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ABSTRACT
Introduction: The development of Artificial Intelligence (AI) and attempts to use it in medicine are increas-
ingly becoming the subject of more scientific research.
Aim: The aim of this article is to present the effectiveness of the advanced language model, ChatGPT-3.5 in
the context of the pass rate of the Polish National Specialist Examination (PES) in allergology. Additionally, it
seeks to comprehend the potential applications of artificial intelligence in the field of medicine, particularly
within allergology.
Material and methods: The study used the latest available PES exam prepared by the Medical Research Centre
in Lodz. 118 questions were asked using the openai.com platform, which allows free access to the ChatGPT-3.5
model. All questions were classified according to Bloom’s taxonomy to assess their complexity and difficulty,
with additional three categorisations. Each question was asked five times.
Results: ChatGPT-3.5 did not pass the allergology PES, achieving a score of 52.54%. It was observed that the model
performed better in answering memory questions (60%) compared to those requiring comprehension and critical
thinking, where the results were slightly lower (45%). Moreover, within the categories of ‘treatment, ‘immune sys-
ten’ and ‘symptoms), the model exceeded the passing threshold. Questions to which ChatGPT provided the correct
answer significantly exhibited higher difficulty compared to those to which it provided an incorrect response.
Conclusions: The results indicate that ChatGPT’s pass rate in the allergology PES is considerably lower than
that of resident doctors specializing in this field. The potential applications of AI in medicine require further
research to effectively support clinical practice among physicians.
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INTRODUCTION

An allergology specialist possesses extensive theoreti-
cal knowledge about the immunological and molecular
bases of allergic diseases, as well as the morphology and
physiology of the respiratory, digestive, and skin sys-
tems. They also have a range of diagnostic and thera-
peutic skills, including targeted examination of allergic
symptoms in patients, conducting and interpreting skin
tests, provocation tests, patient qualification for specific
immunotherapy, and biological treatments [1]. In Po-
land, the specialization program in allergology lasts for
5 years, divided into a basic module comprising 2 years
of training in internal medicine and a three-year special-
ized module. The culmination of this education process
is the National Specialist Examination (PES), which con-
sists of both a written and oral exam [2]. The written part
of the PES comprises 120 single/multiple-choice ques-
tions, each question having 5 answer options. A passing
score is achieved by candidates who obtain at least 60%
of the test points [3].

The number of allergist specialists practicing in
Poland is 1485 (data as of 30 September 2023) [4],
which is relatively low, evidenced by a shortage of al-
lergology clinics in approximately fifty percent of the
counties in Poland, resulting in an exceptionally high
patient-to-allergist ratio [5]. These statistics have con-
cerned the authors of this publication, prompting them
to investigate the capabilities of artificial intelligence
(AI) in providing correct answers to the test questions
included in the PES. During the analysis, the scope of
questions was categorized thematically and accord-
ing to specific competencies such as ‘knowledge’ and
‘drawing conclusions.

AIM

The aim of this analysis is to compare the results obtained
by ChatGPT with human cognitive abilities and to con-
template the utilization of Al in the daily work of allergist
doctors. Given the current low number of specialists in
this field and the increasing incidence of conditions like
asthma, the authors see potential in the application of Al
by practicing doctors, foreseeing a reduction in waiting
times for appointments. Furthermore, employing Al tech-
niques in clinical studies could expedite medical advance-
ments in the field of allergology.
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MATERIAL AND METHODS

EXAMINATION AND QUESTIONS

The conducted study aimed to assess the ability of an arti-
ficial intelligence model to provide correct answers in the
specialist examination in allergology. A set of 120 ques-
tions from the PES from the spring of 2023 was utilized,
selecting the latest publicly available set. Two questions
were excluded, one due to graphical content and the oth-
er deemed inconsistent with current medical knowledge,
leaving a pool of 118 questions [6]. The qualified ques-
tions underwent classification according to Bloom’s tax-
onomy and three parallel proprietary divisions.

The first proprietary division involved categorizing
the scope of information referenced in the questions. This
method led to the creation of categories such as ‘clinical
procedures, ‘clinical guidelines), ‘diagnostics, ‘immuno-
therapy), ‘genetics, ‘immune system, ‘treatment,, ‘symp-
toms; and ‘disease-related.

The subsequent division concerned the nature of the
questions: memory-based and the ones requiring com-
prehension and critical thinking. The final division aimed
to differentiate between ‘clinical’ questions and all others.

DATA COLLECTION AND ANALYSIS

The study was conducted using the GPT-3.5 language
model as of 1 June 2023. Each question was posed
multiple times in independent instances to determine
the model’s level of ‘conviction regarding the cor-
rectness of the answer. The necessity to initiate a new
chat multiple times stemmed from the risk of receiv-
ing the same question again, potentially suggesting
the truthfulness of the previous response. Five ses-
sions were carried out. In each session, a complete set
(n = 118) of unique questions was presented, preceded by
a prompt. The prompt aimed to streamline the collection
of answers to questions by limiting them to a single letter
and presenting the general concept of a single-test query.

STATISTICAL ANALYSIS

Analyses were conducted using the R Studio environ-
ment (an open-source integrated development environment
for the R language) version 1.1.46. A response was consid-
ered correct if it was provided in at least three out of five
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TABLE 1. Division by type

Clinical/Other

Did ChatGPT respond correctly?

Number of questions

Comprehension and critical (linical No 27 54
thinking questions Yes 23 46
Other No 6 60
Yes 4 40
Memory questions Clinical No 17 41.46
Yes 24 58.54
Other No 6 353
Yes n 64.7

initiated instances of the GPT language model. Statistical
significance was set at p < 0.05. The analysis of questions
considered the model’s confidence coefficient in its response
(expressed as the ratio of the number of dominant respons-
es in consecutive sessions to the total number of sessions
(n =5)), difficulty statistics from conducted exams (cour-
tesy of CME - Medical Examinations Centre in Lodz), and
whether the question belonged to any of the designated
categories.

To assess quantitative variables in the context of re-
sponse accuracy, the Mann-Whitney U test with a con-
tinuity correction was utilized. This method evaluated
the relationship between response accuracy, difficulty
obtained from CME, and the proprietary confidence co-
efficient. The Spearman’s rank-order correlation test was
employed to assess the relationship between the difficulty
index of questions obtained from the Medical Examina-
tions Centre and the confidence coefficient of the chatbot.
The Pearson y? test was used to evaluate the relationship
between response accuracy and question category. To
assess quantitative variables (comprising difficulty index
and confidence coefficients of questions) concerning re-
sponse accuracy, the Mann-Whitney U test with a con-

TABLE 2. Division by topic

Correct answer
Yes % No

Topic

(linical guidelines 8 50.00 8 50.00
Immunotherapy 6 54.55 5 45.45
Diagnostics 6 42.86 8 57.14
Clinical procedures 8 53.33 7 46.67
Treatment 6 60.00 4 40.00
Immune system 14 70.00 6 30.00
Genetics 1 33.33 2 66.67
Symptoms and signs 8 80.00 2 20.00
Disease-related 26.32 14 73.68

a4

tinuity correction was utilized. The following formula
represents the aforementioned relationship: .

Dimax =y Us (x-x)
n=>5

Popr=

RESULTS

ChatGPT scored 52.54% (62/118 points) in the exam (Ta-
ble 1).

During the statistical analysis, questions were divided
into different categories.

When dividing questions into ‘memory-based” and
‘comprehension and critical thinking questions, ChatGPT
scored 60% (35/58 points) and 45% (27/60 points), re-
spectively (Table 1).

In the category divided into ‘clinical” and ‘other’,
ChatGPT scored 51.65% (47/91 points) and 55.56%
(15/27 points), respectively (Table 1).

The questions were further categorized based on sub-
jects, and the outcomes were found to be ranging from
26.32% to 80% (Table 2).

Using the Mann-Whitney U test, difficulty indices of
questions and confidence coefficients of responses giv-
en by ChatGPT were compared. The results showed that
questions ChatGPT answered correctly had significantly
higher difficulty indices compared to those answered in-
correctly. The confidence coefficient was higher for ques-
tions ChatGPT answered correctly (Figure 1). Further-
more, the difficulty index positively correlated with the
confidence coefficient. However, the confidence coefficient
did not differ between the question categories ‘clinical’ and
‘other’, nor between the categories ‘memory questions” and
‘comprehension and critical thinking questions.

DISCUSSION

The Specialist Examination in Allergology represents
a pivotal milestone for medical professionals aiming to at-
tain specialization in this intricate field of medicine. This
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comprehensive examination encompasses both practical
and theoretical components, ensuring that candidates
possess the requisite skills and knowledge to excel in al-
lergology.

In Poland, achieving a minimum score of 60% in the
Specialist Examination in Allergology is the benchmark
for success and is crucial for obtaining specialization in
this field. Additionally, successful completion of an oral
examination, fulfilment of specified procedures, and the
completion of a required period of practical training are
also necessary components. These elements collective-
ly contribute to acquiring the qualifications and skills
essential for practicing as an allergology specialist in
Poland.

The results of the examination of ChatGPT’s perfor-
mance provide valuable insights into its ability to answer
questions across different categories and topics.

ChatGPT achieved an overall score of 52.54%, an-
swering 62 out of 118 questions correctly. It obtained
a comparable result to that obtained in the study con-
ducted by Kufel et al. involving the same language mod-
el solving a Specialist Examination in Nuclear Medicine
(56.41% of correct answers) [7]. While this score might
be considered modest, it is important to remember that
natural language understanding and generation is a com-
plex task and any improvement in this area is notewor-
thy. Conversely, in Weng et al.’s study ‘ChatGPT failed
Taiwan’s Family Medicine Board Exam, ChatGPT’s ac-
curacy in Family Medicine Board Exam rate was 41.6%,
with 52 correct responses out of 125 questions [8]. Our
study demonstrated a slightly better performance, possi-
bly indicating ChatGPT'’s relative strength in that specific
medical domain. It is significant to note that the Taiwan
study encompassed diverse question types, including neg-
ative-phrase questions, multiple-choice questions, mutu-
ally exclusive options, case scenarios, and Taiwan’s local
policy-related questions. In contrast, the allergology study
focused solely on medical and allergology-related ques-
tions. This variation in question types and subjects may
account for the differences in accuracy rates between the
two studies [8].

The aim of the study by Fuchs et al. was to assess
how ChatGPT 3 and ChatGPT 4 perform when answer-
ing self-assessment questions related to dentistry in the
Swiss Federal Licensing Examination in Dental Medicine
(SFLEDM). In addition, the study examined allergy and
clinical immunology in the European Examination in Al-
lergy and Clinical Immunology (EEAACI) with priming
and without priming [9]. ChatGPT 3 showed an average
of 69 +£3.7% of correct responses in the EEAACI test with-
out priming (as in our study), which is its best perfor-
mance in an allergy exam in the literature. This is proba-
bly due to the small sample size of the questions asked, as
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FIGURE 1. Comparison of correct answers with confidence coefficient

in the above-mentioned study, only 28 were asked during
one EEAACI exam. Furthermore, our study showed that
the ChatGPT performed differently on different catego-
ries of questions. For example, in the ‘immune system’
questions, it obtained an average of 70% of correct an-
swers, while in the ‘disease-related’ category it obtained
only 26.32%. However, the Fuchs et al. study did not in-
clude a breakdown of the questions into thematic catego-
ries or a specific list of questions asked of this language
model. It did, however, show that a broader description of
the context of the problem in question beforehand slightly
helps the ChatGPT to answer the question correctly (3.9%
improvement) [9].

As we proceed to examine the categorization of ques-
tions into ‘memory’ and ‘comprehension and critical
thinking), intriguing insights emerge. ChatGPT demon-
strates a superior performance on ‘memory’ questions,
boasting a commendable success rate of 60%, whereas on
questions requiring critical thinking, it achieves a slightly
lower score of 45%. It is worth noting that in our research
about the Polish specialty exam in Radiology, ChatGPT
demonstrated superior performance on questions that
demanded critical thinking, scoring 55%, as opposed
to questions that primarily relied on factual knowledge,
where it scored 44% [10].

45



Michat Bieldwka, Jakub Kufel, Marcin Rojek, Adam Mitrega, Dominika Kaczynrska, tukasz Czogalik, Michat Janik, Wiktoria Bartnikowska,

Sylwia Mielcarska, Dominika Kondot

This observation implies that the model excels at fac-
tual recall and information retrieval, laying a solid founda-
tion. However, it also underscores the room for improve-
ment in tasks demanding more intricate abstract reasoning
and critical thinking.

Upon further investigation into the differentiation
of questions into ‘clinical’ and ‘other’ categories, we find
a notable consistency in ChatGPT’s performance. With
a 51.65% accuracy rate in ‘clinical’ questions and a slightly
higher 55.56% in ‘other’ questions, the model’s ability to
furnish precise responses demonstrates uniformity across
these broad categories. In addition, in our study about
the Polish specialty exam in Radiology, the ChatGPT
achieved identical results of correct answers in both ques-
tion categories: clinical (54.55%) and physical (54.55%).
This uniformity holds significant promise for the model’s
versatility across diverse contexts, providing a valuable
aspect of its adaptability.

A closer examination of performance based on spe-
cific topics reveals a spectrum of accuracy. Some areas,
such as ‘immune system’ and ‘symptoms, exhibit relatively
high success rates, while others, including ‘genetics’ and
‘related to diseases, present formidable challenges. These
variations may be attributed to the rich diversity and in-
tricacy of medical knowledge, serving as a formidable test
for AT models like ChatGPT.

The results stemming from the Mann-Whitney U test
unveil an engaging correlation between question difficul-
ty and the model’s confidence. It is particularly striking
that ChatGPT exhibits increased confidence levels when
addressing more challenging questions. This adaptability
in confidence levels holds the potential to be a pivotal fea-
ture in enhancing the model’s practical utility.

However, it is of paramount importance to maintain
a balance between confidence and accuracy, thereby pre-
venting the model from becoming overly confident, espe-
cially in demanding scenarios.

It is also worth mentioning that the use of artificial
intelligence such as ChatGPT may have benefits as well
as risks. These may relate to the accuracy of the language
model’s response itself, as well as ethical issues. This prob-
lem also applies to its possible other applications, e.g. in
academic writing [11]. As yet, one has to be highly cau-
tious in its potential usage.

CONCLUSIONS

Based on the results provided, ChatGPT could not pass
the PES in allergology. The score of 52.54% did not meet
the minimum score threshold of 60%. Nevertheless, the
ChatGPT answered questions correctly with a signifi-
cantly higher difficulty index than the questions that the
ChatGPT answered incorrectly.

46

In addition, the ChatGPT scored more satisfactorily on
the ‘memory’ question category (60.34%), relative to the
‘comprehension and critical thinking” questions (45.00%).
A relatively high score was also achieved in the category
of questions on treatment (60.00%), signs and symptoms
(80.00%), and queries about the immune system (70.00%).

For 9 years (2009-2018), 426 people took the exam,
with 400 successful passers (93.9%) [12]. The study proves
that humans perform better at solving the test than the
proposed language model based on artificial intelligence.
However, further research is needed using the official
questions provided by the CEM, and testing the ChatGPT
on the pass rates of state examinations in allergy. This will
provide a more comprehensive understanding of the mod-
el and the characteristics of its performance in the topic
above. It should also be borne in mind that the technol-
ogy is improving all the time, ChatGPT is still learning
with LLM and its ability to solve the test should improve.
Undoubtedly, the development of artificial intelligence has
the potential to positively impact the work of allergolo-
gists, but this requires further work on the technology.
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