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Abstract

Introduction: ChatGPT, an Al-enabled conversational language model, holds immense
promise for applications across healthcare education, research, and clinical practice.
A number of recent reports have highlighted promising outcomes from using ChatGPT
for answering multiple-choice questions (MCQs), hinting at a potential reshaping of
educational methodologies.

Aim: The objective of this particular study was to quantitatively assess the performance of
ChatGPT-3.5 and ChatGPT-4 in the context of answering anatomical questions focusing on
the Thorax in a Gross Anatomy course for medical students.

Methods: The research conducted for this study was focused on a comprehensive
examination of ChatGPT-3.5 and ChatGPT-4 capabilities in answering 50 multiple choice
questions MCQs designed in USMLE style. These questions were randomly selected
from Gross Anatomy course exam database for medical students and reviewed by three
independent experts. No questions with images were included in this study. The selected
questions had different levels of difficulty.

Findings: The analysis revealed that ChatGPT-3.5 exhibited a remarkable ability to
answer anatomical MCQs, achieving an average accuracy of 45.6+3.8%, significantly
surpassing random guessing at 18.8+4.4%. The subsequent ChatGPT-4 demonstrated a
30% improvement, with an even higher accuracy of 75.6+1.7%.

Discussion: ChatGPT demonstrates considerable potential as an engaging educational tool
for students immersed in the study of anatomy. Its unique strength lies in its ability to incite
student engagement and arouse curiosity through an interactive, conversational mode of
answer delivery.

Conclusion: It is vital to remember that ChatGPT should not be viewed as a replacement
for the pivotal role teachers play in the educational journey. Instead, it should be visualized
as an auxiliary instrument poised to enrich the educational experience. Future studies
should aim to determine clear, holistic guidelines that illuminate the best ways to leverage
and apply ChatGPT within the scope of anatomy instruction.
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Introduction

ChatGPT is an Al-powered conversational language model
with potential applications in healthcare education, research, and
practice. Many authors indicated different benefits, including
improved scientific writing, enhanced research capabilities, efficiency
in healthcare research, practice streamlining, cost savings, and
personalized learning. However, some concerns were raised, including
ethical, copyright, legal, plagiarism, inaccuracies, and cybersecurity
issues. While ChatGPT holds promise, its use should be approached
cautiously, and a code of ethics for its responsible application in
healthcare and academia is needed. '

In medical education, the effectiveness and accuracy of Artificial
Intelligence (Al) is currently under evaluation due to a need for more
concrete data. However, researchers in this field are undertaking
initiatives to address this notable gap. One such proposal includes
establishing an international consortium database with robust, high-
quality data. Many countries and regions worldwide are beginning to
embrace Al as an integral part of their medical education curriculum.
This strategic integration is aimed at counteracting the currently low
usage rates of clinical Al and remedying the observed deficiency
in Al awareness among practicing physicians. More importantly, it

serves as an effective vehicle for driving the future advancement of
Al in the healthcare sector.* However, the infusion of Al into medical
education and realizing its potential benefits necessitates considerable
policy support from local governments. Such backing is paramount
in successfully incorporating Al into medical education. Despite the
encouraging developments and proposed solutions, a solid foundation
of high-quality research evidence chronicling AI’s effectiveness,
feasibility, and economic viability in medical education is required.’

Incorporating Al into medical education can transform the
approach to teaching biomedical sciences. Robust language models
like ChatGPT can function as virtual teaching aides, offering students
comprehensive and pertinent information and potentially evolving
into interactive simulations. ChatGPT holds promise for heightening
student engagement and improving learning outcomes, although
further research is imperative to validate these benefits. Recognizing
and tackling the issues and limitations that come with ChatGPT is
of substantial importance. This involves taking into account ethical
components, as well as the possibility of harmful repercussions.
Such challenges may range from privacy concerns to bias in the
Al’s responses. As a result, there is a significant need for ongoing
vigilance and moderation.® Medical educators, in particular, must
stay constantly attuned to the swift technological changes. This rapid
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evolution not only impacts how we transmit knowledge but, more
importantly, it shapes the content and structure of the curriculum
alongside assessment methodologies and pedagogical tactics.’

Integration of substantial volumes of data, complemented by
images into Al networks, is also recommended. This would allow
Al to have a large scale of information to learn and adapt from,
consequently improving its performance in medical education.
Moreover, standardized guidelines should be introduced instead of
creating personalized guidelines that may vary from place to place.
These general instructions would help foster uniform application and
understanding of Al in the medical instruction context, thus addressing
the existing issues effectively.®

Interesting research was done to evaluate the quality of multiple-
choice questions generated by ChatGPT for medical graduate
examinations compared to questions created by university professors.
ChatGPT produced 50 MCQs in about 20 minutes, while human
examiners took 211 minutes for the same number of questions.’ The
assessment by independent experts found that ChatGPT’s questions
were comparable in quality to those created by humans, except in
the relevance domain, where it scored slightly lower. However,
ChatGPT’s questions showed a wider range of scores, while human-
generated questions were more consistent. In conclusion, ChatGPT
has the potential to generate high-quality MCQs for medical
graduate examinations and solve current problems related to item
development.'

Many studies explored ChatGPT’s potential for guiding medical
students in anatomy education and research. Questions were asked to
ChatGPT to evaluate its accuracy, relevance, and comprehensiveness.
ChatGPT provided accurate anatomical descriptions with clinical
relevance and structure relationships. It also offered summaries and
terminology assistance. However, its responses to anatomical variants
must be improved with systematic classification."

Some recent publications suggested good results of ChatGPT
in answering multiple-choice questions, which can impact the
educational system. Analysing the accuracy and consistency of
responses from ChatGPT-3.5 and Google Bard when answering lung
cancer prevention, screening, and radiology terminology questions,
ChatGPT-3.5 provided 70.8% correct answers, while Google Bard
answered 51.7% correctly.'> ChatGPT generally provided relevant
answers to typical patient questions about optic disc drusen and
total hip arthroplasty. However, some answers needed to be more
accurate, particularly regarding treatment and prognosis, which could
potentially be harmful in some cases.'® This highlights the need for
caution when relying solely on ChatGPT for patient information.'*

Even though ChatGPT was only recently introduced, there are
many publications on this topic, but only very few have any statistical
data included. The main objectives of our research were to develop
an algorithm for the quantitative analysis of the Chatbot’s ability
to answer MCQ tests, specifically in material the thorax in Gross
Anatomy course material course for medical students, and compare
results for ChatGPT-3.5 and ChatGPT-4.

Materials and methods

The research conducted for this study was focused on a
comprehensive examination of ChatGPT capabilities in answering
a set of 50 Multiple-choice Choice Questions (MCQs) designed in
USMLE style. They were randomly selected from the Gross Anatomy
course exam database for medical students and reviewed by three
independent experts. No questions with images were included in this
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study. The selected questions had different levels of difficulty. Since
all questions were created in 2020, we avoided the lack of real-time
information limitation for ChatGPT-3.5.

The results of 5 successive attempts to answer this set of questions
by ChatGPT-3.5 and ChatGPT-4 were evaluated based on accuracy,
relevance, and comprehensiveness. Each ChatGPT attempt’s data
was recorded and compared with all previous attempts, finding the
percentage of repeated and correct answers among them.

Seven sets of random answers were generated and analysed for the
same MCQ sets utilizing the RAND () function in Microsoft Excel
(Microsoft®365) to compare the results of ChatGPT performance
with random guessing. Statistica 13.5.0.17 (TIBC® Statistica™) was
used to analyse the data’s basic statistics and compare ChatGPT-3.5
and ChatGPT-4 results.

Results
ChatGPT 3.5

According to our data, ChatGPT-3.5 provided accurate answers to
45.6+3.8% of the selected questions across five successive attempts,
much superior to random guessing — 18.844.4%. The first attempt
was the most successful, with 52% correct answers. The results of
the following four attempts fluctuated in the 42% - 46% range. The
coincidence of answers with the previous generations was 54% - 72%,
and among them, the coincidence of correct answers was 34% - 42%
(Tablel).

Table | % of correct answers, coincidence with a previous attempt, and
coincidence of correct answers with a previous attempt for 5 attempts from
ChatGPT-3.5

Attempt I 2 3 4 5

Correct answers 52 44 44 42 46
Coincidence with | 68 58 66 70
Coincidence corrects with | 36 34 40 42
Coincidence with 2 74 62 66
Coincidence corrects with 2 38 34 36
Coincidence with 3 54 62
Coincidence corrects with 3 32 34
Coincidence with 4 72
Coincidence corrects with 4 34

Fifteen questions (30%) were answered correctly across all five
attempts and were considered a solid knowledge area for ChatGPT-3.5.
The item analysis indicated that these MCQs were about anatomy,
valves, blood supply, and heart embryology. They all were recall
questions. ChatGPT did not show good results in answering more
comprehensive questions about the pulmonary system and thoracic
blood vessels.

ChatGPT 4

After five attempts, ChatGPT-4 generated 75.6+1.7% accurate
answers for the set of questions, which is 30% superior to the results
of ChatGPT-3.5 for the identical multiple-choice questions (Figure 1).
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Figure | Percentile of correct answers of ChatGPT-3.5 and ChatGPT-4 on 50
MCQs for Thorax compared with random answers.

The initial attempt at ChatGPT-4 was also the most successful —
78% of the responses were correct. The following four tries yielded
outcomes ranging from 74% to 76%. The answers coincided with
those of the preceding attempts in a range of 88% to 90%; among
them, the coincidence of correct answers was 68% to 74% (Table 2).

Table 2 % of correct answers, coincidence with a previous attempt, and
coincidence of correct answers with a previous attempt for 5 attempts from
ChatGPT-4

Attempt 1 2 3 4 5

Correct answers 78 74 74 76 76
Coincidence with | 88 90 8 90
Coincidence corrects with | 72 72 72 74
Coincidence with 2 8 84 90
Coincidence corrects with 2 68 68 70
Coincidence with 3 90 90
Coincidence corrects with 3 7 72
Coincidence with 4 88
Coincidence corrects with 4 72

Thirty-two questions (64%) were answered correctly across all ten
attempts. The item analysis indicated that these 32 MCQs were not just
simple recall questions but more comprehensive ones; the chatbot’s
replies were adequate and stayed consistent across the attempts.

Discussion

Artificial intelligence is a powerful driver that ceaselessly redefines
and transforms different aspects of human life. Its role is even more
noticeable and potent in the healthcare landscape, where it has become
a significant pillar of evolution and advancement. Zooming into
the intricate workings of Al, we find that this growth explosion has
come on the back of sophisticated algorithms and machine learning
techniques. These cutting-edge tools furnish AI with the capability to
revolutionize various facets of healthcare.'

By leveraging the power of these advanced algorithms and
machine learning strategies, there is an unprecedented possibility of
elevating the standards and efficiency of healthcare processes. The
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potential of this symbiosis between Al and healthcare could lead
to enhancements unheard of in traditional biological and medical
environments, bringing forth unprecedented possibilities that could
drastically reshape healthcare as we know it today. By assisting
physicians in making more accurate diagnoses, identifying potential
health risks, and devising personalized treatment plans, A, such as the
Chat Generative Pre-Trained Transformer (ChatGPT)-3.5, is playing
a pivotal role in transforming the landscape of medical practices.'*'®

ChatGPT-3.5, developed by OpenAl and made accessible to the
general public on November 30, 2022, stands out as the first of its kind
regarding broad availability. Ongoing investigations are delving into
its healthcare applications, focusing on healthcare documentation, data
interoperability, diagnostics, research, and education.” Evaluating
the capabilities of such models involves tackling test problems and
assessing performance metrics.?

Our study assessed the accuracy of ChatGPT versions GPT-3.5
and GPT-4, particularly in medical exams. We specifically targeted
multiple-choice questions (MCQs) related to the challenging domain
of Gross Anatomy, focusing on the Thorax. ChatGPT-3.5 exhibited
a remarkable ability to answer medical students’ MCQs, achieving
an average accuracy of 45.6+3.8%, significantly surpassing random
guessing at 18.8+4.4%. The subsequent ChatGPT-4 demonstrated a
30% improvement, with an even higher accuracy of 75.6+1.7%.

Our findings align with a parallel study assessing ChatGPT’s
performance in responding to the Japanese Nursing Examination
(JNNE) conducted in February 2023. Despite random selection
yielding accuracy rates of 20%-25%, GPT-3.5 and GPT-4 surpassed
these figures with impressive performances at 59.9% and 80.2%,
respectively. While GPT-3.5 fell short of meeting JNNE passing
criteria, GPT-4 exceeded them, suggesting potential real-world
applications in Japanese medical settings.?!

Extending the scope to the US Medical Licensing Exams,
ChatGPT-3.5 exhibited accuracy ranging from 42% to 64.4%,
surpassing other models. However, performance declined with
question difficulty, a trend also evident in our study.”? It is also
well correlated with our data, which indicated that only 30% of the
questions were answered correctly across all five attempts. The item
analysis indicated that all these 15 MCQs were simple recall questions.
When it came to more comprehensive questions, the chatbot’s replies
could have been more adequate and varied across the attempts, unlike
ChatGPT-4, which was able to answer the more comprehensive
questions correctly.

Beyond the challenges of Gross Anatomy, ChatGPT showed
proficiency in other medical disciplines, excelling in physiology,
head and neck surgery, and biochemistry, particularly when
confronted with non-MCQ formats. Research by Banerjee A et al.
highlighted ChatGPT’s effectiveness in tackling reasoning questions
across diverse physiology modules, achieving an impressive 74%
correctness.” In head and neck surgery, it responded correctly to
84.7% of closed-ended questions. It provided accurate diagnoses in
81.7% of clinical scenarios, with room for improvement in procedural
details and bibliographic references.*

OpenAl subsequently launched GPT-4 on March 14, 2023. This
latest iteration, which powers ChatGPT, was found to have an 82%
decline in processing unauthorized content requests and a 40%
boost in generating fact-based responses compared to GPT-3.5. Its
enhancements also extended to dealing with images, not just text. The
bot even passed the United States Bar legal exam with a score that far
outstripped its predecessor.®
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Nonetheless, it is critical to approach the use of ChatGPT with
discernment. Its accuracy is not entirely reliable, and there have been
instances of it giving “hallucinated,” or erroneous, responses.? It also
occasionally falls short in more specialized domains.?” Unquestioned
acceptance of all generated content could lead to inaccurate healthcare
advice. Therefore, critical appraisal alongside rigorous and targeted
training should be pursued to enhance ChatGPT’s medical field
performance further. Moreover, because of its wide accessibility, there
is a conceivable risk of disseminating incorrect health information,
emphasizing the need for vigilance.

Conclusion

The growing utilization of cutting-edge technologies, such
as artificial intelligence (AlI), in education, makes conducting
comprehensive and rigorous analyses imperative. It is necessary to
verify and validate these Al-based resources for their seamlessly
effective integration into the fundamental structure of medical
education. Such practices form an essential part of the process
to ensure that the deployment of these tools fits perfectly with the
ongoing teaching and learning dynamics.

While introducing these innovative tools certainly hints at
an evolved learning landscape, it does not necessarily ensure an
immediate elevation in the quality of the learning experience. Hence,
educators must continually engage in assessing the true potential of
Al. Additionally, it is crucial to identify its limitations and potential
risks. This continuous mapping and evaluation will help ensure that
Al integration adds substantial value to the education process instead
of simply leading to superficial enhancements.

Despite the growing prominence of Al tools like ChatGPT, it
is crucial to remember that they are meant to supplement teachers’
invaluable role in the educational process. These tools should be seen
as additional aids designed to enrich and expand the scope of learning.
Medical educators should make it a priority to maintain a proactive
approach in devising a balanced and ethically rooted strategy toward
the integration of this technology.

The importance of persistent research and re-evaluation cannot
be overstated, especially concerning critical areas such as curriculum
development, teaching techniques, and evaluation methods. These
domains directly affect the overall effectiveness of the education
system and its capacity to adapt to technological advancements.

A detailed comparison of Al versions, such as identifying
situations where GPT-3.5 made errors that GPT-4 managed to
correct and evaluating differences in their accuracy based on specific
domains, could be wildly illuminating. Such trials, mainly conducted
on larger datasets, can point out critical areas needing improvement
or further development. As one looks forward, these elements should
serve as focal points for subsequent studies, driving the future of Al
integration in medical education.
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