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ABSTRACT

Background: There has been increasing interest in exploring the
capabilities of artificial intelligence (Al) in various fields, including
education. Medical education is an area where Al can potentially have a
significant impact, especially in helping students answer their customized
questions. In this study, we aimed to investigate the capability of ChatGPT,
a conversational Al model in generating answers to medical physiology
exam questions in an Indian medical school.

Methods: This cross-sectional study was conducted in March 2023 in
an Indian Medical School, Deoghar, Jharkhand, India. The first mid-
semester physiology examination was taken as the reference examination.
There were two long essays, five short essay questions (total mark 40),
and 20 multiple-choice questions (MCQ) (total mark 10). We generated
the response from ChatGPT (in March 13 version) for both essay and
MCQ questions. The essay-type answer sheet was evaluated by five
faculties, and the average was taken as the final score. The score of 125
students (all first-year medical students) in the examination was obtained
from the departmental registery. The median score of the 125 students
was compared with the score of ChatGPT using Mann-Whitney U test.
Results: The median score of 125 students in essay-type questions was
20.5 (Q1-Q3: 18-23.5) which corresponds to a median percentage of
51.25% (Q1-Q3: 45-58.75) (P=0.147). The answer generated by ChatGPT
scored 21.5 (Q1-Q3: 21.5-22), which corresponds to 53.75% (Q1-Q3: 53.75-
55) (P=0.125). Hence, ChatGPT scored like that of the students (P=0.4)
in essay-type questions. In MCQ-type questions, ChatGPT answered 19
correctly in 20 questions (score=9.5), and this was higher than the median
score of students (6) (Q1-Q3: 5-6.5) (P<0.0001).

Conclusion: ChatGPT has the potential to generate answers to medical
physiology examination questions. It has a higher capability to solve MCQ
questions than essay-type ones. Although ChatGPT was able to provide
answers that had the quality to pass the examination, the capability of
generating high-quality answers for educational purposes is yet to be
achieved. Hence, its usage in medical education for teaching and learning

purposes is yet to be explored.
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Introduction

In recent times, there has been a growing
interest in the use of artificial intelligence
(AD) in various fields, including education.
One area where Al can potentially have a
significant impact is in the field of medical
education (1). With the advent of advanced
Al Large Language Models (LLMs) such
as ChatGPT, there has been an increasing
interest in exploring the capabilities of such
models in answering students’ queries and
respond to their customized questions (2).

The ability of AI models like ChatGPT
to generate human-like text has been
demonstrated in a variety of domains,
including literature, news articles, and
educational purposes. The discussion about
ChatGPT is creating a ripple in the world with
lots of discussion in social media (3). The Al-
powered tool was found to be an effective
instrument for writing various entrance
exams with an acceptable level of accuracy
4, 5). However, a recent study showed that
the capability of ChatGPT was not impressive
to pass the cut-off marks of the Indian Union
Public Service Commission examination
that requires higher knowledge and analytic
capability (6).

The successful completion of an
examination by ChatGPT would establish
its immense value in medical education,
particularly for self-learning purposes. With
its comprehensive knowledge and ability
to provide accurate explanations, ChatGPT
could serve as an invaluable resource for
medical students and professionals seeking
additional information or clarification on
various medical topics (7, 8). Acting as a
virtual tutor or mentor, the availability and
adaptability of ChatGPT would offer flexibility
and convenience to individuals lacking
immediate access to traditional educational
settings. However, the training data limits
its knowledge base, and current and reliable
answers may not be obtained in many cases
(9). Furthermore, its responses for different
medical subjects may vary. Previous studies
did not specifically investigate the capability
of ChatGPT in a physiology examination.
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In this study, we aimed to investigate the
capability of ChatGPT in generating answers
to medical physiology examination questions
that are comparable in quality to those written
by human examinee in an Indian medical
school context. If ChatGPT proves capable of
writing such examinations, it could serve as an
additional learning resource that can provide
personalized explanations and feedback to
students’ queries. Hence, it may be helpful for
self-directed learning to supplement teaching
and learning resources. The findings may also
guide curriculum development and encourage
further research on Al integration in medical
education.

Methods
Study Design and Setting

This is a cross-sectional study conducted
in an Indian Medical School, Deoghar,
Jharkhand, India in March 2023. We used our
personal computers and personal broadband
Internet connections for generating
the answers by ChatGPT. We used the
ChatGPT-3.5 13 March 2023 version (free
version).

Participants and Sampling

There were no human participants in this
study. We collected the scores of the students’
examination from the departmental registry.
The scores of all medical students who wrote
physiology semester examination in March
2023 as part of their first-year medical study
were included. Students who did not answer
more than two essay questions or 10% of
multiple-choice questions (MCQ) were
excluded from the research.

Data Collection Tool

The research tool consisted of an essay test
(included 2 long essay questions and 5 short
essay questions) and an MCQ test consisting
of 20 four-choice multiple-choice questions
with one correct answer. The scores for the
long and short questions ranged from 0 to 40
and the range of the scores for MCQ questions
was from 0 to 10.

The validity of the questions was
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confirmed using the Content-Objective table
based on the content presented during the
course by 2 instructors of physiology course.
The reliability of the tool was confirmed
(>0.90) through the agreement of the scores
of the examiners (5 examiners).

Data Collection

Questions: The question papers we used
had two parts. The essay-type questions
were further subdivided into long essay
(two questions) and short essay types (five
questions). The total score for the essay-
type questions was 40. The MCQ questions
consisted of a total of 20 questions, each
having 0.5 point. All the questions had only
one option to be correct from a set of four
response options.

Answers: We collected the question-wise
score (both essay-type and MCQ-type) of 125
students from the departmental data registry.
The answers did not have a negative score. For
getting answers of ChatGPT, each question
was asked separately when we conversed
with ChatGPT (March 13 free version). We
converted the text to hand-written text for
making it a human-written text. Then, the
copies were distributed among five expert
physiologists for checking and awarding the
scores for each answer following the same
answer key guidelines used for evaluating the
students’ papers. The scoring of the answers
ranged from 0 to maximum number allotted
for that answer. For an example, the answer
of the following question - Describe skeletal
muscle contraction under the following heads:
a) excitation-contraction coupling b) sliding
filament theory / modern theory of muscle
contraction, a student or ChatGPT could get 0-3
for the part (a) of the question and 0-5 for part (b)
of the question. We had detailed keywords and
concepts for each question for semi-quantitative
evaluation of the subjective essay-type answers.
The same keywords or conceptual materials
were searched when scoring the answers. We
used five evaluators to reduce the bias.

Evaluation
In this study, we used the data available
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in the Department of Physiology and data
generated from an online large language
model — ChatGPT. The scores of students
who wrote a semester examination were
used for obtaining the result of the medical
students’ performance. Then, the answers of
the ChatGPT were evaluated by five teachers,
and the scores were used to obtain their
performance in ChatGPT. A brief process of
the study is presented in Figure 1. The details
of the questions and answers are described in
the next section.

Qualitative evaluation: We also asked the
evaluators to provide their evaluation remarks
in a short paragraph of the text at the end of
the evaluations. These texts would be directly
presented verbatim in the results section.

Data Analysis

First, we tested the data for normality
using the Shapiro Wilk test and found that
it did not follow a normal data distribution.
Hence, we decided to express the descriptive
data in median and quartiles and used non-
parametric inferential statistical tests. The
median score of 125 students was compared
with hypothetical value of 50% using
Wilcoxon signed rank test to check if their
score significantly differed from the pass
grade. Similarly, the score obtained by
ChatGPT was also compared using Wilcoxon
signed rank test with hypothetical 50% (as
50% is the pass score in the examination).
Here, a non-significant P value or a significant
P value where the median score is more than
50% indicates passing the median score.
The median score of individual answers
by 125 students was compared to that by
five evaluators using the Mann-Whitney U
test. For all tests, a P<0.05 was considered
significant; we used GraphPad Prism 7 for
conducting the tests.

Results

The median score of 125 students in essay-
type questions was 20.5 (QI-Q3: 18-23.5)
which corresponds to a median percentage of
51.25% (Q1-Q3: 45-58.75). In the examination,
50% is considered the minimum score for
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Figure 1: Brief data collection method of the study

Table 1: Question-wise and overall score of the students and ChatGPT in the examination

*Statistically significant P value of Mann Whitney U test

Table 2: Comments of the evaluators on the answer sheet written by ChatGPT

passing the examination. There was no long essay but better in the second long essay
difference between the students’ score and answer. The rest of the scores including the
pass score (P=0.147). overall score were equal to those of the
The answer generated by ChatGPT scored students.
a median of 21.5 (Q1-Q3: 21.5-22) in five In MCQ-type questions, ChatGPT
evaluations which corresponds to 53.75% answered 19 correctly in 20 questions
(Q1-Q3: 53.75-55). As 50% was the cut-off (score=9.5), and this was also significantly
point, the ChatGPT passed the examination. higher than the students’ median score (6
There was no difference between the score of (Q1-Q3: 5-6.5)) (P<0.0001). Comments by
ChatGPT and the pass score (P=0.125). the evaluations are shown in Table 2. These
Furthermore, ChatGPT scored the same comments were directly quoted from the
as the students’ score(P=0.4). Question-wise answer sheets.
and overall scores in essay-type answers are From the comments, we found that
shown in Table 1. There was a significantly the answers were too general and lacked
lower performance of ChatGPT in the first essential information; also, some of the
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answers were incomplete, and that more
detailed explanations were required. The
evaluator suggested that further explanation
was required to provide a scientific value
to the answers. However, the content was
interesting or engaging but lacked the
necessary depth and detail required for a
professional examination.

Discussion

The results of this study demonstrate the
potential of natural language processing
models to be performed in both essay-type
and MCQ-type questions in the physiology
exam. Interestingly, the ChatGPT model
showed lower performance in the first long-
essay question compared to the students but
performed better in the second long essay
answer. The overall performance of ChatGPT
was equal to that of the students, in essay-
type questions.

In MCQ-type questions, ChatGPT
answered 19 out of 20 questions correctly,
and it was a significantly higher performance
than the students. Hence, if students used the
model for their learning, they would easily
get their MCQ questions solved. However,
ChatGPT is a machine learning model, and
its performance is dependent on the quality
and quantity of data it is trained on. Hence,
the answers should always be checked from
other credible sources as well. Few studies
were conducted to ascertain the capability
of ChatGPT in solving MCQ questions, and
the pooled percentage of correct answers was
53.1% (10). We found a higher accuracy in
MCQ type answer in our study. This finding is
in the same line with those of the study carried
out by Huynh et al. who found that ChatGPT
performed better in MCQ than open-ended
question (11). The underlying reason may
be the difference in the level of difficulty.
Overall, the higher performance of ChatGPT
in answering MCQs can be attributed to two
training data and ease of retrieval. ChatGPT
extensive training on a great number of text
data allows to the therecognition of patterns
commonly found in MCQs. It can identify
the keywords and understand the context of
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the question, enabling it to generate accurate
responses (12).

ChatGPT can assist students in their
learning in medical schools in several ways.
It can be used to personalize learning by
generating content tailored to the individual
learning needs of students. The major
advantage is the time it requires for generating
the answers. ChatGPT can provide immediate
feedback to students based on their responses
to generated questions. It is relatively difficult
for faculties to provide the students with such
services. ChatGPT can be used to provide
continued learning opportunities outside the
classroom, enabling students to learn at their
own pace and on their own schedule (13). This
would be beneficial for flipped classroom and
self-directed learning (14).

There are several disadvantages of
ChatGPT for its use in medical education.
ChatGPT is limited by the quality and
quantity of the training data it receives,
which can affect the quality of the content it
generates (15). It does not provide the recent
data immediately. Free access to full version
of ChatGPT is not possible, and particularly
those in resource-limited settings would face
difficulty even in accessing the free version
due to no or poor Internet connectivity.

Limitation and Suggestions

This study has several limitations. It was
done on a single pre-clinical subject. Although
the answer sheet was written by human and
presented to the evaluators and they were
instructed to evaluate it like they did for
students, still some bias might be present that
was beyond our control. The results presented
in the study may not be generalizable to all
types of essay or multiple-choice questions,
so further research is needed to explore the
capabilities of natural language processing
models in educational assessment.

Conclusion

ChatGPT has the potential to generate
answers to medical physiology exam
questions. However, its capability was found to
be higher for MCQ-type questions compared
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to essay-type questions. The model was able
to provide answers that had the quality to
pass the examination. However, its ability to
generate high-quality answers for educational
purposes is yet to be fully achieved. The
answers may be logically and grammatically
correct, but they may not necessarily provide
the depth of understanding or conceptual
clarity that is required in educational contexts.
Therefore, it is crucial to continue evaluating
and improving the performance of natural
language processing models like ChatGPT
to ensure that they can provide high-quality
answers that meet the medical educational
standards.
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