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[bookmark: _Toc235715595]Supplementary S1: Validation instrument
	The two-round expert validation used two instruments. Round 1 applied a holistic decision rubric with an integrated revision protocol. Round 2 applied a dimensional scoring rubric. Both are reproduced below.
[bookmark: _Toc235715596]Round 1 Validation Rubric
The Round 1 rubric structured expert validation through a single primary decision applied to each Question-Answer-Explanation (QAE) triplet as a whole: Accept, Revision, or Decline. Rather than scoring the triplet across separate dimensions, the rubric routed each decision to a corresponding protocol. Accept confirmed the triplet with no further action. Revision opened an in-place editing protocol, allowing correction of any triplet component. Decline opened a rejection protocol requiring one or more predefined decline reasons and permitting optional feedback. This structure combined a holistic quality disposition with a defined remediation path, so a Revision outcome carries both a quality signal and a correction rather than a numeric rating alone.
Table S1. Round 1 QAE validation rubric.
	Decision
	Meaning
	Associated action

	Accept
	Triplet is correct and usable as generated
	Confirmed as validated; no changes

	Revision
	Triplet is usable but needs correction
	Edit any component (see below)

	Decline
	Triplet is not usable
	Select decline reason(s); optional feedback



Editable components (Revision protocol): question stem, answer option text (A to E), designated correct answer (answer key), and rationale text for any option.
Decline reasons (Decline protocol, one or more may apply): question is not relevant; question is wrong; no correct answer choices; system chosen answer is incorrect.

[bookmark: _Toc235715597]Round 2 Validation Rubric
In Round 2, each QAE triplet was rated on five dimensions. Each dimension used a three-level scale: Poor (1), Acceptable (2), or Excellent (3). Dimensions 1 to 4 govern the question and answer (Q+A) track. Dimension 5 governs the explanation track. Reviewers could also check diagnostic tags and add optional comments.
Table S2. Round 2 QAE validation rubric.
	Dimension
	Construct
	Rating
	Descriptor
	Track

	Dimension 1:
Clinical -Educational Alignment
	Accuracy, scope, and cognitive level relative to PANCE expectations
	Poor
	Inaccurate, out of scope, or inappropriate cognitive level
	Q+A

	
	
	Acceptable
	Minor inaccuracies or scope concerns; generally appropriate
	

	
	
	Excellent
	Accurate, within PA scope, appropriate cognitive level
	

	Dimension 2: 
Scenario Completeness
	Presence of clinically necessary vignette elements without extraneous detail
	Poor
	Missing essential clinical information or contains irrelevant detail
	Q+A

	
	
	Acceptable
	Most elements present; minor omissions or extraneous detail
	

	
	
	Excellent
	All clinically relevant information present; no extraneous detail
	

	Dimension 3:
Answer Option Quality
	Key correctness, distractor plausibility, and absence of test-wise clues
	Poor
	Wrong key, implausible distractors, or obvious test-wise clues
	Q+A

	
	
	Acceptable
	Correct key; minor distractor flaws or weak clues
	

	
	
	Excellent
	Correct key; plausible, homogeneous distractors; no test-wise clues
	

	Dimension 4:
Language and Clarity
	Lead-in focus, grammatical correctness, and absence of ambiguity
	Poor
	Unclear, ambiguous, or grammatically flawed
	Q+A

	
	
	Acceptable
	Minor clarity issues; generally readable
	

	
	
	Excellent
	Clear, focused lead-in; grammatically correct; unambiguous
	

	Dimension 5:
Explanation Quality
	Correctness and completeness of clinical reasoning for key and distractors
	Poor
	Factual errors or fails to justify key and distractor choices
	Explanation

	
	
	Acceptable
	Correctly justifies key; incomplete distractor rationale
	

	
	
	Excellent
	Accurately justifies key and all distractors with sound clinical reasoning
	


Diagnostic tags (check all that apply):
1. Multiple correct answers possible
1. Answer misaligned with real-world clinical practice
1. Content too specific / not common PA knowledge
1. Missing critical clinical detail
1. Textbook vs. clinical practice contradiction
1. Contradictory answer options
1. Wrong designated correct answer
1. Exceeds expected cognitive level for entry-level PA
1. Incomplete or inaccurate explanation
1. Contains test-wise clues (e.g., paired options, convergence, stem clue)
1. I found this item particularly difficult to rate
1. Other (specify)
An optional free-text comment field allowed reviewers to record specific feedback, suggested revisions, or reasoning for their ratings.
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This supplement documents the selection procedure and candidate-pool provenance for the 55 Round 2 items. It is descriptive of the sampling design and reports no results. The per-system allocation and its rationale are given in Table 5 and its caption and are not repeated here.
S1. Candidate pool
The 55 items were selected from a larger pool produced by the refined generation engine. Generation began from 1,382 seed question-answer pairs, expanded from the pilot seed set through additional faculty curation and public-source integration across the 14 organ systems. After automated quality assurance, this produced a candidate pool of 809 distinct QAEs, from which the 55 items were drawn by the procedure below.
S2. Selection procedure
Within each organ system, items were drawn from the eligible candidate pool by a stratified, systematic procedure with four sequential gates.
1. Technical quality. Each candidate passed an LLM-ensemble verification in which the models agreed on the answer key, had a complete QAE format (question stem, options, answer key, and explanation), and carried a correct blueprint classification.
1. Task-type diversity. Where the per-system pool allowed, at least two distinct PANCE task categories were represented within a system.
1. Difficulty spread. Where the per-system pool allowed, items spanned a range of difficulty rather than clustering at a single level.
1. Quota-based random selection. Within each system, three to five items were drawn at random under fixed quotas and then checked for difficulty spread against a target mix of 1 Straightforward, 2 Moderate, and 0–1 Challenging.
Per-system quotas balanced blueprint coverage against the review burden on the six-rater panel.
S3. Difficulty stratification
The difficulty spread in gate 3 used a difficulty level assigned to each candidate by an LLM-assisted annotation with a predefined three-level rubric (Straightforward, Moderate, Challenging). This annotation was used only to stratify selection so that the validated set spanned a range of difficulty. It was not a validation measure, was not scored by the expert raters, and is not analyzed in this study. It supports the sampling design only; the downstream expert validation does not depend on the accuracy of these difficulty labels.
S4. Coverage and exclusion
The 55 items span 14 of the 15 PANCE organ systems and 7 of the 8 PANCE task categories, approximately 94% of the PANCE blueprint weight. Professional Practice was excluded, as an organ system and as a task category, because the engine did not yet have seed material for that domain at the time of generation. Three systems also covered in the pilot (Cardiovascular, EENT, and Dermatologic) were sampled at a consistent depth of five items each for continuity across rounds.
S5. Design note
Expanding coverage from three systems in the pilot to 14 in Round 2 prioritized blueprint breadth over per-system depth. With three to five items per system, item-level and system-level content validity indices are descriptive; the aggregate content validity index across all 55 items is the primary quantity, and system-level values are exploratory. This trade-off is noted in the main-text limitations.
Supplementary References
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Free-text comments from the six PA faculty raters (100 non-empty comments) were analyzed with a rule-based lexical content analysis: a predefined codebook of ten codes grouped into seven themes, matched by case-insensitive regular expressions (multi-label; deduplicated per comment). Diagnostic tags are structured selections raters applied during validation. Because coding is multi-label, theme and code percentages are not mutually exclusive and need not sum to 100.
Diagnostic tag frequencies.
	Diagnostic tag
	Applications

	Multiple correct answers possible
	35

	Other
	32

	Contains test-wise clues
	19

	Missing critical clinical detail
	14

	Incomplete or inaccurate explanation
	14


Diagnostic tags are structured selections raters applied during validation, tabulated as total applications across items and raters. The five most frequent are shown; the full tag set is available on request.
Theme frequencies.
	Theme
	Comments
	% of comments

	Actionable Revision Suggestions (cross-cutting)
	22
	22.0

	Answer Option Integrity
	20
	20.0

	Clinical-Educational Alignment
	13
	13.0

	Positive Appraisal
	11
	11.0

	Scenario Completeness
	9
	9.0

	Language and Clarity
	8
	8.0

	Explanation Quality
	7
	7.0


n = 100 non-empty comments. “Actionable Revision Suggestions” is a cross-cutting category (where raters proposed concrete fixes) rather than a content-defect theme; excluding it, Answer Option Integrity is the most frequent substantive theme.
Code frequencies (within themes).
	Code
	Theme
	Comments
	%

	revision_suggestion
	Actionable Revision Suggestions
	22
	22.0

	distractor_quality
	Answer Option Integrity
	17
	17.0

	positive_appraisal
	Positive Appraisal
	11
	11.0

	leadin_or_wording_clarity
	Language and Clarity
	8
	8.0

	cognitive_level_scope_mismatch
	Clinical-Educational Alignment
	7
	7.0

	explanation_inaccuracy_or_weakness
	Explanation Quality
	7
	7.0

	clinical_practice_alignment
	Clinical-Educational Alignment
	6
	6.0

	missing_clinical_detail
	Scenario Completeness
	6
	6.0

	multiple_correct_answers
	Answer Option Integrity
	6
	6.0

	vignette_redundant_or_overcued
	Scenario Completeness
	4
	4.0


Answer Option Integrity aggregates distractor_quality (17) and multiple_correct_answers (6): 23 code-mentions across 20 unique comments after de-duplication.



[bookmark: _Toc235715600]Supplementary S4: Perception-study participant characteristics (N = 10).
	Characteristic
	n (%)

	Gender
	

	Female
	7 (70)

	Male
	3 (30)

	Age range, years
	

	20–24
	1 (10)

	25–29
	5 (50)

	30–34
	3 (30)

	35–39
	1 (10)

	Self-rated exam readiness
	

	Slightly confident
	1 (10)

	Moderately confident
	5 (50)

	Fairly confident
	4 (40)

	Prior AI experience
	

	Moderate use, occasionally
	7 (70)

	Extensive use, regularly
	3 (30)

	Prior standardized-exam exposure
	

	Extensive
	9 (90)

	None
	1 (10)

	Current exam-preparation tools ᵃ
	

	Rosh Review
	7 (70)

	Other
	6 (60)

	Textbooks / lecture materials only
	4 (40)

	UWorld
	3 (30)

	PAEA practice exams
	2 (20)

	Prior standardized-exam tools used ᵃ
	

	PACKRAT
	9 (90)

	PAEA End of Rotation (EOR) exams
	9 (90)

	PAEA End of Curriculum (EOC) exam
	1 (10)

	None of the above
	1 (10)

	Completed clinical rotations ᵃ
	

	Family medicine
	6 (60)

	Psychiatry / behavioral health
	5 (50)

	Emergency medicine
	4 (40)

	Internal medicine
	4 (40)

	Pediatrics
	4 (40)

	Surgery
	4 (40)

	Women's health
	3 (30)

	Other
	1 (10)

	PA program
	

	University of Pittsburgh
	6 (60)

	University of Pittsburgh, Hybrid PAS Program
	2 (20)

	Other program ᵇ
	2 (20)

	
	


Values are counts with column percentages in parentheses (denominator N = 10).
ᵃ Multiple-response item; percentages may sum to more than 100 because a participant could select more than one option.
ᵇ Other programs were external PA programs, each contributing one participant. Eight participants (80%) were from the University of Pittsburgh (main and Hybrid PAS Program) and two (20%) from other programs.

[bookmark: _Toc235715601]Supplementary S5: representative validated QAE example

Question:
A 7-year-old boy is brought to the emergency department by his parents with a 12-hour history of fever, sore throat, and difficulty breathing. The parents report that the child has been drooling and prefers to sit leaning forward. He has no significant past medical history and is up to date with his vaccinations. His vital signs reveal a temperature of 39.2°C (102.6°F), heart rate of 120 beats per minute, respiratory rate of 30 breaths per minute, and oxygen saturation of 92% on room air. On physical examination, the patient appears anxious and is in moderate respiratory distress. Inspiratory stridor is noted, and there is tenderness upon palpation of the anterior neck. Lateral neck radiograph shows a "thumbprint sign." Which of the following is the most likely diagnosis?

Answer Options:
Acute epiglottitis
Why this is Correct: The clinical presentation of fever, sore throat, drooling, sitting in a tripod position, inspiratory stridor, and a "thumbprint sign" on lateral neck radiograph is classic for acute epiglottitis. This condition is an emergency due to the risk of airway obstruction.

Croup
Why this is Incorrect: Croup typically presents with a "barking" cough, inspiratory stridor, and hoarseness, often following an upper respiratory tract infection. The "steeple sign" on neck radiograph is characteristic of croup, not the "thumbprint sign."

Peritonsillar abscess
Why this is Incorrect: A peritonsillar abscess usually presents with fever, sore throat, muffled voice, and unilateral tonsillar swelling with deviation of the uvula. Drooling and respiratory distress are less common, and the "thumbprint sign" is not associated with this condition.

Retropharyngeal abscess
Why this is Incorrect: Retropharyngeal abscess can present with fever, neck pain, dysphagia, and respiratory distress. However, the "thumbprint sign" is not characteristic of this condition; instead, widening of the prevertebral space may be seen on imaging.

Foreign body aspiration
Why this is Incorrect: Foreign body aspiration typically presents with sudden onset of respiratory distress, coughing, and stridor. The history and radiographic findings in this vignette are more consistent with acute epiglottitis rather than foreign body aspiration.






