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ABSTRACT

Artificial intelligence (AI) may have a profound impact on traditional teaching in academic settings. Multiple concerns have been raised, especially related to using
ChatGPT for creating de novo essays. However, Al programs such as ChatGPT may augment teaching techniques. In this article, we used ChatGPT 3.5 to create 60
multiple choice questions. Author written text was uploaded and ChatGPT asked to create multiple choice questions with an explanation for the correct answer and
explanations for the incorrect answers. Unfortunately, ChatGPT only generated correct questions and answers with explanations in 32 % of the questions (19 out of
60). In many instances, ChatGPT failed to provide an explanation for the incorrect answers. An additional 25 % of the questions had answers that were either wrong or
misleading. A grade of 32 % would be considered failing in most courses. Despite these issues, instructors may still find ChatGPT useful for creating practice exams

with explanations—with the caveat that extensive editing may be required.
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Introduction

Artificial intelligence (AI) emerged as a disruptive technology in
multiple disciplines since the release of ChatGPT in 2022." ChatGPT is a
sophisticated Al language model developed by OpenAl. It can understand
and generate human-like text, making it capable of engaging in natural
and coherent conversations on a wide range of topics (note these prior two
sentences were written by ChatGPT). The large language model (LLM)
technology used by ChatGPT offers the potential to streamline routine
tasks including writing essays for college admissions and term articles for
humanities classes.” However, Al has also been proposed for teaching in
the STEM fields.

Similar to ChatGPT, other types of Intelligent systems have been
incorporated into STEM classrooms in higher education to facilitate
student learning. A systematic review of the use of Al in higher education
showed that Al has been implemented in classrooms to teach, grade,
provide feedback to students, in addition to supporting teachers in lec-
ture and classroom designs.®

A specific study conducted in 2013 used an Al Inquire Biology text-
book system that answers student questions and showed that Al use in the
classroom engaged students and improved learning outcomes.* Another
study showed the use of an intelligent tutoring system in medicine,

* Supported by NIH grants R21A1147168 and T32GM098308.

specifically dermatopathology. This study taught histopathologic diag-
nosis and reporting skills based on commonly used diagnostic algorithms.
The results indicated that the students benefited from the system and the
frequency of student errors were reduced.’

The use of Al to generate multiple choice questions has also been
explored previously. A study in 2006 created a program that could suc-
cessfully generate questions for Basque language exams.® The results
showed that this specifically designed system was able to generate proper
questions 80 % of the time. Another study in 2022 was able to design a
program that could take raw text as input and produce multiple choice
questions from the raw text.” This was accomplished by first having the
program process the text, summarize it, score topics, and then generate
multiple choice questions using the selected text. The actual generation
of the question involved the creation of a question stem followed by
generation of correct answers and incorrect answers, called distractors in
the study. Similar to the previously mentioned study, the authors focused
on a single topic (in this case computer science), but subsequently were
able to generate questions from any raw unedited text. The study was
able to show, using a similar approach, that Al can generate questions
from any inputted topic.” While the programs mentioned in these studies
did not provide explanations to the answer choices, they were able to
accurately generate acceptable questions from provided material.
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Students appreciate practice exams that can be used to study for their
actual exams. These practice exams have even greater utility when ex-
planations for answers are included as they reinforce correct thinking
patterns and provide support for why information in the incorrect an-
swers was wrong. However, creating these practice exams and answers
requires substantial faculty time. We investigated whether ChatGPT
could be used to create multiple choice questions along with explanations
of correct and incorrect choices for a graduate and medical school
immunology class.

Materials and methods

A series of self-learning guides for medical school immunology were
created in Microsoft Word. These guides covered several immunology
topics listed in Table 1. These self-learning guides were 4-12 pages long
and were written by medical students (SE and RR) and the senior author
(DR). A free account was established on the website https://beta.openai.
com/overview and used to log in (https://chat.openai.com/chat). The
study was done between January and February 2023 using the version of
ChatGPT available at that time (ChatGPT 3.5).

Once logged in the following steps were used to create multiple
choice questions:

1) The text and graphs from a single self-learning guide topic were
copied and pasted into the textbox and uploaded.

2) The following sentence was pasted into the textbox, exactly as writ-
ten: “Write 4 multiple choice questions with 4 answers and expla-
nations for the incorrect and correct answers.”

3) The multiple choice questions were then copied, pasted into word and
saved.

A total of 60 questions were generated using this format. The format
of the questions were reviewed using the National Board of Medical
Examiners guide.® These questions were then graded by four reviewers
(AN, SG, OP and DR) using with the following criteria: 1 = questions and
answers were correct requiring only minor formatting, 2 = questions and
answers would require substantial modifications in order to be appro-
priate, 3 = answers were incorrect or significantly misleading. The re-
sults are shown in Table 2. For a question to receive a score of 1 all four
reviewers needed to agree that the questions and answers were correct.
All questions and scores were reviewed by the senior author (DR). To
ensure rigorous evaluation of the questions, the worst score from any of
the reviewers was used for the final analysis. For questions requiring
substantial modifications in order to be useful (score = 2) were further
characterized in Table 3.

ChatGPT wrote the questions and answers in the figures and two
sentences in the introduction (noted in italics). The authors wrote the
remainder of the text.

Results

Overall ChatGPT failed to produce appropriate questions and answers

Table 1
Immunology topics used to
generate multiple choice questions.

Inflammation

Innate immunity

Vaccines

Antigen capture and recognition
Tolerance and autoimmunity

T cell immunity

Humoral immunity
Autoimmunity

Hypersensitivity
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Table 2
Reviewer scores. The questions and answers generated by ChatGPT were scored
using the defined criteria.

Score Defined criteria # %

1 Questions and answers were correct and may be 19/60 32%
used with only minor formatting

2 Questions and answers would require substantial 26/60 43 %
modifications to be appropriate

3 Answers were incorrect or significantly misleading 15/60 25 %

Table 3
Reasons why questions or answers were inappropriate.
Score Defined criteria # %
2.1 No explanations for incorrect answers 19/60 32%
2.2 Not enough detail in the explanation for the 4/60 7 %
incorrect answers
2.3 Question written as a negative question, i.e. which 3/60 5%

of the following is NOT a function

for an immunology course taught by faculty by the Department of Pa-
thology & Laboratory Medicine. An example of an appropriate question is
shown in Fig. 1. For this question, ChatGPT correctly wrote the question
stem, identified the correct answer, and provided a succinct yet detailed
explanation for the correct answer. Appropriate explanations were also
provided for each of the incorrect answers.

Only 32 % of the questions (19 out of 60) had correct answers and
explanations (Table 2). In virtually any class a test score of 32 % would be
considered a failing grade.

For 26 of the 60 questions (43 %), substantial modifications would be
necessary before the questions would be suitable for a practice exam. The
most common reason for a score of two occurred when ChatGPT failed to
provide explanations for the incorrect answers (19/60, Table 3). In these
cases, the question stem was constructed properly and the correct answer
was provided with an appropriate explanation. However, no explana-
tions were given for the incorrect answers. An example of such a question
is shown in Fig. 2. While there is no false information in this question, it
does not provide an educational opportunity for students to assess their
thought process that led them to an answer choice. If a faculty member
wants to use this question, they would need to manually write explana-
tions for each of the incorrect answers.

There were four questions where there was insufficient information in
the explanation for the wrong answer (Table 3). An additional three
questions required a “negative” response such as “Which of the following
is NOT a cardinal sign of inflammation” and these types of questions do
not comply with the guidelines from the National Board of Medical
Examiners.®

For those questions where ChatGPT failed to generate explanations
for the incorrect answers, attempts were made to give the program a
“second chance.” ChatGPT was asked again to write questions and pro-
vide answers based on the previously uploaded information. Invariably
just asking ChatGPT to generate new questions did not result in appro-
priate explanations for the incorrect answers. The only approach that
worked was to exit the program and start a new session. Even under these
circumstances the program would sometimes fail to generate appropriate
questions.

About 43 % of the time, ChatGPT produced questions that would
require substantial modification in order to be useful for professors and
students. Fig. 3 shows an example of such a question, that has nonspecific
or vague wording choices in the question stem and thus misleading
answer choices. This type of question can lend itself to have multiple
right answers without appropriate specificity of certain terms, such as the
type of T cells referred to in the question stem. As some of the answer
choices can be correct without appropriate context from the question, the
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What is a titer in an immunoassay?

A. The analyte

B. The strength of the antibody response
C. The colorless substrate

D. The labeled antibody
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Correct answer B The strength of the antibody response. Explanation: A titer quantifies the
strength of the antibody response in an immunoassay. It is determined by serial dilutions of the
patient's serum and the dilution that produces the same color intensity as the negative control is

the titer.

Incorrect answers explanations:

A. The analyte is the substance being detected in an immunoassay.

C. The colorless substrate is used in the detection system to produce a colored product that can

be quantified.

D. The labeled antibody is the antibody that is linked to a label such as an enzyme or a

fluorescent dye to detect the analyte.

Fig. 1. Example of correct answer and explanations generated by ChatGPT. Text generated by ChatGPT in response to the query “Write 4 multiple choice questions
with 4 answers and explanations for the incorrect and correct answers.” February 2023. Open Al

Which of the following is a mechanism of central tolerance?

a) Elimination of self-reactive B cells in peripheral tissues

b) Activation of regulatory T cells in response to self-antigens

c) Deletion of self-reactive T cells in the thymus

d) Suppression of autoantibody production by plasma cells

Answer: c) Deletion of self-reactive T cells in the thymus

Explanation: Central tolerance is a mechanism of immune tolerance that occurs during
development of T and B cells in primary lymphoid organs such as the thymus and bone marrow.
During central tolerance, self-reactive lymphocytes are eliminated or rendered non-functional
through processes such as clonal deletion (in the case of T cells) or receptor editing (in the case
of B cells). In the thymus, self-reactive T cells are deleted through negative selection, which
involves the recognition and elimination of T cells that recognize self-antigens presented by

thymic epithelial cells.

Fig. 2. Example of ChatGPT generated question where no explanations were provided for the wrong answers. Text generated by ChatGPT in response to the query
“Write 4 multiple choice questions with 4 answers and explanations for the incorrect and correct answers.” February 2023. Open Al

answer explanations provided in the question do not provide sufficient
clarification of the incorrect answer choices.

ChatGPT produced questions that would be deemed as completely
wrong in 25 % (15/60) of the questions. This could be due to either
having incorrect answers labeled as correct, correct answers labeled as
incorrect, or incorrect explanations. An example is shown in Fig. 4. In this
question, ChatGPT listed multiple correct answers but labeled all but one
as incorrect. ChatGPT recognized that all the answers were primary im-
munodeficiencies but simply chose one as “correct.” This type of question
would require the complete modification of the answer choices and ex-
planations to be useable.

Discussion

While ChatGPT failed to write appropriate questions, a legitimate

issue is whether using ChatGPT saves time. If 32 % of the questions
and answers can be used with only minor formatting, would just these
questions require less time than having the faculty member write new
questions? Without a formal time analysis study this question cannot
be answered definitively. It is our impression that even with 32 %
correct questions and answers it takes less time to review these for
accuracy than writing completely new questions. An alternative to
writing these questions would be to have students generate new
multiple choice questions. However, a recent article found that this
approach was not well received by medical students in a pathology
course.” A systematic review of the literature to evaluate the educa-
tional value of students writing multiple choice questions did not
reach definitive conclusions.'’

While the questions and answers could be used for practice exams,
they would also be suitable for the actual exams. Some classes do not
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Which of the following cells is responsible for presenting antigens to T cells in the context of

MHC molecules?

A) Dendritic cells

B) B cells

C) Natural killer cells
D) Eosinophils

Answer: A) Dendritic cells

Correct Answer Explanation: Dendritic cells are the most efficient antigen-presenting cells
(APCs) and play a crucial role in initiating T cell responses. They take up antigens from the site
of infection or inflammation, process them, and present them to T cells in the context of major

histocompatibility complex (MHC) molecules.

Incorrect Answer Explanation

B) B cells are also APCs, but their primary function is to present antigens to helper T cells in
order to receive signals for differentiation and antibody production.
C) Natural killer cells do not express MHC class Il molecules and are not capable of presenting

antigens to T cells.

D) Eosinophils are not professional APCs and are not involved in antigen presentation.

Fig. 3. Unacceptable question because of non-specific wording or difficult to understand rationale. Text generated by ChatGPT in response to the query “Write 4
multiple choice questions with 4 answers and explanations for the incorrect and correct answers.” February 2023. Open Al

Which of the following is a rare primary immunodeficiency caused by genetic defects?

a) Severe Combined Immunodeficiency
b) Chediak-Higashi Syndrome

c) X-linked agammaglobulinemia

d) DiGeorge Syndrome

Correct answer: b) Chediak-Higashi Syndrome

Explanation: Chediak-Higashi Syndrome is a rare primary immunodeficiency caused by genetic defects
that result in phagocytes not fusing vesicles to form phagolysosomes, leading to increased bacterial

infections.

Wrong answers: Severe Combined Immunodeficiency, X-linked agammaglobulinemia, and DiGeorge
Syndrome are also primary immunodeficiencies, but they are caused by different genetic defects.

Fig. 4. Example of ChatGPT question with incorrectly labeled answers. Text generated by ChatGPT in response to the query “Write 4 multiple choice questions with 4
answers and explanations for the incorrect and correct answers.” February 2023. Open AL

release exam questions to spare faculty the time needed to write appro-
priate multiple choice questions each year. This could be eliminated if
ChatGPT wrote these questions which only needed to be reviewed by the
faculty for accuracy.

Aside from it's usefulness as tool for professors to generate exam
questions, ChatGPT may also be used by students. Practice questions are
a popular study tool among students as they can help gauge a student's
understanding of the material while simulating a testing environment.'’
ChatGPT generation of questions with explanations of the incorrect and
correct answers offers a great method for students to prepare for exams.
Past studies have shown that learning through AI received positive
feedback from students who felt that Al increased communication in
learning.'?> However, ChatGPT's current accuracy in generating clear
questions and accurate answers explanations can be of concern. Since
25 % of the time ChatGPT generated questions with vague or confusing
question stems and poor explanations of the answer choices, this study
tool may not be entirely viable. These types of misleading questions may
create further confusion about the topics, especially since the students
have not gained expertise and they may not be able to find errors in the
questions. These types of concerns were brought up in a study by
Adamson et al., that showed the use of an Al system to facilitate student
learning discussions. The study showed that the effectiveness of the Al in
aiding the students was dependent upon the difficulty of the material

(whether it was new material or review).'> With newer versions of

ChatGPT being released from feedback from users, if the system becomes
more accurate in generating the questions and answers, it may be a good
study tool for the students.

As with any new tool, there may be concerns about the ethics of using
Al in education. One key concern is violation of privacy. In order to be
optimized, the Al program may analyze students’ personal data to better
adapt to their learning techniques.'* While this may be beneficial for
developing the best study plans for students, this may also be considered
a violation of personal information. There have been growing concerns
about whether or not the usage of ChatGPT by students to write academic
essays.'® Caution is needed when integrating Al programs into the
classroom to avoid such ethical conundrums. When creating assessments
this should not be a concern since personalized data would not be
utilized.

Limitations

The most important limitation of this study is that AI relentlessly
improves and newer versions of ChatGPT, or Bard from Google (another
Al program), may produce better questions and answers. It should be
noted that we did not ask ChatGPT to generate questions from the
internet of knowledge. We uploaded the information that should be used
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to create the questions, rather than asking for questions based on a
specific topic, i.e. write four questions about transplant immunology.
Better questions and answers may have been generated if ChatGPT were
allowed more freedom. Our approach was used because students are
responsible for the information presented in class and assigned readings
with multiple choice exam questions rather than the internet of
knowledge.

Conclusion

ChatGPT may be useful for writing appropriate multiple-choice
questions for practice exam. These questions would include explana-
tions for the correct and incorrect answers. The teaching faculty will need
to carefully review the generated questions to ensure that the answers
and explanations are correct. Future directions: New versions of Al will
produce better results. Generating actual exams based on course content
may be done more easily.
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