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Abstract:

Background: Biochemistry is a core subject in undergraduate medical training, yet many students find it difficult
to understand and retain due to the abstract nature of biochemical pathways and molecular processes.
Conventional lecture-based teaching methods may not sufficiently support conceptual learning for all students. In
recent years, generative artificial intelligence tools, including Generative Pre-trained Transformer (GPT) models,
have been increasingly used by students as supplementary learning aids.

Objective: To examine the association between GPT-assisted learning and academic performance, concept
retention, and learner satisfaction among undergraduate medical students.

Methods: A multicentre retrospective observational study was conducted across medical colleges in Rajasthan,
over a one-year period. A total of 150 undergraduate medical students were included and divided into two groups:
GPT-assisted learners (n = 75) and conventional learners (n = 75). Academic performance was assessed using
internal biochemistry examination scores and concept retention tests, while learner satisfaction was measured
using a five-point Likert scale. Statistical analysis included independent t-tests, correlation analysis, multivariate
logistic regression, and receiver operating characteristic (ROC) curve analysis, with statistical significance set at
p <0.05.

Results: Students who used GPT-assisted learning achieved higher mean examination scores compared with those
using conventional learning methods (68.9 = 9.2 vs 61.4 £ 10.5; p < 0.001). Concept retention scores were also
higher among GPT users (72.3 + 8.6 vs 64.1 + 9.3; p < 0.001). Learner satisfaction was significantly greater in
the GPT-assisted group (4.2 £ 0.6 vs 3.4 £ 0.7; p < 0.001). Multivariate analysis identified GPT usage as an
independent predictor of high academic performance (adjusted OR = 2.86; p = 0.003). The combined predictive
model demonstrated good accuracy on ROC analysis (AUC = 0.82).

Conclusion: The use of GPT-assisted learning was associated with improved academic performance, better
concept retention, and higher satisfaction among undergraduate medical students studying biochemistry. When
applied responsibly as a supplementary tool, GPT-based systems may offer meaningful support within medical
education.
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Introduction

Biochemistry is a core subject in undergraduate
medical education and is necessary for
understanding  physiology,  pathology, and
pharmacology. Despite its importance, many
medical students find biochemistry difficult to study
and retain. The subject involves abstract molecular
concepts, complex pathways, and mechanisms that
are often challenging to visualize and integrate. [1]
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Traditional teaching methods are mainly lecture-
based and may not always support conceptual
understanding for all learners. [2]

In recent years, there has been a gradual increase in
the use of digital learning resources in medical
education.[3] Students frequently use online videos,
digital notes, and interactive platforms to
supplement classroom teaching. [4] These resources
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allow learners to study at their own pace and revisit
difficult topics when required. Artificial
intelligence—based tools have recently become part
of this learning environment and are increasingly
accessed by students for academic support. [5]

Generative Pre-trained Transformer (GPT) models
are artificial intelligence systems capable of
generating text-based responses to user queries. [6]
In educational settings, students commonly use
these tools to clarify doubts, summarize topics, and
simplify complex explanations.[7] In biochemistry,
GPT-based tools may be helpful for understanding
metabolic pathways and for linking theoretical
knowledge with applied concepts. [8]

At the same time, the use of generative Al in
education has raised several concerns. These include
questions related to the accuracy of Al-generated
information, the possibility of over-reliance on such
tools, and the absence of clear academic guidelines.
[9] There is also limited objective evidence
assessing whether GPT-assisted learning is
associated with improved academic outcomes in
undergraduate medical education. [10,11]

The present study was therefore undertaken to
examine the association between GPT-assisted
learning and academic performance, concept
retention, and learner satisfaction among
undergraduate medical students.

Materials and Methods

Study Design and Setting: A retrospective
multicentre observational study conducted over one
year across multiple medical colleges in Rajasthan.

Ethical Considerations: FEthical approval was
obtained from the Institutional Ethics Committees of
the participating centres. As this study involved
retrospective analysis of anonymized academic data,
informed consent was waived.

Study  Population and Sample Size:
Undergraduate medical students enrolled in the
biochemistry curriculum during the study period

e-ISSN: 0976-822X, p-ISSN: 2961-6042

were included. A total of 150 students were
analysed.

Study Groups

e  GPT-assisted learners: n =75
e Conventional learners: n =75

GPT-assisted learners were defined as students who
reported using GPT-based tools at least three times
per week for biochemistry learning.

Outcome Measures

e Internal biochemistry examination score (%)
e  Concept retention test score (%)
e  Student satisfaction score (Likert scale 1-5)

Baseline academic performance was assessed using
prior internal assessment scores.

Statistical Analysis: Statistical analysis was
performed using SPSS version 26. Continuous
variables were expressed as mean + standard
deviation and categorical variables as frequencies
and percentages. Independent t-tests, chi-square
tests, Pearson correlation, multivariate logistic
regression, and ROC curve analysis were used. A p-
value < 0.05 was considered statistically significant.

Results

Baseline Characteristics of Study Participants: A
total of 150 undergraduate medical students were
included in the analysis, with 75 students in the
GPT-assisted learning group and 75 in the
conventional learning group. The mean age of
participants was comparable between the two groups
(21.0 = 1.4 years vs 20.8 £ 1.5 years; p = 0.42).
Female students constituted 60.7% of the study
population, with no statistically significant gender
difference between the groups (p = 0.56). Baseline
internal assessment scores prior to the study period
were also similar, indicating comparable academic
performance at enrollment (p = 0.61). Baseline
demographic and academic characteristics are
summarized in Table 1.

Table 1: Baseline Demographic and Academic Characteristics of Study Participants

Parameter GPT-Assisted (n = 75) Conventional (n = 75) p-value
Age (years, mean + SD) 21.0+14 208+1.5 0.42
Female, n (%) 46 (61.3) 45 (60.0) 0.56
Baseline assessment score (%) 62.1+8.9 61.6+£9.2 0.61

Patterns and Purpose of GPT Usage: Among
students in the GPT-assisted learning group, the
most commonly reported purposes for GPT usage
were concept clarification (72.0%), understanding
biochemical pathways (64.7%), examination
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preparation (58.0%), and clinical correlation of
biochemical concepts (46.7%). Multiple purposes
were reported by several participants. The
distribution of GPT usage purposes is detailed in
Table 2 and illustrated graphically in Figure 1.
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Table 2: Purpose of GPT Usage Among GPT-Assisted Learners

Purpose of Usage Students (%)
Concept clarification 72.0
Pathway understanding 64.7
Examination preparation 58.0
Clinical correlation 46.7

Comparison of Academic Performance: The
GPT-assisted  learning group  demonstrated
significantly higher mean internal biochemistry
examination scores compared to the conventional
learning group (68.9+9.2 vs 61.4+10.5; p<0.001).
Students using GPT also scored higher in specific

domains, including conceptual understanding,
pathway interpretation, and application-based
questions. The comparison of academic
performance parameters between the two groups is
presented in Table 3, while the difference in overall
examination scores is depicted in Figure 2.

Table 3: Comparison of Academic Performance and Concept Retention

Parameter GPT-Assisted Conventional p-value
Examination score (%) 68.9+9.2 61.4+10.5 <0.001
Concept retention score (%) 72.3+8.6 64.1£93 <0.001

Concept Retention Assessment: Concept retention
scores, assessed using a structured retention test
conducted four weeks after completion of the
instructional period, were significantly higher
among GPT-assisted learners (72.3 & 8.6) compared
to conventional learners (64.1 = 9.3; p < 0.001). A
greater proportion of students in the GPT group
achieved retention scores above 70%, indicating
improved long-term understanding. These findings
are summarized in Table 3.

Student Satisfaction and Perceived Learning

Experience: Student satisfaction scores, measured
using a Likert scale ranging from 1 to 5, were
significantly higher in the GPT-assisted group (4.2
+ (.6) than in the conventional learning group (3.4 +
0.7; p <0.001). Students in the GPT group reported
greater confidence in understanding biochemical
concepts and higher perceived learning efficiency.
Detailed satisfaction parameters and perceived
advantages are outlined in Table 4, and the
distribution of satisfaction levels is illustrated in
Figure 3.

Table 4: Student Satisfaction Scores and Perceived Learning Experience

Parameter GPT-Assisted Conventional p-value
Satisfaction score (1-5) 4.2+0.6 34+£0.7 <0.001
Improved confidence (%) 69.3 44.0 <0.01

Correlation Between GPT Usage and Academic
Performance: Correlation analysis revealed a
moderate positive correlation between weekly GPT
usage duration and internal examination scores (r =
0.49, p < 0.001). A similar positive correlation was

observed between GPT usage and concept retention
scores (r = 0.44, p < 0.001). These correlations are
presented in Table 5, and the relationship between
GPT usage frequency and examination scores is
illustrated in Figure 4.

Table 5: Correlation Between GPT Usage and Academic Qutcomes

Variable Correlation coefficient (r) p-value
GPT usage vs exam score 0.49 <0.001
GPT usage vs retention score 0.44 <0.001

Multivariate Logistic Regression Analysis:
Multivariate logistic regression analysis was
performed to identify independent predictors of high
academic performance (defined as examination
score >70%). After adjusting for baseline academic
performance and weekly study hours, GPT usage
remained a significant independent predictor of high

academic performance (Adjusted OR = 2.86; 95%
CI: 1.42-5.76; p=0.003). Other variables, including
gender and baseline assessment scores, were not
independently associated with high performance.

The regression model results are summarized in
Table 6.

Table 6: Multivariate Logistic Regression Analysis for High Academic Performance

Variable Adjusted OR 95% CI p-value
GPT usage 2.86 1.42-5.76 0.003
Baseline score 1.18 0.92-1.49 0.19
Weekly study hours 1.31 0.98-1.75 0.07

Sharma et al.

International Journal of Current Pharmaceutical Review and Research

1023



International Journal of Current Pharmaceutical Review and Research

Receiver Operating Characteristic (ROC) Curve
Analysis: ROC curve analysis was conducted to
evaluate the predictive ability of GPT usage for
identifying  students with  high academic
performance. GPT wusage alone demonstrated
moderate predictive accuracy with an area under the
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curve (AUC) of 0.74. When combined with weekly
study hours, the predictive performance improved,
yielding an AUC of 0.82. The ROC curve for the
combined predictive model is shown in Figure 5.

Figures
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Figure 1: Distribution of purposes for GPT usage among GPT-assisted learners.
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Figure 2: Comparison of mean biochemistry examination scores between GPT-assisted and conventional

learners.
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Figure 3: Distribution of student satisfaction levels among study participants.
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Figure 4: Scatter plot showing the correlation between weekly GPT usage duration and examination
scores.
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ROC Curve for Prediction of High Academic Performance
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Figure 5: Receiver operating characteristic (ROC) curve demonstrating predictive performance of the
combined model (AUC = 0.82).

Discussion

Biochemistry is often perceived as a difficult subject
by undergraduate medical students, mainly because
it requires understanding processes at the molecular
level and integrating multiple biochemical
pathways. [12] in the present study, students who
used GPT-assisted learning showed better academic
performance, higher concept retention, and greater
satisfaction compared with students who followed
conventional learning methods.

One reason for this observation may be the
interactive nature of GPT-based tools. Unlike
textbooks or standard lecture materials, GPT-
assisted learning allows students to ask questions in
their own words and receive immediate
explanations. This may help learners focus on
specific areas of difficulty rather than revising entire
topics repeatedly. Previous studies have suggested
that technology-enhanced learning can reduce
unnecessary cognitive load and support better
understanding of complex subjects. [13,14]

Student satisfaction was also higher among GPT-
assisted learners. Motivation and engagement play
an important role in learning, particularly in subjects
that are commonly perceived as challenging.
Learners are more likely to engage with educational
tools that they find useful and easy to access. [15,16]
The flexible and responsive nature of GPT-based
systems may contribute to increased learner
confidence and sustained interest.

A positive correlation was observed between the
frequency of GPT wusage and examination
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performance. Similar findings have been reported
with other digital learning tools used in medical
education. [17] Multivariate analysis in the present
study showed that GPT wusage remained an
independent  predictor of high academic
performance even after adjusting for baseline
academic scores, suggesting that its association with
improved outcomes was not solely due to prior
academic ability.

Analytical methods such as logistic regression and
ROC curve analysis are commonly used to evaluate
predictors of academic performance. [18,19] The
predictive accuracy observed in this study indicates
that GPT-assisted learning may represent a
meaningful educational factor rather than a
coincidental finding.

However, certain limitations should be considered.
Generative Al tools may occasionally provide
incomplete or inaccurate information, especially in
specialized biomedical topics. [20-22] In addition,
concerns related to academic integrity and excessive
dependence on Al tools remain relevant. Current
recommendations emphasize that generative Al
should be used with appropriate oversight and as a
supplementary aid rather than a replacement for
traditional teaching. [23-25]

Overall, the findings support the cautious integration
of GPT-based tools into undergraduate biochemistry
education while highlighting the need for clear
institutional guidelines and further research.
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Conclusion

GPT-assisted learning is significantly associated
with improved academic performance, enhanced
concept retention, and higher learner satisfaction in
undergraduate biochemistry education. Responsible
integration of GPT-based tools alongside
conventional teaching strategies may help reduce
conceptual difficulty and improve learning
outcomes.

Limitations

The retrospective design limits causal inference, and
GPT wusage was partly self-reported, introducing
potential reporting bias. Variations in internal
assessment standards across institutions may have
influenced outcomes. Long-term learning outcomes
were not assessed.
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