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Abstract

Background: Artificial Intelligence (Al) is transforming medical education by offering personalized learning
experiences and improving educational outcomes. Initially conceptualized in the mid-20th century, Al's role in
medicine has expanded with advancements in deep learning, enabling its application in both clinical and educational
settings. Despite its growing use, research on Al's impact on medical students' academic performance remains limited.
Objectives: To investigate Al-powered educational platforms impact on medical students’ learning outcomes,
knowledge retention and overall academic performance.

Methods: Ethical approval was obtained from the Institutional Review Board (IRB). A cross-sectional online survey
of MBBS students (years 1-5) was conducted. Data were collected from June 1-30, 2024. The questionnaire included
demographics, Al usage patterns, and Likert-scale items assessing perceived effects of Al on learning and academic
performance (N = 114 respondents).

Results: Among respondents, 65.8% frequently use Chat-bots like Chat-GPT, 11.4% use language translation tools,
and 20% use other Al applications. Satisfaction with Al tools varied, with 52.6% moderately satisfied and 8.8% highly
satisfied regarding their impact on learning and academic performance. A statistically significant association (p-value
=.021) was found between Al usage and improved academic outcomes. The study reveals that frequent use of Al tools
is linked to significant improvements in managing academic tasks, productivity, assessment accuracy, and creative
thinking.

Conclusion: Al use was associated with improved self-reported learning outcomes and academic performance among
this sample of medical students. Findings suggest potential benefits of Al-based learning supports, but limitations
(cross-sectional design, self-report measures, single institution) preclude causal inference. Further longitudinal and
objective-outcome research is recommended.
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Introduction

A rtificial Intelligence (Al) refers to computational
systems that perform tasks typically requiring human
intelligence, including natural language processing,
pattern recognition, and decision support.' Al applications
are increasingly used in medical education to provide
personalized learning, automated feedback, and decision-
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support tools. Early AI work began in the mid-20th
century, and advances in machine learning and deep
learning have expanded AI’s capabilities in clinical and
educational contexts. In Pakistan, adoption of Al tools
among medical students is growing, particularly at major
institutions like King Edward Medical University and Aga
Khan University.We are entering a new era in medicine
where Al may be used in clinical practice through risk
assessment models, increasing workflow efficiency and
diagnostic accuracy. Al systems are now able to analyze
complex algorithms and learn on their own.”

Al-based educational technologies such as Intelligent
Tutoring Systems (ITS), adaptive learning platforms, and
automated assessment tools offer opportunities for
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individualized instruction, scalable feedback, and more
efficient assessment processes. These capabilities may
help address resource constraints of teachers and support
diverse learner needs.**

To improve learning outcomes, students have the benefit
of acquiring new study strategies from "smart mentors"
and "asynchronous learning" in addition to teachers who
can utilize "smart systems" to help assess, analyze data,
improve learning progress, and develop new teaching
methodologies. The intersection of Al and education has
the potential to reshape pedagogical approaches
resultantly Information technology has lately been
concentrated on using Al in the field of education.’

Integration of artificial intelligence in medical education
is the need of the hour. The volume of information to be
grasped by medical students is immense, and their ability
to retain and apply this knowledge is very significant in
their role as healthcare practitioners. Empirical evidence
on how Al use affects learning outcomes and academic
performance remains limited and needs to be further
explored.

A survey has been done in Pakistan regarding the attitude
of medical students toward AL’ To our knowledge,
there’s no study regarding the effect of Al on overall
academic outcomes. The current study appeared to be the
first survey conducted to determine the efficacy of Al in
learning outcomes, knowledge retention, and academic
performance.

Methods

This is a cross-sectional, non-experimental study
conducted at King Edward Medical University Lahore.
MBBS students (years 1-5) enrolled at King Edward
Medical University who provided informed consent
Students from allied health sciences and those unwilling
to provide consent were excluded. The sample was
selected based on convenient sampling technique.

A sample size of 114 students was estimated by using
95% confidence level, 5% absolute precision with an
expected %age response rate of 92% (Al in higher
education a predictive model, https://doi.org/10.3390/
educscil3100990).

n=7?1-a/2.p.q / d?

Z 1-0/2 = confidence level= 95% p= prevalence =92% q=
1-p d= absolute precision =5%

Data was collected using a questionnaire adapted from
Pacheco-Mendoza et al. (2023) distributed through online
platforms.

Data was collected from June 1-30 June 2024.The data
was analyzed using the Statistical Package for the Social
Sciences (SPSS).

This questionnaire consists of demographic items and
multiple-choice questions based on a Likert scale. The
questionnaire comprises three sections: demographics,
knowledge of AI, and factors affecting academic
performance.

Results

Out of total 114 responders; 40 (35.1%) were male and 74
(64.9%) were female. The age range of most responders is
21 to 22 years old, with the 21-year-old group having the
largest frequency (36.0 %). Chi-square analysis
demonstrated that, at the 0.05 significance level, a p-value
of 0.021 indicates a statistically significant association
between the use of Al tools and overall improvement in
academic performance and learning outcomes.

Among the 114 respondents; 65.8% of them use chatbots
(like ChatGPT) more frequently than any other Al
application, 11.4% use language translation tools, 20%
answers are from Al tools other than ChatGPT and
Language Translational tools which include Machine
learning application, research tools and virtual assistants

Valid No 3

Language translation tools 13

Total 114

Table 1: The frequency of different Al tools used by respondents.

11.4 11.4 79.8

100 100
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while 2.6% said they didn't use any of the Al tools. Other
technologies are less popular, and chatbots are clearly
preferred in this distribution.

A cut-off value of 70 was considered, and respondents
whose score was above 70 (based on the combined score
of all questions regarding improvement in academic
learning via Al tools; strongly agree = 5, agree = 4,
neutral = 3, disagree = 2, strongly disagree = 1 for each
question) were categorized as having improvement in
learning outcomes and overall academic performance,
while respondents scoring below 70 were categorized as
not improved. The score of each respondent was then
compared with their frequency of Al tool usage
categorized as ‘rarely’ or ‘often’, and the results were

assessed using the Chi-square test. The resulting p-value
of 0.021 confirms a statistically significant association
between frequency of Al tool usage and improvement in
learning outcomes and overall academic performance.

A total of 31.6% were neutral 52.6% are moderately
satisfied while 8.8% are highly satisfied with the use of
Al tools in improving learning -effectiveness and
enhancement in academic performance.When it comes to
using of Al tools, 34 respondents who often used Al for
educational and learning activities are content with the
usage of Al tools and have seen significant improvement
in Academic —related information ,managing academic
matters more quickly, increase in productivityregarding
academic difficulties ,in getting expected information,

Table 2: Chi-square tests were used to examine the association between the frequency of Al tool usage and
improvements in learning outcomes as well as overall academic performance.

Pearson Chi-

Square

Likelihood Ratio 5.450 1

Linear-by-Linear

5.319 1
Association

Chi-Square Tests

0.020

0.021

a. 0 cells (.0% have expected count less than 5. The minimum expected count is 21.06.
b. Computed only for 2x2 table.

increase in effectiveness of assessments and quizzes ,in
creating content relevant to learning and research,
increase in confidence regarding accuracy and relevance
of educational content ,in overall learning effectiveness
,n adopting unique and new learning and research
methods and in creative thinking about learning practices
compared to 15 respondents who rarely used Al tools for
educational and learning activities. When it comes to
using of Al tools, more respondents use it "rarely" (34)
than "often" (31) who are dissatisfied and have not seen
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any significant improvement in academic related
information, managing academic matters more quickly,
increase in productivity regarding academic difficulties,
in getting expected information, increase in effectiveness
of assessments and quizzes, in creating content relevant to
learning and research, increase in confidence regarding
accuracy and relevance of educational content, in overall
learning effectiveness, in adopting unique and new
learning and research methods and in creative thinking
about learning activities.
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Figure 1: Satisfaction level of rarely and often Al users.

Discussion

The primary objective of this research was to generate
empirical evidence regarding the actual impact of
Al-powered learning tools on medical students’ academic
performance. In an era of rapidly advancing technology, it
is critical to determine whether such tools genuinely
enhance learning or potentially hinder academic
development.

This study contributes to the growing body of literature on
educational technology by demonstrating that Al-assisted
learning platforms are associated with improved learning
outcomes and enhanced knowledge retention among
medical students. The findings suggest that Al can serve
as a valuable adjunct to traditional teaching methods.

The findings led to the rejection of the null hypothesis,
indicating that Al-integrated learning approaches are
associated with improved academic success compared to
traditional learning methods. This supports the alternative
hypothesis and strengthens the credibility of the study
outcomes.

The observed consistency between the study results and
the proposed hypotheses reinforces the reliability of the
findings. Students who actively utilized Al-based tools
demonstrated superior academic performance compared
to those who did not, suggesting that Al integration can
positively  influence  learning  efficiency  and
comprehension.

These findings align with previous studies by Baker et al.
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and Siemens which emphasized the role of Al in providing
personalized learning  experiences and adaptive
feedback.”® Additionally, research has shown that Al tools
can enhance motivation, simplify complex information,
and improve language comprehension. """

However, contrasting evidence exists in the literature.
Studies such as that by Weck et al. report potential
negative impacts of generative Al on examination
performance, suggesting that excessive reliance on Al may
reduce independent cognitive processing.'® These
conflicting findings highlight the importance of balanced
and guided Al usage.

Other studies conducted in Saudi Arabia and Latin
America demonstrate that Al-based platforms foster
critical thinking, creativity, and collaborative learning.”'>
Similarly, research by Stowell et al. suggests that students

often prefer digital assistance over direct faculty
interaction, particularly in student-centered learning
environments. "

The present study supports educational theories such as
constructivism and cognitivism, which emphasize
personalized, interactive learning. From a practical
perspective, the findings underscore the potential of Al
tools to enhance medical education by improving
knowledge retention, academic engagement, and overall
performance.

Nevertheless, further longitudinal studies are required to
evaluate the long-term impact of Al integration and to
develop ethical frameworks that ensure academic integrity.
Understanding how Al can be equitably implemented
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across diverse educational settings remains an important
area for future research.

Conclusion

The study demonstrates a positive association between Al
utilization and academic performance among medical
students. Al-powered tools have the potential to enhance
comprehension, productivity, and overall learning
outcomes. Nonetheless, strategic integration, faculty
oversight, and ethical guidelines are essential to maximize
benefits while minimizing academic dependency. Future
longitudinal studies are recommended to evaluate
long-term educational impact.
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