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ABSTRACT

Background: Artificial intelligence (Al) has emerged as a transformative tool across various domains, including medical
education. Al applications, such as ChatGPT, present new opportunities for enhancing student learning, instructional strategies,
clinical scenario simulations, and collaborative learning.

Objective: This study examines the impact of Artificial Intelligence on various aspects of undergraduate medical education.
Materials and Methods: This study employed a quantitative cross-sectional design to assess the impact of Al in medical
education. A total of 300 participants, including medical students, educators, and healthcare professionals, were surveyed. The
study was conducted over six months (June to December 2023) across multiple medical institutions. Scenario modeling was used
to simulate clinical cases, where participants engaged in Al-assisted diagnostic decision-making and learning activities in a
controlled academic setting. Ethical approval was obtained from the Institutional Review Board (IRB) of Women Medical & Dental
College Abbottabad. Data were collected using a structured questionnaire, which evaluated Al's role in student learning,
collaborative education, and instructional methods. Factor analysis and Cronbach's alpha were used to validate the
questionnaire's reliability and construct validity.

Results: It revealed significant positive impacts, with 80% showed improved learning experiences and 85% acknowledging the
benefits of simulated clinical scenarios. Collaborative learning effectiveness was recognized by 70%, mainly among educators
who noted adaptability. Reliability measures showed strong internal consistency (Cronbach's alpha values), and factor analysis
highlighted key dimensions such as Personalized Learning.

Conclusion: This research provides empirical evidence in support of using Al in medical education. The results indicate that Al
applications can improve student learning outcomes, enhance teaching, and even assist in the simulation of clinical scenarios.
These finding further indicate research directed towards optimising advanced technology in medical education.

Keywords: Artificial intelligence (Al), Al in healthcare, Clinical simulations, Collaborative learning, Medical education, Student
learning.
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INTRODUCTION

Over the past few years, the field of medical education
has been disrupted by powerful advances in artificial
intelligence (Al)." It refers to a computer system's ability
to perform functions that would normally be carried out
by a human, including problem-solving and decision-
making and understanding languages.” In modern
educational technologies, ChatGPT, IBM Watson, and
Bard Al, are being increasingly integrated into
education to enhance learning efficiency, provide real-
time feedback, and improve student engagement.’

Al had significant role in healthcare as well as medical
education through aiding diagnosis, treatment
planning, medical research, and training." In the
context of medical education, Al-based tools help
learners understand complicated fundamentals, self-
study, and role-play clinical scenarios. ChatGPT is an
advanced Al language model that facilitates active
learning, case-based discussions, and personalised
study assistance making it a valuable tool for both
students and educators.’
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Multiple studies show that ChatGPT can be beneficial
in medical education, especially in areas like simulated
clinical training, problem-solving, and knowledge
retention.® Studies show that ChatGPT competes at the
level of third-year medical students during the United
States Medical Licensing Examination (USMLE)
standardised exams making medical education more
accessible and efficient.” Despite these benefits, the
risks and challenges the integration of Al into education
raise many other concerns, data accuracy, ethics, and
over-reliance on Al-generated content, require further
exploration.

This study seeks to answer the question: how effective
is Al, particularly ChatGPT, in enhancing student
learning, supporting collaborative education, and
improving clinical scenario training in medical
education?

The implementation of Al in medical education has the
potential to innovate modernize learning approaches,
provide tailored study plans, and improve clinical
training. However, further study is required for the
accuracy, ethical, and dependency issues Al could
create. This research aims to analyze the role of Al in
medical education, assess its benefits and risks, and
explore how it can be optimized to support students and
educators.
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MATERIALS AND METHOD

This study followed a quantitative cross-sectional design
to evaluate the effectiveness of ChatGPT in medical
education. Ethical approval was obtained from the
Institutional Review Board (IRB) of Women Medical &
Dental College Abbottabad, dated 20/06/2023. The
study adhered to ethical standards, ensuring participant
privacy, informed consent, and proper data handling.
The study was conducted across multiple medical
institutions between June and December 2023.

A total of 300 participants were included in the study.

Stratified random sampling was used to ensure

representation across different medical education

institutions. The participants consisted of: Medical

students (various years of study). Educators (lecturers,

professors, instructional designers) and Healthcare

professionals (physicians, nurses, surgeons,

specialists). The following students/faculty members

were included in the study;

e Medical students enrolled in
institutions.

e Educators and healthcare professionals actively
involved in teaching or training.

The following sample population were excluded;

¢ Individuals notinvolved in medical education.

e Those who declined to participate or provided
incomplete responses.

recognized

Operational Definitions

Key study parameters included:

e  Student Learning: Improvement in understanding,
engagement, and retention of medical knowledge.

e Teaching Methodologies: Perceived changes in
teaching approaches with Al integration.

e Collaborative Learning: Al's impact on peer-to-
peer learning and teamwork.

e Clinical Scenario Simulations: Al's effectiveness in
replicating real-life medical scenarios.

Data Sources and Measurements

A structured questionnaire was used to collect data on
the effectiveness of ChatGPT in medical education. The
questionnaire included Likert-scale questions
assessing:

e Engagementand learning experience

Teaching methodology improvements
Effectiveness in clinical scenario training

Impact on collaborative learning

The Likert scale (1-5) was used to evaluate all
questionnaire responses, measuring engagement,
learning experiences, teaching methodology
effectiveness, and perceptions of ChatGPT's role in
medical education. Each response was assigned a
numerical value from 1to 5, where:

e 1=Strongly Disagree

2 =Disagree

3 =Neutral

4 =Agree

5=Strongly Agree

The questionnaire was developed and validated by
expert educators and Al specialists to ensure reliability.
Factor analysis and Cronbach's alpha were used to
assess its construct validity and internal consistency.

Bias Control

To minimize bias:

e Random sampling was used for participant
selection.

e The questionnaire was pre-tested to ensure

clarity.

e Responses were anonymized to avoid influence or
pressure.

Statistical Analysis

Quantitative data analysis was performed using SPSS
version 25. The following statistical tests were applied:
Descriptive statistics (mean, median, standard
deviation) to summarize data. Factor analysis to validate
questionnaire structure. Cronbach's alpha to test
internal reliability. Chi-square test for categorical data
comparisons. A p-value of <0.05 was considered
statistically significant.

RESULTS

The study's participants represented a diverse cross-
section of the medical education community, including
180 medical students, 60 educators, 25 healthcare
professionals, and 35 clinical instructors, totalling 300
individuals. The gender distribution was relatively
balanced, with 160 male and 140 female participants.
The majority of participants were between 18 and 25
years old (195), while 105 fell within the 26-35 age
range. Medical students, comprising the largest group,
were primarily younger (150 in the 18-25 age group),
while educators and healthcare professionals were
more evenly split between the two age groups (Table
01).

Table 01. Participant Demographics and Role Details

Profession Participants (n) Male (n) Female (n) | Age 18-25 (n) | Age 26-35 (n)
Medical Students 180 110 70 150 50
Educators 60 20 40 20 25
Healthcare Professionals 25 15 10 15 10
Clinical Instructors 35 15 20 10 20
Total 300 160 140 195 105
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The impact of ChatGPT on learning experiences
showed that 80% (240 participants) reported improved
learning, while 10% (30) saw no change, 5% (15)
experienced decreased engagement, 3% (9) were
unsure, and 2% (6) preferred not to say. The results
were statistically significant (chi-square test, p =

0.001), with a mean score of 4.3 and a median of4 on a
1-5 scale (Table 2). Male participants reported an 80%
improvement, while 73% of female participants noted
the same. Younger participants aged 18-25 reported
the highest improvement at 84%, compared to 72% for
those aged 26-35 (Table 02).

Table 02. Improvement in Learning Experiences (Impact of ChatGPT)

Category Imp.roved No Change| Decreased |Not Sure | Prefer Not p-value Mean Median
Learning (n)%| (n)% |Engagement (n)%| (n)% |to Say (n)% (Scale 1-5) | (Scale 1-5)
Percentage of Participants | (240) 80 | (30) 10 (15) 5 (9)3 (6) 2 0.001 4.3 4
Male Participants (160) 80 15 8 5 4 - - -
Female Participants (140) 73 14 7 4 2 - - -
Age Group 18-25 (195) 84 22 10 5 3 - - -
Age Group 26-35 (105) 72 7 4 3 1 - - -

The perception of ChatGPT's impact on teaching
methods was positive for 75% (225 participants), with
medical students showing the highest positive
response at 80% (150 participants). Educators and
healthcare professionals also had favourable views,
with 70% (25 participants) and 75% (50 participants),
respectively. A small percentage of participants, 15%
(45), were neutral, while 5% (15) reported no impact.

Negative perceptions were minimal, with only 3% (9)
reporting a negative impact and 2% (6) preferring not to
respond. The chi-square test revealed a significant
correlation (p-value = 0.002) between perceptions of
impact and participant roles, with a mean score of 4.2
and a median of 4 on a 5-point scale, indicating a
positive sentiment towards ChatGPT's contribution to
teaching methods (Table 03).

Table 03. Participants' Perceptions of ChatGPT's Impact on Teaching Methods

Medical Healthcare Clinical Total
Variables Students Ed(::::g;rs Professionals | Instructors Participants
(n=180) (n=25) (n=35) (n=300)
Positive Impact (%) (150) 80 (25) 70 (50) 75 (50) 75 (225) 75
Neutral (%) (30) 16 (10) 17 (5) 20 (5) 15 (45) 15
No Impact (%) (10) 5 (3)5 (2) 5 (2) 5 (15) 5
Negative Impact (%) (5)3 (2)3 (2) 3 (2)3 (9)3
Prefer Not to Say (%) (5)2 (1)1 0)o (2)2 (6) 2
p-value 0.002
Mean (Scale 1-5) 4.2
Median (Scale 1-5) 4
The effectiveness of ChatGPT in simulated clinical DISCUSSION

scenarios and collaborative learning was also
analyzed. For simulated scenarios, 85% (255
participants) found ChatGPT valuable, with a mean
score of 4.4 on a 5-point scale (median = 4), while only
8% were neutral, 5% considered it not valuable, and
2% preferred not to respond. The p-value of 0.001
suggests a statistically significant result. In
collaborative learning, 70% (210 participants) found
ChatGPT effective, with a mean score of 4.1 (median =
4), though a higher proportion expressed neutrality
(18%), and 10% found it ineffective. This result was
also statistically significant, with a p-value of 0.003
(Table 04).

The comprehensive study explored ChatGPT's impact
on various aspects of medical education, including
student learning, collaborative learning, teaching
methodologies, and clinical scenario simulation.
Findings revealed that 80% of participants experienced
improved learning, particularly noting heightened
engagement and a personalized approach. Notably,
gender and age variations were evident, with male
participants and those aged 18-25 reporting a stronger
positive impact. These observations align with other
studies, such as those by Alkhaaldi et al., and sami et al
which affirm the platform's benefits in enhancing
medical education.*®
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General remarks and recommendations:

Appendix: Questionnaire for Evaluating the Effectiveness of ChatGPT in Medical Education

Section Subcategory Question Response Options
Medical Student
_ Educator (Professor, Lecturer,
Role What is your role? Instructional Designer
Healthcare Professional (Doctor,
Nurse, Surgeon, Specialist)
) Male
Gender What is your gender?
Female
Participant 18-25
: 26-35
B EIES Age Group What is your age group?
36-45
46+
0-5 Years
, How many years of experience 6-10 Years
Experience ; )
do you have in your field? 11-15 Years
16+ Years
. What is your primary
Expertise area of expertise?
Improved
) No Change
Learning How has ChatGPT affected D q
Experience your learning experience? ecrease
Not Sure
Prefer Not to Say
Impact on Please rate the extent to which
Learning Learning ChatGPT has enhanced
Enhancement your learning.
1 (Not at all) to 5 (Significantly)
How has ChatGPT influenced
your engagement with
Engagement the material?
1 (Not at all) to 5 (Significantly)
Positive Impact
Neutral
Impact on How has ChatGPT impacted No | :
Teaching your teaching methods? © Impac
Negative Impact
. Prefer Not to Say
Teaching
Methods Please rate the usefulness
Usefulness

of ChatGPT in providing

additional explanations
and resources.
1 (Notatall)to 5
(Extremely Useful)
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Daily
Weekly
Frequency How often do you use Monthl
of Use ChatGPT in your teaching? ontnly
Rarely
Never
Valuable
How valuable d_o you _f|nd Neutral
Value ChatGPT for simulating
clinical scenarios? Not Valuable
Prefer Not to Say
Please rate the effectiveness of
) ChatGPT in providing realistic
Simulated Effectiveness clinical scenario simulations.
Clinical 1 (Notatall)to 5
Scenarios (Extremely Effective)
Daily
How frequently do you use Weekly
Frequency ChatGPT for clinical scenario Monthly
simulations? Rarely
Never
Effective
How effe'ct|ve is ChatGPT Neutral
Effectiveness in fostering collaborative :
learning? Ineffective
Prefer Not to Say
Please rate the extent to which
Callears e Facilitaion ChatGPT ha_s faC|I|t§ted
Learnin peer-to-peer interactions.
g T
1 (Not at all) to 5 (Significantly)
Daily
. How often do you use Weekly
rigbzgcy ChatGPT in collaborative Monthly
learning environments? Rarely
Never
What concerns, if any, do you
Concerns have about the integration of
ChatGPT in medical education?
Please rate your overall
satisfaction with ChatGPT in
General Satisfaction medical education.
Feedback 1 (Not satisfied) to 5
(Extremely satisfied)
Would you recommend the Yes
Recommendation use of ChatGPT to others No
in your field? Not Sure
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Studies also demonstrated that Al-driven tutoring
systems, including ChatGPT, significantly improve
student knowledge retention and adaptability in
medical education.'"” Similarly, Studies reported that
Al-based interactive tools foster deeper
comprehension in complex medical subjects, ™" further
supporting our findings that ChatGPT enhances
engagement. Furthermore, a previous studies
highlighted that Al-assisted education tools improve
students' performance in standardized medical exams,
reinforcing the potential of ChatGPT in structured
learning.”"”

The study also highlighted ChatGPT's significant
potential in teaching, with medical students showing a
greater appreciation for its adaptability compared to
educators and healthcare professionals. This supports
findings from "ChatGPT: The Most Intelligent Studentin
the Class""®" and comparative analyses in medical
education, emphasizing the tool's capacity to
revolutionize traditional teaching methods.”* The
results underscore ChatGPT's valuable role in
improving student learning and teaching effectiveness,
though they also indicate a need for further exploration
of demographic-specific impacts.

Regarding simulated clinical scenarios, 85% of
participants found ChatGPT beneficial, particularly for
medical students, aligning with research such as
"Impact of the Implementation of ChatGPT in
Education". Despite this, challenges in handling
complex medical situations were noted. This suggests
that while ChatGPT enhances simulation, there are
areas needing improvement. The results from Khan et
al. presented a wide demographic, with 80% of
participants reporting improved learning experiences
using ChatGPT, particularly in simulated clinical
scenarios (85% found it valuable). ** The current
study, however, revealed that 49.5% of international
medical graduates preparing for the United States
Medical Licensing Examination found ChatGPT
beneficial for study-related activities like concept
clarification, with moderate satisfaction (3.7/5), but
concerns about accuracy and plagiarism were
highlighted, leading to mixed results on its
effectiveness.

The study's findings also corroborate previous
research on ChatGPT's role in collaborative learning,
with 70% of participants noting its effectiveness.
However, some technical difficulties and interaction
restrictions were reported, consistent with issues
highlighted in "ChatGPT in Education: Methods,
Potentials, and Limitations". The study's insights into
role-specific concerns, such as potential biases and
ethical issues, resonate with literature on artificial
intelligence in education. These results underscore the
importance of addressing these concerns to optimize
ChatGPT's integration into medical education.

CONCLUSION

The study provides valuable insights into the impact of
ChatGPT in medical education, particularly in student
learning, collaborative learning, teaching
methodologies, and simulated clinical scenarios. The
positive feedback from participants highlights its
potential to enhance engagement, personalize
learning experiences, and support clinical training.

However, certain challenges remain, including
accuracy concerns, potential biases, and the need for
more structured integration into medical curricula.
Based on these findings, our study recommend further
research to evaluate long-term outcomes, improve Al-
driven educational models, and develop guidelines for
responsible implementation in medical training.
Additionally, future studies should explore ChatGPT's
effectiveness across different medical disciplines and
levels of training to optimize its integration into diverse
educational settings.
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