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INTRODUCTION
In the year 2022, a San Francisco based open AI launched chat 
generative pretrained transformer (Chat GPT) that evolved from 
AI Large Language Models (LLMs). It was designed to simulate 
human conversation in response to prompts or questions based 
on the context of input text [1,2]. ChatGPT is being tested in 
various domains, and one remarkable achievement is its clearance 
in the United States Medical Licensing Examination (USMLE) [3]. 
Recently, Kung TH et al., found that ChatGPT performed at or 
near the passing threshold for all three United States Medical 
Licensing Exams, suggesting that LLMs can assist with medical 
education and clinical decision-making [4]. Chatbots such as 
ChatGPT could provide tutoring and homework help by answering 
questions and providing explanations to help students understand 
complex concepts [5]. However, there are concerns that the use 
of AI software by students to write university assessments could 
diminish the value of the assessments and the overall quality of the 
university program [5].

Previous studies have demonstrated that ChatGPT can generate 
fluent and contextually appropriate responses to a wide range of 
academic queries, including examination-style questions, raising 
both interest and concern regarding its use in medical education 
[6,7]. Stokel-Walker C and Park SH et al., have highlighted the 
potential risks of confidently presented yet inaccurate AI-generated 
content, underscoring the importance of critical appraisal by 
learners [8,9]. While emerging literature has evaluated ChatGPT’s 
performance in select medical domains and licensing examinations, 
evidence specific to pharmacology- particularly in the context of 
undergraduate formative assessments and varied question formats- 
remains limited. There is a notable gap in the literature regarding 
systematic evaluation of ChatGPT’s accuracy, explanatory quality, 
and interpretative ability across multiple pharmacology subdisciplines 
and assessment formats. Given the complexity of pharmacology 
and its relevance to safe prescribing, understanding the reliability 
of AI-generated responses is essential before such tools can be 
recommended for educational use.
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ABSTRACT
Introduction: The emergence of Artificial Intelligence (AI) 
tools like ChatGPT has sparked interest in their potential role 
in medical education. The increasing volume and complexity 
of pharmacological knowledge pose significant challenges for 
undergraduate medical students. AI-based language models 
such as ChatGPT offer rapid access to information, explanations, 
and problem-solving support, potentially supplementing 
traditional teaching methods. However, systematic evaluation 
of their performance, reliability, and educational accuracy in 
pharmacology assessments remains limited, necessitating 
formal investigation.

Aim: To evaluate ChatGPT’s performance in answering formative 
pharmacology examination questions for Phase II medical 
undergraduate students.

Materials and Methods: This was a cross-sectional study 
conducted in the Department of Pharmacology at Jawaharlal Nehru 
medical college in Belagavi, Karnataka, India over a period of one 
month (December 2024). All pharmacology questions included 
in the December 2024 formative undergraduate examination, 
covering general pharmacology, central nervous system drugs, 
cardiovascular drugs, and autacoids were included. The study 
protocol was reviewed and approved by the department scientific 
review committee and ethical committee approval was waived 
off as it did not involve human subjects. ChatGPT (version 3) was 

used to answer Multiple-Choice Questions (MCQs), short answer 
questions, short essay questions, and long essay questions. The 
responses generated by ChatGPT were evaluated for accuracy, 
completeness, quality of explanation, and level of knowledge. 
Acceptability of responses was assessed through qualitative 
review by pharmacology subject experts. Comparison between 
groups was performed using Pearson’s chi-square test. 
Descriptive statistics were applied, and results were expressed 
as frequencies and percentages.

Results: ChatGPT demonstrated high accuracy, with 
correct response rates of 13 (86.7%) for recall, 7 (70%) for 
interpretation, and 9 (81.8%) for problem-solving questions. 
ChatGPT demonstrated comparable performance across all 
three knowledge levels, with no statistically significant difference 
observed (p-value=0.8). The majority of explanations 29 (80.6%) 
were rated as good, 4 (11.1%) as needs revision and 3 (8.3%) 
as unacceptable. While performance was consistent across 
knowledge levels, challenges were noted in complex problem-
solving scenarios requiring deep integration of concepts.

Conclusion: ChatGPT showed strong potential as an AI-assisted 
learning tool in pharmacology education, particularly for factual 
recall and conceptual understanding. However, improvements 
are needed in complex reasoning and nuanced explanations. 
This study supports further research into AI’s role in enhancing 
medical curricula.
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potential role of AI in enhancing pharmacology education and supports 
future research into the integration of AI in medical curricula.

STATISTICAL ANALYSIS
Data were entered and analysed using SPSS version 25.0 Descriptive 
statistics were applied, and results were expressed as frequencies 
and percentages. Comparison between the variables was analysed 
using Pearson’s Chi-square test and p-value <0.05 was considered 
as statistically significant. 

RESULTS
The distribution of questions according to knowledge level is 
presented in [Table/Fig-1]. ChatGPT demonstrated comparable 
performance across all three knowledge levels, with no statistically 
significant difference observed (p-value=0.8) [Table/Fig-2]. Recall-
based questions showed the highest accuracy, reflecting strong 
factual knowledge retrieval. Interpretation and problem-solving 
questions exhibited marginally lower accuracy; however, overall 
performance remained consistent across domains. 6 (37.5%) 
theoretical questions were incorrectly answered whereas only 1 (5%) 
of the MCQ were incorrectly answered by Chat GPT. The response 
generated by ChatGPT for a case-based question is represented in 
[Table/Fig-3].

The present study addresses this gap by comprehensively assessing 
ChatGPT’s performance in answering formative pharmacology 
examination questions for Phase II medical undergraduate students, 
thereby providing novel insights into its potential role, limitations, 
and implications as an AI-assisted learning adjunct in pharmacology 
education.

MATERIALS AND METHODS
This cross-sectional study was conducted in the Department of 
Pharmacology at Jawaharlal Nehru Medical College, Belagavi, 
Karnataka, India over a one-month period (December 2024). The 
study protocol was reviewed and approved by the department 
scientific review committee and ethical committee approval was 
waived off as it did not involve Human subjects. 

Inclusion criteria: All pharmacology questions from the second 
professional year formative (sessional) examination conducted 
in December 2024. Questions covered general pharmacology, 
drugs acting on the central nervous system, drugs acting on the 
cardiovascular system, and autacoids. 

Exclusion criteria: Questions from other subjects, non-
pharmacology components, and questions with ambiguous or 
incomplete wording were excluded from the study.

Methodology and Parameters Studied
Chat GPT- 3.5 Turbo was used to generate responses to MCQs, short 
answer questions, short essay questions, and long essay questions 
from the examination paper. The level of cognitive domain addressed 
was categorised as recall, interpretation and problem-solving types 
and the overall acceptability of responses was assessed through 
qualitative expert review. Content validity of the question paper was 
ensured through expert review and alignment with the syllabus and 
learning objectives. Reliability of the questions in the question paper 
of the examination was supported by adherence to blueprinting 
principles and uniform difficulty distribution across pharmacology 
topics. The total marks for the exam were 100, divided as follows: 
20 MCQs (1 mark each), two long essay questions (10 marks each), 
nine short essay questions (5 marks each), and five short answer 
questions (3 marks each). The study aimed to evaluate factual recall 
and conceptual understanding and problem solving, which are 
critical components in pharmacology learning. ChatGPT (version 
3) was used to answer all the questions, with MCQs presented 
as four options, and theoretical questions typed directly into the 
interface. After collecting ChatGPT’s responses, all answers were 
systematically analysed for accuracy, coherence, and alignment 
with the expected answers in pharmacology textbooks and peer-
reviewed literature. Study focused on two aspects of ChatGPT’s 
performance: the correctness of the responses and the acceptability 
of explanations provided, particularly in theoretical questions, which 
often require critical reasoning and conceptual clarity.

Each response was independently evaluated by pharmacology 
subject experts for factual accuracy, completeness, clarity of 
explanation, and level of knowledge. Each response generated by 
ChatGPT was categorised based on its level of correctness as correct 
and incorrect response. For MCQs, a correct answer was awarded 
one mark, while for theoretical questions; marks were assigned based 
on accuracy, completeness, and depth of explanation. Additionally, 
the acceptability of the explanations generated by ChatGPT was 
assessed through expert review by pharmacology faculty members. 
This qualitative assessment focused on the overall appropriateness, 
clarity, and educational usefulness of the responses. The responses 
were graded based on content as good when the explanation was 
accurate and comprehensive, needs revision when the response 
was partially correct or lacked sufficient depth, and unacceptable 
when the answer was incorrect or entirely irrelevant [10].

By systematically analysing both objective (MCQ) and subjective 
(theoretical) questions, this study provides valuable insights into the 

[Table/Fig-3]:	 Screenshot of ChatGPT’s answer to a question item from 
Pharmacology examination for medical students.

Cognitive domain of questions N (%)

Recall 15 (41.7)

Interpretation 10 (27.8)

Problem-solving 11 (30.6)

[Table/Fig-1]:	 Categorisation of questions based on knowledge level.

Cognitive domain of 
questions

Correct responses 
N (%)

Incorrect responses 
N (%)

Recall 13 (86.7) 2 (13.3)

Interpretation 7 (70) 3 (30)

Problem-solving 9 (81.8) 2 (18.2)

Type of question

MCQ 19 (95) 1 (5)

Theoretical 10 (62.5) 6 (37.5)

[Table/Fig-2]:	 Comparison of ChatGPT’s correct answer rate according to items’ 
knowledge level.
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The acceptability analysis revealed that 29 (80.6%) of responses were 
categorised as “good,” indicating clear and appropriate reasoning. 
A smaller proportion, required revision due to minor deficiencies in 
clarity or completeness, while only a few responses, were deemed 
unacceptable [Table/Fig-4]. These findings suggest that ChatGPT 
generally provides explanations suitable for undergraduate medical 
education, with limitations noted in handling more complex 
reasoning.

The classification of responses as “good,” “needs revision,” or 
“unacceptable” offered a clear view of the AI’s strengths and 
limitations. The theoretical explanations given by ChatGPT were 
often deemed as “needs revision” because of their tendency 
to oversimplify or omit essential details. This finding aligns with 
research by Wang J and Fan W who suggested that AI’s ability 
to generate responses with contextual relevance and clarity can 
sometimes fall short in subjects that demand deep conceptual 
knowledge [17]. For example, when answering questions about 
the mechanisms of action of drugs like beta-blockers or Selective 
Serotonin Reuptake Inhibitors (SSRIs), ChatGPT could describe 
basic mechanisms but struggled to explain the nuances of their 
interactions within broader systems like the sympathetic nervous 
system or serotonin pathways. Other recent observational studies 
have similarly highlighted deficiencies in AI-generated explanations 
for mechanistic and application-based questions [18]. 

However, it is important to acknowledge that ChatGPT’s ability to 
assist in pharmacology education remains promising. Its strong 
performance in MCQs, a common assessment method in medical 
education, indicates its potential as a study tool or revision aid. 
Additionally, AI can be particularly beneficial in helping students 
practice recalling facts, testing their knowledge, and even offering 
explanations for some of the more straightforward pharmacological 
concepts. For example, ChatGPT’s ability to correctly answer 
questions related to drug classes (e.g., antihypertensives, 
analgesics) could be useful in a self-directed learning environment, 
where students can instantly check their responses and receive 
immediate feedback. 

This study highlights the need for careful monitoring and human 
oversight when using AI for more complex theoretical learning. While 
ChatGPT can serve as a valuable supplementary tool, it should not 
replace critical thinking or deep engagement with the subject matter. 
Human experts must continue to be involved in the learning process 
to ensure that AI-generated explanations are accurate, detailed, and 
tailored to the learners’ needs. From an educational standpoint, these 
results support the need for curriculum adaptations that emphasise 
critical appraisal of AI-generated content, guided use under faculty 
supervision, and reinforcement of core pharmacological concepts 
through conventional teaching methods.

Limitation(s)
The present study did not evaluate learning outcomes or student 
performance; therefore, conclusions regarding ChatGPT’s 
effectiveness as a learning tool cannot be drawn. Instead, the findings 
suggest that ChatGPT may function as a supplementary information 
source rather than a replacement for traditional teaching. 

CONCLUSION(S) 
ChatGPT demonstrated good performance in answering 
undergraduate pharmacology formative examination questions, 
particularly in structured formats such as MCQs, reflecting strong 
factual recall. However, its responses to descriptive questions 
were variable, with limitations in providing in-depth mechanistic 
explanations and higher-order interpretative insights. These findings 
suggest that while ChatGPT can serve as a useful supplementary 
tool for revision and self-directed learning, especially for fact-based 
content, it cannot replace traditional teaching or expert guidance for 
complex conceptual understanding. Careful faculty oversight and 
critical appraisal of AI-generated content are essential to ensure its 
effective and responsible integration into pharmacology education. 
Further research is needed to explore how AI tools like ChatGPT 
can be better integrated into the curriculum. This includes refining 
the AI’s ability to generate more accurate, contextually relevant 
and detailed explanations for complex pharmacological concepts. 
Additionally, future studies should consider incorporating a wider 
range of pharmacology topics, including more specialised areas like 

Acceptability level Responses N (%)

Good 29 (80.6)

Needs revision 4 (11.1)

Unacceptable 3 (8.3)

[Table/Fig-4]:	 Acceptability of ChatGPT's explanations of question items (n=36).

DISCUSSION 
The present study evaluated the performance of ChatGPT in 
answering undergraduate pharmacology formative examination 
questions and found that the tool demonstrated better performance 
in structured question formats, particularly MCQs than the descriptive 
formats such as short and long essay questions. While ChatGPT 
showed satisfactory factual recall, its performance was variable in 
questions requiring detailed mechanistic explanations and higher-
order interpretative skills.

The popularity of AI applications, particularly Chat-GPT, has 
experienced significant increase in recent years due to its extensive 
utilisation in both academic and industrial settings [11]. Concerns 
over ChatGPT and similar AI algorithms’ accuracy and usefulness in 
healthcare have divided opinion. 

AI can be used outside of typical computer settings and is widely 
accessible through inexpensive smart gadgets, making it widely 
available to the general public [12]. A new pretrained language model 
ChatGPT was launched on Nov 30, 2022. Pretrained language 
models have achieved striking success in Natural Language 
Processing (NLP), leading to a paradigm shift from supervised 
learning to pretraining followed by fine-tuning [13].

One of the key findings of the study was ChatGPT’s overall 
performance in answering MCQs. The AI performed well in MCQs, 
providing correct answers in line with the expected responses. 
This was consistent with the findings of other studies [14,15] that 
suggest AI models like ChatGPT excel in factual recall, particularly 
when presented with structured, closed-ended questions. 
However, despite its accuracy in factual responses, ChatGPT faced 
challenges in providing contextually rich explanations for theoretical 
questions, especially in areas requiring a deeper understanding of 
pharmacological mechanisms. This was similar to the observations 
made by Goodman RS et al., who found that while AI systems 
excel at providing accurate, concise answers, they often struggle 
to explain complex concepts in a manner that meets educational 
standards [10]. However, in theoretical short essay or long essay 
questions, ChatGPT occasionally offered responses that were 
overly simplified or lacking in the depth required to fully explain the 
underlying pharmacological principles.

In particular, questions about drug actions on the cardiovascular 
system and central nervous system posed challenges for ChatGPT, 
where responses sometimes lacked the necessary linkage between 
pharmacodynamic and pharmacokinetic concepts, which are 
critical for an in-depth understanding of pharmacology. This 
shortcoming highlights the importance of not relying solely on AI for 
explaining complex scientific concepts, as the AI may fail to provide 
a comprehensive context or bridge gaps in understanding. These 
findings are in consistent with study done by Zhang Y et al., [16]. On 
the other hand, in more factual areas such as drug classifications 
or receptor binding mechanisms, ChatGPT performed well, aligning 
closely with textbook knowledge.
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clinical pharmacology or toxicology, to assess the adaptability and 
performance of AI across the entire pharmacology curriculum.
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