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Abstract

Purpose There are various assessments used during the core surgical clerkship (CSC), each of which may be influenced
by factors external to the CSC or have inherent biases from an equity lens. In particular, the National Board of Medical
Examiners’ Clinical Subject Exams (“Shelf”) is used heavily and may not reflect clerkship curriculum or clinical learning.
Methods This is a retrospective review of medical student characteristics and assessments during the CSC from July 2017-
June 2021. Assessment methods included: subjective Clinical Performance Assessments (CPA), Shelf, Objective Structured
Clinical Examinations, and a short-answer in-house examination (IHE) culminating in a Final Grade (FG) of Honors/Pass/
Fail. A Shelf score threshold for Honors was added in academic years 2020-2021. Descriptive, univariate, and multivariable
logistic and linear regression statistics were utilized.

Results We reviewed records of 192 students. Of these, 107 (55.7%) were female, median age was 24 [IQR: 23-26] years,
and most were White/Caucasian (N=106, 55.2%). Univariate analysis showed the number of Exceeds Expectations obtained
on CPA to be influenced by surgical subspecialty taken (p =0.013) and academic year (p <0.001). Shelf was influenced by
students’ race (p =0.009), timing of CSC before or after Internal Medicine (67.9+7.3 vs 72.9+7.1, p<0.001), and Term
taken (increasing from 66.0 +8.7 to 73.4+7.5, p<0.001). IHE scores did not have any external associations. After adjust-
ment with multivariable logistic and linear regressions, CPA and IHE did not have external associations, but higher scores
were obtained on Shelf exam in Terms 3, 5, and 6 (by 4.62 [95% CI1 0.86-8.37], 4.92 [95% C1 0.53-9.31], and 7.56 [95% CI
2.81-12.31] points, respectively. Odds of FG honors were lower when Shelf threshold was implemented (OR 0.17 [95% CI
0.06-0.50]), and increased as students got older (OR 1.14 [95% CI 1.01-1.30]) or on specific subspecialties, such as vascular
surgery (OR 7.06 [95% CI 1.21-41.26]).

Conclusions The Shelf is substantially influenced by temporal associations across Terms and timing in relation to other
clerkships, such as Internal Medicine. An IHE reflective of a clerkship’s specified curriculum may be a more equitable sum-
mative assessment of the learning that occurs from the CSC curriculum, with fewer biases or influences external to the CSC.

Keywords Medical student education - NBME subject examination - Disparities in education

Introduction
Data from this manuscript were presented at the Association for Traditional methods of assessing and grading medical
Surgical Education 2022 Annual Meeting on May 3, 2022. students have come under close scrutiny in recent years,

through the lenses of validity evidence, impacts on trainee
well-being and equity. This is especially true within the
core surgical clerkship (CSC), with its perceptions of

D4 Matthew F. Mikulski
matthew.mikulski @austin.utexas.edu

! Department of Surgery and Perioperative Care, Dell Medical increased clinical time demands [1], call requirements
School, The University of Texas at Austin, Austin, TX, USA [2-5], variations in teaching modalities [2, 6] and differing
2 Texas Center for Pediatric and Congenital Heart Disease, experiences among surgical subspecialties [7]. The equity

UT Health Austin and Dell Children’s Medical Center, 4900
Mueller Blvd, Suite 3S.003, Austin, TX 78712, USA

3 Dell Medical School, The University of Texas at Austin,
Austin, TX, USA

lens is a very compelling challenge to the status quo, with
growing evidence that under-represented in medicine
groups experience inequity at multiple levels including
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clerkship grading, resulting in significant barriers to suc-
cessfully matching into competitive residencies [8—12].

Clerkship grades are frequently derived from a com-
bination of subjective assessments, such as attending and
resident physician clinical evaluations, and quantitative
assessments, such as the National Board of Medical Exam-
iners (NBME) Subject Examination in Surgery (“Shelf”),
structured oral examinations or Objective Structured Clini-
cal Examination (OSCE) [9, 13], and institution-specific
in-house examinations (IHE) [14, 15]. The Shelf, taken at
the end of the core clerkships at many medical schools,
is a multiple-choice examination that allows compari-
sons across institutions and can serve as preparation for
USLME Step 2. It is scaled to have a mean of 70% with
a standard deviation of 8 [16] and offers suggestions for
passing and honors cut-offs when used as part of clerk-
ship grading. The validity evidence for its use in clerkship
grading is mixed, despite its near-ubiquitous presence [14,
17]. For example, previous evaluations of the Shelf have
identified minimal or weak relationships between faculty
evaluations and Shelf scores [18, 19], while others demon-
strated strong positive associations [20]. In addition, tim-
ing of rotations has shown to have an impact on Shelf and
United States Medical Licensing Examination (USMLE)
Step 2 Clinical Knowledge scores, with those taking Sur-
gery before Internal Medicine (IM) performing better on
the IM Shelf and USMLE Step 2 [21, 22]. Together, these
observations suggest that the construct being measured
by the Shelf exam is not knowledge acquired through the
clerkship curriculum.

Oral examinations and OSCEs, while time- and
resource-intensive, have been shown to correlate with final
grades received on the CSC [13] and positively correlate
with USMLE Step 1 scores [1]. Recent work has further
demonstrated that a structured oral examination can help
decrease racial grading differences in the CSC [9]. Finally,
an institutional IHE, while not generalizable to other insti-
tutions, can be a useful assessment and has been shown to
be comparable to the Shelf [15].

In addition to the concerns around validity evidence
for the use of the various summative assessments used
in clerkship grading, particularly in a multi-tiered grad-
ing structure, our evaluation of these assessments through
the lens of educational equity is still evolving. This study
seeks to evaluate the factors associated with assessment
outcomes on the CSC at a new medical school with an
innovative curriculum. We hypothesize that the Shelf is
influenced by factors external to the curriculum goals of
the CSC and may not be a valid summative assessment.
We further hypothesize that an internally-created IHE
reflective of curriculum goals is a more fair and equitable
summative assessment.
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Methods

This study was approved by the Institutional Review Board
of the Dell Medical School (DMS) at The University of
Texas at Austin, STUDY 00002003, approved November
2,2021. DMS opened its inaugural class in 2016 with the
first students entering their clinical clerkships during the
2017-2018 academic year.

This is a single-institution, retrospective review of med-
ical student performance metrics during their CSC from
July 2017 to June 2021, corresponding to four Academic
Years. Final Grade on the CSC was defined as Honors,
Pass, or Fail. Assessment methods included: NBME Shelf
examination, Clinical Performance Assessments (CPA),
OSCEs, and a short-answer internally-created IHE. There
were two “Eras” of grading: Era 1 corresponded to Aca-
demic Years 2017-2019, Era 2 being Academic Year 2020.
In Era 1, students were required to achieve a passing score
on the Shelf, corresponding to 5th percentile of national
performance, but the Shelf score was not part of honors
criteria; in Era 2, a Shelf score threshold to obtain a final
grade of honors was implemented. The CPAs consisted
of 17 individual competencies (see Supplemental Mate-
rial). These 17 CPAs were each assessed by individual
faculty and residents then a summative assessment was
determined by the grading committee using the following
designations: Exceeds Expectations (EE), Meets Expec-
tations, or Marginal Performance. Each designation for
each competency is described with anchoring text. It was
necessary to obtain> 10 EE to quality for a final grade of
Honors. OSCEs were performed and a passing grade was
required to pass the CSC, but was not a consideration for
Honors. The THE was structured as a mixture of short-
answer and multiple-choice questions. It was given at the
beginning of the CSC (Pre-IHE) to obtain a baseline score
and again at end of the rotation (Post-IHE) to assess pro-
gress. A student was required to pass the Post-IHE to Pass
the CSC, but the score itself was not otherwise weighted
as part of the final grade. The IHE was discontinued after
Era 1.

CSC and student characteristics

Core clinical rotations are taken during the second year of
medical school, prior to the USMLE Step 1 examination.
Each Academic Year consisted of six Terms of clinical
rotations divided into 8-week blocks. Students could rank
their order of rotation preference, but could not always
be given. Students were evenly distributed throughout the
six Terms. The CSC was split into 4 weeks of Acute Care
Surgery (ACS) and 4 weeks of a Subspecialty surgical
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service, the order of which was generated at random. Stu-
dents took ACS rotations at the same hospital. Students
could request a specific Subspecialty but were ultimately
assigned based on availability. Available Subspecialties
included: Elective General Surgery, Surgical Oncology,
Pediatric General Surgery, Congenital Heart Surgery, and
Vascular Surgery. During the 2019 Academic Year with
COVID-19 pandemic changes, a small number of students
rotated in Otolaryngology, Orthopedic Surgery, Neurosur-
gery, and Plastic and Reconstructive Surgery. All students
participated in the same structured didactic curriculum, as
well as individual service-specific conferences.

Students were considered Under-represented in Medicine
(URM) if their race/ethnicity as recorded at DMS student
affairs was Hispanic, African American, Pacific Islander, or
Hawaiian. They were not considered URM if White or Asian.
Those unreported or listed multiracial by DMS were catego-
rized as Indeterminate.

The Medical College Admission Test (MCAT), admin-
istered by the Association of American Medical Colleges,
changed significantly in April 2015. With some students hav-
ing taken each of the examinations, and without a distinct 1:1
comparison of scores between old and new renditions, students
were grouped into tertiles based on their relation in the old or
new MCAT versions. MCAT tertiles were identified as: 1st
tertile corresponding to a MCAT score of 29-32 or 505-511
for old or new, respectively, 2nd tertile for scores 33—-34 or
512-515, and 3rd tertile for scores of 3539 or 516-526.

Statistical analysis

Descriptive statistics were utilized for all variables. Categori-
cal variables are reported as N (%). Continuous variables are
reported as mean + standard deviation (SD) if normally dis-
tributed or median [interquartile range (IQR)] if non-normally
distributed. Univariate analysis comprised unpaired student’s
T-test and two-way Analysis of Variance for normally dis-
tributed continuous data, and Wilcoxon signed-rank test and
Kruskal-Wallace tests were performed for non-normally dis-
tributed continuous data. Multivariable logistic regression was
utilized for categorical outcomes, multivariable linear regres-
sions were utilized for continuous variables. All variables
included were assessed for collinearity. All statistical tests
were 2-tailed and a p-value < 0.05 was considered significant.
All statistics were performed using R and R Studio [23].

Results
Study population

There were 192 students reviewed over the study period.
Student characteristics are outlined in Table 1. In the CSC,

Table 1 Student characteristics

Factor Students
N (%)
Total 192
Student demographics
Median age [IQR] (years) 24 [23-26]

Female

Race
White/Caucasian
Hispanic
Asian
African American
Multiracial
Unreported/other

Under-represented in Medicine

URM
Not URM
Indeterminate
CSC characteristics
Academic year
2017
2018
2019
2020
Term
1

(O SN VS I S

6
Surgery before IM

ACS before subspecialty

Subspecialty
Elective general
Surgical oncology
Pediatric general
Congenital heart
Vascular
Other

MCAT tertiles

1st (low)

2nd (middle)

3rd (high)

Mean step 1 score (+ standard deviation)

Assessments
Shelf
OSCE
IHE
CPA
Final grade: honors

107 (55.7%)

106 (55.2%)
20 (10.4%)
36 (18.8%)
12 (6.3%)

8 (4.2%)

10 (5.2%)

34 (17.7%)
142 (74%)
16 (8.3%)

50 (26%)
47 (24.5%)
49 (25.5%)
46 (24%)

33 (17.2%)
33 (17.2%)
33 (17.2%)
31 (16.1%)
33 (17.2%)
29 (15.1%)
94 (49%)
100 (52.1%)

54 (28.1%)
50 (26%)
39 (20.3%)
21 (10.9%)
17 (8.9%)
11 (5.7%)

73 (38%)

51 (26.6%)
53 (27.6%)
2412+142

192 (100%)
177 (92.2%)
131 (68.2%)
192 (100%)
95 (49.5%)
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students were almost evenly distributed across Academic
Years, Terms, as well as ACS taken before or after their
subspecialty rotation and CSC before or after IM rotation.
Students most commonly took Elective General Surgery as
their subspecialty rotation (N =54, 28.1%).

Clinical performance assessments

The distribution of EE accrued per student on the CPA
followed a non-normal distribution, with peaks at each of
the extremes (Fig. 1). There were no associations between
student demographics and median CPA (Table 2). There
was variability in CPA based on surgical Subspecialty
(p=0.013), with the highest CPA occurring among those
taking Vascular Surgery (median 13 [IQR: 10-17]) and
the lowest among Pediatric General Surgery (median 9
[IQR: 4-12]). There was additional variation seen by
Academic Year (p<0.001), with the lowest scores occur-
ring in 2017 (median 8 [IQR: 3-12]) and the highest in
2018 (median 13 [IQR: 7-17]). After adjusting for age,
sex, URM status, CSC before or after IM, ACS before or
after surgical subspecialty, Era 1 vs Era 2, surgical sub-
specialty, Term, and for good test takers by accounting for
MCAT tertiles and Step 1 scores by multivariable logistic
regression (Table 4), there were no associations conferring
increased odds of obtaining > 10 EE on the CPAs except
Step 1 scores, in which there were 1.03 odds (95% CI
1.00-1.06) for every point increase on Step 1.

Fig. 1 Histogram of exceeds
expectations on clinical perfor-
mance assessments

ra
=1
|

Number of Students

-
=}
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Shelf examination

Mean Shelf score was 70.4 +8.2. There was racial varia-
tion among Shelf scores (p=0.009), with Whites scoring
the highest (72.0+7.9) and those Unreported/Other scoring
the lowest (64.7 +9.8). Students who had the CSC before
IM scored lower than those who took IM first (67.9 +£8.5 vs
72.9+7.1, p<0.001). Shelf scores increased from Terms
1to 6 (p<0.001) (Fig. 2). Students with a final grade of
Honors scored higher than those who achieved Pass/Fail
(74.4+6.1 vs 66.5+8.1, p<0.001). After adjustment
(Table 4), there was no longer an association between the
timing of the CSC and IM. Students improved by 0.25 (95%
CI 0.17-0.33) points for each point increase in Step 1 score
(p<0.001). Students additionally had higher scores in Terms
3,5,and 6 by 4.62 (95% C10.86-8.37, p=0.017),4.92 (95%
CI 0.53-9.31, p=0.030), and 7.56 (95% CI 2.81-12.31,
p=0.002) points, respectively.

Objective structured clinical examination

The OSCE was performed at the end of the CSC. Not all
students had an OSCE examination (N=177, 92.2%), with
the 15 missing students corresponding to the onset of the
COVID-19 pandemic. There was variability in OSCE score
across Terms (p=0.010) with an overall downward trend
from Term 1 to 6 (Fig. 2). There was variability in OSCE
across Academic Years (p <0.001) with a steady decrease
from 73.0 £9.0 in 2017 to 62.5+9.7 in 2020. Those who

Histogram of Exceeds Expectations on Clinical Performance Assessments

5 10 15

Number of Exceeds Expectations on Clinical Performance Assessments
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Table 2 Univariate analyses of assessment methods

Number of exceeds p value Shelf p value OSCE p value IHE p value
expectations on CPA (Mean +SD) (Mean +SD) (Mean +SD)
(Median [IQR])
Aggregate 11 [7-14] - 70.4+8.2 - 68.3+9.9 - 74.8+7.3 -
Female 11 [7-14] 0.711 69.8+8.4 0.230 68.8+10.5 0.484 75.8+7.7 0.081
Male 11 [8-14] 712+7.8 67.7+9.2 73.6+6.7
Race
White/Caucasian 11 [8-15] 0.627 72.0+79 0.009 68.7+10.0 0.317 75.9+6.7 0.219
Hispanic 10 [4-15] 71.2+6.5 69.1+11.2 74.6+7.8
Asian 11 [8-13] 67.9+8.7 67.4+9.2 749+69
African American 7.5[3.75-12.5] 66.8+7.4 65.4+12.1 70.4+8.1
Multiracial 8.5 [4.75-12.25] 71.8+6.3 62.7+5.9 72.0+7.8
Unreported/other 11 [6.75 - 12.75] 64.7+9.8 73.4+6.6 71.1+11.0
Under-represented in Medicine
URM 9[4-14.5] 0.236 69.1+7.3 0.313 67.7+11.1 0917 72.5+9.0 0.102
Not URM 11 [8-14] 71.0+8.3 68.3+9.8 75.6+6.7
Indeterminate 10 [4.75 - 12.5] 68.6+8.8 69.0+8.8 72.3+7.7
Surgery before IM 11[7-14.75] 0.992 67.9+8.5 <0.001 693+95 0.139 74.8+8.1 0.993
Surgery After IM 11 [7-14] 72.9+7.1 67.1+10.3 74.8+6.5
ACS before Subspecialty 11 [7 - 14.25] 0.895 71.1+8.5 0.230 67.8+10.0 0.504 75.6+6.3 0.213
ACS after Subspecialty 11 [7-14] 69.7+7.8 68.8+9.9 74.0+8.3
Surgical subspecialty
Elective general 10 [3.25 - 14] 0.013 68.9+8.1 0.265 70.4+8.7 0.092 74.3+7.6 0.365
Surgical oncology 12 [10-15] 71.6+38.1 68.3+11.8 76.5+7.4
Pediatric general 9 [4-12] 71.9+7.7 69.3+9.6 754+69
Congenital heart 10 [9-15] 71.6+9.4 63.8+9.6 72.1+6.3
Vascular 13 [10-17] 67.9+7.0 67.7+7.2 73.9+79
Other 11 [8-11] 69.1+8.9 62.4+7.5 -
Term
1 12 [7-14] 0.098 66.0+8.7 <0.001 68.0+10.3 0.010 75.8+7.7 0.848
2 10 [7-14] 67.3+7.6 74.1+9.6 75.1+8.3
3 10 [7-14] 71.3+8.5 67.2+114 75.8+7.4
4 13[9.5-17] 722+6.3 66.9+9.4 73.6+7.3
5 10 [7-13] 72.7+7.7 66.2+7.6 74.1+6.9
6 10 [4-11] 73.4+7.5 65.9+8.0 73.9+6.0
Academic year
2017 8 [3-12] <0.001 71.1+83 0.664 73.0+9.0 <0.001 748+7.9 0.462
2018 13 [7-17] 712+8.3 68.6+9.4 75.7+6.7
2019 11 [9-16] 69.6+8.1 68.6+8.5 73.6+7.3
2020 11.5[8-13] 69.8+8.1 62.5+9.7 -
MCAT tertiles
1 (low) 11 [6-14] 0.357 68.9+8.5 0.070 67.9+9.9 0.374 732+7.3 0.046
2 (middle) 12 [9-14.5] 71.8+8.3 70.0+10.7 74.7+6.8
3 (high) 10 [8-13] 71.8+7.3 67.2+9.2 77.2+7.2
Final grade: honors 13 [11-17] <0.001 744+6.1 <0.001 70.1+9.5 0.018 76.5+6.7 0.005
Final grade: pass/fail 8 [3-10] 66.5+8.1 66.6+10.1 72.8+7.6

All bolded items correspond to statistically significant values
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Fig.2 Assessment methodolo-
gies by term
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achieved a final grade of Honors on average had a higher
OSCE than those who achieved Pass/Fail (70.1+9.5 vs
66.6+10.0, p=0.018). After adjustment (Table 4), associa-
tions with Term persisted, with those in Term 2 scoring 7.01
points higher (95% CI 2.22-11.80). Additional associations
included an increase by 0.62 points (95% CI 0.20-1.05) for
each year older a student was, a decrease in score by — 8.37
(95% CI — 11.97 to — 4.77) in Era 2, and a decrease in score
by — 6.01 points (95% CI — 11.28 to — 0.75) if the student’s
subspecialty was Congenital Heart Surgery.

In-house examination

Pre-IHE and Post-IHE, along with calculated difference
between Pre-IHE and Post-IHE per student, are depicted in
Table 3. The Pre-IHE showed that students who had IM
before CSC achieved a higher initial score (44.6 +9.4 vs
38.3+8.1, p<0.001), but the association was no longer pre-
sent after the Post-IHE (74.8 +6.5 vs 74.8 +8.1, p=0.993).
There was additional variation by Term among the Pre-
IHE (p=0.005), with the lowest being among Term 3
(37.2+10.6) and the highest among Term 5 (47.1 +£8.2).
This association was no longer present after the Post-IHE
(p=0.848). A student’s MCAT tertile had no association
on the Pre-IHE, but there was an increase in Post-IHE
score as MCAT tertiles increased (73.2+7.3 vs 74.7+6.8
vs 77.2+7.2, p=0.046). On both the Pre-IHE and Post-
IHE, students who achieved a final grade of Honors scored
higher than those who achieved Pass/Fail (44.4 +8.4 vs
37.849.2,p<0.001 and 76.5+6.7 vs 72.8 +7.6, p=0.005,
respectively).

After adjustment (Table 4), there were no associations
seen on the Post-THE, except a 0.11 (95% CI 0.01-0.21)
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—IHE
p=0.848

OSCE
p=0.010

Shelf
p<0.001
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Number of EE on CPA

Term

point higher score on the Post-IHE for every point increase
on the Step 1 examination.

Final grade

There were 95 (49.5%) students who achieved a final grade
of Honors. There was only 1 (0.5%) student who Failed the
CSC. Throughout each of the assessment methods, students
who achieved Honors had higher scores than those who
achieved Pass/Fail (Table 2). After adjustment (Table 4),
there were multiple associations with achieving a final
grade of Honors identified including: 1.14 odds (95% CI
1.01-1.30) for each year older a student was, 0.17 odds (95%
CI 0.06-0.50) in Era 2, 7.06 odds (95% CI 1.21-41.26) if
taking Vascular Surgery as a Subspecialty, and 1.07 odds
(95% CI 1.03-1.10) for each point increase in Step 1 score.

Discussion

In this exploration of factors associated with different assess-
ment methods used in a surgical clerkship, we found that
students’ performance on the NBME Shelf exam was associ-
ated with race/ethnicity and the term on which the student
took the CSC. Performance on the IHE did not have any
associations with race/ethnicity or term, suggesting that it is
assessing learning that occurs during the CSC itself. When
used as part of honors criteria, a Shelf cut-off resulted in
fewer students receiving honors. While these associations
have not manifested an overall disparity in final grades
received in the CSC for URM students, our numbers are
small and we cannot say for certain that this association
would not eventually emerge.
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Table 3 In-house examination scores: beginning and end of rotation

Pre-IHE p value IHE p value
(Mean +SD) (Mean +SD)
All 41.4+9.3 - 74.8+7.3 -
Female 42.1+94 0412 75.8+7.7 0.081
Male 40.7+£9.3 73.6+6.7
Race
White/Caucasian 42.1+£9.0 0.474 75.9+6.7 0.219
Hispanic 43.2+9.3 74.6+7.8
Asian 39.1+9.7 749+6.9
African American  41.9+10.2 70.4+8.1
Multiracial 34.5+8.7 72.0+7.8
Unreported/other 42.5+10.7 71.1+11.0
Under-represented in medicine
URM 42.0+9.7 0.929 72.5+9.0  0.102
Not URM 41.3+9.2 75.6+6.7
Indeterminate 40.9+10.3 72.3+7.7
Surgery before IM 38.3+8.1 <0.001 74.8+8.1 0.993
Surgery after IM 44.6+9.4 74.8+6.5
ACS before subspe-  41.8+9.7 0.644 75.6+6.3 0.213
cialty
ACS after subspe- 41.0+8.9 74.0+8.3
cialty
Surgical subspecialty
Elective general 40.4+8.3 0.485 743+7.6 0.365
Surgical oncology  43.5+9.6 76.5+7.4
Pediatric general 41.7+8.7 75.4+6.9
Congenital heart 38.6x+11.3 72.1+6.3
Vascular 42.1+10.3 73.9+79
Other - -
Term
1 39.1+6.2 0.005 75.8+7.7 0.848
2 40.0+9.5 75.1+8.3
3 37.2+10.6 75.8+7.4
4 44.8+8.4 73.6+7.3
5 47.1+£8.2 74.1+£6.9
6 41.7+8.5 73.9+6.0
Academic year
2017 41.4+9.7 <0.001 74.8+7.9 0.462
2018 44.5+8.9 75.7+6.7
2019 372+7.8 73.6+7.3
2020 - -
MCAT tertiles
1 (low) 41.7+8.9 0.594 732+7.3 0.046
2 (middle) 41.7+£79 74.7+6.8
3 (high) 40.0+9.4 7712+7.2
Final Grade: Honors 44.4+8.4 <0.001 76.5+6.7 0.005
Final Grade: Pass/ 37.8+9.2 72.8+7.6

Fail

All bolded items correspond to statistically significant values

Subjective assessment: clinical performance
assessment

This assessment is a means of quantifying the subjective
evaluation of students from faculty and residents across
all clerkships. On the CSC, we saw variation in the num-
ber of EE achieved across Academic Years, especially a
large change from a median of 8 [IQR: 3—-12] in 2017 to
13 [IQR: 7-17] in 2018, with leveling off to 11-11.5 in
2019-2020. This could reflect the growing pains and fac-
ulty adjusting to the grading system, but this would need
validation over additional years.

As with many subjective evaluations, there are indi-
viduals who grade more moderately than others. This may
be reflected in variation in the number of EE achieved
across Subspecialties on univariate analysis. There was a
wide variation, from a median of 9 to 13, perhaps reflect-
ing more lenient grading by the Vascular surgeons and
more stringent evaluation on the Pediatric General Surgery
service. However, this association did not persist in multi-
variable analysis adjusting for other potential confounding
factors and none of the Subspecialty services were associ-
ated with increased odds of obtaining > 10 EE necessary to
achieve Honors. Importantly, the CSC allowed students to
document examples of their clinical engagement through
reflective writing to be considered evidence of demon-
strating the anchoring text for “exceeds expectations” in
several domains assess on the CPA. This was found to
be particularly helpful in assessing competencies that are
often not directly observed by faculty and resident asses-
sors, such as “Inter-professional Collaboration” or “Health
Systems Context”, and was considered a counter-measure
to the differences in subjective assessments across attend-
ings and services. While CPA rater training included
explanations of the rating tool and discussion of student
actions/behaviors that would align with these anchoring
texts for each of the assessment categories, there is always
potential for variability in responses. With this knowledge,
re-calibrating rater training across all services, including
Vascular and Pediatrics could be undertaken to reduce
variance in student assessments coming from rater use of
the assessment tool.

With no factors conferring an increased odds of obtain-
ing > 10 EE besides Step 1 scores, the CPA appeared to be
a fairly unbiased and reliable assessment method. Quan-
tifying the subjective nature of clinical evaluations may
be worthwhile to implement at institutions with strictly
subjective evaluations. Prior research has indicated that
the Medical School Performance Evaluation, which uti-
lizes summary words from subjective faculty assessments,
may have racial biases [24], so having both a quantitative
and subjective assessment of students from faculty may
be worthwhile.
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Temporal associations

Due to the number of patients, students, and clinical sites,
there will always be differences in the order in which stu-
dents take clerkships. Some will take IM before CSC, on
the CSC itself, some will take different sub-specialties in
different orders, with diverse demands and different over-
lap with curricular learning objectives. However, problems
arise when these factors affect students’ grades, which ulti-
mately affects students’ access to competitive residencies.
For example, students taking the CSC after IM achieved 5
points higher than their counterparts on the Shelf (72.9 +7.1
vs 67.9+8.5, p<0.001), which has been previously reported
[21, 22]. In addition, the steady increase in Shelf score
across Terms by an average of 7.4 points overall is further
evidence that these exams are at least in part measuring pro-
gress toward competency, as is appropriate for a licensing
exam which is ultimately pass/fail. However, when there are
Shelf score thresholds to achieve honors, these could have
substantial implications on a student’s immediate grade and
eventual career. This was further supported on multivari-
able analysis. While the association between CSC before or
after IM and Shelf score itself no longer became signifi-
cant, students continued to obtain higher Shelf scores dur-
ing later Terms. Furthermore, there was a negative impact
on the odds of achieving a final grade of Honors in Era 2
[OR 0.17 (95% CI 0.06-0.50], when the Shelf cutoff was
implemented. The Shelf exam, therefore, significantly lim-
ited Honors in Era 2 after the cutoff was implemented. Stu-
dents are well aware of this pattern and use it as part of their
decision-making around selecting clerkship order. This ends
up having a negative impact on students doing surgery early
who then decide to pursue surgery as a specialty because of
their experience on the CSC.

By contrast, an IHE reflective of a program’s curriculum
may be more fair summative assessment than the Shelf. This
was supported by the fact that the Pre-IHE did reflect the
temporal differences expected by a student’s experience level
in that the mean Pre-IHE score was higher in the final three
Terms than any of the first three Terms (p =0.005) and that
students who had the CSC after IM were 6.3 points higher
on the Pre-IHE, which was not dissimilar to the Shelf exam.
However, by the end of the rotation and implementation of
a dedicated curriculum, the Post-IHE showed no differences
in score across Terms (p =0.848) and those who had CSC
before IM scored the exact same as those who had CSC after
IM (74.8 8.1 vs 74.8 £6.3, p=0.993). Any temporal differ-
ences were, therefore, evened out. Given that the Post-IHE
still followed a normal distribution, it could very easily be
used to identify high-performing students deserving of Hon-
ors after demonstrating learning that the CSC is supposed to
foster through its unique curriculum, not that gleaned from
other clerkships throughout the year.

Equity

There is evidence to suggest that there are racial groups and
individuals who systemically perform better on standard-
ized multiple-choice examinations due to multiple societal
disparities [25]. This was initially seen with Racial differ-
ences on the Shelf exam, with Whites having the highest
scores and African Americans as well as Unreported/Other
races scoring the lowest. We, therefore, attempted to adjust
for racial and demographic confounding factors in our mul-
tivariable models by incorporating age, sex, and URM sta-
tus. We found that sex and URM status did not display any
impact on assessment methods, though student age was asso-
ciated with improved OSCE scores and higher odds of a final
grade of Honors. As the OSCE is administered as a forma-
tive assessment and did not have an impact on final grades,
we hypothesize that the variation in OSCE scores may come
from students not preparing for it as they would a summa-
tive assessment. Increased age may reflect greater emotional
maturity and personal experience resulting in higher OSCE
scores. When grouped according to URM status, no associa-
tions were found on univariate or multivariable analysis. At a
relatively small state school in a state whose racial distribu-
tions are different than that of the national population, these
finding require validation on a larger scale.

“Good test takers”

Even without racial disparities, some students may be good
“test takers” whose scores do not correlate with their real-life
clinical acumen. This is an important consideration, because
performance on multiple-choice standardized tests may be
over-represented in assessments that end up as part of a resi-
dency application, and few correlations exist between this
dimension of performance and the other critical competency
domains in GME [9, 12, 13, 25]. One area in which this
has been seen is the disconnect between Shelf scores and
the subjective evaluation of students by faculty on the CSC
[18, 19]. We, therefore, created our multivariable models to
incorporate standardized tests performed before and after the
CSC with MCAT tertile and Step 1 grade, respectively. A
student’s MCAT tertile had no associations with any assess-
ment method in the model, but a student’s Step 1 score had
multiple associations including higher CPA, Shelf score,
IHE score, and increased odds of Honors on the CSC.

The lack of associations with MCAT tertile may reflect a
level playing field: all of the students were likely deserving
of their admission to medical school. Since admission, they
all undergo the same curriculum and teaching; therefore, the
differences in undergraduate teaching are potentially elimi-
nated with the unified curriculum during medical school.
This unified curriculum is potentially reflected by seeing no
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differences in their various performance assessments on the
CSC when stratified by MCAT score.

The consistent associations on the assessment methods
with Step 1, however, may reflect a different paradigm. It
may show that the USMLE Step 1 accurately captured those
students who performed better on a multitude of assessment
metrics. This agrees with previous studies [1, 26]. How-
ever, when looking at the degree of impact, we see that there
was a much higher increase in Shelf score (0.25 points per
increase in Step 1 score) compared to the IHE (0.11 points
per increase in Step 1 score). This again reflects that an IHE
may be a more fair summative assessment in that good test
takers had less of an impact on scores than that seen on the
Shelf.

While the IHE was abandoned at our institution prior to
this study due to the demands for psychometric analysis that
exceeded the resources available, it highlights the need for
assessments that reflect curriculum objectives. One effort
toward that goal is the collaboration between the NBME and
the Association for Surgical Education (ASE) and American
College of Surgeons (ACS) Medical Student Core Curricu-
lum to align the Shelf exam with a curriculum developed
by surgical educators. The authors look forward with much
anticipation to the findings and analysis of that partnership.
Since the Shelf exam, despite its current shortcomings high-
lighted above, is a useful checkpoint against the content cov-
ered by a clerkship that will ultimately tested on USMLE
Step 2 examinations, it has been continued at our institution.
As efforts to align the Shelf with the ASE/ACS curricula
mature, there may be a time when one can say that the Shelf
exam reflects the curriculum and, therefore, is an appropriate
and equitable assessment tool for grading.

Limitations

The limitations of this study stem from its retrospective,
single-institution nature at a relatively small medical school.
In addition, due to the adjustments necessary in the crea-
tion of a new medical school and through the disruptions
caused by the COVID-19 pandemic, the learning experi-
ences of each student may not be equivalent, and therefore,
the assessment methods not generalizable across the stu-
dents examined. Generalization of our results to other larger
schools with more clinical sites will need to be measured.
Further research would be required to make more far-reach-
ing conclusions.

Conclusions
There are various assessment methods available to grade

medical students on the CSC, each of which has its distinct
benefits and drawbacks. No one assessment should be used

@ Springer

as a summative assessment in isolation and each program
must be cognizant of what assessments best meet its curricu-
lar objectives. An equity lens in performance assessments
should continue to be emphasized medical education. The
Shelf, a near ubiquitous examination across medical schools,
is substantially influenced by temporal associations across
Terms and timing in relation to other clerkships, such as IM,
and by “good test takers”. An IHE, or other assessment that
specifically reflects a clerkship’s specified curriculum, may
be a more equitable summative assessment of the learning
that occurs from the CSC curriculum, with fewer biases or
influences external to the CSC.
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