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Abstract

Review of objective structured clinical examination (OSCE) results identified aortic sclerosis as
the lowest-performing Harvey simulator station, with faculty reporting that students confused
it with aortic stenosis because both present with systolic murmurs. Instruction was revised to
emphasize carotid palpation and murmur radiation, the distinguishing finding, but performance
did not improve. Facilitator supervision was later added to existing extended-hours practice
without increasing simulator availability, allowing supervision to be examined independently of
access. We analyzed seven consecutive OSCEs delivered under one curriculum and one
machine-scored 14-item instrument (1,121 student-station observations, 2024 to 2026). The
revision took effect in Fall 2024; four facilitators joined practice sessions from Summer 2025,
intervening only when students encountered difficulty. The primary outcome was performance
at the aortic sclerosis station, named in monitoring records before either intervention; mitral
valve prolapse, whose diagnostic feature is independent of the revised maneuver, served as a
comparison outcome. The revision alone produced no improvement, with performance across
the three preceding cohorts flat to declining (83.3%, 82.2%, 81.1%). After facilitators were
added, aortic sclerosis rose from 81.7% to 89.9%, a difference-in-differences of 7.87 points
(95% Cl 3.06 to 12.69, P = 0.001), and students scoring below 70 fell from 25.9% to 12.0%.
Overall performance rose from 82.4% to 88.3% (5.65 points, 95% Cl 0.87 to 10.43, bootstrap P =
0.016), while the comparison station changed by 0.40 points (P = 0.84). Facilitator-supported

practice may provide educational benefit beyond access to simulation resources alone.

Keywords: cardiac auscultation; deliberate practice; supervision; self-regulated learning;

objective structured clinical examination; program evaluation
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Introduction

Cardiac auscultation remains one of the least reliably acquired skills in physical examination.
Multicenter studies show that competence is poor among students and improves little across
training levels, with attending physicians performing only marginally better than those they
supervise [1, 2]. The pattern has held for three decades, which suggests that the limiting factor
is not exposure but the conditions under which the skill is learned.

Simulation can supply those conditions. The Harvey cardiopulmonary patient simulator, in use
since the 1970s, reproduces pulses, precordial movement, and auscultatory findings with
correct timing, intensity, and radiation [3, 4]. Simulation-based mastery learning improves
auscultatory accuracy [5], repetition and deliberate practice have been identified as active
ingredients [6], and a systematic review found that most studies report positive outcomes [7].
These findings sit within a broader literature identifying feedback, repetitive practice, and
curricular integration as features of effective learning [8, 9].

What this literature does not resolve is a question program directors face directly. When
practice and self-study are available outside scheduled teaching, does learning follow from the
access itself or from a facilitator's presence? The costs differ sharply. Extending laboratory
hours is inexpensive; staffing those hours is not. The common approach is to increase access,
on the assumption that time on task drives skill acquisition. For a perceptual discrimination
task, that assumption warrants scrutiny, since a student who repeatedly practices a
misidentification has no means of self-correction.

The published evidence is mixed. A meta-analysis of self-regulated learning in simulation found
that unsupervised interventions produced poorer immediate outcomes than supervised ones,
with a pooled effect size of —0.34 [10]. Against this, a randomized non-inferiority trial in cardiac
auscultation found self-regulated learning no worse than co-regulated learning on immediate
and retention testing, though inconclusive for preparation for future learning, and raised the
possibility that supervisors disrupt self-regulation by taking control of the learning situation
[11]. The question remains open partly because access and supervision are usually confounded,
since programs that add supervised sessions typically add hours as well, and partly because

most curricular evaluation rests on uncontrolled pre-post comparison [12].
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We report two interventions at a single institution that allow these influences to be
distinguished. Routine monitoring identified a specific weakness. We revised the teaching of
the maneuver that addresses it, and performance did not change. We later added facilitators to
practice sessions while leaving opening hours unchanged, and performance improved. Because
monitoring records named the station before either intervention, it serves as a target identified
in advance rather than one selected from the results.

Aim

The aim of this study was to evaluate student performance at Harvey-based cardiac
auscultation stations across seven consecutive OSCEs and to determine whether revised
instruction on differentiating aortic sclerosis from aortic stenosis and the subsequent addition

of facilitator-supported practice were each associated with improved performance.

Materials and Methods

Design

This was a retrospective observational study of consecutive OSCEs, using a non-equivalent
dependent variable design [12]. Reporting follows the STROBE extension for simulation-based
research, and the description of the intervention follows Table 3 of that guidance [13].

Setting and participants

The study took place at the Simulation Institute of an offshore university delivering a United
States curriculum MD program. Students move through five preclinical semesters in three
overlapping cohorts each year. Participants were Semester 3 students in the Cardiology
module. Each student examined one Harvey program per administration, and no student
appears in more than one cohort.

Curriculum context and analytic window

In September 2023 the school replaced a legacy curriculum, which taught cardiology across two
separated semesters, with a single-module curriculum delivering cardiology as one continuous
7.5-week module, with didactic teaching reduced by half in favor of active learning. The first
cohort reached Semester 3 in May 2024. The assessment instrument changed at the same

point, from a facilitator-completed checklist to the machine-scored instrument described
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below, and the legacy series was taught out in parallel, so it cannot serve as a like-for-like
comparator. We therefore restricted the analysis to the seven administrations delivered under
the single-module curriculum and the single instrument (1,121 observations). Both changes fall
three cohorts before the intervention studied here.

Identification of the target

Harvey station results are charted after every administration as a routine quality function, and
these records predate the present analysis. In the Semester 4 cohort (legacy curriculum)
assessed from January to April 2024, aortic sclerosis was the lowest-performing of the five
Harvey stations examined, at 79%, against 87% for normal, 84% for innocent murmur, 84% for
mitral valve prolapse, and 83% for hypertension. It had also been the lowest-performing Harvey
station in April 2023. Review of these records prompted discussion among clinical skills faculty,
who reported that students frequently confused aortic sclerosis with aortic stenosis, plausibly
because both present with systolic murmurs. The deficiency was therefore specific rather than
general. Aortic sclerosis must be distinguished from aortic stenosis, and the discriminating
finding is whether the systolic murmur radiates to the carotid artery. In aortic stenosis it does;
in aortic sclerosis it does not [14, 15]. Faculty observed that carotid palpation during
auscultation was performed inconsistently and that students rarely commented on radiation of
the murmur to the neck. This observation, rather than any prior research plan, prompted the
instructional revision.

The educational activity

Cardiac auscultation is taught as a sequence: two 50-minute physiology lectures and a two-hour
workshop covering the cardiac cycle, pressure-volume relationships, and murmur genesis; a 50-
minute auscultation didactic; and a 50-minute hands-on formative laboratory on nine Harvey
simulators at a facilitator-to-student ratio of 1:8. Students then have access to extended-hours
individual self-study practice. Performance is assessed at a summative Harvey OSCE.

The laboratory uses a fixed inspection, palpation, and auscultation protocol held constant
across all nine programs, with simultaneous carotid palpation required throughout
auscultation. Programs are sequenced as paired contrasts: aortic sclerosis against aortic

stenosis, separated by radiation of the murmur to the carotid artery, and mitral regurgitation
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against aortic regurgitation, separated by timing and shape. Holding the procedure constant is
intended to reduce extraneous cognitive load so attention goes to discrimination [16], and the
paired-contrast structure follows evidence that comparison supports learning of confusable
diagnostic appearances [17].

The two changes

From the Fall 2024 cohort, the teaching of carotid palpation was revised. Students were
required to palpate the carotid artery throughout auscultation, to listen at the carotid artery for
the systolic murmur, and to state explicitly whether the murmur radiated to the neck. The
change was directed at the aortic sclerosis and aortic stenosis discrimination and is
documented in the student study guide.

After three successive cohorts showed no improvement, dedicated supervision of extended-
hours self-study sessions was introduced from the Summer 2025 cohort. Four clinical skills
facilitators, all graduates of the program, were available on weekdays and during Saturday
sessions. Session availability and opening hours did not change. What changed was the
presence of a facilitator who could observe practice and explain findings when a student
struggled or could not distinguish two similar sounds.

Facilitator support was provided on an as-needed basis rather than through scheduled
instructional sessions. Facilitators did not deliver structured teaching but intervened selectively
when students encountered difficulty during independent practice, calibrating support to
observed difficulty. This corresponds to the contingency principle in scaffolding theory [18, 19].
Outcome measure and instrument

The outcome was the percentage score at the Harvey station OSCE. Students receive 30
seconds of preparation time followed by 10 minutes to perform the examination and record
responses on a tablet in CAE LearningSpace. No examiner is present, and scoring is automated.
The instrument has 14 items totaling 100 points: 11 covering inspection, palpation, and
auscultatory findings by area, including carotid radiation (75 points); one requiring the best
diagnosis (15 points); and two on confirmatory investigation and associated findings (10
points). Because every item is worth 5, 10, or 15 points, all attainable totals are multiples of 5.

In the analyzed data 1,110 of 1,121 scores (99.0%) conform to this key; the remaining 11 are
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treated as artifacts in a sensitivity analysis. The instrument was unchanged across all seven
cohorts.

Because scoring is automated with no examiner present, examiner variance is eliminated by
design rather than estimated, and examiner drift cannot account for change across the series.
Comparison outcome

Mitral valve prolapse (MVP) was selected as a negative control outcome [20] because its
principal diagnostic feature, a midsystolic click, is independent of the carotid palpation and
murmur radiation maneuver targeted by the instructional revision. The station was taught
within the same educational environment, administered during the same assessment sessions,
and evaluated using the same automated scoring instrument. Although the instructional
revision was not expected to influence performance at this station directly, facilitator-
supported practice could plausibly improve recognition of the midsystolic click through
corrective feedback. Consequently, MVP represents a comparison outcome with limited
relevance to the targeted instructional content rather than a definitively unaffected control for
the supervision intervention. The rationale for distinguishing this station was supported by
instructional materials predating the intervention; however, its selection as a comparison
outcome occurred during the analysis rather than prospectively.

The station nonetheless excludes influences acting on all stations together, such as cohort
ability, familiarity with test items, or a change in scoring, since any of these would have raised
performance at this station as well.

Statistical analysis

Analyses used Python 3 with statsmodels. The primary outcome was performance at the aortic
sclerosis station. The estimator was a difference in differences: an ordinary least squares model
of station percentage on station fixed effects, a post-supervision indicator, and the interaction
of that indicator with an indicator for the targeted station. A secondary analysis pooled the
eight non-comparison stations. Standard errors were clustered by cohort. Seven clusters are
too few for reliable asymptotic inference, which can lead cluster-robust tests to over-reject, so
we also report wild cluster bootstrap P values using Rademacher weights under the imposed

null with 3,999 replications and a fixed random seed [21].
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A causal interpretation of the difference-in-differences estimate would require that, absent the
intervention, performance at the targeted and comparison stations would have followed
parallel trajectories. This assumption cannot be tested here, because aortic sclerosis was
examined in only one pre-supervision cohort. Differences between stations in diagnostic
complexity, baseline performance, and responsiveness to feedback may also influence how
each changes over time. The estimates are therefore interpreted as adjusted observational
comparisons rather than causal effects.

Sensitivity analyses were station-level estimates with Holm correction, restriction to the four
stations given in all seven cohorts, exclusion of the 11 off-key scores, rank transformation, and
a derived diagnosis measure. The derived measure exploits the scoring key: the highest total
attainable with the 15-point diagnosis item wrong is 85, so any score of 90 or above establishes
that the diagnosis was correct. One student recorded scores at two stations, a protocol
deviation under a design in which each student sits exactly one station; that student's records
were excluded. Station-cohort cells containing fewer than five observations are suppressed
from station-level tables but retained in pooled models. The deidentified dataset and the
summary tables reported here are provided as Supplementary Data.

Use of artificial intelligence

A large language model (Claude, Anthropic) assisted with the extraction of data from
spreadsheet files, with statistical code, was used. All analyses were specified by the authors, all
outputs were checked against the source data, and the authors take full responsibility for the
content.

Ethics

The study was exempted from IRB review vide approval letter RUSMIRB exempt #6-IRB2026_06
The analysis used deidentified results generated as routine program evaluation. No individual
student is identifiable.

Results

The instructional revision alone

The Fall 2024 cohort was the first to receive the revised teaching. At the aortic sclerosis station,

that cohort scored a mean of 81.7% (SD = 20.2, n = 27), with 25.9% of students below 70.
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Across all stations, performance in the three cohorts before supervision was 83.3%, 82.2%, and
81.1% (Table 1). The instructional revision was not followed by improvement at the station it
targeted or overall.

Primary outcome: aortic sclerosis

After facilitators were added, performance at the aortic sclerosis station rose to 89.9% (SD =
14.7, n = 92), a raw difference of 8.3 points (Welch P = 0.056, d = 0.47). In the difference-in-
differences model the station gained 7.87 points against the comparison station (95% Cl 3.06 to
12.69, P = 0.001). Students scoring below 70 fell from 25.9% to 12.0%, and the proportion
whose score established a correct diagnosis rose from 55.6% to 79.3%. The cohort sequence
was 81.7%, then 84.6%, 88.4%, 95.6%, and 92.2% (Fig. 1). The pre-supervision estimates rest on
a single administration, because the station was not examined in the Summer 2024 or Spring
2025 cohorts (Fig. 2).

Aortic stenosis, the other half of the pair

Aortic stenosis station performance did not change. It scored 87.2% (SD = 13.8, n = 56) before
supervision and 88.4% (SD = 13.4, n = 87) after, a difference of 1.2 points (P = 0.62; difference in
differences 0.78, P = 0.80). Performance was already near the top of the distribution, with 68%
of students at or above 90% beforehand. Taken as a pair, the two stations the instruction
addressed show a combined difference in differences of 3.47 points (95% Cl -3.83 to 10.78, P =
0.35).

All stations

Pooled performance rose from 82.4% (n = 453, SD = 17.0) to 88.3% (n = 668, SD = 16.1), a
difference of 5.9 points (95% Cl 3.9 to 7.9). Students scoring below 70 fell from 19.0% to 11.2%.
The eight non-comparison stations gained 5.65 points more than the comparison station (95%
Cl1 0.87 t0 10.43, P = 0.021; bootstrap P = 0.016). The coefficient estimating change at the
comparison station was 0.40 points (95% Cl -3.63 to 4.44, P = 0.84). The shift was concentrated
in the lower part of the distribution: the two distributions are nearly identical above 90%, while

the proportion below the pass threshold fell by about two fifths (Fig. 3).
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Station-level and sensitivity analyses

Station-level estimates ranged from 10.58 points for aortic regurgitation to 0.78 for aortic
stenosis (Table 2, Fig. 4). No individual station survived Holm correction, so these analyses are
descriptive. Restricting to the four stations given in every cohort gave 5.45 points (95% Cl 1.95
to 8.96, P = 0.002), and excluding the 11 off-key scores gave 5.05 points (95% Cl 0.26 to 9.84, P
= 0.039). Rank transformation did not reproduce the pooled effect (P = 0.136). The below-70
outcome moved favorably but imprecisely (OR = 0.57, 95% Cl 0.22 to 1.44, P = 0.23). Across all
stations, the proportion whose score established a correct diagnosis rose from 46.6% to 69.7%
(OR=1.93,95% Cl1 0.90 to 4.13, P = 0.09). Table 3 summarizes these analyses.

Discussion

Two findings emerged. Revising how a discriminating maneuver was taught, at the station our
own monitoring had identified as lowest-performing, was not followed by improvement.
Introducing facilitators while leaving practice hours unchanged was followed by an 8.3-point
gain at that station and a 5.9-point gain overall, sustained across four cohorts, while a
comparison station within the same examination did not change.

The first finding was unexpected and is the one most worth reporting. Content can be revised
carefully, delivered by faculty who understand the discrimination, and documented in the
materials students receive, and performance may remain unchanged if students then study
alone.

Access is not the active ingredient

The pre-supervision condition provides the most informative comparison. Students had the
simulators, the self-study hours, the study guide, and the audio and video materials, yet three
successive cohorts showed no improvement in performance. Performance changed only when
a facilitator was present during those same hours. This aligns with the original specification of
deliberate practice, in which feedback and coaching are constitutive rather than optional [9,
22].

Three frameworks bear on this and are worth separating. Deliberate practice specifies
repetition with feedback against a defined standard [22]. Self-regulated learning concerns the

learner's own planning, monitoring, and evaluation of practice [10]. Contingent scaffolding
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describes support calibrated to observed difficulty and withdrawn as competence develops [18,
19]. Our intervention is closest to the third. Facilitators set no goals, delivered no structured
teaching, and intervened only when a student encountered difficulty, so the learner retained
control of the session throughout.

The mechanism we propose is the limit of self-assessment. A student practicing alone has no
external reference for what they believe they heard, so repetition may reinforce error as readily
as accuracy. The facilitator supplies the corrective signal, functioning less as an instructor than
as a navigation aid: the learner still steers but is told when the route has been missed. This
framing raises a question the present design cannot answer: whether the benefit derives from
the facilitator's presence or from the timely corrective feedback that presence makes available.
The two are confounded here, and they carry very different resource implications.

The distribution of the change supports this reading. Scores above 90% were essentially
unaltered, while the proportion below the pass threshold fell by about two fifths (Fig. 3). A
student already identifying the finding correctly gains nothing from confirmation. A student
identifying it incorrectly, with no way of detecting the error, gains the correction itself. This is
what the rank-transformed analysis reflects, and it is a prediction of the mechanism rather than
a shortcoming of the estimate.

Why only half the pair changed

Instruction addressed two stations and only one improved. We think the asymmetry is
informative. In aortic stenosis the murmur radiates to the carotid artery, so the maneuver
produces a positive finding, and it is accompanied by other cues, including the harsh ejection
quality, the crescendo-decrescendo shape, and an audible fourth heart sound. Students scored
87.2% there beforehand, which left limited room to improve and reduced reliance on the
maneuver.

In aortic sclerosis the diagnostic signal is the absence of murmur radiation. A student cannot
confirm an absence by listening more closely; they must perform the maneuver, know where to
listen, and interpret a negative result correctly. Nothing in the environment distinguishes
correct listening that found nothing from incorrect listening, which is exactly the judgment an

unsupervised learner cannot verify. A facilitator can confirm it in seconds. If this reading is right,
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facilitator support may add least where the diagnostic cue is positive and redundant and most
where it is a negative finding the learner cannot independently check. We offer this as a
hypothesis generated by the data rather than tested by it.

Considered as a single contrast, the two stations the instruction addressed show no significant
gain (3.47 points, 95% Cl -3.83 to 10.78, P = 0.35). We report the aortic sclerosis station as the
primary outcome because the institutional monitoring named it before either change, not
because it performed best. Had the pair been specified as the outcome, this study would have
returned a null result.

Two stations that the revised instruction did not address, aortic regurgitation and mitral
stenosis, gained more than the target station. This argues against a narrowly specific
mechanism. The more defensible reading is that facilitator presence helped across murmur
discrimination generally, with the carotid maneuver as one instance, and that the comparison
station marks the boundary of that benefit rather than the limit of a single taught cue.
Reconciling divergent evidence

Our findings align with meta-analytic evidence that unsupervised training yields poorer
immediate outcomes [10] and appear at first to contradict the non-inferiority trial [11].
Differing definitions of unsupervised learning may explain the discrepancy. In that trial the self-
regulated group received structured cases, guidance, and assessment, whereas our pre-
supervision condition offered only unstructured access during open hours. Self-regulated
learning may substitute for supervision when it is appropriately scaffolded, while unstructured
access substitutes for neither. Contingent scaffolding also differs from the supervision that trial
describes, since the learner retains control until performance falters. Our facilitators were
recent graduates rather than senior faculty, which may have lowered the threshold for students
to express uncertainty [23], and sessions were voluntary and ungraded.

The comparison station as a finding

The comparison station carries identical items and point allocations, differing only in the
program presented. Its defining feature, the midsystolic click, is worth 5 points, but a student
who misses it would be unlikely to reach the correct diagnosis, which carries 15 points. Roughly

one fifth of the available score therefore depends on a brief perceptual event that paired-
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contrast teaching does not address. This leads to a testable prediction: a dedicated click-
recognition segment should improve performance at this station while leaving the murmur
stations unchanged, reversing the roles of target and comparison.

Limitations

This study is nonrandomized and retrospective, and an unmeasured change coinciding with the
intervention and affecting only murmur stations would produce the same pattern. The pre-
supervision estimate for the primary outcome rests on a single administration of 27 students,
because aortic sclerosis was not examined in two of the three pre-supervision cohorts; the raw
difference does not reach conventional significance, and the difference-in-differences estimate
draws its precision from the comparison station rather than from an extended baseline. The
parallel-trends assumption underlying the estimator cannot be tested for the same reason. We
identified the comparison station during analysis rather than specifying it in advance, and
facilitator support could plausibly have affected it, so it is not a definitively unaffected control.
Practice dose was not recorded, which precludes any dose-response analysis and means the
estimate reflects an intention-to-treat contrast at the cohort level. The rank-transformed
analysis did not reproduce the pooled effect, indicating that the linear estimate is driven largely
by change in the lower part of the distribution. Station-level analyses are underpowered, and
none survives correction. Item-level responses were unavailable, so we propose the click-gating
mechanism rather than demonstrate it. Finally, this study examines one skill in one program,
and the outcome reflects simulator performance rather than performance with patients [24].
Implications

For program directors, cost the supervision rather than the access, and treat extended opening
hours without facilitation as untested. For evaluators, check before running an uncontrolled
pre-post comparison whether the assessment already contains a station the intervention
should not affect. For simulation programs, routine station-level monitoring is what made this
evaluation possible and what named the target in advance; the comparison station can be
nominated from the instructional design when a change is planned and registered in the

minutes of the review that approves it.
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Two questions follow. The first is dose, which requires attendance data we did not have and are
now collecting. The second is whether the verification function must be human. If the operative
element is a timely signal that the learner has misidentified a sound, it may be deliverable by
automated feedback at a fraction of the staffing cost.

A prospective three-arm comparison would separate these. With practice exposure held equal,
learners would be allocated to independent simulator practice, facilitator-supported practice,
or independent practice with structured automated corrective feedback. Diagnostic accuracy,
recorded practice dose, and delayed retention would be the outcomes. Such a design would
establish whether human supervision is required or whether reliable, timely feedback is
sufficient, a distinction with direct consequences for the cost of extended laboratory hours.
Conclusions

Revising how a discriminating maneuver was taught was not associated with improved
performance at the station our monitoring had identified as lowest-performing. Performance
improved only after facilitators were present while students practiced, by 8.3 points at that
station and 5.9 points overall, while a comparison station within the same examination did not
change. These findings suggest that facilitator-supported practice may provide educational
benefit beyond access to simulation resources alone. Prospective research is needed to

establish the relative contributions of supervision, practice frequency, and feedback.
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430 Tables
431

432  Table 1 Mean station performance by cohort

433

Cohort Period n Mean (%) SD

Summer 2024 Pre-supervision 179 83.3 16.8
Fall 2024 Pre-supervision 159 82.2 16.8
Spring 2025 Pre-supervision 115 81.1 17.6
Summer 2025 Post-supervision 165 87.5 16.4
Fall 2025 Post-supervision 158 88.2 16.6
Spring 2026 Post-supervision 116 88.8 15.4
Summer 2026 Post-supervision 229 88.7 15.8

434 Note: Values are the mean of all stations administered in that cohort. SD standard deviation. The
435 instructional revision took effect in the Fall 2024 cohort; facilitator supervision began with the Summer
436 2025 cohort. Cohort size varies because intake alternates between larger and smaller semesters.

437

438 Table 2 Station-level difference in differences against the comparison station

439
Station npre npost Mean Mean DiD 95% CI P P
pre post Holm
Aortic regurgitation 55 43 77.2 88.2 10.58 0.73t020.43 0.035 0.284
Mitral stenosis 58 67 714 80.3 8.49 -0.72t017.70 0.071 0.494
Aortic sclerosis 27 92 81.7 89.9 7.87 -1.81t017.56 0.111 0.663
Mitral regurgitation 57 77 78.6 85.1 6.08 -1.83t013.99 0.131 0.663
Normal 38 70 84.2 90.0 5.39 -3.67to014.44 0.243 0.882
Hypertension 37 77 87.4 93.2 5.34 -3.23t013.92 0.221 0.882
Innocent murmur 67 78 89.0 92.2 2.87 -5.19t010.93 0.484 0.968
Aortic stenosis 56 87 87.2 88.4 0.78 -7.07t08.62 0.846 0.968

Mitral valve prolapse 58 79 85.4 85.8 reference — — —

440 Note: Stations are ordered by the size of the estimate. DiD difference in differences, expressed in

441 percentage points relative to the comparison station. Mitral valve prolapse served as the comparison
442  outcome and is the reference category. P Holm gives the P value after Holm correction across the eight
443 comparisons; no station survives correction, so these results are descriptive and hypothesis-generating.
444  The confidence interval for aortic sclerosis differs from that reported for the primary analysis because
445 the primary model used cohort-clustered standard errors, whereas this table reports conventional

446 standard errors to keep the eight comparisons on a common basis.



447

448  Table 3 Primary and sensitivity analyses

Analysis n Estimate 95% CI P

Aortic sclerosis, primary outcome 1,121 7.87 3.06t0 12.69 0.001
All stations, cohort-clustered SE 1,121 5.65 0.87t010.43 0.021
All stations, wild cluster bootstrap 1,121 5.65 — 0.016
Comparison station change 1,121 0.40 -3.63to4.44 0.844
Aortic pair combined 399 3.47 -3.83t010.78 0.352
Stations given in all seven cohorts 511 5.45 1.95 to 8.96 0.002
Excluding 11 off-key scores 1,110 5.05 0.26t09.84 0.039
Rank-transformed outcome 1,121 0.065 — 0.136
Scoring below 70, odds ratio 1,121 0.57 0.22to 1.44 0.231
Derived diagnosis correct, odds ratio 1,121 1.93 0.90to 4.13 0.091

449 Note: The first two rows are the primary and secondary analyses; the remainder are sensitivity analyses.
450 Estimates are percentage points except where an odds ratio is indicated. SE standard error. The wild
451  cluster bootstrap used Rademacher weights under the imposed null with 3,999 replications and a fixed
452 random seed, appropriate here because seven clusters are too few for reliable asymptotic inference.
453  The rank-transformed analysis does not reproduce the pooled effect, which indicates that the linear
454  estimate is driven largely by movement in the lower part of a bounded, left-skewed distribution.

455
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Figures

Fig. 1 Performance at the target station, the contrast-pair station, and the comparison

outcome
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Note: Mean score across seven consecutive administrations at the station identified in advance as the
target (aortic sclerosis), at the other member of the taught contrast pair (aortic stenosis), and at the
comparison outcome (mitral valve prolapse). Error bars are 95% confidence intervals. The first dotted
line marks revision of the teaching of carotid palpation and murmur radiation from the Fall 2024 cohort.
The second marks the addition of facilitator supervision from Summer 2025, with opening hours
unchanged. Aortic sclerosis was not examined in the Summer 2024 or Spring 2025 cohorts, so no point is

plotted for those administrations. Cells carry 11 to 44 observations, so individual intervals are wide.



475  Fig. 2 Stations administered in each cohort

instruction revised facilitators added
Normal - 11 27 10 26 16 18
Hypertension - 11 26 28 16 16 17
Innocent murmur = 30 19 18 18 27 33
Aortic sclerosis - 27 27 16 157 32
Aortic stenosis - 30 . 19 <l 1] 17 15
Aortic regurgitation - 29 7 19 1 10 17 15
Mitral regurgitation - 30 8 19 11 16 16 34
Mitral stenosis - 19 19 20 10 25 32
Mitral valve prolapse (control) - 19 19 20 18 17 17 33
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477  Note: Number of students examined at each station in each administration. Shaded cells with a dash
478 indicate that the station was not administered in that cohort, which is a structural absence rather than
479 missing data. The target station is shown in bold and the comparison outcome in red. The dotted lines
480  mark the two interventions. The figure shows the basis of the primary analysis and makes clear that the
481 pre-supervision estimate for aortic sclerosis rests on a single administration.
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Fig. 3 Distribution of station scores before and after facilitator supervision
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Note: Distribution of all station scores in the three cohorts before supervision and the four cohorts after.
The two distributions are nearly identical in the upper range, while the proportion of scores below the
pass threshold of 70 falls from 19.0% to 11.2%. This supports the interpretation of the rank-transformed
sensitivity analysis: the gain is concentrated among lower-performing students rather than distributed

evenly.



514

515
516

517
518
519
520

Fig. 4 Station-level difference in differences against the comparison station
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Note: Point estimates with 95% confidence intervals for each station, expressed in percentage points
against the mitral valve prolapse comparison. The shaded band marks the pooled estimate of 5.65
points. Stations are ordered by the size of the estimate. No individual station survives Holm correction

across the eight comparisons, so these estimates are descriptive.
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