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ABSTRACT

Background: There has been a growing interest in using artificial intelligence (Al) generated multiple choice questions
(MCQs) to supplement traditional assessments. While Al claims to generate higher-order questions, few studies focus on
undergraduate medical education assessment in Pakistan.

Objective: To compare the quality of human-developed versus ChatGPT-4-generated MCQs for the final-year MBBS
written MCQs examination

Methods: This observational study compared ChatGPT-4-generated and human-developed MCQs in four specialties:
Pediatrics, Obstetrics and Gynecology (Ob/Gyn), Surgery, and Medicine. Based on the table of specifications, 204 MCQs
were ChatGPT-4-generated and 196 MCQs were retrieved from the question bank of the medical college. ChatGPT-4-
generated and human-generated MCQs were anonymized and MCQs quality was scored using a checklist based on the
National Board of Medical Examiner criteria. Data was analyzed using SPSS version 23 and Mann-Whitney U and Chi
square tests were applied.

Results: Out of 400 MCQs, 396 MCQs were included in the final review as four MCQs were not according to the table of
specification. Total scores were not significantly different between human-generated and ChatGPT-4 generated MCQs
(p=0.12). However, human-developed MCQs performed significantly better than ChatGPT-4-generated MCQ in
Ob/Gyn (p=0.03). Human-developed MCQs scored better than ChatGPT-generated MCQs in the item checklist “stem
includes necessary details for answering the question’” in Ob/Gyn and Pediatrics (p < 0.05) as well as in "Is the item
appropriate for cover the options rule™? in Surgery.

Conclusion: ChatGPT-4 has the potential to assist in medical examination MCQ development using a well-structured and
specific prompting. However, ChatGPT-4 has limitations where in depth contextual item generation is required.
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INTRODUCTION

In contemporary medical education, the quality of
assessment  tools, particularly  multiple-choice
questions (MCQs), plays a pivotal role in evaluating

and provide objective grading criteria, ensuring
fairness and consistency.*

It is essential for educators to create well-crafted
MCQs that challenge students to think critically and
apply their knowledge in real-world scenarios. These
questions not only assess students' understanding of
complex medical concepts and identify areas for
improvement, but they also encourage deeper
engagement by pushing students to synthesize
knowledge and improve their critical thinking skills.?

With advancements in artificial intelligence (Al),
particularly the emergence of powerful language
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models like ChatGPT, there is growing interest in
utilizing Al-generated MCQs to supplement the
traditional question banks. Al-generated MCQs have
the potential to provide personalized and adaptive
learning experiences for students. This can be of help
to enhance student engagement and to improve the
retention of information.® Moreover; Al-generated
MCQs can save teachers’ time by automating the
process of generating and grading assessments.*

Previous studies have shown that ChatGPT can solve
higher-order questions, including those in the United
States Medical Licensing Examination (USMLE).
This indicates that the ChatGPT programming
includes cognitive aspects such as logic and
reasoning. However, evidence of Al's abilities to
produce reasoning-based MCQs is still not available.®

Due to the significance of MCQs in medical
education, it is vital to evaluate and compare the
quality of Al-generated MCQs with those crafted by
humans. Such evaluation would provide insights into
the strengths and weaknesses of Al as an automated
MCQ generator for undergraduate MBBS theory
exams.

The use of Al-generated MCQs in undergraduate
medical education in Pakistan is yet to be
investigated. Farida et al. stated that faculty-created
MCQs outperformed the ChatGPT-developed MCQs
for a postgraduate program.® However, the details of
the prompts were unclear, leaving a gap in
understanding the methods used. The purpose of this
study was to compare the quality of human-generated
MCQs versus ChatGPT-4 generated MCQs for the
final year MBBS written MCQs exam, based on
National Board of Medical Examiners (NBME)
guidelines. The MCQs were generated using a
systematic approach, including contextual prompting
and re-prompting.’

METHODS

The study used an observational design to compare
GPT-4-generated MCQs to those crafted by human
experts for final-year MBBS theory examinations

based on National Board of Medical Examiner
(NBME) recommendations for four specialties:
Pediatrics, Obstetrics/Gynecology (Ob/Gyn),

Surgery, and Medicine. The study was completed in
three  months (June — August, 2024) and was
conducted at Liaquat National Hospital & Medical
College, Karachi. To ensure a representative and
unbiased selection of MCQs, each specialty used the
Table of Specifications (TOS) established by

concerned department faculty in consultation with the
examination department. All MCQs were selected
from mid-term and pre-professional final-year MBBS
examination papers, administered during the previous
three years (2021-2023), with the provision that the
questions followed the TOS.

The sample size for MCQs was calculated using the
OpenEpi calculator, based on 85% confidence
interval and 80% statistical power.®2 The initial
calculation resulted in a sample size of 362 MCQs.
To ensure equal representation of the four specialties
(Pediatrics, Ob/Gyn, Surgery, and Medicine), the
sample size was adjusted to 400 MCQs, with 100
questions selected from each specialty. This
adjustment allowed for a balanced comparison of
ChatGPT-4 and human-generated MCQs in each
field while maintaining statistical rigor.

Steps involved in data collection:

The examination department approved the
selection and coding of 50 MCQs that aligned
with the TOS for each specialty from the existing
question bank. However, 50 MCQs from
Ob/Gyn, 50 from Surgery, 47 from medicine,
and 49 from Pediatrics were retrieved.

ChatGPT-4 was prompted to generate the
remaining MCQs per specialty by attaching
TOS. Number of questions generated were 50
from Ob/Gyn, 50 from surgery, 53 from
Medicine and 51 from Pediatrics. This study
used contextual prompting to guide the Al to
generate MCQs.® Contextual prompt provides
detailed guidance, and have been demonstrated
to enhance task-specific outcomes.” In our case,
we specified the subject (e.g., Surgery), TOS,
level of the learner (final year MBBS), number
of questions required, and cognitive level of the
questions (application-based).

This structured approach for prompting ensured
the generation of relevant and targeted MCQs for
our study. For example, for Surgery, the initial
prompt used was “Based on attached Surgery
TOS for final year MBBS, generate (Number of
questions) application based MCQs”. As a result
of this prompt, the created MCQs included 5
options. The prompt was further refined as
“Based on attached Surgery TOS for final year
MBBS, generate (Number of questions)
knowledge application based MCQs. Give 4
options for each MCQ”. Similar steps were used
for the other 3 subjects i.e. Ob/Gyn, Pediatrics,
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and Medicine. The ChatGPT-4 response and the
sample of MCQ generated as a result of the
prompt is presented in Figure 1.

Both ChatGPT-4 and human-generated MCQs
were anonymized and coded to maintain
evaluator blindness during the faculty review
process.

To assess the quality of ChatGPT-4 generated
and human-constructed MCQs, a review
checklist based on NBME guidelines was
developed. The checklist consisted of 15
statements with a ‘yes’ or ‘no’ option for each
statement. One mark was given for ‘yes’ while
‘no’ received zero. The maximum total score
was fifteen (15). Three medical educationists
examined and finalized the checklist to ensure its
accuracy and relevance.

A review team of faculty members (three subject
specialists, from each discipline and one medical
educationist) was then invited to participate in
the evaluation process. Using the checklist each
team evaluated the MCQs (ChatGPT-4-
generated and Human-developed) of their own
discipline. The overall process of data collection
is shown in Figure 2.

ChatGPT-4 Response

The provided Table of Specification (TOS) outlines topics and
subtopics along with their classification into diagnosis,
investigation, treatment, pathophysiology, and prevention for a
General Surgery exam. Based on this information, | will generate
knowledge application-based MCQs covering a broad range of
topics from the table.

MCQ 6:

A 65-year-old woman presents with sudden onset of severe
abdominal pain radiating to the back. She has a history of
hypertension and smoking. On examination, her abdomen is
tender with guarding and decreased bowel sounds. What is the
most likely diagnosis?

A. Acute pancreatitis

B. Peptic ulcer perforation
C. Mesenteric ischemia
D. Aortic dissection

Correct Answer: C. Mesenteric ischemia

Figure 1: ChatGPT-4 response to the prompt and Sample MCQ
generated

The Shapiro-Wilk test confirmed the data was not
normally distributed, prompting the use of the Mann-
Whitney U test to compare total scores of ChatGPT-
4-generated and human-generated MCQs overall and
by subject. Chi-square and Fisher’s exact tests were
employed to compare individual items across
Surgery, Medicine, Ob/Gyn, and Pediatrics.

Final year MBBS Subjects

/—\ included in the study
Ob/Gyn

Resources Pediatrics
utilized Surgery
1) Examination Medicine
Department
Table of
Speciication 400 MCQs Collected
g ga:ts %O;T?j nk 100 from each subject
(100x4=400)
N
w—/
MCQ review checklist
developed

([ Formation of MCQs Review )
Panel
(3 subject specialist & 1

medical educationist)

MCQs reviewed using
4MCQS  |sessunes checklist
Excluded p

Comparative Analysis of
human crafted vs chatGPT-4
generated MCQs

Figure 2: Sequential steps employed in the research
process

RESULTS

A total of 400 MCQs were initially selected for
analysis. However, four MCQs that did not align with
the TOS were excluded leaving 396 MCQs across
Surgery, Medicine, Ob/Gyn, and Pediatrics for the
final analysis. The distribution of questions is shown
in Table 1.

Table 1: Distribution of ChatGPT-4 and human-
developed multiple choice questions (MCQs)
across different subjects

Ethical approval

Ethical approval for this study was obtained from the
Liaguat National Hospital Ethical Review Board
(1034-2024-LNH-ERC). Confidentiality and safe
data storage were strictly observed throughout the
process.

Statistical Analysis

Data analysis was performed using SPSS version 23.

Subjects MCQs generated by
ChatGPT-4 Human Total
(n) (n) (n)
Ob/Gyn 48 48 96
Surgery 50 50 100
Medicine 53 47 100
Pediatrics 51 49 100

Ob/Gyn=0bstetrics/ Gynecology

No significant difference was observed in the total
scores for the ChatGPT-4-generated and human-
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developed MCQs (p=0.12). However, in subject-
specific comparisons, a significant difference was
found in Ob/Gyn MCQs (p=0.03), while no
significant differences were found in other subjects
(Table 2). The difference between ChatGPT-4 and
human-generate MCQs in the four subjects are shown
in tables 3 and 4. For the item ‘Does the stem include
details necessary for answering the question?’

significant differences were observed in the MCQs of
Ob/Gyn and Pediatrics (p-values<0.05). Pediatric
MCQs also had significant differences for the items
‘Is the stem structured as a vignette’ and ‘Are they
similar in length and parallel in structure?” (p-values
<0.05). Human-developed MCQs performed better
on the item °‘Is the item appropriate for the "cover the
options rule"?” for Surgery MCQs (p-value=0.04).

Table 2: Comparison of the total scores of item review checklist between using ChatGPT-4 and human-

developed multiple choice questions (MCQs)

Subjects MCQs Generated By

ChatGPT-4 Human

Median (IQR) Median (IQR) U value p-value
Ob/Gyn 13 (11-15) 14 (13-15) 869.5 0.032*
Surgery 12 (11-13) 12(11-15) 1245 0.972
Medicine 13 (11-15) 12 (10-14) 1089 0.273
Pediatrics 12 (10-14) 14 (11-15) 1005 0.086
Combined score 13 (11-14) 13 (11-15) 17848 0.120

Mann-Whitney U was applied. *p-value <0.05 is statistically significant. Ob/Gyn=0bstetrics/ Gynecology

Table 3: Comparison of individual item scores between Al-generated using ChatGPT-4 and human-
developed multiple choice questions (MCQs) in Obstetric-Gynecology and Surgery

Obstetrics and Gynecology Surgery
MCQs by MCQs by
No/ Al Human No/ Al Human
Yes  (n=48) (n=48) Yes  (n=48) (n=48)
n(%) n(%) p-value n(%) n(%) p-value

Is the stem structured as a vignette No 16 (33) 11 (23) No 14 (28) 18 (36)

Yes  32(67) 37(77) 0.364 Yes 36(72) 32 (64) 0.521
Does the stem include details No 24 (50) 11 (23) No 26 (52) 19 (38)
necessary for answering the question?  Yes 24 (50) 37 (77) 0.010*  Yes 24 (48) 31 (62) 0.228
Is the scenario written in simple and No 7 (15) 4(8) No 1(2) 3(6)
clear language Yes 41 (85) 44 (92) 0.5232 Yes 49 (98) 47 (94) 0.6172
Is the lead-in given as a question or No 3(6) 1(2) No 1(2) 11 (22)
completion statement format? Yes  45(95) 47 (98) 0.6172 Yes 49 (98) 39 (78) 0.004*2
Is the lead-in aligned with the No 11 (23) 7 (15) No 3(6) 10 (20)
scenario and options? Yes 37 (77) 41 (85) 0.433 Yes 47 (94) 40 (80) 0.0712
Avre they homogeneous in contentand ~ No 3(6) 24 No 7(14) 13 (26)
phrasing? Yes 45 (94) 46 (96) 12 Yes  43(86) 37 (74) 0.211
Avre they similar in length and parallel  No 2(4) 24 No 7(14) 8 (16)
in structure? Yes 46 (96) 46 (96) 12 Yes 43 (86) 42 (84) 1
Does each follow the lead-in both No 0 1(2) No 11 (22) 12 (24)
grammatically and logically Yes 48 (100) 47 (98) 1 Yes 39(78) 38 (76) 1
Avre they plausible? No 9 (19) 5 (10) No 8 (16) 8 (16)

Yes  39(81) 43 (90) 0.386 Yes 42 (84) 42 (84) 1
Is the mentioned key correct? No 10 (21) 6 (13) No 23 (46) 16 (32)

Yes  38(79) 42 (88) 0.412 Yes 27 (54) 34 (68) 0.218
Does it test the application of No 17 (35) 11 (23) No 11 (22) 19 (38)
knowledge rather than recall of Yes  31(65) 37 (77) 0.261 Yes 39(78) 31 (62) 0.126
isolated facts
Is the item appropriate for the "cover No 4(8) 3 (6) No 28 (56) 17 (34)
the options rule™? Yes  44(92) 45 (94) 12 Yes 22 (44) 33 (66) 0.044*
Is the item positively framed and No 0 0 No O 3(6)
avoid words like not, except? Yes  48(100) 48(100) NA Yes 50(100) 47 (94) 0.2422
Is the item free of words like usually, No 0 1(2) No 0 2(4)
always, never, rarely, all of the above, Yes 48 (100) 47 (98) 12 Yes 50(100) 48 (96) 0.4952
none of the above?
Is the item free of grammatical errors No 0 0 No 1(2) 6 (12)

Yes  48(100) 48(100) NA Yes  49(98) 44 (88) 0.112%

Chi-square test was applied. 2Fisher’s Exact test applied where cell count is less than 5. *p-value <0.05 is statistically significant.

Al=artificial intelligence, NA=not applicable
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Table 4: Comparison of individual item scores between Al-generated using ChatGPT-4 and human-
developed multiple choice questions (MCQs) in Medicine and Pediatrics

Medicine Pediatrics
MCQs by MCQs by
No/ Al Human No/ Al Human
Yes  (n=48) (n=48) Yes  (n=48) (n=48)
n(%) n(%) p-value n(%) n(%) p-value

Is the stem structured as a vignette No 5(9) 10 (21) No 18 (35) 8 (16)

Yes  48(91) 37 (79) 0.159 Yes  33(65) 41 (84) 0.04*
Does the stem include details necessary  No 23 (43) 11 (23) No 29 (57) 14 (29)
for answering the question? Yes 30 (57) 36 (77) 0.056 Yes 22 (43) 35 (71) 0.005*
Is the scenario written in simple and No 24 14 (30) No 9 (18) 5(10)
clear language Yes  51(96) 33 (70) 0.001** Yes 42(82) 44 (90) 0.390
Is the lead-in given as a question or No 2(4) 6 (13) No 2(4) 2(4)
completion statement format? Yes 51 (96) 41 (87) 0.1432 Yes 49 (96) 47 (96) 1
Is the lead-in aligned with the scenario No 11 (21) 9(19) No 5(10) 3 (6)
and options? Yes  42(79) 38 (81) 1 Yes 46 (90) 46 (94) 0.7152
Are they homogeneous in content and No 14 (26) 11 (23) No 10 (20) 8 (16)
phrasing? Yes 39 (74) 36 (77) 0.819 Yes  41(80) 41 (84) 0.796
Are they similar in length and parallel No 6 (11) 7 (15) No 0 6 (12)
in structure? Yes  47(89) 40 (85) 0.767 Yes 51(100) 43(88) 0.012*2
Does each follow the lead-in both No 6 (11) 24 No 3 (6) 1(2)
grammatically and logically Yes 47 (89) 45 (96) 0.2762 Yes  48(94) 48 (98) 0.618?
Are they plausible? No 16 (30) 14 (30) No 11 (22) 8 (16)

Yes  37(70) 33 (70) 1 Yes 40 (78) 41 (84) 0.613
Is the mentioned key correct? No 9(17) 11 (23) No 18 (35) 11 (22)

Yes  44(83) 36 (77) 0.461 Yes  33(67) 38 (78) 0.189
Does it test the application of No 14 (26) 17 (36) No 28 (55) 22 (45)
knowledge rather than recall of isolated  Yes 39 (74) 30 (64) 0.387 Yes  23(45) 27 (55) 0.424
facts
Is the item appropriate for the "cover No 23 (43) 25 (53) No 21 (41) 11 (22)
the options rule"? Yes  30(57) 22 (47) 0.423 Yes  30(59) 38 (78) 0.055
Is the item positively framed and avoid ~ No 0 1(2) No 0 0
words like not, except? Yes  53(100) 46 (98) 0.4702 Yes  51(100) 49(100) NA
Is the item free of words like usually, No 1(2) 0 No 0 0
always, never, rarely, all of the above, Yes 52 (98) 47 (100) 1@ Yes  51(100) 49(100) NA
none of the above?
Is the item free of grammatical errors No 0 7 (15) No 0 0

Yes  53(100) 40 (85) 0.004*® Yes  51(100) 49(100) NA

Chi-square test was applied. 2Fisher’s Exact test applied where cell count is less than 5. *p-value <0.05 is statistically significant.

Al=artificial intelligence, NA=not applicable

DISCUSSION

This study compared the quality of MCQs generated
by ChatGPT-4 and those developed by humans. The
human-developed MCQs performed significantly
better in Ob/Gyn and provided better stem details
across Ob/Gyn and Pediatrics. The findings from this
study highlight the strengths and limitations of both
ChatGPT-4 and human-generated MCQs in medical
education, particularly in the context of final-year
MBBS written MCQs examination. Our study
demonstrates mixed results as regards to the ability of
Al tools, such as ChatGPT-4, to generate MCQs that
are comparable to human-developed questions.

Our findings revealed no significant difference in
total scores between ChatGPT-4 and human-
generated MCQs across three out of four specialties

(Surgery, Medicine, and Pediatrics), implying that the
ChatGPT-4-generated questions are more broadly
comparable to those created by human experts in
terms of overall item quality. A study by Ahmed et
al. also concluded that ChatGPT can create good-
quality examination questions if criteria is defined
and instructions given to ChatGPT are clear.® This
could be attributed to the use of a rigorous strategy of
prompting and re-prompting to develop the Al-
generated MCQs in our methodology.'° In a study by
Rezigalla, when the prompt was simple, the questions
were direct and none of the stems had scenarios or
vignettes.!!

In the Ob/Gyn subject, human-generated MCQs had
a higher total score on the review checklist than
ChatGPT-4-generated MCQs with a p-value of 0.03.
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This highlights the importance of domain expertise in
humans, particularly in terms of their experience and
deep cognitive skills for developing high-quality
MCQs.??

In Ob/Gyn and Pediatrics MCQs, ChatGPT-4 could
not meet the quality requirement of “Does the stem
include details necessary for answering the
question?” These results suggest that ChatGPT-4,
while proficient in generating technically correct
content, often lacks the depth required to formulate
questions.  This aligns with prior research
highlighting AI’s limitations in generating content
that requires an in-depth understanding. A study on
generating MCQs of medical physiology, all the Als
models used were unable to generate a considerable
number of MCQs that assessed reasoning ability. ™

Human-generated MCQs were better in the score for
““Is the item appropriate for the ‘’cover the options
rule’>?” on our checklist in the subject of surgery.
This rule means that stem and lead-in contain
sufficient information for content experts to answer
questions without relying on the options. Human
experts, with their contextual understanding, are
better at crafting stems that meet this requirement,
which aligns with previous research emphasizing the
importance of well-structured stems for assessing
higher-order cognitive skills.** In contrast, Al, while
proficient in generating structurally correct questions,
often lacks the depth needed to ensure well-
developed stems, which is consistent with studies
showing AI’s limitations in creating complex,
context-driven questions.’® A study by Cheung et al.
found significant differences between ChatGPT-4
and human-developed MCQs in the relevance
domain and highlighted ChatGPT’s limitation in
generating relevant clinical scenarios.®

The performance of ChatGPT-4-generated MCQs
was better than human-developed questions in the
items: “Are the options similar in length and parallel
in structure?”, “Is the lead-in given as a question or
completion statement format?” and “Is the scenario
written in simple and clear language” reflects the
potential strengths of ChatGPT-4 in specific aspects
of question design that require mechanical
consistency  rather  than  detailed  content
understanding. The potential of Al to handle such
aspects of MCQ generation with greater consistency
has been supported by studies showing that Al
systems can reduce human error in repetitive
tasks.’®'7 In a similar study on  generating

programming education MCQs, authors concluded
that the Al-generated MCQs provided sufficient
information in clear language.®

The strength of this study is its sample size across
four specialties being assessed in final year MBBS
examination.

Limitations of the study

The study has several limitations that must be
considered. It focused on final-year MCQs only,
limiting the generalizability of the findings to other
phases of medical schools. Moreover, although our
checklist was based on NBME item writing flaws;
while analyzing, we felt that it should also have more
items relevant to the overall quality of MCQs in
terms of the complexity of the scenario, alignment
with the objectives, and difficulty level targeting
specific learners. Lastly, our focus was mainly on
assessing quality of the MCQs with no evidence from
item responses on the actual test. Psychometric
analysis of test items will further enhance the
evidence of the utility of ChatGPT-4 in MCQ
development.

CONCLUSION

ChatGPT-4 has the potential to assist medical
examination multiple choice questions development
to ensure high quality assessments, when carefully
used. ChatGPT-4 can generate large volumes of
questions quickly, using well-structured and specific
prompting for effective item generation. Its
limitations in generating content that requires an in-
depth understanding is further highlighted by this
study. Additional researches are required to explore
additional applications and other limitations of the
flourishing artificial intelligence platforms.
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