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ORIGINAL RESEARCH

Predicting Performance on the American Board of
Physical Medicine and Rehabilitation Written
Examination Using Resident Self-Assessment
Examination Scores

Alex Moroz, MD
Heejung Bang, PhD

ABSTRACT

Background Studies across medical specialties have shown that scores on residency self-assessment examinations (SAEs) can
predict performance on certifying board examinations.

Objective This study explored the predictive abilities of different composite SAE scores in physical medicine and rehabilitation
and determined an optimal cut-point to identify an “at-risk” performance group.

Methods For our study, both predictive scores (SAE scores) and outcomes (board examination scores) are expressed in national
percentile scores. We analyzed data in graduates of a physical medicine and rehabilitation residency program between 2008 and
2014. We compared mean, median, lowest, highest, and most recent score among up to 3 SAE scores with respect to their

associations with the outcome via linear and logistic regression. We computed regression/correlation coefficient, P value, R, area

discrimination, and model-fit statistics.

highest accuracy, highest discrimination, and best model fit.

the 47th SAE national percentile.

under the curve, sensitivity, specificity, and predictive values. Identification of optimal cut-point was guided by accuracy,

Results Predictor and outcome data were available for 88 of 99 residents. In regression models, all SAE predictors showed
significant associations (P < .001) and the mean score performed best (r = 0.55). A 1-point increase in mean SAE was associated
with a 1.88 score increase in board score and a 16% decrease in odds of failure. The rule of mean SAE score below 47 yielded the

Conclusions Mean SAE score may be used to predict performance on the American Board of Physical Medicine and
Rehabilitation-written examination. The optimal statistical cut-point to identify the at-risk group for failure appears to be around

Introduction

In-training examination (ITE) scores have been
shown to correlate with qualifying board examina-
tion scores across institutions and medical specialties.
This was found to be the case in family medicine,*
internal medicine, psychiatry,™ radiology,® anesthe-
siology,”® neurology,” obstetrics and gynecology,'’
pediatrics,'! surgery,'* orthopedic surgery,'*™'* oph-
thalmology,'®!” urology,'® pathology,'” preventive
medicine,?® otolaryngology,”! and emergency medi-
cine (osteopathic).**

Data are available from 3 published and 2 unpub-
lished studies attempting to predict the American
Board of Physical Medicine and Rehabilitation
(ABPMR) examination performance. A study of 205
residents found that residents elected to Alpha Omega
Alpha were more likely to score in the top half on the
ABPMR-written examination (WE), while those fail-
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ing a basic science course in medical school were 3.2
times more likely to fail the ABPMR-WE on the first
attempt.” Another study?* found that senior residents’
mock oral examinations and core competency faculty
evaluations composite were each predictive of perfor-
mance on the ABPMR oral examination. A national
survey of senior physical medicine and rehabilitation
(PM&R) residents found that the quartile ranking on
the self-assessment examination (SAE) and ABPMR-
WE were highly correlated (r=0.657, P <.012).%
Another study?® found a correlation between post-
graduate year (PGY) 4 SAE and first-time ABPMR-WE
scores (r =0.533, P < .017). Similarly, a study looking
at the correlation between medical school and
residency performance with performance on the
ABPMR-WE found that each PGY SAE was signifi-
cantly correlated (P <.05) with Part I of the board
score. Coefficient values ranged from 0.42 (R* = 0.18)
to 0.69 (R*=0.48), indicating moderate to strong
correlations. Senior year (PGY-4) SAE had nominally
the highest degree of correlation and accounted for the
largest amount of variance when jointly considering



the effects of all United States Medical Licensing
Examination and SAE scores on Part I performance.”’

Thus, the ability to use scores on residency ITE or
SAE to predict performance on the certifying board
examination is supported by strong evidence across
medical specialties and good preliminary evidence in
PM&R. Our study has the dual aim of using rigorous
statistical methodology to (1) compare predictive
abilities of different composite SAE scores, and (2)
determine optimal cut-point(s) of the best composite
score for “at-risk” performance that may allow
program directors to identify the residents at risk of
failing the written board examination.

Methods

We chose the sample size based on prior studies in this
area and availability of the data. We decided to
include all former residents who graduated between
2008 and 2014, took at least 1 SAE, and also sat for
the written board examination. Graduates who did
not take any SAE and graduates who did not sit for
the written board examination were excluded. We did
not exclude graduates who delayed taking the written
board examination (usually those who obtained
additional fellowship training). All of the examina-
tion scores were reported by the time of data
collection, so the issue of delayed scoring did not
come up.

We used the SAE taken in January of PGY-2, PGY-
3, and PGY-4 residents as potential explanatory
variables (denoted by SAE 1, 2, and 3, respectively).
Data were manually extracted, which included 2008-
2014 SAE percentile scores and 2008-2014 ABPMR-
WE percentile scores for the New York University
PM&R residency training program.

The study protocol was reviewed and approved by
the New York University Institutional Review Board.

Statistical Methods

We described SAE 1, 2, 3, and board examination
scores by (univariate) descriptive statistics, such as
mean (SD), median, range, and histogram. The
proportion of complete data in different years of
SAE varied. Bivariate associations were examined by
correlation coefficients (Pearson linear and Spearman
rank correlation) accompanied by a scatter plot and
95% CI.

With regard to composite measures, we computed
mean, median, lowest, highest, and most recent score
among available SAE scores, and compared them in
terms of the magnitude of the association with the
outcome via simple linear regression (with the
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What was known and gap

Residents at risk for low performance on the board
examination may benefit from added instruction, provided
knowledge deficits are identified in time.

What is new

A study of the predictive abilities of different composite self-
assessment scores for the physical medicine and rehabilita-
tion written examination.

Limitations
Single program, small sample study reduces generalizability.
Bottom line

Mean self-assessment score can predict board examination
performance, and a cut-point can be used to identify a
resident group “at risk” for low performance.

outcome of board examination score in a continuous
scale) and logistic regression (with dichotomized
outcome; if board < 26 then fail = 1; succeed other-
wise). In the linear regression model, we estimated
regression or B coefficient (SE), P value, and R?
where R? (0-1) measures how much variability in the
outcome is explained by the predictor. In the logistic
regression, the association between the outcome and
the predictor were estimated by log of odds ratio (SE),
P value, and area under the receiver operating
characteristic curve (area under the curve [AUC]),
where AUC quantifies discrimination capacity be-
tween successes versus failures, with AUC =0.5
indicating random and 1 signifying perfect discrimi-
nation.

For different cut-points, we computed sensitivity,
specificity, positive predictive value, and negative
predictive value. Optimal cut-point was guided by
Youden index (Sensitivity + Specificity — 1), AUC, and
Akaike information criteria (AIC). Here, the Youden
index addresses accuracy, the AUC addresses discrim-
ination capacity, and the AIC guides model selection,
where a lower AIC indicates a better model fit.

Based on our examination of individual data and
descriptive statistics, we believed there could be some
outliers. Thus, we repeated the entire analysis after
excluding data for the residents with the 2 lowest
board examination scores and summarized our
findings in the text for sensitivity checking. All
analyses were performed using SAS version 9.3 (SAS
Institute Inc, Cary, NC), and all P values and
confidence intervals are 2-sided.

Results

Based on their graduation years, 99 residents were
eligible to participate. Our analysis included scores
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TABLE 1
Distribution of Self-Assessment Examination (SAE) and
Board Examination Scores®

Variables N | Mean (SD) | Median nl\,:ll:)l(:::l:r:
SAE 1 35| 44.0 (6.4) 43.9 31.1-56.5
SAE 2 56 | 49.7 (7.0) 50.0 34.7-64.6
SAE 3 75| 524 (8.6) 51.6 37.4-75.7
SAE (mean) 88| 503 (7.9 50.0 31.1-69.2
Board 88| 527 (26.9) 53.0 1.3-97.5

@ SAE 1, 2, 3 denote postgraduate year (PGY) 2, PGY-3, and PGY-4,
respectively. SAE (mean) is the average of SAE 1, 2, and 3 using
nonmissing data.

from 88 residents who had at least 1 SAE score and
board examination score. Summary statistics of
individual SAEs, mean of SAEs, and board examina-
tion scores are presented in TABLE 1. Data distributions
are highly symmetric: the mean and median are close,
and the SAE score distribution is close to normal
(FIGURE 1a and b).

When we compared 5 candidate predictors (mean,
median, minimum, maximum, and most recent SAE
score among up to 3 raw scores) in separate
regression models, all showed significant associa-
tions with the outcome (P < .001). When the
outcome is continuous, median SAE yielded the
highest R* (0.32), and when the outcome is
dichotomized, mean SAE yielded the highest AUC
(0.81); overall, since the mean and median provided
similar, equally best performances, we decided to use
the mean. We may interpret the regression analyses
as follows: per 1-unit increase in the mean of SAE

percentile (eg, 50% to 51%), on average, a 1.88
score increase is expected in a board percentile score,
and a1 —exp (-0.17) =1 - 0.84 = 16% decrease is
expected in the odds of failure (TaBL 2). The linear
association between SAE and board score is also
depicted in FIGURE 2 (Pearson and Spearman corre-
lation coefficients of 0.55; 95% CI 0.38-0.68;
P <.001). Also, Pearson correlation coefficient of
SAE 1 and 2 is 0.47, that of SAE 1 and 3 is 0.62, and
that of SAE 2 and 3 is 0.67. Correlation coefficient of
SAE 1, 2, 3, and board examination score was 0.26,
0.64, and 0.45, respectively (results are not shown in
the tables or figures).

Next, we compared the performance of different
cut-points in mean SAE scores (TaBLE 3). For
example, using the rule of SAE < 50, 52% (46 of
88) met this criterion and revealed a sensitivity of
89%, specificity of 58%, positive predictive value
of 37%, and negative predictive value of 95%. In
this example, among those who failed the board
examination, 89% of the examinees had met the
criterion (SAE < 50). Among those with SAE < 50,
37% failed the board examination. The rule of
SAE < 47 yielded the highest Youden index, high-
est AUC, and lowest AIC, which may be used when
we define an optimal cut-point and a high-risk
group.

When we repeated the entire analyses after
excluding 2 outliers (board examination scores of
1.3 and 4), we reached virtually the same results and
conclusion. For example, R* was unchanged and the
AUC was slightly higher for the mean (0.81 to 0.82
in TABLE 2). The same optimal cut-point of 47 was
yielded, with some improvements in the Youden

TABLE 2
Linear and Logistic Regression With Self-Assessment Examination (SAE) Score as Predictor of Board Examination Score
and Failure
Simple Linear Regression With Simple Logistic Regression With
Continuous Outcome = Board Examination Dichotomized Outcome = Failure®
Predictor® odd
(4 X d Log S (4 e
B (SE) P Value R-Square Ratio (SE) P Value AUC
SAE (mean) 1.88 (0.41) < .001 0.30 —0.17 (0.05) < .001 0.81
SAE (median) 1.94 (0.31) < .001 0.32 —0.17 (0.05) < .001 0.80
SAE (lowest) 1.62 (0.30) < .001 0.25 —0.15 (0.05) .001 0.77
SAE (highest) 1.63 (0.29) < .001 0.27 —0.14 (0.04) < .001 0.79
SAE (recent) 1.46 (0.29) < .001 0.23 —0.14 (0.04) .001 0.78

Abbreviations: SE, standard error; AUC, area under receiver operating characteristic curve.
? Each predictor was modeled separately as a single covariate in the regression model.

b Failure was defined as scoring < 26 in board examination.

€ P value (0-1): measure of statistical significance of the association of predictor and outcome.
4 R? (0-1): coefficient of determination, measuring how much variability in the outcome is explained by predictor.
€ AUC is a discrimination statistic, where 0.5 indicates random and 1 indicates perfect discrimination between 0s and 1s (eg, successes versus failures).
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FIGURE 1a and b
Histograms of Self-Assessment Examination (SAE) and Board Examination Scores

index (51 to 53), AUC (75 to 77), and AIC (80 to 73) and predictive of performance on the ABPMR-WE.
in TABLE 3 (results not shown in the tables or figures). In contrast with prior PM&R studies, which found

PGY-4 SAE scores most predictive, in our data set
Discussion the PGY-3 SAE scores had the highest correlation

with performance on the ABPMR-WE (correlation
Our findings support the outcomes found by coefficient of 0.64; 95% CI 0.45-0.77; P <.001),
previous researchers in PM&R and other fields in followed by PGY-4 score (0.45; 95% CI 0.25-0.61;
that the SAE scores are significantly correlated with P <.001) and PGY-2 score (0.265 95% CI —0.09 to
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Fit Plot for BOARD
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FIGURE 2

Scatter Plot of Self-Assessment Examination (SAE) and
Board Examination Scores

Abbreviations: DF, degrees of freedom; MSE, mean squared error.

0.54; P =.14). We could not explain this divergence
well, but it appears to indicate that the earliest score
might not be as predictive as the later scores. Also,
the comparison may not be fully valid due to the

different numbers of observations available for each
year of training.

The literature outside of PM&R is mixed
regarding which year of training yields the most
informative or useful predictor of board perfor-
mance. Some studies, like ours, found middle-of-
training scores to have the greater predictive
power.>'*17 Others found that predictive power
of SAE/ITE scores increased with each year of
training.'"'* Our study shows that the average of
“available” SAE/ITE scores provided greater pre-
dictive power than that of any individual year
scores previously reported.®'?

A strength of our study is that it utilizes a
systematic and rigorous use of comparative statistical
methodology to evaluate different predictors and cut-
points. This practice may allow program directors to
use a practical rule of thumb in predicting which of
their early and mid-training residents are at risk for
not doing well on the board examination and may
need timely remediation. Of note, SAE means and
board scores fairly closely approximate a normal
distribution, as expected on a standardized test.
Additionally, the means and medians closely approx-

TABLE 3
Performance Characteristics of Different Cut-Points of Self-Assessment Examination (SAE) Scores in the Prediction of
Failure®
% Who
- ts_l:int ::\:rf Sensi;:vity, Specj/fjcity. PPV, % | NPV, % Y(:;‘::)" AUC (¥100) | AIC
Cut-Point
< 58 82 95 22 25 94 17 58 93
57 76 95 29 27 95 24 62 90
56 74 95 32 28 96 27 63 89
55 72 95 35 29 96 30 65 88
54 70 95 36 29 96 31 66 87
53 66 95 42 31 97 37 68 85
52 63 89 45 31 94 34 67 87
51 58 89 51 33 95 40 70 85
50 52 89 58 37 95 47 74 81
49 45 79 64 38 92 43 71 85
48 42 79 68 41 92 47 74 82
47 34 74 77 47 91 51 75.2 79.52
46 30 68 81 50 90 49 74.8 79.47
45 23 47 84 45 85 31 66 88
44 22 47 86 47 86 33 66 87
43 19 47 88 53 86 35 68 85

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; AIC, Akaike information criteria.
2 Score of 47 (in bold) yielded (1) highest Youden index (Sensitivity + Specificity — 1); (2) highest AUC; and (3) lowest AIC so they may be justified as optimal
cut-point, where Youden measures accuracy, AUC measures discrimination, and the AIC measures model fit (lower AIC indicates better model fit).
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imate each other for SAE 1, SAE 2, SAE 3, SAE
(mean), and board score.

Limitations of the study are the relatively small
sample size, the high amount of missing data (which
may still reflect most situations in reality), and the use
of data from a single institution, which may limit
generalizability.

Our findings need independent validation, and the
next step could be larger, more representative studies
with better design (with adequate statistical power
and necessary variables to be collected), ideally done
at the national level. Future studies may address the
following question: If in fact there is local, program-
level variation in predictive power of individual year
SAE scores, should there be local replication of this
work so that each program finds its own specific risk
predictors and cut-points? Alternatively, in a multi-
center or national study, individual program results
could be analyzed and fed back to local program
directors for day-to-day educational use. While larger
studies involving additional programs may look for
concordance of our cutoff results based on predictor
measures, a desired outcome is a “national standard”
cutoff level that programs do not need to establish
individually.

Conclusion

Mean SAE score may be used to predict performance
on and odds of failure of the ABPMR-WE. The
optimal statistical cut-point to identify at-risk groups
appears to be around the 47th SAE national
percentile.
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