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ABSTRACT

e We developed a customized LLM-enabled
system using GPT-5 and a multimodal workflow

Introduction: The Canadian Undergraduate to generate MCQs and flashcards directly from

Urology Curriculum (CanUUC) is a free, CanUUC slide decks.
online curriculum that covers important topics e The generated items were generally of good
in urology for medical students. While quality, with strong adherence to item-writing

standards, but a proportion still required
mandatory or optional revisions.
e Expert review is essential to identify flaws and
education, they can be resource-intensive and improve the quality of educational items before

time-consuming to produce. Therefore, to inclusion into the curriculum.

strengthen the CanUUC with such tools, we e Our model offers a scalable option to develop
i ’ learning tools adapted to student preferences.

developed a customized large language model

multiple-choice questions (MCQs) and
flashcards are widely used for medical
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(LLM)-enabled system to generate MCQs and flashcards from CanUUC material and evaluated
the quality of its outputs.

Methods: We used OpenAl’s GPT-5 model and refined two system prompts to generate
educational materials from two CanUUC topics (benign prostatic hyperplasia and urolithiasis).
Six evaluators blinded to items’ origin were involved, and each item received two independent
ratings for relevance, correctness, clarity, distractor quality, and suitability for education. Items
with a mean score <3 on the suitability for education evaluation domain were excluded. Results
were summarized descriptively.

Results: Ninety items, including 40 MCQs and 50 flashcards were generated. Among flashcards,
22% allowed >1 plausible answer. Across all independent ratings, the proportion of top scores
(4-5) ranged from 85.5-90.5% across all domains. Overall, 86.1% of independent ratings judged
items suitable for medical education. When averaging the suitability score at the item-level, 12
items (13%) had a score <3 and were excluded. Mandatory (8%) and optional (27%) adjustments
were suggested to refine items’ clarity and correctness. From the initially generated items, 87%
were included in the CanUUC.

Conclusions: Our customized system can produce curriculum-aligned MCQs and flashcards that
meet item writing standards and are mostly suitable for medical education. Expert review is
essential to identify flaws and improve quality before inclusion into the curriculum.

INTRODUCTION

Urologic complaints are common in primary care and emergency settings, making adequate
undergraduate exposure important for all future physicians.! To help address gaps in Canadian
undergraduate urology education, urologists from the Canadian Urological Association (CUA)
developed the Canadian Undergraduate Urology Curriculum (CanUUC), a free online resource
that provides PowerPoint slides and educational podcasts covering 10 core urology topics.

Our previous work showed that the CanUUC is not widely known, with only 6% of
surveyed Canadian medical students being aware of its existence and only 4.3% having used it,
suggesting a need for more engaging resources aligned with students’ preferences.? For example,
multiple-choice questions (MCQs) and electronic flashcards are recognized as a common
learning tools in health professions education and may represent a valuable addition to the
curriculum.*

However, developing high-quality MCQs and flashcards is time-consuming. Large
language models (LLMs) have emerged as a promising technology in medical education for their
ability to rapidly generate learning materials.” LLMs are artificial intelligence (Al) systems
trained on very large datasets to recognize patterns in language and generate contextually
relevant output in response to a prompt.®’ In medical education, studies have shown that, when
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guided by thoughtful prompt engineering, these models can generate clinically relevant questions
and educational content.®’

While promising, the literature emphasizes important limitations, including
hallucinations, bias, misinformation, and the need for expert oversight when used in educational
contexts.” ' As such, we developed and evaluated a customized LLM-enabled system designed
to generate MCQs and flashcards directly from CanUUC slides, and assessed the quality and
curricular alignment of the resulting outputs.

METHODS
This study was reported in accordance with the Development, Evaluation, and Assessment of
Large Language Models-B (DEAL-B) checklist, which was selected because the project focused
on the evaluation of an LLM for practical educational content generation through focused
prompt engineering, rather than on in-depth model modification.!" After consultation with
Université de Montréal ethics committee, ethics approval was deemed not required for this study.
CanUUC Background Information and prompts

We obtained consent from the CUA undergraduate education committee and encoded the
slides for each CanUUC topic as individual images, which were then converted into a structured
multimodal message (Figure 1). Each CanUUC topic and its corresponding slide deck served as
the background information (preamble) used for item generation. We initially developed two
separate system prompts based oft Kim et al.’s prompting strategy and best practices in flashcard
and MCQ design, including the Medical Council of Canada MCQ writing guidelines.'? '* They
were then iteratively refined through internal testing and quality assessments by the study
authors (N.B., T.L., O.Z.). Prompt #1 was tuned to generate flashcards, with question-answer
pairs for spaced repetition learning (Appendix 1), while prompt #2 was tuned for case-based
MCQs (Appendix 2). Both prompts instructed the model to generate educational materials
exclusively from the selected CanUUC topic and to include appropriate source attribution in the
form of slide numbers.

Large language model and item generation

We developed a frontend application that enabled selection of a CanUUC topic from a drop-
down menu and leveraged OpenAl’s GPT-5 model via the OpenAl Responses Application
Programming Interface (API).'* Every generation request consisted of 1) the system prompt
(MCQs or flashcards), 2) a multimodal preamble containing background information from the
selected CanUUC slide deck, and 3) a brief, configurable human request specifying the number
of items to generate. We did not employ retrieval-augmented generation (RAG), external tools
such as web search, or multi-agent workflows. Detailed LLM characteristics are presented in
Appendix 3.
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Adherence to item-writing guidelines’ evaluation

The LLM’s adherence to standard item-writing guidelines was assessed using a checklist applied
at the item level conducted by a single evaluator (M-L.L.). For each item, the presence of
question stem, correct answer, explanation, slide reference and exactitude of slide reference was
recorded. Specifically, for MCQs the presence of four response options was also assessed. We
further sought to identify the presence of common item writing flaws (i.e. negative form stems,
“All/None of the above” options, obviously different key length, presence of a Boolean (yes/no)
response or more than one plausible correct answer). Percent adherence was reported separately
for MCQs and flashcards.

Evaluation tool development

An evaluation form was designed and adapted based on the assessment tool developed by
Cheung et al. to assess the quality of our LLM-generated MCQs and flashcards.!> The evaluation
form aimed to assess five core domains, including (1) the relevance of the item for the topic it’s
intended to cover, (2) the factual correctness and (3) clarity of the question, correct answer and
explanation, (4) the quality of the distractors (i.e. false answer options), and (5) the suitability of
the item for educational purposes. For the flashcard’s evaluation form, the “quality of the
distractors” domain was not included due to the nature of their format. For all domains, 5-point
Likert scales were used, except for the suitability for education (i.e. response to the question
“How suitable is this question as it is for a third-year medical student looking to prepare for his
urological clerkship?”’), where a 4-point Likert scale with no neutral option (1 = not suitable at
all; 4 = very suitable) was utilized. Open-ended questions for improvements were completed if
“17, “2” or “3” scores were selected for Correctness or Clarity domains.

Evaluation process

A group of six evaluators was formed, including four attending urologists and two urology
residents. Each item was independently reviewed by two qualified evaluators who were blinded
to the fact that the items were Al-generated. Items were equally distributed across pairs of
evaluators, with each pair including a fully trained urologist. The surveys were distributed to
evaluators from November 14" to December 31%, 2025. Evaluation data was collected and
managed using the Research Electronic Data Capture (REDCap) tools hosted at Université de
Montréal Health Center.'® 7 Each item was hosted with the full evaluation form displayed
directly beneath it.

Statistical analysis

Descriptive statistics were used to summarize the data. Score frequencies and the model’s
adherence to item generation guidelines were presented as percentages. The evaluation ratings
are reported in terms of median and interquartile ranges (IQR) scores for the overall items and
stratified by item format (MCQ or flashcard) and topic (BPH or urolithiasis). For the suitability
for medical education analysis, we report the proportion of individual ratings and computed an
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item-level mean suitability score by averaging both reviewer ratings per item (i.e. mean score for
the evaluation question “How suitable is this question as it is for a third-year medical student
looking to prepare for his urological clerkship?”). Items with a mean suitability score > 3 were
retained, while items with a mean < 3 were excluded. Free-text comments accompanying low
scores were used to guide targeted edits to retained items.

RESULTS

Items and reviewers’ characteristics

We generated 90 items in total: 45 on benign prostatic hyperplasia (BPH) and 45 on urolithiasis,
with each topic including 25 flashcards and 20 MCQs. Six reviewers (4 attending urologists, and
2 PGY-2 residents) were organized as three independent reviewer pairs with each reviewer
evaluating 30 items, and each item receiving two independent ratings for a total of 180 individual
item ratings (Table 1).

Chatbot adherence to item-generation guidelines

All generated items (MCQs and Flashcards) included a question stem, an explicit correct answer,
an explanation and slide references. All MCQs additionally contained four response options.
Regarding MCQs, 100% (40/40) of slide references correctly referred to a relevant slide, in
comparison with 94% (47/50) for flashcards. Common item-writing flaws were rare: “All/None
of the above” options, negative-form stems and obvious key-length differences were absent from
the MCQ set (0%). For flashcards, Boolean (yes/no) format was not used (0%), but 22% (11/50)
were judged to allow more than one plausible correct answer (Figure 2).

Evaluation survey analysis

Across both item formats and both topics, median ratings were 5 (IQR 4-5) for relevance,
correctness (question and explanation), clarity (question and explanation) and distractors (Table
2). Combining all independent 180 ratings, the proportion of items receiving top scores (4 or 5
on a 5-point Likert scale) was high: 86.1% for relevance, 85.6% and 86.7% for the correctness of
the question and of the explanation, respectively. Clarity of the question and of the explanation
received 85.5% and 90.5% 4-5 scores. For MCQs, quality of the distractors received 4-5 scores
in 90.1% of ratings. Low ratings (scores 1-3), prompting targeted revisions, accounted for 10 to
14% of responses depending on the evaluated domain (Figure 3).

Suitability of items for medical education

Across all independent ratings, 86.1% judged the items as “suitable” or “very suitable” for
medical education. The pattern was similar when compared across item formats: 86.3% of MCQ
ratings and 86.0% of flashcard ratings judged items as “suitable” or “very suitable” (Figure 4).
The item-level’s mean suitability score was calculated by averaging both reviewer ratings to the
question “How suitable is this question as it is for a third-year medical student looking to prepare
for his urological clerkship?”. Using the prespecified threshold (mean item score > 3), 12 (13%)
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items fell below the cutoff and were excluded: 6 MCQs (3 BPH and 3 for Stones), and 6
flashcards (4 BPH and 2 from stones).

Items manual adjustments

Manual adjustments were required for evaluations scores of 1, 2, or 3 accompanied by an open-
text comment provided by at least one reviewer for the Correctness or Clarity evaluation
domains. These adjustments were either mandatory (score < 2) or optional (score = 3). Of the
retained 78 items, 6 (8%) required mandatory adjustments and 21 (27%) received optional
suggestions to correct errors, improve wording or clarity. A flowchart illustrating generated items
exclusion and adjustments is presented in Figure 5.

DISCUSSION

We developed an application frontend that leveraged the GPT-5 model via the OpenAl
Responses API and built a multimodal generation workflow (i.e. we did not employ an off-the-
shelf conversational interface such as ChatGPT) that generates MCQs and flashcards from
CanUUC slide decks and evaluated the items through a blinded expert review. The overall
adherence to item-writing standards was strong, and item-level ratings were high with
approximately 85 to 90% of evaluations receiving top scores (score of 4 or 5 on a 5-point Likert
scale). After review, 13% of items were excluded for being judged unsuitable for medical
education, 8% of items triggered mandatory adjustments and 27% of items received optional
suggestions to adjust content, wording or clarity. These results suggest that our system can
produce curriculum-aligned items, but expert review remains necessary to identify and correct
any potential issues.

The item-generation capabilities of our system offer clear benefits for the CanUUC and
for medical education more broadly. Since MCQs and flashcards are widely used by students and
have evidence for improving recall and exam readiness, we hypothesize that including a
validated item bank directly into the CanUUC may increase the curriculum’s utility for learners,
though formal end-user assessment is required to support this claim.>* %1% Moreover, the
approach can be extended beyond BPH and urolithiasis to populate question banks across the
entire curriculum and even other specialty topics, taken that a relevant source reference is
available. In their current state, our generated and validated items appear well suited for
formative study but did not undergo psychometric analysis that would support their usage in
formal assessments. Therefore, we would not recommend using our system in this context
without further evaluation nor in an unsupervised manner. This is consistent with the role of Al
in medical education as an adjunct rather than a replacement for human expertise, particularly
given ongoing concerns about accuracy, bias, and the need for critical appraisal of generated
content.? It is important to note that our approach is not intended to replace human expertise, but
rather to augment it and facilitate processes. 2% 2!

Although most items were judged acceptable for medical education, 13% of items were
excluded and items received either a mandatory (8%) or optional (27%) adjustment suggestion,
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defined as any instance where a reviewer assigned a score of 1-3 on Correctness or Clarity
domains and added open-text comments. These reviewer comments flagged a range of issues
from minor wording or acronym spelling to mismatches between the question and its
explanation. For example, an items’ explanation correctly noted that two consecutive rises of
PSA while on 5-a-reductase inhibitors warrants prostate cancer assessment, but the related
question stem only described a single PSA rise, creating an inconsistency that could mislead
learners. This example illustrate why expert review remains indispensable to detect factual or
framing errors that the model can miss.

These item flaws can partly be explained by the format of our data source (PowerPoint
slides). In fact, we leveraged a multimodal approach (i.e. converting CanUUC slides to images
and using them as data source) to preserve the structural and visual relationships (i.e. figures,
charts, image pointing) intended by CanUUC makers.>> However, since PowerPoint slides are
intentionally concise, with truncated phrases, acronyms and standalone figures, they may omit
the connective narrative normally supplied by a human presenter. This has been described to
potentially cause multimodal LLMs to not draw the intended conclusion from the image, a
phenomenon described as “Multimodal hallucinations”.?* Therefore, relying on this kind of data
source alone may oversimplify nuanced topics and affect item generation fidelity.

A potential solution would be retrieval-augmented generation (RAG), an approach in which the
model would be connected to an external search step. In a setting like ours, relevant source
material such as urological guidelines or textbook chapters would first be indexed, and for each
item, the system would retrieve the most relevant passages and provide them to the model before
making the generation, therefore reducing this type of errors.>*?’

Although expert revision is still mandatory, editing generated items is generally faster
than creating them from scratch.’ In this study, we did not measure time savings formally as
REDCap recorded time between opening the evaluation form and submitting it, while allowing
evaluators to pause and resume their review later. In the literature, Cheung et al. compared
ChatGPT to human MCQ-generation and showed a 10 fold time saving can be expected when
leveraging Al (20 minutes compared to 211 minutes to generate 50 questions).'> As we did not
formally measure this aspect, it would be interesting for future studies to quantify the time
needed for hybrid development method (i.e. generated items and subsequent human corrections)
and compare it to a human-only development approach.

Limitations

Although our work shows promise, some limitations are to be acknowledged. The evaluation
was restricted to two CanUUC topics (BPH and urolithiasis), so the findings may not generalize
to the broader curriculum. For the item generation, we used CanUUC PowerPoint slides as the
sole source material and did not incorporate RAG. The generated sample remained modest (40
MCQs and 50 flashcards) and a larger sample might reveal additional issues. Moreover, we did
not perform formal psychometric analysis, so these items should not yet be considered validated
for summative assessment. As the study was designed to evaluate and refine Al-generated items
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through expert review rather than to validate the evaluation instrument, we did not assess inter-
rater reliability. Furthermore, a potential positivity bias among expert reviewers may have
influenced ratings, as evaluators were aware that the items were developed within an educational
context and intended to be included in the CanUUC. Finally, the generated items were not
compared with human-authored ones, limiting the ability to rule on the superiority of our
approach, and these items have not yet been assessed by end users: medical students did not yet
evaluate usability, educational value, or learning impact.

Next steps

Looking ahead, the next step would be to evaluate these novel tools with their intended users (i.e.
medical students) to assess the perceived usefulness for clerkship preparation. Moreover,
building on our process and by maintaining expert evaluators’ involvement, the remaining
CanUUC topics (Prostate Cancer, Hematuria, etc.) should be populated with similar learning
tools. Urology educators and residents could also help promote these new tools to medical
students and encourage their adoption. To better contextualize the performance and educational
quality of LLM-generated educational items, future work should include comparisons with
human-authored items. To further enhance medical students’ clinical reasoning, a potential
extension would be the development of urology-specific LLM-backed educational script
concordance tests (SCT) modules, as recent studies suggest that LLMs can generate SCT items
with promising early results across medical education settings.?®3° We encourage future authors
to consider the extension of this approach to postgraduate settings such as Royal College
examinations, by refining prompting strategies to improve reliability in complex clinical
reasoning tasks, and building on the work of Kim et al., which demonstrated the feasibility of Al-
generated MCQs in this context.'? Ultimately, by pairing innovation with expert oversight, it is
possible to create educational tools that strengthen urology training while keeping learner needs
and curriculum quality at the center.

CONCLUSIONS

Our customized LLM-enabled system can efficiently generate curriculum-aligned, good quality
MCQs and flashcards from CanUUC with strong adherence to item-writing standards. Our
findings show that human review remains essential to identify ambiguous or flawed items and to
ensure educational quality before inclusion in the curriculum. Rather than replacing human
expertise, this approach is designed to augment it and to provide a scalable way to improve the
CanUUC by including learning tools adapted to students’ needs and preferences.
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FIGURES AND TABLES

Figure 1. Multimodal message encoding PowerPoints

<preamble>

Slide 1:

[base64-encoded image]

Slide 2:

[base64-encoded image]|

</preamble>

Figure 2. Chatbot adherence to item generation guidelines.
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Figure 3. Frequency of domain scores across all ratings.
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Figure 5. Items exclusion and adjustment flowchart. BPH: benign prostatic hyperplasia;
CanUUC: Canadian undergraduate urology curriculum; LLM: large language model; MCQ:
multiple-choice questions.
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Table 1. Items and reviewers’ characteristics

Category Measure n

Topics BPH items 45
Urolithiasis items 45

Items Flashcards 50
MCQs 40
Total items 90

Reviewers Attendings 4

13
© 2026 Canadian Urological Association



CUAJ - Original Research

ZeKkraoui et al
LLM-generated MCQs and flashcards for undergrad urology curriculum

PGY-2 residents 2
Total reviewers 6
Reviewer pairs (independent) 3
Ratings/workload Evaluators per item 2
Items evaluated per reviewer 30
Total individual item ratings 180

BPH: benign prostatic hyperplasia; MCQs: multiple-choice questions; PGY-2: postgraduate year

2.

Table 2. Median domain ratings per item type and topic

Flashcards, median (IQR)

MCQs, median (IQR)

Overall items,

Domain BPH Stones | Overall | BPH Stones | Overall | median (IQR)
n=50 |n=50 |n=100 |n=40 |n=40 |n=80 |Dn=180
Relevance 5(4-5) | 5@=5)|5(4=5) |5(@=5) |5(4=5) |5(4=5) |5(4-5)
Correctness
5
Question | 5(4=5) | 5(4=5)|5@4=5) |(425— |5(4=5) |5(4=5) |5 (4-5)
5)
Explanation |>*~ |20~ |54 s 2@~ 1545 [543 |54
5) 5) 5)
Clarity
Question | 5(4=5) | 5(45)|5(4=5) |5(4=5) |5(45) |54=5) |5 (45
Explanation |5(4-5) [5(4-5) 545 |5(4-5) |55 |55 |54
Distractors NA NA NA 504-5) |55 [5(45) |5M-))

BPH: benign prostatic hyperplasia; IQR: interquartile range; MCQs: multiple-choice questions.
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