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Resident Selection and Predictors of Performance
Can We Be Evidence Based?

Douglas R. Dirschl, MD; Edmund R. Campion, MD; and Karen Gilliam

Selection of orthopaedic residents can be a difficult process;
we have endeavored to make it more objective by developing
a scoring methodology for screening applications. The pur-
pose of this investigation is to determine if an academic score,
using objective elements only, will discriminate among ap-
plicants and will correlate with outcomes. Applications to
our orthopaedic residency program for 2004 and 2005 were
assigned an academic score as a screening tool in the resi-
dency selection process. Data was analyzed for the entire
group both by gender and whether the applicant had inter-
viewed for the program. Additionally, the applications of
program graduates over the past 5 years were retrospec-
tively assigned academic scores, which were compared with
outcomes of the training program. Academic scores for ap-
plicants formed a generally normal distribution, and resi-
dents training in the program generally had higher scores.
The distribution of scores for female applicants was similar
to male applicants; however, a greater percentage of female
applicants interviewed for the program. Scores on the OITE
and ABOS examinations tended to parallel academic scores,
but faculty ratings of performance in the program showed no
difference between those with high and low academic scores.
Calculating academic scores makes the application screening
process more objective but does not appear to correlate with
outcomes of the training program.

Selection among and ranking of resident candidates is a
task all orthopaedic training programs must accomplish
and for which almost no orthopaedic academicians have
had formal training. Methods for accomplishing this vary,
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with some programs using a scoring system, some a sub-
jective analysis and committee discussion, and others a
single chairman’s or program director’s assessment in
making their decisions. Whatever the method, it is clear
excellent people are matched into orthopaedic residency
each year. But it is probably also clear, in this subjective
process, excellent individuals are missed. At our institu-
tion, we have endeavored to make the selection method as
evidenced-based and reliable as possible.

Our philosophy is to screen applications, but to rank
people. Applications are screened based on data and ob-
jective information in the Electronic Residency Applica-
tion Service (ERAS) application. We have endeavored
over the years to develop a means by which we can assure
our assessment of the data and information is as objective
and reproducible as possible. We also believe, however,
when it comes time to develop our rank list of residency
applicants, we rank people according to our assessment of
their personal qualities based on all the information we
have at hand. We do not believe we should rank candidates
by their credentials.

We have undertaken a series of investigations to at-
tempt to address these issues. We hoped to better under-
stand our own resident selection process from an evidence-
based perspective. In the first study, a retrospective re-
view, we determined which criteria in the residency
application had the highest correlation with the subsequent
performance of orthopaedic residents.” We hoped this in-
formation would lead to the development of a scoring
system that would objectify the screening of residency
applications.

Summary of Previous Work and Development of
“Academic Score”

The application files of 58 residents, who had completed
our program over a 15 year period, were included. Appli-
cation data collected included all the information tradition-
ally collected in the residency application process at our
institution. Measures of outcome included performance on
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standardized examinations such as the Orthopaedic In-
training Examination (OITE) and the American Board of
Orthopaedic Surgery Part I examination (ABOS-1), as
well as faculty performed ratings of resident performance
on a 5-point Likert scale.” The results of this study indi-
cated faculty ratings had remarkable interobserver reliabil-
ity. Faculty ratings correlated with the number of honors
grades achieved in the third year clerkships during medical
school (p < 0.05), but not with OITE and ABOS-1 scores.
Letters of recommendation did not correlate with any of
the outcome measures. It was concluded academic perfor-
mance in core clinical clerkships in the third year of medi-
cal school seemed to be the best predictor of overall per-
formance in the training program. It also appeared scores
on standardized examinations had little correlation with
predictor variables or faculty rating.’

Because the philosophy of ranking people rather than
credentials could potentially rely heavily on personal rec-
ommendations, it was surprising to learn letters of recom-
mendation did not correlate with outcomes. We postulated
variability in interpretation of letters of recommendation
by various individuals might explain this poor correlation,
and undertook a second study to test the interobserver
reliability in evaluating letters of recommendation.> One
hundred seventy-four letters of recommendation were ex-
tracted from residency applications, were blinded to elimi-
nate the identity of the applicant, the identity of the author,
and the identity of the institution from which the letter
came, and were rated by faculty observers.” The data sug-
gested extremely low interobserver reliability in rating let-
ters. It was concluded programs should be aware of the
variability that exists in interpreting letters of recommen-
dation, and this variability may be a serious limitation in
the use of letters of recommendation as a good screening
tool for residency applications.”

Further thought as to why correlations were poor be-
tween many of the predictor variables and the outcome
variables led us to consider the concept of range restric-
tion. Range restriction is a well-known statistical concept
that occurs when an observer’s view of the population
variable measured is skewed because the examined sample
represents only a small portion of the normal distribution
of the entire population. When, for example, one tail of a
normal distribution is sampled, statistical evidence would
indicate good reliability and good regression models can-
not be obtained. We believed this concept to apply to our
situation, because the applications included in our studies
were those of residents who had been admitted to our
training program and represented largely the upper portion
of a normal distribution of the hundreds of applicants we
had for the program each year.

It followed from this realization that an appropriately
constructed scoring system for residency applicants might

perform with better reliability if it was applied to all ap-
plicants to an orthopaedic training program, rather than
just to the individuals who matched and trained in the
program. With this in mind, we undertook another study to
determine the interobserver reliability of a specific scor-
ing system designed to objectify the screening of resi-
dency applications.! The system included data ele-
ments weighted according to the results of our previous
investigation (Table 1). The objective elements (elements
1-7 in Table 1) were later defined as the “academic score”
(Table 2).

The scoring system was tested by selecting 40 applica-
tions from those received at our institution." The selected
applications were reviewed and scored by six observers,
five of whom were orthopaedic faculty and one of whom
was a nonphysician residency coordinator. The results
(Table 1) indicated the intraclass correlation coefficients
(ICC) for the components of the academic score were gen-
erally quite high. An ICC of greater than 0.8 was consid-
ered extremely good. Results for the subjective elements
indicated the intraclass correlation coefficient for these
elements was very poor (range, 0.2-0.36),* indicating rat-
ers did not agree in their assessment of these data ele-
ments. There were excellent correlations between the
scores of faculty and those of the nonphysician on the
academic score elements. We concluded a single scoring
of objective data elements (the academic score), even by a
nonphysician, would be adequate to reliably screen a resi-
dency application. We also concluded great variability ex-
ists in the interpretation and scoring up subjective ele-
ments, and these should probably not be used in screening
applications.

TABLE 1. Intraclass Correlation Coefficient of
Scoring Elements

Variable ICC

Academic score elements
Number of honors grades in medical school years 1 and 2 0.82
Number of honors grades in medical school years 3 and 4 0.84

Score on USMLE Part | examination 0.95
Elected to Alpha Omega Alpha 0.98
Number of research projects 0.72
Number of publications (abstract or manuscript) 0.89
Subjective data elements
Medical school reputation 0.62
Number of activities using gross motor skills 0.30
Number of activities using fine motor skills 0.28
Number of leadership and volunteer activities 0.54
Quality of letters of recommendation 0.50
Quality of personal statement 0.38
Intangibles 0.52

ICC = intraclass correlation coefficient; USMLE = United States Medical Licens-
ing Examination
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TABLE 2. Components of the Academic Score

Academic
Variable Score
Number of honors grades medical school years 0=0-2
1 and 2 (anatomy, physiology, microbiology, 1=34
pathology, biochemistry, pharmacology) 2=5-6
Number of honors grades medical school years 0=0
3 and 4 (surgery, medicine, obstetrics and 1=1-2
gynecology, pediatrics, psychiatry) 2=3
4=4
5=
USMLE Part | Examination (percentile score) 0 = < 60th
1 = 60th-80th
2 = > 80th
Elected to Alpha Omega Alpha 0=no
1=yes
Number of research projects 0=0-2
1=3-5
2=>5
Publications (abstracts and manuscripts) 0=0
1=1-2
2 =3 ormore
Medical school reputation (top 10 in US News 0=no
and World Report) 1=yes

USMLE = United States Medical Licensing Examination

Current Study on the Application of the
Scoring System

Having shown a scoring system based on objective data
elements (academic score) could perform with high in-
terobserver reliability, we put the system into use for
screening application in our orthopaedic residency pro-
gram. Having used this system for screening applications
in the 2004 and 2005 NRMP matches, we believed we had
sufficient data to answer some questions about the perfor-
mance of the scoring system. The purpose of the present
investigation is to determine if, using objective data ele-
ments only, the academic score will discriminate among
applicants and whether it will correlate with outcomes.

MATERIAL AND METHODS

We included 1006 completed applications to our orthopaedic
residency program for the NRMP in 2004 and 2005. Each ap-
plication had an academic score assigned by the residency co-
ordinator and verified by the department chair. Academic scores
could range from O to 15 (Table 2). Data were segmented by
gender and by whether the applicant had interviewed for the
program. Additionally, the applications of our residency pro-
gram graduates over the past 5 years were retrospectively re-
viewed (n = 20). For each of these graduates, academic scores
were calculated based on information from their residency ap-
plication. Outcome data was also collected for this group, and
included: (1) mean percentile score on the OITE over the 4 years
of orthopaedic training; (2) percentile score on the ABOS-1 ex-

amination; and (3) rating of overall performance by the chair and
program director on a 5-point Likert scale. Where appropriate,
statistical analysis was conducted by segmenting the data into
categories and applying a Chi Squared analysis.

RESULTS

The academic scores formed a generally normal distribu-
tion (Fig 1). We cannot explain the large number of ap-
plicants with an academic score of 1; review of the data,
however, indicates this low score was not given errone-
ously. The vertical line in the Figure 1 indicates the thresh-
old above which applicants were generally invited to in-
terview with our program. This threshold was not rigidly
adhered to, however; there were, in individual cases, con-
siderations other than academic score used in choosing
whether to interview an applicant. The normal distribution
of scores indicates the scoring system discriminates rea-
sonably well between applicants, although it does not pro-
vide any information about the relative importance of the
items being screened for.

While the program generally tended to interview can-
didates with higher scores, it did not adhere rigidly to the
academic score as the only means of choosing applicants
to interview (Fig 2). Applicants with academic scores
lower than the threshold may receive an interview when an
individual known to and trusted by the program makes a
strong personal plea for careful consideration of an appli-
cant who would otherwise be rejected. However, even
among applicants with the highest academic scores, not all
were interviewed (Fig 2). Some of these applicants were
invited to interview and declined the invitation, but some
were not invited to interview. This is another indication
the program considered factors other than academic
scores, even in the applicants with the strongest academic
performance.
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Fig 1. The academic scores for all residency applicants in
2004 and 2005 form a generally normal distribution.
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Fig 2. Applicants who are interviewed had generally higher
academic scores than did the overall applicant pool.

Although female applicants represented only 12.5%
(n = 126) of the total applicants, the distribution of the
academic scores of female applicants was similar to that
for male applicants (Fig 3). From among the entire pool
we interviewed a higher percentage (p = 0.03) )of female
applicants (11%, n = 14) than male applicants (5%, n =
44). A greater (p = 0.07) proportion of interviewed fe-
male applicants had an academic score below the general
threshold of 10 (4 of 14, or 28%) than was the case for
interviewed male applicants (7 of 44, or 16%).

Residents completing the UNC orthopaedic training
program in the last five years represented the upper portion
of the distribution of applicant scores (Fig 4). However,
our program is not solely populated by those applicants
with the highest academic scores; there are a number of
residents with scores below the threshold value, which can
be explained by the two ways we rank applicants. An
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Fig 3. The distribution of academic scores for female appli-
cants was not different than that of male applicants.
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Fig 4. Residents training in the program represented gener-
ally the upper portion of the distribution of academic scores for
all residency applicants.

applicant is offered an interview after an evaluation of
his/her application materials, largely based on high aca-
demic score, or the program has a deep personal knowl-
edge of the applicant. Our medical students and students
from other schools who do rotations at our institution are
better known by our program faculty because they have
worked closely over a period of time. These applicants, in
our program’s selection process, automatically advance to
the pool of applicants who are ranked, regardless of the
academic scores on their applications.

Residents who match in the program by virtue of their
application had higher academic scores than those that
match by virtue of their rotation (p = 0.02) (Fig 5). This
follows from the program’s philosophy of screening ap-
plications, but ranking people. This latter group has aca-
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Fig 5. Mean academic scores for residents who matched into
the training program by virtue of their academic score were
higher than for those who matched by virtue of a rotation at our
institution or for the entire applicant pool.
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demic scores essentially equal to those in the applicant
pool at large. The academic scores of the two groups of
residents had similar mean percentile scores on the OITE.
We observed nearly identical result when comparing
ABOS-1 scores in these two groups of residents. However,
the faculty rating of overall performance in the residency
program (1-5 on a Likert scale), was similar between these
two groups of residents who matched by somewhat dif-
ferent paths (Fig 6). It remains unclear whether the faculty
rating or the OITE or ABOS-1 score is a better measure of
outcome, but only performance on the examinations cor-
relates with the academic score.

DISCUSSION

Some might argue this line of investigation is nothing
more than an academic exercise that has no practical value
in the selection of residents. We believe there is useful
information to be gained by an objective approach to the
issue of resident selection and screening. We think it is
important to better understand what our program values in
its residents and how well the program achieves the out-
comes it desires. It is important to continually assess the
process of resident selection and to learn if we can be more
effective at this difficult and important task.

Our scoring system for academic data appears to dis-
tinguish between and discriminate among applicants fairly
reliably. It does not have a bias for or against female
applicants. The data also confirm the fast track methods
used for our students and students doing rotations in the
department seem to give those students an advantage in the
residency selection process. Students being interviewed
and ranked through the screening pathway have higher
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Fig 6. Mean faculty performance rating scores for residents
who matched into the training program by virtue of their aca-
demic score were no different than for those who matched by
virtue of a rotation at our institution.

academic scores than those included on the program’s rank
list through the other pathway. We also see there seems to
be no difference in faculty performance ratings between
residents regardless of their academic scores or whether
they matched our program application or personal knowl-
edge. The OITE scores and ABOS scores of residents,
however, remain fairly consistent with their application
academic score. Applying the scoring system enables us to
see, despite a lower academic score threshold for accep-
tance into the program, that the residents who rotated in
the department match their peers (who were admitted as a
result of the screening process) in faculty ratings of per-
formance.

Is this system objective? The data suggest the screening
system for applications is objective, but the selection sys-
tem for ranking applicants certainly is not. At this time, we
are unable to determine whether our system selects for the
outcome measure we desire because we must more clearly
define and state exactly what those outcomes are. The
current system retrospectively assesses resident perfor-
mance and tries to match pre-existent characteristics with
what it is thought will be their eventual abilities and pro-
fessional qualities. Ideally, there would be an array of
desired final targeted outcome measures and a similar
group of selection criteria that if present would be predic-
tive of the resident being very likely to achieve those
specific outcomes. Currently, our selection methodologies
are far from sociometric specificity, but these investiga-
tions are a step towards more clearly defining what out-
comes we truly value and assist us in determining what
pathways are most likely to lead us to achieving these
outcomes.

There are a few issues related to our use of testing data
in this study that may impact on the objectivity of our
system. The USMLE Part I examination is a standardized
national examination that returns for each examinee a
three-digit score. Three-digit scores are equated across
time and exam form, such that identical three-digit
scores—regardless of the year in which the examination
was taken—imply equivalent levels of performance. That
said, it is possible (though not proven) USMLE test results
can be biased by medical school characteristics and cur-
ricula designed to teach specifically to the format and
content of the USMLE examination. Finally, the USMLE
examinations are not designed to predict future perfor-
mance of physicians.

The authors understand the OITE and ABOS examina-
tions are not intended, nor have they been validated, for
the use we have put them to in this study. The OITE does
provide a percentile score for each resident compared to all
residents in the same PGY year taking the examination.
This percentile score, however, is not standardized nor
statistically validated for comparisons to be made between
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residents in different PGY years or over numerous years
for the same resident. The ABOS examination is validated
only at the level of “pass/fail”’; the comparison of percen-
tile scores on the ABOS examination has not been vali-
dated. In the case of both of these examinations, however,
we believe the use of percentile scores—while not statis-
tically validated—can provide valuable information to our
program on the performance of our scoring methodology
for screening resident applicants.

Finally, if we were to ask if our system misses indi-
viduals who would be very good orthopaedic residents, we
must acknowledge any system for screening over 500 ap-
plications with the ultimate goal of matching four residents
will most certainly miss some very good people. Much

broader evaluation of the entire applicant pool, however, is
necessary to determine if any selection criteria can be
highly successful in decreasing the likelihood a program
will accept a truly poor applicant or the likelihood a truly
excellent applicant is denied acceptance.
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