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Abstract

Background: Medical school assessments impact
residency placement and professional progression.
Recently, standardized tests found to be highly impacted
by demographics have been de-prioritized in an effort to
focus on faculty-assessed competency. However, small
studies suggest that faculty assessment may also be
affected by demographic factors. The current study
examines: 1) how student race and ethnicity are
associated with standardized medical knowledge
assessments; and 2) whether demographics are
associated with faculty evaluations. Method: Using a
15-year data set (2007-2022) from a large academic
medical center in the United States, generalized mixed
regression models were conducted to determine whether
student race/ethnicity was a predictor of: 1) failing
National Board of Medical Examiners (NBME) score
(<60%); 2) exceptionally good NBME score (>90%); or
3) low performance evaluations (LPE, failing
evaluations). Covariables included age, gender, and
rotation characteristics such as academic month,

academic year, and subject. Results: Compared to White
students, other racial groups had higher odds of failing
the NBME (Asian OR= 2.24 [1.69, 2.93], p < 0.001;
Hispanic students OR=1.59 [1.14, 2.23]; p = 0.003;
Black OR=4.64 [3.45, 6.24]; p < 0.001). Compared to
White students, all other races/ethnicities had lower odds
to score 90 or above. Asian students had higher odds to
receive an LPE from an Asian faculty member (OR 1.75
[1.03,2.97]; p=0.04). Black students had higher odds to
receive an LPE from a White faculty member (OR 2.43
[1.46, 4.04]; p < 0.001). Compared to White students,
Black, Asian, and Hispanic students had higher odds of
failing the NBME than they were to receive an LPE.
Conclusions: Demographic differences affected both
faculty evaluations and exam scores, and were not
mitigated by racial concordance between learners and
evaluators. More work is needed to develop strategies
that promote an equitable learning environment.
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Background

Clerkship  grades affect medical student
competitiveness for selective residency placements,
their psychological wellbeing, and also professional
progression. In clinical clerkships, students can be
assessed using several measures including
nationally standardized examinations (e.g., National
Board of Medical Examiners subject examinations
or NBME), local examinations (e.g. Observed
Clinical Skills Exams) and clinical performance
assessments by faculty and residents. Recently,
there has been increased attention on the impact of
demographic factors that may inappropriately
influence outcomes of these assessments,!?
especially national standardized examinations.
Studies  indicate  that  individuals  from
underrepresented  minority (URM)  groups
(including those of Black, Hispanic, Native
American, or native-Alaskan origin, or any
combination thereof) have a higher likelihood of
receiving lower grades across various clerkships,
such as internal medicine, surgery, obstetrics and
gynecology, pediatrics, neurology, and psychiatry.’
In a separate study analyzing longitudinal data
spanning five years, White students in their third-
year clerkship achieved the highest percentage of
Honors across all clerkships (ranging from 34% to
46%), whereas URM students achieved percentages
ranging from 16% to 40%. Moreover, White
students received more “Outstanding” ratings
(71%) in their medical student performance
evaluations (MSPE) than URM students (3%).*

In line with the Liaison Committee on Medical
Education (LCME) requirement that medical school
“includes a comprehensive, fair, and uniform
system of formative and summative medical student
assessment,” measures influenced by
demographics have been removed from grading
schemes. At some institutions, this has led to a shift
away from nationally standardized examinations
toward locally designed and administered skill
assessments. Educators hoped this would focus
learning on the clinical environment and show
reduced bias when paired with implicit bias training
as well as carefully anchored grading rubrics.
However, studies from single institutions and
clerkships demonstrated that the local standardized
assessments may also show demographic
variability.®” Increasingly, medical schools moved

toward a pass-fail grade system. Although there are
data that students are less stressed and may adopt a
growth mindset with this change,® they may also
struggle to distinguish themselves for residency and
feel pressure to be involved in a “shadow economy”
of extracurricular projects (research and otherwise)
that takes them away from clinical learning.?

Given the large-scale changes happening within
medical education, the relationship between
demographics and rotation evaluations warrants
thorough, longitudinal exploration across clerkship
specialties and faculty-student pairings, in the
context of an institution engaged in implicit bias
training and competency-based medical education.
In the healthcare literature, numerous studies
demonstrate that race concordance between
physicians and patients leads to favorable clinical
outcomes, including increased utilization of
necessary health services, reduced delays in seeking
care, and lower total healthcare expenditures.”!! A
study examining the effects of faculty—resident
gender and under-represented minority (URM)
status concordance on faculty teaching found that
URM status concordant pairs receive the highest
ratings.”” It is not clear how demographic
concordance might impact student evaluations
during clerkships.

In the current study, we examined the demographic
predictors of standardized and subjective
components of clinical clerkship grades. More
specifically, we investigated whether student race/
ethnicity is associated with likelihood of : (1) failing
the NBME, or (2) exceptionally passing the NBME
(score >90), or (3) whether student and faculty race/
ethnicity predicts receiving a low performance
evaluation (LPE). Based on the available published
work, we hypothesized that (1) there is a strong
correlation between student and faculty race/
ethnicity and performance on both standardized and
subjective measures; and (2) faculty members
would have a greater likelihood of giving an LPE to
a student who is not of the same race/ethnicity."* ">
To test these hypotheses, we analyzed a large data
set with 15 years of medical student data from a
large academic medical center with engagement in
faculty development (both for implicit bias and
competency-based assessment) in the southern
United States.
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Methods

We analyzed data from five required third-year
medical student clerkships (family and community
medicine, internal medicine, neurology, pediatrics,
and psychiatry) over a 15-year period (August
2007-June 2022) from a single institution. This
study has been approved by the Committee for the
Protection of Human Subjects (The University of
Texas Health Science Center at Houston
Institutional Review Board) under protocol HSC-
SBMI-19-0385.

Figure 1 details the selection process from the initial
dataset of available evaluations (130,821) to the
final set of evaluations to be used in the analysis
(21,823). Two required clerkships (obstetrics/
gynecology and surgery) and summary evaluations
from the family medicine clerkship that used group/
consensus evaluations were excluded because
individual faculty characteristics (such as faculty
rank) previously found to be associated with
evaluation outcomes were not assessable for these
rotations.!®  Rotation-specific NBME  subject
examination scores were compared to faculty
Clinical Performance Evaluations (fCPE) for the
same rotation.

fCPE data included all final evaluations completed
by individual faculty members. Midpoint
evaluations were excluded due to inconsistent
grading criteria. For example, some faculty
members documented sub-standard midpoint but
not final performance for most students. Next, we
applied evaluator-level exclusions. The evaluation
must have been performed by faculty with one of
the following titles: assistant, associate, or full
professor. Evaluations completed by non-faculty
(e.g., residents), employees whose titles were not
known, or who had other titles such as instructor
(very rare), and staff physicians (non-faculty) were
excluded. Lastly, we applied a set of student-level
exclusions. fCPE data were matched to NBME
scores by student name and time (shelf-exam within
six months of rotation). Pairs of students who had
the same first and last name were excluded from the
analysis because their evaluations could not be
linked to their NBME scores. Additionally, the
student must have had a full set of f{CPE outcomes
available (in earlier years, oral presentation scores
were not available), which are combined into a
single measure (cognitive score) for the final model.

Figure 1: CONSORT diagram that describes the inclusion/exclusion criteria for evaluations to be used in the analysis in
three categories: form-level exclusion, evaluator-level exclusion, and student-level exclusion. The final number of
evaluations available for the analysis was 21,823.
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Student variables

Student demographics (age, gender, ethnicity and
race), clerkship specialty (e.g., neurology, internal
medicine), rotation month and year were all
included in the statistical models. Unfortunately,
race and ethnicity were conflated in our data. For
example, our institution defines Hispanic as both a
race and an ethnicity, and a student can identify
racially as White and ethnically Hispanic or non-
Hispanic. The possible race categories were (in
decreasing order of frequency): White, Asian,
Hispanic, and Black. Other racial categories, such
as American Indian and students that identify as
multiple races, were excluded from the analysis due
to a lack of available data.

Faculty variables

Faculty characteristics included age, gender,
ethnicity/race, academic rank, and experience. We
previously found that faculty characteristics
including rank and gender correlated with the
willingness to  document  poor  student
performance.!® In addition, we analyzed faculty/
student concordance with respect to race and
gender. Due to the limited amount of faculty data
available, the racial categories Hispanic and Black
were combined into a single category, “Other” to
ensure convergence of the statistical model. We
distinguished faculty rank from experience.'®
Experience was calculated as the number of
evaluations completed by a faculty member at the
time of a particular evaluation. For example, a
faculty member submitting their 19" evaluation of a
student would be assigned an experience value of 19
for that evaluation, and a value of 25 for the 25%
evaluation. We grouped experience into three
categories: low (<50), intermediate (>=50 and
<100), and high (>=100).

Standardized Medical Knowledge Assessments
(NBME scores)

We downloaded all available NBME scores for the
study period. For most subjects, NBME scores were
available for the entire 15-year period (2007-2022),
however for family medicine the test scores (0—100)
were only available for 10 years (2012-2022).
Typically, students take the exam within a few
weeks of completing the relevant rotation. Students
who failed were required to re-take the exam.
However, we considered only the student’s first

attempt with one NBME score per student for each
rotation. NBME outcomes were used to define two
outcomes representing negative and positive
outliers, failing and exceptional performance
respectively. NBME scores less than 60 were
defined as failing; approximately in line with
NBME cutoffs that varied very slightly (1-2 points)
over the years. We defined an NBME score of 90 or
above as exceptional performance because this
corresponded to approximately the top 10% of
scores.

Faculty Clinical Performance Assessments (fCPE)
For each rotation, faculty completed evaluations for
students that they had supervised. Each student
received multiple evaluations during the third-year
clerkships, and most faculty evaluated multiple
students during the study period. Students could
request specific faculty, but most assignments were
random. In contrast to NBME scores, each student
had a variable number of fCPEs per rotation,
depending on the rotation length, as well as overlap
between student and faculty schedules.

Evaluation forms varied over the 15-year study
period. Final evaluation had different numbers of
question items per form. Evaluation questions were
either binary (e.g., “Do you have any serious
concerns about this student’s ethical or professional
behavior?” —Yes/No) or used 3 to 5-point Likert
scales. All evaluation questions were based on
behavioral anchors, which were available to both
faculty and students prior to the rotation. All faculty
involved in student evaluation received yearly in-
person training on the use of behavioral anchors
throughout the study period. Education regarding
implicit bias was also required as a part of yearly
online modules.

Because the distribution of faculty evaluations was
skewed toward the maximum with very low
variability, there was little difference between
students. Therefore, analyzing percentile scores
derived from the sum of individual component
scores would not yield meaningful results.

We defined a “low performance evaluation” or LPE.
Intuitively, LPEs represent evaluations where the
evaluator determined that the student did not meet
expectations, i.e., a failing or near-failing
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evaluation. We manually reviewed the evaluation
forms completed each year to determine what
answers defined LPE as a binary outcome for that
form.

We defined an LPE as one or more of the
following:'¢

1. An overall failing grade on the final
evaluation—when an overall question
existed in the evaluation form (defined as
value of 1 or 2, on a 5-point Likert scale)

2. One or more scores below the center score
on any Likert scale for performance (for
example, a value of 1 or 2, on a 5-point
Likert scale) on the final evaluation

3. Flagged for unethical behavior on the
midpoint or final evaluation

Analysis

We reported descriptive statistics for covariates:
mean and standard deviation for continuous
variables; count and percentage for categorical
variables. Due to the nature of the correlated data
(multiple rotations for each student), we used a
generalized linear mixed effects model to estimate
the association between student outcomes and study
covariates. Due to the random assignment of
evaluators to students, evaluators are modeled as a
random effect, whereas other predictors used are
treated as fixed effects. We reported adjusted odds
ratios (ORs), corresponding 95% confidence
intervals and p-values.

The binary outcome variables for the analyses were:
1) LPE vs. not for each evaluation
2) NBME fail (<60)
3) Exceptionally good NBME score (>90)

Independent variables that had significance in the
univariate analyses were included in the
multivariable models (Table 1). In addition, we
evaluated interaction effects between gender, race/
ethnicity, age and faculty rank as potential
confounders or effect modifiers. Results are
presented as Odds Ratio (OR) along with 95%
confidence intervals (CI). Statistical modeling was
conducted using SAS version 9.4, and analysis of
both the data and models (such as checking for
multi-collinearities and the assumption of linearity

between independent variables and the log-odds)
were conducted using Python version 3.9. Statistical
tests were two-sided and significance was set at
0=0.05

Results

The final dataset included 21,823 evaluations
completed by 537 faculty evaluators on 2,766
students between August 2007 and June 2022 with
a total of 326 (1.5%) LPEs. Table 1 shows the
student and faculty characteristics for completed
evaluations.

The student race/ethnicity breakdown changed
significantly over time (p < 0.001) with an increase
in Asian, Hispanic and Black representation (Figure
2). There were a total of 10,981 NBME scores, of
which 154 (1.4%) scores were below 60 (failing),
and 1,278 (11.6%) scores were 90 or above
(exceptionally good).

Variables that were significant in a univariate model
were included in a multivariable model (Table 2). In
the first analysis (Table 2a), LPE was the outcome;
student and faculty characteristics, NBME scores,
rotation (subject) and year were the predictors.
Assistant and associate professors gave LPEs at a
rate of 1.4%, full professors gave LPEs at a rate of
1.9%. The rate of LPE decreased with faculty
experience (low: 1.9%, middle: 1.3%, high 0.8%).
White students received 50% of LPEs, Asian
students received 20%, Hispanic students received
18% and Black students received 12%. Black
students, but not Asian or Hispanic students, had
higher odds of receiving an LPE compared to White
students (OR=1.74[1.16, 2.61]; p=0.003). The rate
of LPEs is decreasing over time for White, Asian,
and Hispanic students. For Black students, there is
no significant trend over time (-0.12% yearly,
p=0.307). For White students, it decreases by 0.11%
per year (p=0.004), for Asian students 0.22%
(p=0.001), and for Hispanic students 0.26%
(p=0.003) (Figure 3). White faculty gave 47% of
LPEs, Asian faculty gave 28% and “Other” (Black
or Hispanic) faculty gave 25%.

We found that White faculty had higher odds of
giving LPEs to Black students (OR 2.43 [1.46,
4.04]; p < 0.001). In contrast, Asian faculty had
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Table 1: Descriptive statistics of student and faculty characteristics in final evaluations. A
checkmark indicates the inclusion of a variable in the model.

Final evaluations | Multivariate Multivariate Model | Multivariate
only Model 1 | 2 (NBME <60) Model 3 (NBME >=90)
Mean (SD) or n (%) | (LPE)

NBME Score 79 (8.85) Vv

Subject (Rotation) N N N

Neurology 5,130 (23.5%)

Internal Medicine | 5,103 (23.4%)

Psychiatry 4.146 (19.0%)

Pediatrics 3.908 (17.9%)

Family Medicine 3,536 (16.2%)

Cognitive  Score v v

(fCPE)

Quartile 4| 5,428 (24.9%)

Quartile 3 5,469 (25.1%)

Quartile 2 4,567 (20.9%)

Quartile 1 (lowest) | 6,359 (29.1%)

Academic Month N N

Academic Year v

Student Age 25 (2.50) N N

Student Gender N N

Male 12,540 (57%)

Female 9,283 (43%)

Student Race N N Vv

White 12,632 (58%)

Asian 4.478 (21%)

Hispanic 3,199 (15%)

Black 1,514 (0.7%)

Faculty Age 52 (12.6)

Faculty Gender Ni

Male 10,952 (50.1%)

Female 10,871 (49.9%)

Faculty Race

White 10,109 (46.2%)

Asian 6,524 (30.0%)

Other 5,190 (23.8%)

Faculty Rank N

Assistant 14,880 (68.2%)

Associate 3,343 (15.3%)

Full Professor 3,600 (16.5%)

Faculty v

| Exnerience

Low 9,279 (42.5%)

Middle 5,096 (23.4%)

High 7,448 (34.1%)
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Figure 2: The distribution of students by race over time. Over a twelve-year period, the relative
fraction of Asian, Hispanic, and Black students increased by 1.2% (p < 0.001), 0.4% (p = 0.007),
and 0.3% (p < 0.001) each year, respectively. Total enrollment remained stable.
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Figure 3: Distribution of LPE by Race over time. Over a 12-year period, despite reduction in LPE
overall, demographic variability persisted. (White fitted slope: -0.115, p = 0.004; Asian fitted slope: -
0.22, p = 0.001; Hispanic, fitted slope: -0.264, p = 0.003; Black, fitted slope: -0.123, p = 0.307)

LPE Rate (%)
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higher odds of documenting LPE for Asian students,
compared to students of other races/ethnicities.

In the second analysis (Table 2b), we estimated the
probability of failing the subject NBME (score
<60). Student characteristics, rotation (subject),
month and the fCPE were the predictors. Roughly
two percent of NBME scores were below 60.
Compared to White students, Asian students had
more than twice the odds of failing the NBME (OR
2.24[1.69, 2.93], p <0.001), Hispanic students also
had higher odds of failing (OR=1.59 [1.14, 2.23]; p
= 0.003), and Black students had more than four
times higher odds of failing (OR=4.64 [3.45, 6.24];
p < 0.001). The distribution of NBME scores by
race is shown in Supplemental Figure 3.

Yearly LPE Rate by Student Race
==+ Overall LPE Rate
mmm White
Asian

. Hispanic
mmm Black

-rf;ﬁiizéi

Academic Year

Finally, we estimated the probability of NBME
success (score>90,  Table 2¢); student
characteristics, rotation (subject), month and fCPEs
were the predictors. Compared to White students,
all other races/ethnicities had lower odds of scoring
90 or above; all results were statistically significant
with p<0.001 (table 2c). This model did not include
interaction effects due to statistical non-
significance. For each race -category, the
relationship between cognitive score (quartile) and
NBME score were similar (supplement Figure 2).

Discussion

In our sample, White students received 50% of all
LPEs, followed by Asian (20%), Hispanic (18%),
and Black students (12%). Consistent with past
studies, Black students had significantly higher
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Table 2: Results of the multivariate models to predict NBME fail (2a), NBME success (2b) and LPE (2c).

Table 2a OR of NBME
failure [95% CI]
Student Race <0.001*
White Ref
Asian 2.24[1.69, 2.93] <0.001
Hispanic 1.59[1.14, 2.23] 0.003
Black 4.64 [3.45, 6.24] <0.001
Table 2b OR of NBME
success [95% CIJ
Student Race <0.001*
White Ref
Asian 0.48 [0.42, 0.54] <0.001
Hispanic 0.39 [0.33, 0.45] <0.001
Black 0.16 [0.12, 0.22] <0.001
Table 2¢ OR of LPE [95% | p-value
CI]
Student Race 0.06*
White Ref
Asian 1.09 [0.78, 1.52] 0.83
Hispanic 1.190.83, 1.72] 0.40
Black 1.74 [1.16, 2.61] 0.003
Student Race * | Ref = White 0.18*
Faculty Race
Faculty (White),
compare students
Asian 0.81[0.49, 1.35] 0.43
Hispanic 1.54[0.99, 2.41] 0.06
Black 2.43 [1.46, 4.04] <0.001
Faculty (Asian),
compare students
Asian 1.75[1.03, 2.97] 0.04
Hispanic 1.60 [0.89, 2.89] 0.12
Black 1.56 [0.73, 3.35] 0.25
Faculty (Other),
compare students
Asian 0.90 [0.50, 1.63] 0.73
Hispanic 0.69 [0.33, 1.46] 0.33
Black 1.38 [0.65, 2.94] 0.41

*indicates p value for overall significance of the variable (e.g., student race) in the multivariable model, as opposed to comparisons of
subcategories within the variable (e.g., Asian to White, etc.)

When students are separated by race, there were no significant changes over time in NBME scores within each group from 2008 through
2020 (supplement Figure 1).
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odds of receiving an LPE compared with White
students (OR=1.74 [1.16, 2.61]; p = 0.003),
supporting prior evidence that Black learners
experience disproportionate negative workplace-
based evaluations.** Prior research has also shown
that structural inequities, differential access to
learning opportunities, and implicit bias can
contribute to these disparities, and our findings align
with this body of work.® In contrast, Asian and
Hispanic students did not show increased odds of
receiving an LPE relative to White students. This
finding occurs in the context of mixed evidence in
the existing literature and provides a more nuanced
understanding of how demographic patterns vary by
racial and ethnic group.'> The observation that LPE
rates for White, Asian, and Hispanic students
declined over time also supports emerging reports
that faculty development efforts and evolving
evaluation practices may be reducing the overall
frequency of low ratings, though not uniformly
across groups. '’

Our findings related to NBME performance
similarly support longstanding trends: Asian,
Hispanic, and especially Black students had higher
odds of failing compared with White students, with
Black students exhibiting more than four times the
odds of failure (OR=4.64 [3.45, 6.24]; p < 0.001).
This pattern has emerged extensively in past
research of racial/ethnic disparities on standardized
examinations and is often attributed to structural
educational inequities, test design factors, and
stereotype threat." All non-White groups also had
significantly lower odds of scoring 90 or above,
supporting evidence that these disparities extend
across the full performance spectrum.

What is unique about this study is the ability to
compare demographic patterns in both NBME
scores and faculty-assigned LPEs within the same
large, longitudinal sample, allowing direct
evaluation of how standardized and workplace-
based assessments may diverge or reinforce each
other. While prior studies have typically examined
these assessment types separately or with smaller
datasets, our findings show that demographic
differences are more pronounced in NBME
performance than in LPEs, yet the two forms of
assessment remain strongly associated across
groups. This integrated analysis provides new

insight into how inequities propagate across
multiple components of clerkship grading and
highlights implications for grading policies that rely
heavily on national exam scores.

Strengths and Limitations'*'*

This study includes a large sample size of students
and faculty over a 15-year study period as well as a
relatively diverse student body, particularly with
respect to Hispanic representation (15%). Our data
also included standardized tests that are used by
many US medical schools, increasing the likelihood
that our results are generalizable to other
institutions. Sophisticated hierarchical modelling
allowed us to control multiple potential confounders
including both evaluator (faculty) and student
factors, subject (e.g., internal medicine vs
neurology), academic year, and academic month.
However, while the study provides a basic
disaggregation of race/ethnicity (White, Black,
Asian, Hispanic, Other), there are some categories
that remain too broad to capture the diversity of
racial and ethnic backgrounds; for example. the
category of “Asian,” which mixes underrepresented
groups with overrepresented groups. We are limited
to the racial categories provided by the registrar and
the convergence of our model. Also, our limited
number of Black faculty did not allow us to
determine the effect of race concordance/
discordance between faculty and student for this
population. Causal inferences between NMBE,
faculty evaluations and student and faculty race/
ethnicity cannot be derived from this single-
institution correlational study, and generalizability
to other institutions may be limited.

Conclusion®’?!

This is the largest published study evaluating
assessment outcomes at one large, diverse, public
medical school, and it shows persistent differences
in outcomes across demographic groups. The
inequities found in this study persisted despite
initiatives to reduce implicit bias, create a positive
learning environment, and improve assessments
that were ongoing during the time period of this
study, including an accreditation site visit and a pilot
of Entrustable professional activities through the
Association of American Medical Colleges.
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Implications

Concerns regarding inequity in medical student
assessment are not new. An equitable assessment
system provides fair opportunities for advancement
to all learners without influence from structural,
personal, or demographic factors.? Fair assessment
involves the instruments wused, the learning
environment, and the way that outcomes influence
career advancement. For two decades, the
healthcare education community has been working
to improve the system by promoting competency-
based medical education, faculty development, and
improve assessment tools.?! Previous literature has
established that race-concordance  between
physician and patient improves outcomes among
underrepresented groups. When demographic
variability in medical student assessment doesn’t
correlate with clinical outcomes, it suggests an
opportunity to align educational programs with
patient  needs, especially  for  students
underrepresented in medicine. It is not clear if the
current approach, in which grades have been
removed* and proxies (especially publications)
have become markers of excellence for competitive
subspecialties,” will promote more equity or
alignment with patient needs. Just as this work
shows that shifting focus from national
examinations to localized assessments did not
remove bias, it is unknown if there is equitable
access to scholarship across demographic and
socioeconomic groups. As recommended in the
Coalition for Physician Accountability UME-GME
Recommendations,? it is essential to monitor the
impact of assessment changes, including NBME,
pass-fail grading, and the shift toward scholarship,
on vulnerable student groups, acknowledging the
complex system of interactions.** Educators have an
opportunity to design and study innovative
solutions of support and assessment to promote and

recognize excellence in learners that is aligned with
the patient care they will deliver.
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