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Abstract

Objectives: Large language models (LLMs) have emerged as promising tools for generating educational assessment items; how-
ever, their ability to produce multiple-choice questions (MCQs) that accurately reflect intended cognitive levels remains uncertain.
This study evaluated the educational quality and cognitive alignment of head and neck anatomy MCQs generated by GPT-5
(Generative Pre-trained Transformer 5) using Bloom'’s Revised Taxonomy.

Methods: Fifty head and neck anatomy MCQs were generated by GPT-5 using structured prompts specifying the anatomical
topic, the intended Bloom level, and undergraduate learning objectives. Two experienced anatomists independently evaluated
each question for clarity, scientific accuracy, curriculum relevance, and suitability for its intended Bloom level using a five-point
Likert scale. Inter-rater reliability was assessed using intraclass correlation coefficients (ICCs), and content validity was evaluated
using item- and scale-level content validity indices (I-CVI and S-CVI). To examine cognitive alignment independently, all MCQs
subsequently underwent a blinded consensus Bloom-level classification, in which two anatomists independently assigned Bloom
levels before resolving disagreements through discussion. Agreement between the intended and consensus-assigned Bloom lev-
els was assessed using Cohen’s k and weighted k statistics.

Results: GPT-5-generated MCQs received high pooled ratings for clarity (4.42+1.02), scientific accuracy (4.55+0.97), curriculum
relevance (4.51+1.11), and suitability for the intended Bloom level (4.29+1.11). Inter-rater agreement ranged from good to excel-
lent across all domains (ICC=0.717-0.945). Content validity was high, with S-CVI/Ave values ranging from 0.82 to 0.89. Blinded
consensus Bloom classification showed 92.0% exact agreement between the intended and expert-assigned Bloom levels (Cohen's
k=0.900; linear weighted k=0.913; quadratic weighted k=0.926). All four discrepancies represented reassignment to a lower cog-
nitive level; two involved adjacent Bloom categories and two spanned more than one category.

Conclusion: GPT-5 generated head and neck anatomy MCQs that experts considered clear, scientifically accurate, educationally
relevant, and generally appropriate for their intended cognitive level. The high level of agreement observed during blinded con-
sensus Bloom classification is consistent with structured prompting largely preserving intended cognitive objectives, although this
preservation was not uniform at higher cognitive levels. Expert review therefore remains essential, particularly for optimising high-
er-order cognitive complexity and distractor quality before incorporation into undergraduate assessments.

Keywords: anatomy education; artificial intelligence; Bloom’s Revised Taxonomy; GPT-5; large language models; medical
education; multiple-choice questions
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Introduction theoretical lectures covering structural and functional

Human anatomy has long been a cornerstone of medical ~ ¢OnCepts, and practical sessions involving hands-on

and dental education and is regarded as the foundational ~— engagement with anatomical models or cadaveric dissec-
discipline upon which the clinical sciences are built.!  tion.”) This integrated method provides a comprehen-

Traditionally, anatomy is taught through a dual approach:  sive understanding of the human body and is considered

deomed.
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one of the most effective pedagogical strategies in health
sciences education.”’ In recent decades, anatomy teach-
ing has evolved considerably with the incorporation of
innovative methodologies such as high-resolution imag-
ing, three-dimensional models, computer-assisted
instruction, team-based learning, clinical case discus-
sions, and peer teaching.”* Studies indicate that multi-
modal and integrated educational approaches can
improve students’ performance and engagement.”*’
However, the choice of instructional strategy must align
with the specific learning outcomes and competencies to
be achieved, including cognitive, psychomotor, and
communication skills."!

Given the complexity of anatomical knowledge and
its application in clinical practice, educators require
structured tools to design and evaluate teaching strate-
gies.! Bloom’s taxonomy provides a well-established
framework for organising educational objectives accord-
ing to increasing levels of cognitive complexity.
Originally developed by Bloom and subsequently revised
by Anderson and Krathwohl, the revised taxonomy cate-
gorises learning into six hierarchical cognitive processes:
Remember (recalling factual knowledge), Understand
(explaining concepts and interpreting information),
Apply (using knowledge in new situations), Analyze
(examining relationships and distinguishing compo-
nents), Evaluate (making judgements based on defined
criteria), and Create (generating new ideas or original
products).”® The revised version emphasises action-ori-
ented cognitive processes rather than static categories,
thereby facilitating more precise alignment between
learning objectives, instructional activities, and assess-

ment strategies.!*!

In anatomy education, Bloom’s taxonomy facilitates
the development of appropriately levelled assessment.!"
Despite its widespread use in curriculum design, there is
a notable lack of discipline-specific adaptations of the
taxonomy for anatomy. Given the dual theoretical and
practical nature of the subject, such customisation could
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substantially enhance educational planning.
advances in artificial intelligence (AI), and particularly in
large language models (LLMs) such as GPT-5
(Generative Pre-trained Transformer 5), have intro-
duced new possibilities for educational content creation.
LLMs can rapidly generate large volumes of text, includ-
ing examination items, with minimal prompting, and this
capability has stimulated interest in the use of Al for
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assessment design. Emerging evidence suggests, howev-
er, that although Al systems can produce syntactically
coherent and clinically plausible questions, their cogni-
tive alignment and pedagogical validity remain uncer-
tain. Recent studies across several health professions
have shown that maintaining accurate alignment with
intended Bloom levels — especially for higher-order
cognitive processes — remains a persistent educational
challenge.*"” In some cases, Al-generated items have
been found to omit essential information, include factu-
ally incorrect statements, or fail to reflect the intended
cognitive complexity. Tekin et al. further reported that
only 26.6% of GPT-generated MCQs matched expert-
assigned Bloom levels despite high student satisfaction,
highlighting the persistent gap between surface-level lin-
guistic quality and instructional rigour. !

Despite growing interest in Al-generated assess-
ments, head and neck anatomy has received minimal
attention in this literature. To our knowledge, no previ-
ous study has evaluated whether GPT-5 can produce
MCQs in this anatomically complex region that are con-
gruent with Bloom’s Revised Taxonomy and appropriate
for undergraduate health sciences curricula. Given the
rapidly expanding adoption of Al in education, examin-
ing the pedagogical quality of such content is essential
before LLM-generated items are integrated into teach-
ing or assessment workflows.

To address this gap, the present study evaluated the
educational quality and cognitive alignment of GPT-5-
generated head and neck anatomy MCQs using Bloom’s
Revised Taxonomy, through expert assessment and an
additional blinded consensus Bloom-level classification.
Specifically, the study sought to answer the following
research questions: (1) Do GPT-5-generated MCQs
appropriately match their intended Bloom level? (2)
How consistent are expert evaluations of the cognitive
suitability of these items? (3) What patterns characterize
MCQs that are rated as less suitable or misaligned with
Bloom’s taxonomy? (4) To what extent can GPT-5 gen-
erate anatomy MCQs that are educationally appropriate
and cognitively aligned with undergraduate learning
objectives? By examining these questions, the study aims
to provide an evidence-based perspective on the capabil-
ities and limitations of LLMs in anatomy assessment
design and to inform best practice for their potential
integration into medical and dental education.
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Materials and Methods

"This methodological study evaluated the cognitive suit-
ability and educational quality of multiple-choice questions
(MCQs) on head and neck anatomy generated by GPT-5
(OpenAl, San Francisco, CA, USA), using Bloom’s
Revised Taxonomy as the educational framework. The
complete queston set is provided in Supplementary
Material 1. Because the study evaluated Al-generated
educational material and did not involve human partici-
pants, patient data, or clinical interventions, ethical
approval was not required.

Between March and April 2026, 50 MCQs covering
the major topics of head and neck anatomy — including
the cranial nerves, vascular anatomy, muscular anatomy,
pharyngeal structures, and skull base anatomy — were
generated with GPT-5 through the ChatGPT web
interface, using standardised structured prompts
designed to reflect undergraduate medical and dental
anatomy curricula. Each MCQ was generated using a
structured prompt that specified the following: (1) the
target anatomical theme (e.g., cranial nerves, vascular
anatomy, pharyngeal structures); (2) the intended Bloom
level (Remember, Understand, Apply, Analyze, or
Evaluate/Create); and (3) the corresponding undergrad-
uate learning objective, derived from standard anatomy
curricula. Ten questions were generated for each of the
five intended Bloom categories, and each MCQ consist-
ed of one correct answer and three plausible distractors.
Because conventional MCQ) formats have a limited abil-
ity to assess the Create domain independently, items
generated for the Evaluate and Create levels were treat-
ed as a single higher-order category (Evaluate/Create)
throughout the study.

The following prompt template was used:

“Generate one single-best-answer multiple-choice
question suitable for undergraduate medical and dental
students.

* Topic: [Anatomical topic]

Intended Bloom’s Revised Taxonomy level:

[Remember / Understand / Apply / Analyze / Evaluate]
* Learning objective: [Specific learning objective]
® Requirements:

- Generate one question only.

- Include four answer options (A-D).

- Include one correct answer and three plausible
distractors.

Anatomy e Volume 20 / Issue 2 / August 2026

- Ensure anatomical accuracy.
- Match the intended Bloom level.
- Do not provide explanations or answer keys.

- Use terminology appropriate for undergraduate
anatomy education.”

To promote consistency, the prompt design followed
established U.S. National Board of Medical Examiners
(NBME) item-writing principles, encouraging GPT-5
to generate MCQs with:

* a clinically or conceptually meaningful stem,

* one unambiguously correct answer,

¢ three plausible and homogeneous distractors,

* avoidance of cueing, absolute terms, and irrelevant
detail,

* no negatively phrased stems,

* parallel structure among the answer options.

These principles guided the construction of the
prompts; whether each generated item actually fulfilled
them was one of the aspects examined during expert
evaluation. The questions were generated by an oral and
maxillofacial radiology specialist, and the resulting ques-
tion set was delivered unchanged to the anatomy experts.
No modifications were made to GPT-5’s output before
expert evaluation (Figure 1).

Two anatomists with more than 10 years of under-
graduate teaching experience independently evaluated
all MCQs. Before the evaluation, both reviewers partic-
ipated in a calibration session to standardise the inter-
pretation of Bloom’s cognitive levels and of the scoring
criteria. Each question was assessed using a five-point
Likert scale (1=very poor, 5=excellent) in four domains:
clarity, scientific accuracy, relevance to the undergradu-
ate anatomy curriculum, and suitability for the intended
Bloom level. The scale was adapted from previously pub-
lished frameworks used in MCQ validation and expert
review studies in medical education, which have shown
acceptable reliability for evaluating the pedagogical suit-

ability of assessment items.**!!

Experts rated the items independently, were blinded
to each other’s scores, and did not discuss the items dur-
ing the rating process. At this stage, reviewers judged
whether each MCQ was appropriate for its predeter-
mined Bloom level rather than assigning Bloom cate-
gories themselves, and each item was judged against the
highest taxonomy level it fulfilled. This first stage there-
fore reflects expert agreement with the intended cogni-
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Figure 1. Workflow of GPT-5-assisted MCQ generation, expert evaluation, blinded consensus Bloom classification, and statistical analysis. CVI: con-
tent validity index; ICC: intraclass correlation coefficient; MCQ: multiple-choice question; k: kappa.

tive level rather than direct validation of GPT-5’s abili-
ty to classify questions according to Bloom’s taxonomy.
All ratings were completed separately on an anonymised
scoring sheet.

To address the potential influence of the predeter-
mined Bloom labels during the first stage, an independent
blinded Bloom-level classification was performed after all
statistical analyses of the primary expert ratings had been
completed. All 50 MCQs were presented in randomised
order, without any indication of their originally intended
Bloom level. Two experienced anatomists reviewed each
question independently and then resolved disagreements
through discussion in order to reach a consensus Bloom
classification. Only after the consensus classification had
been finalised were the consensus-assigned Bloom levels
compared with the intended Bloom levels specified during
prompt generation. Exact agreement and Cohen’s k statis-
tics (unweighted, linear weighted, and quadratic weighted)
were then calculated to quantify the concordance between
the intended and consensus-assigned cognitive levels.

For each domain, pooled scores were calculated as
the mean of the two reviewers’ ratings. Descriptive
statistics included the mean, standard deviation (SD),
median, and interquartile range (IQR). Because Likert-
scale data are ordinal, medians and IQRs were treated as
the primary descriptive measures, whereas means and
SDs were additionally reported to facilitate comparison
with previous studies. Inter-rater reliability was evaluat-
ed using intraclass correlation coefficients (ICCs) with
the corresponding 95% confidence intervals (ClIs).
Content validity was assessed using the item-level con-
tent validity index (I-CVI), the scale-level content valid-
ity index based on average agreement (S-CVI/Ave), and
universal agreement (S-CVI/UA), with ratings of 4 or 5
considered to represent expert endorsement. Differences
among the intended Bloom categories (Remember,
Understand, Apply, Analyze, and Evaluate/Create) were
assessed using the Kruskal-Wallis test. Statistical signif-

icance was defined as p<0.05.
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Table 1
Overall expert evaluation of GPT-5-generated head and neck anatomy MCQs (n=50).

Specialist 1 Specialist 2 Pooled Median ICC
Assessment domain mean=SD mean=SD mean=SD (IQR) (95% CI)
Clarity 4.42+1.21 4.42+0.88 4.42+1.02 5.00 (4.00-5.00) 0.717 (0.327-0.891)
Scientific accuracy 4.48+1.17 4.62+0.99 4.55+0.97 5.00 (4.63-5.00) 0.871 (0.575-0.983)
Curriculum relevance 4.44+1.26 4.58+1.06 4.51£1.11 5.00 (4.63-5.00) 0.945 (0.848-0.980)
Bloom-level suitability 4.26+1.26 4.32+1.12 4.29+1.11 5.00 (4.00-5.00) 0.929 (0.844-0.982)

Cl: confidence interval; ICC: intraclass correlation coefficient; IQR: interquartile range; MCQ: multiple-choice question; SD: standard deviation.

Results

A total of 50 GPT-5-generated head and neck anatomy
MCQs were independently evaluated by two experi-
enced anatomists across four educational domains: clari-
ty, scientific accuracy, curriculum relevance, and suit-
ability for the intended Bloom level.

Expert ratings were high across all domains (Table 1).
The pooled mean scores were 4.42+1.02 for clarity,
4.55+0.97 for scientific accuracy, 4.51+1.11 for curricu-
lum relevance, and 4.29+1.11 for Bloom-level suitability.
The median pooled score was 5.00 in all four domains.
Interquartile ranges were 4.00-5.00 for clarity and
Bloom-level suitability and 4.63-5.00 for scientific accu-
racy and curriculum relevance.

Inter-rater agreement ranged from good to excellent
across the evaluated domains (Table 1). The highest
agreement was observed for curriculum relevance
(ICC=0.945;95% CI: 0.848-0.980), followed by Bloom-
level suitability ICC=0.929; 95% CI: 0.844-0.982) and
scientific accuracy (ICC=0.871; 95% CI: 0.575-0.983).
Agreement for clarity was moderate to good
(ICC=0.717; 95% CI: 0.327-0.891). All ICC values were
statistically significant (p<0.001).

Mean pooled Bloom-level suitability scores remained
high across all intended cognitive categories (Table 2).
Analyze questions received the highest ratings (4.80+0.42),
followed by Apply (4.45£1.07) and Evaluate/Create
(4.450.69). Remember questions achieved a mean score
of 4.20+1.32, whereas Understand questions showed the
lowest pooled mean (3.55+1.48) and the greatest variabili-
ty. Although descriptive differences were observed among
the intended Bloom categories, no statistically significant
difference was detected by the Kruskal-Wallis test
(p>0.05).

Content validity analysis showed high expert endorse-
ment across all evaluated domains (Table 3). For Bloom-
level suitability, 41 of the 50 MCQs (82%) achieved com-
plete expert agreement (I-CVI=1.00), whereas nine ques-
tions (18%) did not reach the predefined agreement
threshold; the corresponding S-CVI/Ave and S-CVI/UA
were both 0.82. For clarity, 38 questions (76%) achieved
complete agreement, yielding S-CVI/Ave and S-CVI/UA
values of 0.84 and 0.76, respectively. Scientific accuracy
showed the highest content validity, with 44 questions
(88%) receiving complete agreement (S-CVI/Ave=0.89;
S-CVI/UA=0.88). Similarly, 44 questions (88%) achieved

Table 2
Pooled Bloom-level suitability scores according to the intended Bloom category.

Intended Bloom level n Mean = SD Median IQR

Remember 10 4.20£1.32 5.00 4.00-5.00
Understand 10 3.55+1.48 4.25 2.00-4.88
Apply 10 4.45+1.07 5.00 4.63-5.00
Analyze 10 4.80+0.42 5.00 5.00-5.00
Evaluate/Create 10 4.45£0.69 4.75 4.00-5.00

Kruskal-Wallis test: p>0.05. IQR: interquartile range; SD: standard deviation.
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Table 3
Content validity indices across the four evaluation domains.
I-CVI = 1.00 Below threshold
Domain n (%) n (%) S-CVI/Ave S-CVI/UA
Clarity 38 (76) 12 (24) 0.84 0.76
Scientific accuracy 44 (88) 6(12) 0.89 0.88
Curriculum relevance 44 (88) 6(12) 0.88 0.88
Bloom-level suitability 41 (82) 9 (18) 0.82 0.82

I-CVI: item-level content validity index; S-CVI/Ave: scale-level content validity index based on average agreement; S-CVI/UA: scale-level content validity index based

on universal agreement.

complete agreement for curriculum relevance (S-

CVI/Ave=0.88; S-CVI/UA=0.88).

To examine the cognitive alignment of the GPT-5-
generated MCQs independently, a blinded consensus
Bloom-level classification was performed after comple-
tion of the primary expert evaluation. All questions were
reviewed without revealing their intended Bloom cate-
gory, and a final Bloom level was assigned by consensus
between two experienced anatomists.

Overall agreement between the intended Bloom level
and the consensus classification was 92.0% (46/50), and
four questions (8.0%) were assigned to a different Bloom
category. Agreement between the intended and consen-
sus-assigned Bloom levels was almost perfect (Cohen’s
k=0.900; linear weighted k=0.913; quadratic weighted
k=0.926), and the increase in k with increasing weight-
ing indicates that, on average, disagreements were con-
centrated close to the diagonal. All four reassignments
were downward, that is, the consensus level was lower
than the intended level. Two of them involved adjacent
categories (Understand to Remember; Analyze to Apply),
whereas two spanned more than one category (Apply to
Remember; Evaluate/Create to Understand). The indi-
vidual reclassified items are listed in Supplementary
Table 1. Taken together, these findings are consistent
with the interpretation that the cognitive complexity
intended during prompt design was largely preserved in
the generated MCQs, although this preservation was not
uniform across all items.

Although most GPT-5-generated MCQs received
high expert ratings and showed close agreement with
their intended Bloom levels, qualitative review of the
lower-rated and reclassified items revealed several recur-
ring patterns that may help to guide future Al-assisted
item development.

The most common issue involved questions whose
cognitive demand did not fully correspond to the intend-
ed Bloom level. Specifically, some questions designed to
assess higher-order cognitive processes could be
answered primarily through factual recall or through
straightforward application of anatomical knowledge.
"This pattern was also reflected in the blinded consensus
Bloom classification (Supplementary Table 1): one ques-
tion originally intended to assess the Understand level was
classified as Remember, one Apply question was classified
as Remember, one Analyze question was classified as Apply,
and one Evaluate/Create question was classified as
Understand. In two of these four items the reassignment
crossed more than one cognitive level, and in every case
the consensus level was lower than the intended level, indi-
cating that the cognitive demand of a minority of items fell
below the level specified in the prompt.

Several lower-rated questions contained clinical sce-
narios that lacked sufficient contextual information to
elicit the intended level of reasoning consistently.
Limited clinical detail or insufficient anatomical context
occasionally allowed questions intended for higher-order
thinking to be answered through direct recall. These
findings suggest that providing richer clinical context
and requiring learners to integrate multiple anatomical
concepts may improve the ability of Al-generated
MCQs to target higher cognitive domains.

Another recurring observation concerned distractor
construction. Lower-rated questions more frequently con-
tained distractors that were readily eliminated, that dif-
fered substantially in anatomical category from the correct
answer, or that were less plausible within the undergradu-
ate curriculum. Although these issues did not substandally
affect overall educational quality, improving distractor
homogeneity and plausibility may further enhance the dis-
criminative capacity of Al-generated MCQs.
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Discussion

The present study evaluated the educational quality and
cognitive alignment of GPT-5-generated head and neck
anatomy MCQs using expert assessment across four edu-
cational domains, together with an additional blinded
consensus Bloom-level classification. Overall, GPT-5
generated MCQs that received high ratings for clarity,
scientific accuracy, curriculum relevance, and suitability
for their intended cognitive level. The blinded consensus
classification showed 92% agreement between the
intended and expert-assigned Bloom levels, with almost
perfect weighted agreement. All four discrepancies
involved reassignment to a lower cognitive level, and two
of them spanned more than one Bloom category.
Collectively, these findings suggest that GPT-5, when
guided by structured prompts, can generate educational-
ly appropriate anatomy MCQs that largely preserve the
intended cognitive complexity, while indicating that
expert review remains necessary before implementation
in undergraduate assessment.

The rapid emergence of LLMs has transformed edu-
cational content generation, particularly in medical educa-
tion, where the creation of high-quality assessment items
is traditionally labour-intensive. Recent studies have con-
sistently shown that ChatGPT and related LLMs can pro-
duce coherent and clinically relevant MCQs within sec-
onds, substantially reducing the workload associated with

.18 Nevertheless, educational

examination developmen
quality extends beyond grammatical correctness or factu-
al plausibility. Effective MCQs must accurately reflect
predefined learning objectives, discriminate between dif-
ferent levels of student understanding, and align with
accepted educational frameworks such as Bloom’s Revised
Taxonomy. Consequently, the principal challenge is no
longer whether Al can generate examination questions,
but whether those questions appropriately target the cog-
nitive processes required for meaningful learning and
assessment.['#27)

7 who

Our findings align with those of Law et al.,!
reported that Al-generated MCQs showed educational
quality comparable with that of human-written ques-
tions in a high-stakes medical examination. Similarly,
Abouzeid et al."”! found that Al-generated single-best-
answer questions were generally considered suitable for
undergraduate medical assessment following expert
review, while Balu et al."" reported educational value for

Al-generated questions in USMLE Step 1 preparation.
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More recently, Boufrikha et al.*! showed that several
contemporary LLMs were capable of generating clini-
cally appropriate haematology MCQs, although expert
editing remained necessary to optimise distractor quality
and to ensure alignment with curricular objectives.
Collectively, these studies suggest that LLMs are
increasingly capable of producing educationally useful
assessment items across diverse medical disciplines. Our
findings extend this growing body of evidence by show-
ing comparable performance within the anatomically
complex domain of head and neck anatomy, an area in
which no comparable evaluation of GPT-5-generated
MCQs has previously been reported.

Although previous investigations have focused pri-
marily on overall question quality, relatively few have
examined whether Al-generated MCQs actually reflect
the cognitive complexity specified during question
design. Bloom’s Revised Taxonomy remains one of the
most widely accepted frameworks for constructing edu-
cational assessments because it distinguishes factual
recall from progressively more complex cognitive pro-
cesses such as application, analysis, and evaluation.!"”
Several recent studies have suggested that LLMs per-
form well when generating lower-order questions but
become progressively less reliable as cognitive demands
increase.™"** Nguyen et al.,” for example, reported
that Al-generated MCQs generally showed appropriate
cognitive depth but occasionally failed to distinguish
between neighbouring Bloom categories, particularly
when differentiating application from analytical reason-
ing. Similarly, Yaacoub et al.'” observed that although
LLMs frequently incorporated Bloom terminology into
generated questions, the underlying cognitive processes
did not always correspond to the intended educational
objectives. Garcia-Ramirez™! likewise emphasised that
prompt wording alone does not guarantee accurate cog-
nitive alignment and highlighted the continuing impor-
tance of expert educational review.

Our findings partially support these observations
while providing a more nuanced perspective. During the
primary expert evaluation, Bloom-level suitability
received consistently high ratings across all intended cat-
egories, indicating that experts generally considered the
generated MCQs appropriate for their predetermined
cognitive levels. However, because that assessment eval-
uated agreement with the intended Bloom category
rather than independent cognitive classification, an addi-



tional blinded consensus Bloom-level analysis was per-
formed. This supplementary analysis strengthens the
interpretation of our findings. Without knowledge of the
original prompts or intended cognitive levels, two expe-
rienced anatomists reviewed all questions independently
and reached consensus classifications through discussion.
Agreement between the intended and consensus-
assigned Bloom levels reached 92%, with almost perfect
weighted « values, which is consistent with the cognitive
complexity embedded within the GPT-5 prompts hav-
ing been largely preserved in the final generated ques-
tions. It should be emphasised, however, that agreement
of this kind provides supporting evidence rather than
definitive proof that every question was generated at its
intended cognitive level.

Equally important is the pattern of the disagreements
observed during the blinded classification. All four reas-
signments were downward, meaning that the consensus
level was lower than the intended level in every case.
Two of them involved adjacent categories (Understand
to Remember; Analyze to Apply), which is consistent
with the well-recognised difficulty of distinguishing
neighbouring cognitive processes within Bloom’s hierar-
chy. Such overlap has long been acknowledged in educa-
tional theory, particularly between the Understand,
Apply, and Analyze levels, where relatively subtle differ-
ences in contextual complexity, reasoning requirements,
and transfer of knowledge determine classification.-***!
The remaining two reassignments spanned more than
one level (Apply to Remember; Evaluate/Create to
Understand) and therefore cannot be attributed to bor-
derline educational judgement alone; they indicate that
GPT-5 occasionally produced items whose cognitive
demand fell substantially below the level specified in the
prompt, most notably at the upper end of the taxonomy.
"This observation tempers the overall agreement statistic
and reinforces the need for targeted expert review of
higher-order items in particular.

The qualitative analysis of the lower-rated questions
further supports this interpretation. Three recurring
themes emerged among items receiving comparatively
lower Bloom-suitability scores: overestimation of the
cognitive level, insufficient contextual detail, and subop-
timal distractor construction. Questions intended to
assess higher-order reasoning occasionally relied primar-
ily on factual recall, suggesting that the inclusion of clin-
ical vignettes alone does not necessarily increase cogni-
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tive complexity. Similarly, several stems provided insuf-
ficient contextual information to require the integration
of multiple anatomical concepts, thereby reducing
opportunities for analytical reasoning. Finally, lower-
rated questions more frequently contained distractors
that were either easily eliminated or insufficiently homo-
geneous with the correct answer. These observations
closely parallel the recommendations proposed by
Indran et al.,*” who emphasised that effective Al-assist-
ed question generation depends not only on prompt
engineering but also on iterative expert refinement of
distractors, contextual information, and cognitive intent.
Together, these findings indicate that the remaining
limitations of GPT-generated MCQs are primarily ped-
agogical rather than factual and can often be addressed
through relatively minor expert revision.

One of the most important conceptual distinctions
emerging from the present study concerns the difference
between expert educational evaluation and psychometric
validation. The current investigation focused on deter-
mining whether experienced anatomy educators consid-
ered GPT-5-generated MCQs to be clear, scientifically
accurate, educationally relevant, and appropriately
aligned with their intended cognitive level. These out-
comes provide evidence of content quality and educa-
tional appropriateness but do not directly evaluate how
the questions perform when administered to students. As
noted by Newton and Xiromeriti,"" educational evalua-
tion and psychometric performance represent comple-
mentary rather than interchangeable stages of assess-
ment development. Likewise, Kiyak et al."*! reported
that Al-generated pharmacotherapy MCQs could
achieve acceptable psychometric characteristics in
authentic examinations despite requiring expert refine-
ment during development. Expert review should there-
fore be viewed as the initial quality assurance step,
whereas subsequent student-based analyses including
item difficulty, discrimination indices, distractor effi-
ciency, and test reliability remain essential before Al-
generated questions are incorporated into summative
assessments.

The present findings have several practical implica-
tions for anatomy educators and assessment developers.
Rather than viewing GPT-5 as a replacement for faculty
expertise, our results support its use as an assistive tool
within a structured assessment development workflow.
Recent guidance on Al-assisted question generation has
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consistently emphasised that the greatest educational
benefit is achieved when LLMs function as collaborative
tools that augment, rather than replace, human judge-
ment.’” Based on our findings, a practical workflow
would involve defining explicit learning objectives and
intended Bloom levels, generating preliminary MCQs
through structured prompting, and then subjecting these
items to expert review of scientific accuracy, curricular
relevance, cognitive alignment, and distractor quality
before their incorporation into formative or summative
assessments. Such an approach has the potential to
reduce faculty workload substantially while maintaining
educational quality. Similar workflows have recently
been proposed for Al-assisted assessment development
in both undergraduate medical education and engineer-
ing education !5

An additional implication concerns prompt engineer-
ing. The high level of agreement observed in the present
study probably reflects the use of structured prompts that
explicitly specified the anatomical topic, the intended
Bloom level, and the undergraduate learning objective.
Previous studies have shown that carefully designed
prompts substantially improve the quality and consistency
of Al-generated educational content."****6/ Nevertheless,
our qualitative analysis indicates that prompt specificity
alone does not completely eliminate cognitive ambiguity.
In particular, questions intended to assess higher-order
reasoning occasionally remained closer to factual recall,
suggesting that future prompt designs should explicitly
encourage clinical integration, comparative reasoning,
and decision-making rather than relying solely on Bloom
action verbs. Such refinements may further improve the
generation of higher-order MCQs while reducing the
need for subsequent expert modification.

Several strengths distinguish the present study from
previous investigations evaluating Al-generated assess-
ment items. First, this is, to our knowledge, the first
study to evaluate GPT-5-generated MCQs specifically
within the domain of head and neck anatomy using
Bloom’s Revised Taxonomy. Second, the study
employed a multidimensional evaluation framework
incorporating clarity, scientific accuracy, curriculum rel-
evance, and cognitive suitability rather than focusing
solely on overall question quality. Third, inter-rater reli-
ability and content validity were assessed using estab-
lished statistical approaches, providing quantitative evi-
dence for the consistency of the expert evaluations.
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Fourth, complete transparency was maintained by pro-
viding the entire question set as supplementary material,
allowing readers to assess the generated content inde-
pendently and enhancing the reproducibility of the
study. Most importantly, the addition of a blinded con-
sensus Bloom-level classification directly addressed a key
methodological limitation identified in previous Al
assessment studies. By showing that independently
assigned Bloom levels matched the intended cognitive
objectives in the large majority of items, the study pro-
vides stronger supporting evidence for the educational
validity of structured Al-assisted MCQ generation than
expert suitability ratings alone.

Despite these strengths, several limitations should be
considered when interpreting the findings. First, the
study evaluated only 50 MCQs covering head and neck
anatomy. Although this number allowed balanced repre-
sentation across the Bloom categories, larger datasets
encompassing additional anatomical regions would
improve the generalisability of the findings. Second,
only GPT-5 was evaluated. Given the rapid evolution of
LLMs and the emergence of alternative commercial and
open-source models, future comparative studies should
investigate whether similar performance can be achieved
across different Al systems.

Third, although the blinded consensus Bloom classifi-
cation strengthened the methodological design by verify-
ing cognitive alignment independently, it represents
expert educational judgement rather than empirical evi-
dence of student cognitive processing. The consensus
approach was selected deliberately in order to establish a
single reference classification for comparison with the
intended Bloom levels; future investigations may addi-
tionally report the independent classifications of multiple
experts before consensus, in order to characterise variabil-
ity in educational interpretation more fully. In addition,
with only four discrepant items, the distinction between
adjacent and non-adjacent reassignment is based on small
numbers and should be interpreted descriptively rather
than as a stable estimate of misalignment.

Perhaps the most important limitation is that the pre-
sent study evaluated educational quality rather than psy-
chometric performance. High expert ratings and strong
Bloom alignment do not guarantee that questions will
show appropriate difficulty, discrimination, distractor
efficiency, or reliability when administered to students.
Another limitation relates to the distribution of the



expert ratings. Most questions received relatively high
Likert-scale scores across all evaluation domains, result-
ing in a potential ceiling effect. This pattern is not unex-
pected, as the MCQs were generated using structured
prompts specifically designed to produce anatomically
accurate and educationally appropriate questions for
undergraduate anatomy education. Nevertheless, the
clustering of ratings toward the upper end of the scale
may have reduced the ability to detect subtle differences
in educational quality and cognitive alignment between
Bloom categories, and differences across Bloom levels
should therefore be interpreted with appropriate cau-
tion. Future studies including larger question banks,
greater variability in item complexity, and broader expert
panels may improve the discrimination of educational
differences across cognitive levels.

The present findings provide several opportunities
for future research. Comparative studies evaluating mul-
tiple LLMs using identical prompts and expert assess-
ment protocols would clarify whether cognitive align-
ment is model-dependent or primarily influenced by
prompt engineering. In addition, investigating multi-
modal question generation incorporating radiological
images, three-dimensional anatomical models, and clini-
cal photographs may be particularly valuable in anatomy
education, where visual interpretation forms an integral
component of learning. Future work should also exam-
ine whether Al-assisted generation can efficiently pro-
duce adaptive question banks that progressively target
increasing levels of Bloom’s taxonomy while maintaining
psychometric quality. Finally, longitudinal studies
exploring educator acceptance, student learning out-
comes, and examination performance following the inte-
gration of Al-assisted assessment development would
provide valuable evidence regarding the practical impact
of these technologies in health professions education.

Conclusion

GPT-5 generated head and neck anatomy MCQs that
experts considered clear, scientifically accurate, relevant
to undergraduate curricula, and generally appropriate
for their intended cognitive level when structured
prompting was employed. The additional blinded con-
sensus Bloom-level classification showed almost perfect
agreement between the intended and independently
assigned cognitive levels, providing supporting evidence
that structured Al-assisted question generation can
largely preserve intended educational objectives.
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Nevertheless, a small number of questions were judged
to operate below their intended cognitive level — in two
cases by more than one Bloom category — and several
required refinement of higher-order cognitive complex-
ity and distractor construction, highlighting the contin-
ued importance of expert review.

Rather than replacing anatomy educators, GPT-5
should be viewed as a collaborative tool capable of accel-
erating the development of high-quality draft assessment
items. When combined with structured prompt engineer-
ing, independent educational review, and subsequent psy-
chometric validation, Al-generated MCQs have consider-
able potential to support efficient, transparent, and educa-
tionally sound assessment development in undergraduate
medical and dental education.
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Supplementary Material 1
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

Head and Neck Anatomy MCQs (1-10: Remembering)

1. Which cranial nerve is responsible for innervating the lateral rectus muscle?
A) Oculomotor
B) Trochlear
C) Abducens
D) Trigeminal

2. The foramen rotundum transmits which of the following nerves?
A) Mandibular
B) Maxillary
C) Ophthalmic
D) Facial

3. The sternocleidomastoid muscle is innervated by which nerve?
A) Facial
B) Accessory
C) Hypoglossal
D) Vagus

4. Which artery supplies the majority of the dura mater in the middle cranial fossa?
A) Middle cerebral
B) Anterior ethmoidal
C) Middle meningeal
D) Basilar

5. Which of the following structures passes through the jugular foramen?
A) Internal carotid artery
B) Facial nerve
C) Glossopharyngeal nerve
D) Optic nerve

6. Which muscle elevates the soft palate during swallowing?
A) Palatoglossus
B) Tensor veli palatini
C
D

) Levator veli palatini
) Stylopharyngeus
7. The parotid duct opens into the oral cavity opposite to which tooth?
A) Upper first molar
B) Upper second molar
C) Lower first molar
D) Lower canine

8. Which cranial nerve provides taste sensation to the anterior two-thirds of the tongue?
A) Trigeminal
B) Glossopharyngeal
C) Facial
D) Vagus
9. Which muscle forms the floor of the posterior triangle of the neck?
A) Mylohyoid
B) Splenius capitis
C) Platysma
D) Omohyoid
10. The cribriform plate is part of which bone?
A) Sphenoid
B) Ethmoid
C) Frontal
D) Maxilla
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Supplementary Material 1 [Continued]
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

MCQs (11-20: Understanding)

11. A lesion to the right hypoglossal nerve would most likely cause the tongue to deviate in which direction?
A) Left
B) Right
C) Midline
D) No deviation

12. Why does damage to the recurrent laryngeal nerve affect speech?
A) It supplies the vocalis muscle
B) It controls the soft palate
C) It innervates the laryngeal mucosa
D) It provides taste to the epiglottis

13. How does the maxillary sinus communicate with the nasal cavity?
A) Via the inferior meatus
B) Via the middle meatus
C) Via the superior meatus
D) Directly into the nasopharynx

14. What is the functional role of the temporalis muscle in mastication?
A) Depression of the mandible
B) Protrusion of the jaw
C) Retraction and elevation
D) Lateral deviation

15. How do the pharyngeal constrictor muscles contribute to swallowing?
A) Elevate the larynx
B) Push food into the esophagus
C) Open the auditory tube
D) Tense the soft palate

16. What happens if the external carotid artery is ligated near its bifurcation?
A) Reduced blood supply to the brain
B) Compromised facial muscle function
C
D

) Decreased perfusion to face and scalp

) Ischemia to cerebellum

17. How does the facial nerve traverse the parotid gland?
A) Medial to the retromandibular vein
B) Lateral to the external carotid artery
C) Posterior to the masseter

D) Through its superficial lobe

18. What is the anatomical significance of the pterion?
A) It's the thickest part of the skull
B) It overlies the middle meningeal artery
C) It's the articulation of frontal and occipital bones
D) It houses the pituitary gland

19. What is the clinical relevance of the cavernous sinus?
A) It drains the spinal cord
B) It contains the internal jugular vein
Q) It allows venous drainage from the face
D) It is a source of cerebrospinal fluid
20. How is the thyroid gland related anatomically to the recurrent laryngeal nerve?
A) The nerve passes superficial to the gland
B) The nerve pierces the thyroid cartilage
C) The nerve lies in the tracheoesophageal groove
D) The nerve arises from the vagus after the gland
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Supplementary Material 1 [Continued]
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

MCQs (21-30: Applying)

21.

22.

235

24,

25.

26

27.

28.

29.

30.

A patient presents with weakness in shoulder elevation and head rotation. Which nerve injury is most likely responsible?
A) Accessory nerve injury in the posterior triangle
B) Hypoglossal nerve injury in the carotid triangle
C
D

) Facial nerve injury in the parotid gland

) Phrenic nerve compression near the clavicle

After a dental extraction, a patient develops numbness over the chin and lower lip. Which nerve was likely injured?
A) Lingual nerve

B) Buccal nerve

C) Mental nerve

D) Mylohyoid nerve

During a thyroidectomy, a surgeon identifies the recurrent laryngeal nerve. Which maneuver is safest to preserve it?
A) Ligation of the inferior thyroid artery close to the gland

B) Clamping superior thyroid artery before nerve dissection

C) Retracting the nerve laterally to expose the gland

D) Avoiding the tracheoesophageal groove entirely

A 5-year-old child aspirates a small toy. Where is it most likely to lodge first in the airway?
A) Laryngeal vestibule

B) Right main bronchus

C) Tracheal bifurcation

D) Left main bronchus

A patient has loss of taste and general sensation in the posterior third of the tongue. What is the most likely site of nerve lesion?
A) Stylomastoid foramen

B) Tympanic plexus

C) Jugular foramen

D) Foramen ovale

. An abscess in the pterygopalatine fossa may spread into the orbit. Which route does this likely follow?

A) Through the foramen spinosum
B) Via the inferior orbital fissure

C
D

) Through the pterygoid canal

) Via the incisive canal

A patient with a fractured maxilla cannot feel sensation in the upper lip and cheek. Which structure is affected?
A) Auriculotemporal nerve

B) Infraorbital nerve

C) Buccal branch of mandibular nerve

D) Zygomaticofacial nerve

A mass compressing the internal jugular vein leads to swelling of the face and neck. Which anatomical triangle is likely involved?
A) Submental triangle

B) Muscular triangle

C) Carotid triangle

D) Occipital triangle

During inferior alveolar nerve block, improper needle positioning may cause transient facial paralysis. Which structure was affected?
A) Facial nerve in stylomastoid foramen

B) Buccal branch of mandibular nerve

C) Parotid gland capsule

D) Lingual nerve in the pterygomandibular space

After parotid gland surgery, a patient cannot close their eye. What muscle and nerve are most likely affected?
A) Levator palpebrae superioris — Oculomotor

B) Orbicularis oculi — Facial

C) Superior tarsal muscle — Sympathetic chain

D) Orbicularis oculi — Trigeminal
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Supplementary Material 1 [Continued]
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

MCQs (31-40: Analyzing)

il

32.

3

34,

35.

36.

37.

38.

39.

40.

A tumor in the internal acoustic meatus affects hearing and facial expression. Which two nerves are involved?
A) Glossopharyngeal and Vagus

B) Facial and Vestibulocochlear

C
D

) Trigeminal and Accessory

) Abducens and Facial

A patient with Horner syndrome presents with ptosis and miosis. The lesion most likely affects which structure?
A) Superior cervical ganglion

B) Inferior alveolar nerve

C) Facial colliculus

D) Optic chiasm

In a carotid endarterectomy, the surgeon must avoid injuring the hypoglossal nerve. How can this nerve be distinguished from the ansa cervicalis?
A) It runs superficial to the sternohyoid muscle

B) It forms a loop with the vagus nerve

C) It crosses the external carotid artery and runs toward the tongue

D) It pierces the thyrohyoid membrane

A 3rd molar impaction causes infection spreading to the submandibular space. Which muscle forms the superior boundary of this space?
A) Digastric posterior belly

B) Mylohyoid

C) Geniohyoid

D) Hyoglossus

A deep cut in the lateral nasal wall leads to profuse bleeding. Which arterial anastomosis is most likely responsible?
A) Anterior and posterior ethmoidal

B) Sphenopalatine and facial

C) Greater palatine and infraorbital

D) Maxillary and deep temporal

Which two muscles are involved in the elevation of the pharynx during swallowing, and what are their innervations?
A) Salpingopharyngeus — Vagus, Stylopharyngeus — Glossopharyngeal

B) Palatopharyngeus — Facial, Stylopharyngeus — Glossopharyngeal

C
D

) Tensor veli palatini — Trigeminal, Palatopharyngeus — Vagus

) Stylopharyngeus — Hypoglossal, Salpingopharyngeus — Glossopharyngeal

Which route would allow an odontogenic infection in the maxilla to spread into the cavernous sinus?
A) Facial vein > Deep facial vein > Pterygoid venous plexus

B) Retromandibular vein - Jugular vein - Dural sinuses

C) Angular vein - Superficial temporal vein

D) Facial artery - Ophthalmic artery

A mandibular fracture anterior to the mandibular foramen results in preserved sensation of the lower teeth. Why?
A) The mental nerve is intact

B) The mylohyoid nerve branches before the fracture

C) The inferior alveolar nerve enters posterior to the fracture

D) The buccal nerve supplies the molars

A penetrating injury in the subclavian triangle results in upper limb weakness and absent radial pulse. Which structure is likely damaged?
A
B
C
D

Brachial plexus roots

Subclavian artery
Subclavian vein

Long thoracic nerve

Which muscle and nerve pair is most critical for preventing nasal regurgitation during swallowing?
A) Palatoglossus — Glossopharyngeal

B) Levator veli palatini — Vagus

C) Tensor veli palatini — Trigeminal

D) Uvula — Accessory
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Supplementary Material 1 [Continued]
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

MCQs (41-50: Evaluating & Creating)

41,

42.

43.

44,

45,

46.

47.

48.

49.

A surgical resident argues that the posterior belly of the digastric is essential for elevating the hyoid. How could this be
experimentally tested?

A) Electromyography of the digastric during swallowing
B) Bilateral nerve block of the facial nerve
C) Measuring laryngeal elevation in facial palsy patients

D) Comparing hyoid position before and after stylohyoid transection

Evaluate the validity of this statement: "The vagus nerve has no motor role in the pharynx."
A) Completely accurate

B) Inaccurate — it supplies the superior constrictor

C) Inaccurate — it also innervates palatopharyngeus

D) Inaccurate — glossopharyngeal nerve is the only motor source

A new surgical technique proposes lateral access to the retropharyngeal space.
What complications must be considered first?

A) Hypoglossal nerve damage

B) Internal carotid artery injury

C) Vertebral body compression

D) Pharyngeal venous plexus bleeding

Propose a safer way to administer a deep cervical plexus block that avoids phrenic nerve paralysis.

A) Using ultrasound to avoid the anterior scalene

B) Injecting lateral to the sternocleidomastoid

C) Blocking only C3 and C4 levels

D) Approaching via submandibular triangle

A comparative study between cadaveric dissection and 3D digital models shows differing perceptions of the infratemporal fossa.
What could account for the discrepancy?

A) Difficulty in identifying deep structures visually

B) Variability in mandibular nerve branching

C) Inconsistent maxillary artery pathways

D) Orientation differences in spatial relationships

An anatomy educator critiques an MCQ stating that the stylomastoid foramen transmits parasympathetic fibers.
Is this valid?

A) No — only motor fibers pass through it

B) Yes — chorda tympani fibers exit here

C) No — it transmits only the vagus nerve

D) Yes — it carries parasympathetic fibers to the parotid

Assess the role of the carotid body and sinus in head and neck anatomy teaching.
Which curriculum objective should it align with?

A) Lymphatic drainage of the face

B) Reflex control of blood pressure and respiration

C) Sensory supply of the neck

D) Carotid sheath boundaries

How could the learning of cranial foramina be improved using virtual reality tools?
A) By demonstrating dural layer arrangements

B) Through auditory labeling of nerve pathways

C) With interactive 3D navigation and tracing

D) Using cross-sectional MRI overlays

Critique this MCQ: “The phrenic nerve passes posterior to the anterior scalene.” Is it accurate?
A) Yes — it travels behind the anterior scalene

B) No - it lies on the anterior surface

Q) Yes — in all anatomical variants

D) No — it is a branch of the vagus nerve
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Supplementary Material 1 [Continued]
Complete set of GPT-5-generated head and neck anatomy multiple-choice questions.

MCQs (41-50: Evaluating & Creating)

50. A 48-year-old patient develops hoarseness after thyroid surgery. Laryngoscopic examination shows that the right vocal fold is fixed in a
paramedian position. A student concludes that the external branch of the superior laryngeal nerve was injured because this nerve supplies
the intrinsic muscles of the larynx.

Which of the following is the most appropriate evaluation of the student's conclusion?
A) The conclusion is correct because the external branch of the superior laryngeal nerve supplies all intrinsic laryngeal muscles.

B) The conclusion is incorrect because vocal-fold paralysis in a paramedian position is more consistent with recurrent laryngeal nerve injury, which affects
most intrinsic laryngeal muscles.

C) The conclusion is correct because the recurrent laryngeal nerve supplies only sensory innervation below the vocal folds.
D) The conclusion is incorrect because the internal branch of the superior laryngeal nerve provides the primary motor supply to the vocal folds

Supplementary Table 1
Questions reclassified after blinded consensus Bloom-level evaluation.

Question no. Intended Bloom level Consensus Bloom level
12 Understand Remember
23 Apply Remember
31 Analyze Apply
42 Evaluate/Create Understand

In all four items the consensus level was lower than the intended level. Items 12 and 31 were reassigned to an adjacent category; items 23 and 42 were reassigned across
more than one category.
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