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Abstract

Background The impact of clinical proficiency on individual student scores on the National Board of Medical Examiners
(NBME) Subject Examinations remains uncertain. We hypothesised that increasing the length of time spent in a clinical
environment would augment students’ performance.

Methods Performance on the NBME Subject Examination in Internal Medicine (NBME-IM) of three student cohorts was
observed longitudinally. Scores at the end of two unique internal medicine clerkships held at the third and fourth years were
compared. The score differences between the two administrations were compared using paired z-tests, and the effect size
was measured using Cohen’s d. Moreover, linear regression was used to assess the correlation between the NBME-IM score
gains and performance on a pre-clinical Comprehensive Basic Science Examination (CBSE). A two-tailed p-value <0.05
was considered significant.

Results Of the 236 students enrolled during the third year, age, gender, CBSE, and NBME-IM scores were similar across all
cohorts. The normalised score gain on the NBME-IM at the fourth year was 9.5% (range —38 to+45%) with a Cohen’s d of
0.47. However, a larger effect size with a Cohen’s d value of 0.96 was observed among poorly scoring students. Performance
on the CBSE was a significant predictor of score gain on the NBME-IM (R 0.51, R?0.26, p-value <0.001).

Conclusions Despite the increased length of clinical exposure, modest improvement in students’ performance on repeated NBME-
IM examination was observed. Medical educators need to reconsider how the NBME-IM is used in clerkship assessments.

Keywords NBME subject examination - Internal medicine clerkship - Academic performance - Medical education - United
Arab Emirates

Introduction

Medical school curricula aim to equip future doctors with
appropriate knowledge and skills to deliver safe and effective
care [1]. Furthermore, the acquisition of clinical knowledge
and its application are expected to increase in breadth and
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scores correlate with future performance on medical licens-
ing examinations [5—7], there is a dearth of information on
the validity of these scores for making a clerkship pass-fail
decision [8, 9].

Several studies have revealed that the mean scores of
NBME-IM improve with clerkship training time and the
number of patients to whom the students are exposed [10,
11].

Our internal medicine clerkship students retake the
NBME-IM examinations during the third and fourth years
of the MD programme. However, there has been a concern
regarding the utility of NBME-IM in gauging students’
improvement over time. This study attempts to bridge this
knowledge gap by investigating the changes in the scores of
NBME-IM over years of clinical clerkship training. There-
fore, it remains unclear whether the NBME-IM examinations
provide an accurate measure of cumulative knowledge and
clinical proficiency gained during internal medicine clerk-
ship rotations or are merely a snapshot measure.

This study examines whether the time spent in internal
medicine clerkship training improves individual students’
NBME-IM scores. We hypothesised that increasing the
time spent in a clinical environment would bolster students’
knowledge and performance on NBME-IM, resulting in a
significant score gain in the fourth year compared to the
third year.

Methods
Setting

The College of Medicine and Health Sciences (CMHS) at
United Arab Emirates University offers a 6-year training
programme consisting of a 2-year pre-medical education
and a 4-year MD programme. The latter is split into 2-year
phases of pre-clinical and clinical training. In the pre-clinical
MD programme, the student’s progression throughout the
courses is organised by body organ systems. An additional
longitudinal clinical skills course introduces students to his-
tory taking, communication, and physical examination skills.
At the end of the two pre-clinical years, all students must sit
a Comprehensive Basic Science Examination (CBSE), run
by the NBME International Foundation of Medicine [12].
The CBSE covers content relevant to the United States Med-
ical Licensing Examination (USMLE) Step 1.

At the CMHS, students rotate through six core clinical
clerkships (internal medicine, paediatrics, surgery, obstetrics
and gynaecology, psychiatry, and public health) during the
third year of the clinical training programme. Students will
complete their clerkships during the fourth year by rotating
through internal medicine, paediatrics, and surgery, fam-
ily medicine, and emergency medicine. Thus, the internal
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medicine clerkship programme incorporates two consecu-
tive 8-week hospital placements during each of the third
and fourth years of the MD programme. Clinical time is
mainly spent with physicians’ teams working with hospital-
ised patients. Throughout the study period, the same faculty
were teaching in both clerkships, and there were no changes
in the clerkship curriculum nor its organisation or delivery.
Students are assigned mentors who provide regular feedback
and document it on their clinical portfolios.

The NBME-IM was administered at the end of the third-
year internal medicine clerkship rotation and repeated at the
end of the fourth-year internal medicine clerkship rotation.
Both assessments were mandatory, and their scores contrib-
uted 10% of the final grade of each rotation. The NBME-IM
scores were equated to adjust for potential differences among
exam forms [13]. The scores were placed on a classic per
cent correct metric (0—100%) with a precision of four points
of the standard error of measurement (SEM) [4]. The pass
mark for the NBME-IM at CMHS was pre-set at a cut score
of 50% for all internal medicine clerkship rotations.

The scores of workplace-based assessments (WBAs),
objective structured clinical examinations (OSCEs), and in-
house single best answer MCQs were recorded for all stu-
dents. Scores of WBAs were determined using standardised
rubrics covering the clinical domains of professionalism,
history taking, physical examination, and decision-making
skills.

Design

An observational longitudinal study design was adopted to
gauge score gains on two separate administrations of the
NBME-IM exams conducted during the third and fourth
years of the MD programme.

Participants

Three cohorts of medical students joining the internal
medicine clerkship rotations during three consecutive
academic years were included (2015-2016/2016-2017,
2016-2017/2017-2018, and 2017-2018/2018-2019).

Data Processing and Analysis

Basic demographic information was collected. We also
compiled, for individual students, their scores of CBSE at
the end of the two pre-clinical years of studies and their
scores for both examinations of NBME-IM at the end of
the third- and fourth-year internal medicine clerkship clini-
cal rotations. For students retaking any assessment, only the
first attempt score was included. We calculated for each stu-
dent the normalised score gain between the two administra-
tions of NBME-IM as the score difference between the two
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administrations divided by (100 minus the score of NBME-
IM at first administration).

NBME — IM score2 — NBME — IM scorel

Score gain =
100 — NBME — IM scorel

Data were anonymised and checked for range and consist-
ency before analysis. Means and standard deviations (SD)
were used to summarise normally distributed continuous
variables. Paired r-test analysis was used to compare the
scores of the NBME-IM administered at the end of the two
unique internal medicine clerkships. The standardised mean
difference between the scores was calculated using Cohen’s
d, with values of 0.2 SD indicating a small effect size and
0.8 SD indicating a large size effect [14].

The IBM SPSS Statistics for Windows, version 28 (IBM
Corp., Armonk, NY, USA) was used for statistical analysis.
Univariate and multivariate linear regression analysis was
performed to assess the relationship between score gains on
NBME-IM and clerkship assessments and their correspond-
ing pre-clerkship CBSE. A two-tailed p-value of <0.05 was
considered statistically significant.

Ethical Considerations

This study involved secondary use of de-identified student
information previously collected during routine delivery of
the medical curriculum. The ethics review board of UAE
university approved the study (reference: ERS-2019-5891).

Results
In total, 236 academic records belonging to three cohorts

of medical students joining the third- and fourth-year
internal medicine clerkship rotations were included. The

distributions of age, gender, and scores of the CBSE and
NBME-IM were similar in all cohorts enrolled at the third-
year internal medicine clerkship rotation (Table 1). The
mean equated per cent correct score was 46.6 (range of 17
to 85) on the first administration of the NBME-IM in the
third year and 52 (range of 28 to 88) on the second adminis-
tration in the fourth year. Overall, the normalised score gain
was 9.5%, ranging from a decline of 38% to a rise of 45%.

The paired ¢-test analysis showed an overall difference
in scores between the first and second administrations of
5.4 points with a moderate effect size at 0.47 SD measured
using Cohen’s d (Table 2). Of note, a large effect size with
a Cohen’s d value of 0.96 was observed among students
who failed the first administration of NBME-IM compared
to a small effect size with a Cohen’s d value of 0.24 among
those who passed the first administration.

Univariate linear regression analysis revealed that only
the performance on CBSE positively correlated with the
per cent score gain between the two administrations of
NBME-IM (Table 3).

There were no significant correlations between per
cent score gain and the performance on the in-house
WBAs, OSCE, and MCQs. There was a negative corre-
lation between the score gains and the performance on
the first administration of NBME-IM, indicating that the
gain is relatively more for low scoring students (Fig. 1).
Conversely, a positive correlation was observed between
CBSE scores and score gains on the NBME-IM, indicat-
ing a significant impact of basic science knowledge on
NBME-IM performance (Fig. 2).

Multivariate linear regression analysis revealed that
performance on CBSE and low achievement on the first
administration of NBME-IM correlated significantly with
the score gains on the NBME-IM (R 0.51, R? 0.26%,
p<0.001) (Table 3).

Table 1 Performance on two
administrations of the National
Board of Medical Examiners

Internal Medicine Subject
Examination (NBME-IM) at the
College of Medicine and Health
Sciences, United Arab Emirates
University

Characteristic Academic year Total p-value
2015-2016  2016-2017  2017-2018
Number of students 65 79 92 236
Males:females 18:47 16:63 21:71 56:180 0.67
Age (years, mean +SD) 22.1+1.1 22.2+0.99 22.3+0.97 222+1.0 0.49
Comprehensive basic 413.8+75.1 400.0+829 390.2+103.2 399.9+89.7 0.27
sciences examination score
(mean +SD)
NBME-IM score (mean + SD)
Third year (score-1) 45.5+11.7 45.2+10.2 48.7+12.3 46.6+11.6 0.17
Fourth year (score-2) 52.2+10.8 50.6+11.4 532+11.6 52.1+11.3 0.17
Mean score difference 6.7+6.5 5.4+84 45+7.5 54+7.6 0.21
Per cent score gains 11.8+11.9 9.6+16.1 79+15.8 9.5+14.9 0.11

SD standard deviation
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Table 2 Overall paired differences between the first and second administrations of the National Board of Medical Examiners Internal Medicine
Subject Examination and according to students’ performance on the first administration

Cohort Mean (+SD) 95% confidence interval  t-value DF p-value Cohen’s d 95% CI
()

Overall 5.45 (+7.6) 4.5-6.4 11.0 235 <0.001 0.47 0.38-0.57

Fail* 7.14 (+6.9) 6.04-8.2 12.8 154 <0.001 0.96 0.77-1.15

Pass 2.21 (£7.8) 0.5-3.9 2.6 80 <0.001 0.24 0.02-0.46

SD standard deviation, DF degree of freedom

“Cutoff score for pass-fail decisions was 50%

Table 3 Univariate and multivariate linear regression analysis of the effect of comprehensive basic sciences examination and clerkship assess-
ments on the score gains on the National Board of Medical Examiners Internal Medicine Subject Examination (NBME-IM)

Linear regression Independent variable B SE 95% CI p-value R R?
Lower bound Upper bound

Univariate

CBSE 0.21 0.09 0.04 0.38 0.017 0.15 0.024

WBAs 0.13 0.16 —-0.18 0.44 0.42 0.05 0.003

OSCE 0.15 0.19 -0.22 0.52 0.42 0.05 0.003

MCQ 0.16 0.13 —-0.10 0.42 0.22 0.08 0.006

Third-year NBME-IM —-0.28 0.08 -0.44 —-0.11 <0.001 0.21 0.046

Multivariate

CBSE 0.90 0.11 0.68 1.12 <0.001 0.51 0.26

Third-year NBME-IM -0.92 0.11 -1.13 -0.71 <0.001

B Beta coefficient, SE standard error for beta coefficient, CI confidence interval for beta coefficient, R correlation coefficient, WBAs workplace-
based assessments, OSCE objective structured clinical examination, MCQ multiple-choice questions exam

60%
o
o
40% ° (0] °
) o
= o 0 o 8 °
© (o) o e}
© o °o8 %80 °° o8 °
o 0 % o 00°g°6° o )
5 20% o 8880008000§0 0009, ° °
o ) Q
@ ° ) 88 o 00,,9°° o © ©
SA) o o
T [¢) o
Q 00 o (e} So O o o
@ ° 8 ° °
= ° ,o8° 8 o o
o gos~ "o 8
g 0% ° %, o o0
E 000°80 00 o000 ° —
o o ©° o)
) (e}
z oo o°
o ° o ° oo o
o 9y oo o
-20% o °
° o
o
o
o
o
[o) o
-40%
20 40 60 80

NBME- IM score1

Fig. 1 Correlation between performance on the third year (NBME-IM scorel) and the normalised score gains on repeat National Board of Medi-
cal Examiners Internal Medicine Subject Examination
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Fig.2 Correlation between performance on the Comprehensive Basic Science Examination (CBSE score) and normalised score gains on repeat
National Board of Medical Examiners Internal Medicine Subject Examination

Discussion

All medical students at our school sit the NBME-IM at the
end of third- and fourth-year internal medicine rotations
during their clinical training programme. This curriculum
design gave us a unique opportunity to track the changes in
students’ NBME-IM scores across two consecutive clerk-
ship rotations over two clinical clerkship years. We found
that longer time spent in internal medicine clerkship is not
associated with significant improvement in overall stu-
dent performance on international standardised medicine
examinations.

The students’ clinical knowledge would improve with
time spent working with patients in an engaging clinical
learning environment [11, 15]. With more clinical exposure,
students develop their illness scripts and pattern recognition
through patient care, and their performance on NBME-IM
examination would improve significantly. After completing
the core clinical rotations and taking multiple NBME sub-
ject examinations, a significant score gain for the NBME-IM
examination would most likely be around the effect size of
one standard deviation [16].

The observed low score gains on NBME-IM could be
attributed to many contextual factors, such as differences in
the patient populations and patient perspectives on health
and disease between the USA and the UAE, a country that
has experienced ultra-rapid economic growth [17]. Thus, it

is plausible that a ceiling effect made score gains on NBME-
IM examinations difficult despite more clinical exposure.
Also, the sequence and length of other discipline clinical
rotations may potentially intervene with the overall perfor-
mance on the NBME-IM [11, 18]. Nevertheless, the associa-
tion between score gains with student performance on the
CBSE supports the importance of students’ basic science
medical knowledge for performance on the NBME-IM. Stu-
dents with a sound foundational basis of medical knowledge
are more likely to utilise and deepen their medical knowl-
edge through patient care.

The modest score gains observed in the study can simply
be attributed to increased familiarity with the examination
structure and content and partly to random measurement
error and regression toward the mean on retesting [19].

The study’s retrospective design has limited our ability
to examine other factors that might affect achievements in
the NBME-IM examination, such as socioeconomic status,
available learning resources, students’ clinical aptitude, and
examination preparation habits. Furthermore, detailed infor-
mation on actual time spent caring for patients and the diver-
sity and complexity of patients’ case mix was unavailable.

Several studies raised concern about students’ dispropor-
tionate time spent in the library preparing for the examina-
tion rather than patient care learning [3, 20, 21]. Thus, using
NBME subject examinations as the end of summative clerk-
ship assessments might increase students’ anxiety leading
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them to spend more time in the library than in the clinical
environment.

Our study reflects a single medical school experience
and therefore precludes generalisation of findings. Never-
theless, this study contributes significantly to prior research
on clerkship assessment. It confirms previous national and
international medical school reports that performance on the
NBME-IM examination likely represents an aggregation of
medical knowledge across the medical curriculum and does
not necessarily correlate to the extent of learning derived
from direct patient care [8, 11, 15, 22]. The study finding
also raises concerns about the validity of evidence for the
interpretations based on the numeric scores of the NBME
examinations regarding student academic achievements [23].
In general, caution is required in using NBME examina-
tions as a clerkship summative assessment tool, and future
research should extend to understand the value of NBME
examinations as a formative assessment to guide student
learning needs. Repeated NBME subject examinations may
benefit students most in need for feedback to improve their
medical knowledge during clerkship.

Conclusions

In our context, performance on the NBME-IM examination
did not change significantly with repeat administrations dur-
ing 2 years of clinical clerkship training. Medical educators
need to consider using the NBME-IM as formative clerk-
ship assessments with minimal weight in the final clerkship
grades, if any.
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