[bookmark: supplementary-material]Supplementary Material
Limited fitness of routinely captured student participation data for predicting graduation examination performance in undergraduate medical education
This file contains the full supporting tables for analyses that are summarised in the main text, together with the completed RECORD reporting checklist. All values are within-cohort standardised (z-score) Spearman correlations unless otherwise stated, computed on the 61 linked students (2, 14, and 45 in the 2022, 2023, and 2024 cohorts) except where a reduced n is noted. Confidence intervals are from the Fisher z-transformation; multiplicity is controlled within each family by the Benjamini–Hochberg false-discovery-rate (BH-FDR) procedure.
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Supplementary Table S1. Full overall exposure–outcome correlations (15 pairs, primary analysis)
Spearman correlations between the five overall participation metrics and the three examination outcomes (within-cohort standardised scores; N = 61). No pair was significant after Benjamini–Hochberg control (0 of 15).
	Exposure metric
	Outcome
	ρ
	p
	BH-FDR q

	Attended activities (count)
	Theory score
	0.04
	0.735
	0.788

	Attended activities (count)
	Skill score
	0.06
	0.620
	0.754

	Attended activities (count)
	Total score
	0.08
	0.561
	0.754

	Activity types (count)
	Theory score
	0.14
	0.298
	0.734

	Activity types (count)
	Skill score
	0.09
	0.489
	0.754

	Activity types (count)
	Total score
	0.14
	0.279
	0.734

	Departments covered (count)
	Theory score
	0.23
	0.080
	0.734

	Departments covered (count)
	Skill score
	−0.02
	0.865
	0.865

	Departments covered (count)
	Total score
	0.07
	0.602
	0.754

	Sign-in rate
	Theory score
	−0.12
	0.343
	0.734

	Sign-in rate
	Skill score
	−0.11
	0.411
	0.754

	Sign-in rate
	Total score
	−0.13
	0.300
	0.734

	Reflections submitted (count)
	Theory score
	0.06
	0.653
	0.754

	Reflections submitted (count)
	Skill score
	0.17
	0.179
	0.734

	Reflections submitted (count)
	Total score
	0.16
	0.225
	0.734


The strongest single association (smallest uncorrected p) was departments covered versus theory score (ρ = 0.23, p = 0.080), which did not survive correction (q = 0.734).
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Supplementary Table S2. Full rotation duration and breadth correlations (12 pairs, primary analysis)
The main-text Table 3 reports a representative subset; the complete rotation-family matrix is given here. Three duration measures (total internship length, activity-window span, mean within-department span) and one breadth measure (departments rotated) versus each outcome (within-cohort standardised scores).
	Exposure metric
	Outcome
	n
	ρ
	95% CI
	p

	Total internship length (days)
	Theory score
	36
	−0.01
	−0.33 to 0.32
	0.975

	Total internship length (days)
	Skill score
	36
	−0.15
	−0.46 to 0.19
	0.379

	Total internship length (days)
	Total score
	36
	−0.07
	−0.39 to 0.27
	0.696

	Activity-window span (days)
	Theory score
	59
	0.17
	−0.09 to 0.41
	0.197

	Activity-window span (days)
	Skill score
	59
	−0.09
	−0.34 to 0.17
	0.511

	Activity-window span (days)
	Total score
	59
	−0.00
	−0.26 to 0.26
	0.996

	Mean within-department span (days)
	Theory score
	59
	0.06
	−0.20 to 0.31
	0.647

	Mean within-department span (days)
	Skill score
	59
	−0.06
	−0.31 to 0.20
	0.673

	Mean within-department span (days)
	Total score
	59
	−0.03
	−0.28 to 0.23
	0.818

	Departments rotated (breadth)
	Theory score
	61
	0.39
	0.16 to 0.59
	0.002

	Departments rotated (breadth)
	Skill score
	61
	0.10
	−0.15 to 0.34
	0.438

	Departments rotated (breadth)
	Total score
	61
	0.23
	−0.03 to 0.45
	0.081


Within the 12-test rotation family, only departments-rotated versus theory score reached the conventional threshold (BH-FDR q = 0.021); as discussed in the main text, rotation breadth correlated with overall participation volume (ρ = 0.41 with attended-activity count) but its association with theory score was not explained by that volume when tested directly (Supplementary Table S5), and is reported as hypothesis-generating only, given the small observational sample. The three genuine duration measures were unrelated to every outcome. The activity-timestamp proxies (activity-window span, mean within-department span) lose the two 2022 students whose timestamps were insufficient, giving n = 59; total internship length was available for 36 students contributing to the correlation.
[bookmark: X865b99ff8719927768394ebd10695fe32629ead]Supplementary Table S3. Sensitivity analyses
[bookmark: Xbf3e4f7d804db8547caedd445d67fe7eb8391f9]S3a. Overall correlations excluding the 2022 cohort (2023–2024 only, n = 59)
	Exposure metric
	Outcome
	ρ
	p
	BH-FDR q

	Attended activities (count)
	Theory score
	0.05
	0.725
	0.776

	Attended activities (count)
	Skill score
	0.07
	0.589
	0.741

	Attended activities (count)
	Total score
	0.07
	0.574
	0.741

	Activity types (count)
	Theory score
	0.15
	0.257
	0.485

	Activity types (count)
	Skill score
	0.10
	0.438
	0.729

	Activity types (count)
	Total score
	0.15
	0.259
	0.485

	Departments covered (count)
	Theory score
	0.24
	0.063
	0.485

	Departments covered (count)
	Skill score
	−0.02
	0.883
	0.883

	Departments covered (count)
	Total score
	0.06
	0.627
	0.741

	Sign-in rate
	Theory score
	−0.17
	0.208
	0.485

	Sign-in rate
	Skill score
	−0.15
	0.245
	0.485

	Sign-in rate
	Total score
	−0.18
	0.167
	0.485

	Reflections submitted (count)
	Theory score
	0.06
	0.643
	0.741

	Reflections submitted (count)
	Skill score
	0.19
	0.156
	0.485

	Reflections submitted (count)
	Total score
	0.16
	0.218
	0.741


Still 0 of 15 significant after Benjamini–Hochberg control; the strongest association remained departments covered versus theory score (ρ = 0.24, p = 0.063, q = 0.485), consistent with the primary (2022-included) analysis.
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S3b. Rotation correlations excluding the 2022 cohort (n = 59 for proxies/breadth; n = 36 for total internship length)
	Exposure metric
	Outcome
	n
	ρ
	95% CI
	p

	Activity-window span (days)
	Theory score
	59
	0.17
	−0.09 to 0.41
	0.197

	Activity-window span (days)
	Skill score
	59
	−0.09
	−0.34 to 0.17
	0.511

	Activity-window span (days)
	Total score
	59
	−0.00
	−0.26 to 0.26
	0.996

	Mean within-department span (days)
	Theory score
	59
	0.06
	−0.20 to 0.31
	0.647

	Mean within-department span (days)
	Skill score
	59
	−0.06
	−0.31 to 0.20
	0.673

	Mean within-department span (days)
	Total score
	59
	−0.03
	−0.28 to 0.23
	0.818

	Departments rotated (breadth)
	Theory score
	59
	0.43
	0.19 to 0.62
	<0.001

	Departments rotated (breadth)
	Skill score
	59
	0.13
	−0.13 to 0.37
	0.324

	Departments rotated (breadth)
	Total score
	59
	0.25
	−0.00 to 0.48
	0.052

	Total internship length (days)
	Theory score
	36
	−0.01
	−0.33 to 0.32
	0.975

	Total internship length (days)
	Skill score
	36
	−0.15
	−0.46 to 0.19
	0.379

	Total internship length (days)
	Total score
	36
	−0.07
	−0.39 to 0.27
	0.696


The breadth–theory association strengthened slightly when 2022 was excluded (ρ = 0.43, p < 0.001), confirming it was not an artefact of that cohort, while the duration measures remained null.
[bookmark: X6dbb7f1cc03e13c87a9faf6d484dd7601bf85b4]S3c. Multivariable regression and domain-matched analysis excluding the 2022 cohort
· Multivariable regression of standardised total score on the overall exposure metrics with a 2024 cohort indicator (n = 59): R² = 0.048; no exposure coefficient was significant (the auxiliary regression is interpreted only for variance explained, not coefficient inference).
· Domain-matched correlations (n = 59): theory-oriented exposure versus theory score ρ = 0.03 (p = 0.848); skill-oriented exposure versus skill score ρ = 0.17 (p = 0.206) — both consistent with the primary domain-matched nulls.
[bookmark: X96e9397ad6c88ae100ca878660fc2b46f527450]S3d. Domain-matched analysis with case discussions reclassified to bedside/mixed (n = 61)
	Sensitivity specification
	Exposure
	Outcome
	ρ
	95% CI
	p

	Case discussions → bedside/mixed
	Theory-oriented activities (v2)
	Theory score
	−0.03
	−0.28 to 0.23
	0.847


Reclassifying case discussions from the theory-oriented to the bedside/mixed domain left the domain-matched null unchanged.
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Supplementary Table S4. Linked versus unlinked examination performance (representativeness of the captured subset)
Within-cohort standardised mean differences (SMD = linked − unlinked) and Mann–Whitney tests comparing the 61 linked students with the unlinked remainder of each examination roster. Only group-level aggregates are reported; no individual records were written to disk. The pooled skill comparison is omitted because the 2022 skill component was on a different raw scale (within-cohort comparisons only).
	Outcome
	Scope
	n (linked)
	n (unlinked)
	SMD (within-cohort)
	Mann–Whitney p

	Theory score
	Pooled
	61
	1040
	−0.02
	0.16

	Theory score
	2024
	45
	314
	−0.11
	0.60

	Theory score
	2023
	14
	356
	+0.13
	0.65

	Total score
	Pooled
	61
	1040
	+0.22
	0.91

	Total score
	2024
	45
	314
	+0.26
	0.083

	Total score
	2023
	14
	356
	−0.02
	0.81

	Skill score
	2024
	45
	314
	+0.38
	0.020

	Skill score
	2023
	14
	356
	−0.11
	0.95


Linked students were close to representative of examination performance in the two well-populated cohorts (|SMD| ≤ 0.26 for theory and total; pooled Mann–Whitney p = 0.16 and 0.91), the only notable exception being a modestly higher skill score among linked 2024 students (SMD = +0.38, p = 0.020), indicating a mild single-cohort, single-domain positive selection. The 2022 comparison (2 linked students) is not interpreted.
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Supplementary Table S5. Rotation breadth and theory score, adjusted for total participation volume (N = 61)
In response to a reviewer request, this table tests whether the rotation-breadth → theory-score association is independent of overall participation volume (the total attended-activity count). The outcome is within-cohort standardised theory score; the regressions include cohort fixed effects with HC3 robust standard errors.
	Model
	Breadth estimate
	95% CI
	p

	Unadjusted Spearman (breadth × theory score)
	ρ = 0.39
	0.16 to 0.59
	0.002

	Partial Spearman (controlling for total activity count)
	ρ = 0.44
	—
	<0.001

	OLS: theory score (z) ~ breadth + cohort fixed effects
	b = 0.46
	0.20 to 0.73
	<0.001

	OLS: theory score (z) ~ breadth + total activity count + cohort fixed effects
	b = 0.54
	0.23 to 0.84
	<0.001


Rotation breadth correlated with the total activity count (ρ = 0.41), but the total activity count was itself unrelated to theory score (ρ = 0.04); consequently, adjusting for participation volume did not attenuate the breadth–theory association but slightly strengthened it (the OLS breadth coefficient rose from 0.46 to 0.54; model R² from 0.164 to 0.183), consistent with participation volume acting as a mild suppressor. The breadth signal is therefore not reducible to overall engagement volume; but—given the small, 2024-dominated, observational sample and the possibility that breadth proxies unmeasured student attributes—it is reported as hypothesis-generating rather than as an established dose–response effect.
[bookmark: Xfdd9a9e2c957cfc187c82ab9ce11ddacfe65781]Supplementary Appendix S1. RECORD reporting checklist
Completed checklist for The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD), an extension of the STROBE statement (Benchimol et al., PLoS Med 2015;12(10):e1001885). Locations refer to sections of the main manuscript.
	Item
	STROBE / RECORD requirement
	Reported in

	1 (Title/Abstract)
	Study design in title/abstract; structured summary
	Title; Abstract

	1.1 (RECORD)
	Type of data used and databases stated
	Title; Abstract (Methods); Methods – Data sources

	1.2 (RECORD)
	Population and applicable geographic region
	Methods – Study design and setting

	1.3 (RECORD)
	Linkage of databases stated if applicable
	Methods – Record linkage and de-identification

	2 (Background/rationale)
	Scientific background and rationale
	Introduction

	3 (Objectives)
	Specific objectives / hypotheses
	Introduction (final paragraph)

	4 (Study design)
	Key elements of design
	Methods – Study design and setting

	5 (Setting)
	Setting, locations, relevant dates
	Methods – Study design and setting; Data sources

	6 (Participants)
	Eligibility criteria and selection
	Methods – Study design and setting; Record linkage

	6.1 (RECORD)
	Codes/algorithms used to select population
	Methods – Record linkage and de-identification

	6.2 (RECORD)
	Validation of selection from codes described, or stated as not done
	Methods – Record linkage (linkage rate vs. platform; cohort-field consistency)

	6.3 (RECORD)
	Linkage process and flow of participants
	Methods – Record linkage; Results – Table 1

	7 (Variables)
	Outcomes, exposures, predictors, confounders
	Methods – Exposure measures; Outcomes and standardisation

	7.1 (RECORD)
	Classification of variables / completeness of codes
	Methods – Exposure measures; Table 4 (taxonomy)

	8 (Data sources/measurement)
	Sources and assessment methods
	Methods – Data sources

	9 (Bias)
	Efforts to address potential bias
	Methods – Statistical analysis; Discussion – limitations

	10 (Study size)
	How study size was arrived at
	Results – Table 1; Methods (power note)

	11 (Quantitative variables)
	Handling of quantitative variables
	Methods – Outcomes and standardisation; Statistical analysis

	12 (Statistical methods)
	All statistical methods, subgroups, missing data, sensitivity
	Methods – Statistical analysis

	12.1 (RECORD)
	Methods for cleaning/linking across databases
	Methods – Record linkage and de-identification

	12.2 (RECORD)
	Linkage technique and evaluation
	Methods – Record linkage (deterministic by-name within cohort; rate vs. platform)

	13 (Participants)
	Numbers at each stage
	Results – Data capture and record linkage; Table 1

	13.1 (RECORD)
	Detailed selection of included persons (flow diagram)
	Results – Data capture and record linkage; Table 1

	14 (Descriptive data)
	Characteristics of participants
	Results – Table 2

	15 (Outcome data)
	Outcome events / summary measures
	Results – Tables 2–3; Supplementary Tables S1–S4

	16 (Main results)
	Estimates and precision (CIs)
	Results; Tables 3; Supplementary Tables S1–S4

	17 (Other analyses)
	Subgroups, interactions, sensitivity
	Results; Supplementary Table S3

	18 (Key results)
	Summary with reference to objectives
	Discussion (first paragraph); Conclusions

	19 (Limitations)
	Limitations, including data-quality issues
	Discussion – limitations

	19.1 (RECORD)
	Implications of using data not created for research
	Discussion; Conclusions

	20 (Interpretation)
	Cautious overall interpretation
	Discussion; Conclusions

	21 (Generalisability)
	External validity
	Discussion – limitations

	22 (Funding)
	Funding source and role
	Declarations – Funding

	22.1 (RECORD)
	Access to data and linkage protocols
	Declarations – Availability of data and materials


This study used de-identified, routinely collected institutional educational records; ethics approval KY-2026-111-01.
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