org/10.3389/fmed.2022.855403

2. Zahoor H, Mustafa N. Virtual simulation in
healthcare education: trends, applications, and future
directions. Uluslararasi Akademik Birikim
Dergisi. 2025;8(2):180-202.
https://doi.org/10.5281/zenodo.15069555

3. Ma C, Cheng P, Chan Y, Tipoe GL. Virtual reality:
a technology to promote active learning of
physiology for students across multiple disciplines.
Adv Physiol Educ. 2023;47(3):594-603.
https://doi.org/10.1152/advan.00172.2022

4. Gharib AM, Peterson GM, Bindoff IK, Salahudeen
MS. Potential barriers to the implementation of
computer-based simulation in pharmacy education:
a systematic review. Pharmacy (Basel). 2023;11(3):
86-99. https://doi.org/10.3390/pharmacy1 1030086

5. Oyekunle D, Claude BEA, Waliu AO, Adekunle TS,
Matthew UO. Cloud based adaptive learning system:
virtual reality and augmented reality assisted
educational pedagogy development on clinical
simulation. Digit Health. 2024:49-62.
https://doi.org/10.55976/jdh.32024126849-62

6. Chernikova O, Heitzmann N, Stadler M, Holzberger
D, Seidel T, Fischer F. Simulation-based learning in
higher education: a meta-analysis. Rev Educ
Res. 2020;90(4):499-541.

10.

11.

12.

13.

14.

15.

16.

https://doi.org/10.3102/0034654320933544
Hjellvik S, Mallam S, Giskeedegérd MF, Nazir S.
Review on competency assessment instrumentation
in computer-based simulation.

Tech Know Learn. 2024;29(4):2171-2199.
https://doi.org/10.1007/s10758-024-09735-4
Elshama SS. How to apply simulation-based
learning in medical education? /beroam J
Med. 2020;2(2):79-86.
https://doi.org/10.5281/zenodo.3685233

Monteiro O, Bhaskar A, Ng A, Murdoch C, Baptista-
Hon DT. Computer-based virtual laboratory
simulations: LabHEART cardiac physiology
practical. Adv Physiol Educ. 2021;45(4):856—868.
https://doi.org/10.1152/advan.00094.2021

Bjorn MH, Ravyse W, Botha-Ravyse C, Laurila JM,
Keinonen T. A revised pedagogy model for
simulator-based training with biomedical laboratory
science students. Educ Sci. 2021;11(7): 328—46.
https://doi.org/10.3390/educscil 1070328

Munna MSH, Hossain MR, Saylo KR. Digital
evaluating LMS-based
learning and traditional approaches. J Innov Technol
Converg. 2024;6(2).
https://doi.org/10.69478/JITC2024v6n002a03
Charanbir CS, Kumar R, Kumar S. Leveraging
computer-aided education for enhanced learning:
innovations, benefits, and challenges in the medical
sector. Asian J Eng Appl Technol. 2023;12(2):40—
49. https://doi.org/10.51983/ajeat-2023.12.2.4074
Tan KAZY, Seah B, Wong LF, Lee CCS, Goh HS,
Liaw SY. Simulation-based mastery learning to
facilitate transition to nursing practice. Nurse
Educ. 2022;47(6):336-341.
https://doi.org/10.1097/NNE.0000000000001224
Lin YL, Wang WT. Using business simulation
games to explore the effects of instructional and
technological support on students’ psychological
needs, cognitive load, and learning achievement. J
Educ Comput Res. 2025:07356331241313128.
https://doi.org/10.1177/07356331241313128
Merghani T, Babiker R, Alawad AO. Development
and application of a learning enjoyment scale for
pedagogical activities. F'/000Res. 2024;13:273.
https://doi.org/10.12688/f1000research.147393.2
Rutakomozibwa AM. Effect of computer
simulations on female students' motivation for and
engagement with physics learning: a case of
secondary schools in Tanzania [dissertation].

education revolution:

J Med Edu Dev

2026;19(1)


https://doi.org/10.3389/fmed.2022.855403
https://doi.org/10.5281/zenodo.15069555
https://doi.org/10.1152/advan.00172.2022
https://doi.org/10.3390/pharmacy11030086
https://doi.org/10.55976/jdh.32024126849-62
https://doi.org/10.3102/0034654320933544
https://doi.org/10.1007/s10758-024-09735-4
https://doi.org/10.5281/zenodo.3685233
https://doi.org/10.1152/advan.00094.2021
https://doi.org/10.3390/educsci11070328
https://doi.org/10.69478/JITC2024v6n002a03
https://doi.org/10.51983/ajeat-2023.12.2.4074
https://doi.org/10.1097/NNE.0000000000001224
https://doi.org/10.1177/07356331241313128
https://doi.org/10.12688/f1000research.147393.2

SIMULATION-BASED INSTRUCTION

81

Vancouver (BC): University of British Columbia;
2022. https://doi.org/10.14288/1.0406285

P, Shah SFA. Does the impact of technology sustain
students’ satisfaction, academic and functional

17. Howell AN, Rheingold AA, Uhde TW, Guille C. performance: an analysis via interactive and self-
Web-based CBT for the prevention of anxiety regulated learning? Sustainability. 2022;14(12):
symptoms among medical and health science 7226-50. https://doi.org/10.3390/su14127226
graduate students. Cogn Behav 26. Narayanan SN, Ahmed I, Saherawala B, Foud F,
Ther. 2019;48(5):385-405. Merghani TH. Appraisal of a novel pedagogical
https://doi.org/10.1080/16506073.2018.1533575 approach  to  demonstrating  neuromuscular

18. McCoy L, Pettit RK, Lewis JH, Allgood JA, Bay C, transmission to medical students. Adv Physiol
Schwartz FN. Evaluating medical student Educ. 2021;45(3):580-588.
engagement during virtual patient simulations: a https://doi.org/10.1152/advan.00221.2020
sequential, mixed methods study. BMC Med 27. Narayanan SN, Merghani TH. Real-life scenario
Educ. 2016;16:20. blended teaching approach for nurturing inquisitive
https://doi.org/10.1186/s12909-016-0530-7 learning of central nervous system in medical

19. Pesare E, Roselli T, Corriero N, Rossano V. Game- students. Adv Physiol Educ. 2023;47(1):124—138.
based learning and gamification to promote https://doi.org/10.1152/advan.00054.2022
engagement and motivation in medical learning 28. Song Y. Assessing the interactions between learning
contexts. Smart Learn Environ. 2016;3:5. enjoyment, motivation, burnout, and grit in EFL
https://doi.org/10.1186/s40561-016-0028-0 students: a  mixed-methods  approach. BMC

20. Phanudulkitti C, Puengrung S, Meepong R, Psychol. 2024;12:796. https://doi.org/10.1186/s403
Vanderboll K, Farris KB, Vordenberg SE. A 59-024-02303-6
systematic review on the use of virtual patient and 29. Anine M, Kari R, Monica @, Hilde SS. Health
computer-based  simulation for  experiential professional students’ self-reported emotions during
pharmacy education. Explor Res Clin  Soc simulation-based  education: an interpretive
Pharm. 2023;11:100316. https://doi.org/10.1016/j.r descriptive study. Nurse  Educ  Pract.
cs0p.2023.100316 2022;63:103353.

21. Merghani TH, Babiker R, Alawad AO, Hamad SB, https://doi.org/10.1016/j.nepr.2022.103353
Hashim NT, Jhancy M. From passive to pleasant: 30. Daniel K, Msambwa MM, Antony F, Wan X.
validation and application of the Learning Motivate students for better academic achievement:
Enjoyment Scale in didactic teaching. Adv Med a systematic review of blended innovative teaching
Educ Pract. 2025;16:1939—-1949. and its impact on learning. Comput App! Eng
https://doi.org/10.2147/AMEP.S539611 Educ. 2024;32(4):¢22733. https://doi.org/10.1002/c

22. Kok XFK, Pua CY, Puah S, Devilly OZ, Wang PC, ae.22733
Chua ECP. The mediating role of student 31. Gopinathan S, Kaur AH, Veeraya S, Raman M. The
engagement in the relationship between teacher and role of digital collaboration in student engagement
digital support and learner satisfaction in blended towards enhancing student participation during
learning environments at higher education. Br Educ COVID-19. Sustainability. 2022;14(11): 6844-62.
Res J. 2025. https://doi.org/10.1002/berj.4123 https://doi.org/10.3390/sul4116844

23. Han Y, Luan NL, Zhao S. Influence of technology- 32. Woranush W, Sedghi A, Moskopp ML, Japtok J,
mediated learning models on student satisfaction Ziegler CG, Barlinn J, et al. Effects of digitalized
based on self-determination theory. Comput Assist university curriculum-associated teaching on the
Lang Learn Electron J. 2022;23(2):131-151. equilibrium of autonomic neurophysiology and
https://callej.org/index.php/journal/article/view/400 disposition of learners in medical school

24. Pandita A, Kiran R. The technology interface and (EDUCATE-AND-LEARN):  protocol for a
student engagement are significant stimuli in randomized crossover study.
sustainable student satisfaction. Sustainability. Ann Med. 2021;53(1):1981-88.

2023;15(10): 7923-48. https://doi.org/10.1080/07853890.2021.1996626
https://doi.org/10.3390/su15107923 33. Moro C, Stromberga Z, Moreland A. Enhancing

25. Memon MQ, Lu Y, Memon AR, Memon A, Munshi teaching in biomedical, health and exercise science

J Med Edu Dev 2026,;19(1)


https://doi.org/10.14288/1.0406285
https://doi.org/10.1080/16506073.2018.1533575
https://doi.org/10.1186/s12909-016-0530-7
https://doi.org/10.1186/s40561-016-0028-0
https://doi.org/10.1016/j.rcsop.2023.100316
https://doi.org/10.1016/j.rcsop.2023.100316
https://doi.org/10.2147/AMEP.S539611
https://doi.org/10.1002/berj.4123
https://callej.org/index.php/journal/article/view/400
https://doi.org/10.3390/su15107923
https://doi.org/10.3390/su14127226
https://doi.org/10.1152/advan.00221.2020
https://doi.org/10.1152/advan.00054.2022
https://doi.org/10.1186/s40359-024-02303-6
https://doi.org/10.1186/s40359-024-02303-6
https://doi.org/10.1016/j.nepr.2022.103353
https://doi.org/10.1002/cae.22733
https://doi.org/10.1002/cae.22733
https://doi.org/10.3390/su14116844
https://doi.org/10.1080/07853890.2021.1996626

SIMULATION-BASED INSTRUCTION

82

34.

35.

36.

37.

38.

39.

40.

41.

with real-time physiological visualisations. Biomed
Vis. 2020;8:1-11. https://doi.org/10.1007/978-3-
030-47483-6 1

Chukwunemerem OP. Lessons from self-directed
learning activities and helping university students
think critically. /  Educ Learn. 2023;12(2):79—
87. https://doi.org/10.5539/jel.v12n2p79

Brasil GC, Lima LTB, Cunha EC, Cruz FOAM,
Ribeiro LM. Stress level experienced by participants
in realistic simulation: a systematic review. Rev
Bras Enferm. 2021;74:¢20201151.
https://doi.org/10.1590/0034-7167-2020-1151
Cavaleri R, Withington A, Chalmers KJ, Blackstock
F. The influence of stress on student performance
during  simulation-based learning: a  pilot
randomized trial. ATS Scholar. 2023;4(4):474—489.
https://doi.org/10.34197/ats-scholar.2022-00420c
Oliveira Silva G, Oliveira FSE, Coelho ASG,
Fonseca LMM, Vieira FVM, Campbell SH, Aredes
NDA. Influence of simulation design on stress,
anxiety and self-confidence of nursing students:
systematic review with meta-analysis.J Clin
Nurs. 2023;32(17-18):5668-5692.
https://doi.org/10.1111/jocn.16681

Kim K. Effects of simulation-based learning on
stress, problem solving ability, self-efficacy, and
resilience of college nursing students. Int J Adv Cult
Technol. 2022;10(4):8-18.
https://doi.org/10.17703/1JACT.2022.10.4.8

Wadi M, Shorbagi A, Shorbagi S, Taha MH, Bahri
Yusoff MS. The impact of the Systematic
Assessment for Resilience (SAR) framework on
students’ resilience, anxiety, depression, burnout,
and academic-related stress: a quasi-experimental
study. BMC Med Educ. 2024;24:506.
https://doi.org/10.1186/s12909-024-05444-9
Elendu C, Amaechi DC, Okatta AU, Amaechi EC,
Elendu TC, Ezeh CP, et al. The impact of
simulation-based training in medical education: a
review. Medicine. 2024;103(27):e38813.
https://doi.org/10.1097/MD.0000000000038813
Karkera S, Devendra N, Lakhani B, Manahan K,
Geisler J. A review on modern teaching and learning
techniques in medical education. EIKI J Eff Teach
Methods. 2024;2(1).
https://doi.org/10.59652/jetm.v2i1.128

42.

43.

44.

45.

46.

47.

48.

Mhlongo S, Mbatha K, Ramatsetse B, Dlamini R.
Challenges, opportunities, and prospects of adopting
and using smart digital technologies in learning
environments: an iterative
review. Heliyon. 2023;9(6):e16348.
https://doi.org/10.1016/j.heliyon.2023.e16348
Wang Y, Ji Y. How do they learn: types and
characteristics of medical and healthcare student
engagement in a simulation-based learning
environment. BMC Med Educ. 2021;21:420.
https://doi.org/10.1186/s12909-021-02858-7

Alam MA. From teacher-centered to student-
centered learning: the role of constructivism and
connectivism in pedagogical
Educ. 2023;11(2):154-167.
https://www.cjoe.naspublishers.com/wp-
content/uploads/2023/04/Afroz-Alam.pdf

Zhang MJ, Croiset E, Ioannidis M. Constructivist-

transformation. J

based experiential learning: a case study of student-
centered and design-centric operation
distillation laboratory. Chem
Eng. 2022;41:22-31.
https://doi.org/10.1016/j.ece.2022.09.002

Ryan RM, Deci EL.

unit
Educ

Intrinsic and extrinsic

motivation from a self-determination theory
perspective: definitions, theory, practices, and future
directions. Contemp Educ

Psychol. 2020;61:101860.
https://doi.org/10.1016/j.cedpsych.2020.101860
Dunn JC, Zimmer C. Self-determination theory. In:
Haegele JA, Hodge SR, Shapiro DR,
editors. Routledge handbook of adapted physical
education. New York: Routledge; 2020. p. 296—
312. https://doi.org/10.4324/9780429052675-21
Fraser KL, Ayres P, Sweller J. Cognitive load theory
for the design of medical
Healthe. 2015;10(5):295-307.
https://doi.org/10.1097/STH.0000000000000097

simulations. Simul

J Med Edu Dev

2026;19(1)


https://doi.org/10.1007/978-3-030-47483-6_1
https://doi.org/10.1007/978-3-030-47483-6_1
https://doi.org/10.5539/jel.v12n2p79
https://doi.org/10.1590/0034-7167-2020-1151
https://doi.org/10.34197/ats-scholar.2022-0042oc
https://doi.org/10.1111/jocn.16681
https://doi.org/10.17703/IJACT.2022.10.4.8
https://doi.org/10.1186/s12909-024-05444-9
https://doi.org/10.1097/MD.0000000000038813
https://doi.org/10.59652/jetm.v2i1.128
https://doi.org/10.1016/j.heliyon.2023.e16348
https://doi.org/10.1186/s12909-021-02858-7
https://www.cjoe.naspublishers.com/wp-content/uploads/2023/04/Afroz-Alam.pdf
https://www.cjoe.naspublishers.com/wp-content/uploads/2023/04/Afroz-Alam.pdf
https://doi.org/10.1016/j.ece.2022.09.002
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.4324/9780429052675-21
https://doi.org/10.1097/SIH.0000000000000097

