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BACKGROUND AND OBJECTIVES: Board certification is acknowledged as the
mainstay for ensuring quality physician-delivered health care within medical spe-
cialties. The American College of Osteopathic Family Physicians (ACOFP) admin-
isters the American Osteopathic Board of Family Physicians’ (AOBFP) In-Service
Examination (ISE) to provide residents and program directors with a formative
examination to assess competency and preparation for successful completion
of the AOBFP certifying examination (CE). Unique assessment processes are
integral to monitoring development of the osteopathic family physician through-
out training and into practice, and to verify their competency for the safety and
protection of the public. This study sought to investigate whether performance
on the AOBFP ISE predicted performance on the AOBFP CE, and thereby suc-
cessfully equipped residents to safely enter medical practice.

METHODS: In 2020, data from 1,893 PGY-1 through PGY-3 residents (2016-
2018), whose ISE scores could be matched with scores on the AOBFP initial
board CE, were analyzed for this study.

RESULTS: Correlations among ISE administrations across 3 years of postgrad-
uate medical education were in the mid-to-high .6 range; the ISE scores corre-
lated with CE scores in the mid .4 to high .5 range. Less reliable measures of
positive predictive value were 0.99, and sensitivity was 0.91.

CONCLUSIONS: Results suggest that ISE administrations during residency
training are effective in developing remediation strategies for subsequent suc-
cessful CE performance. The inclusion of osteopathic principles in the AOBFP CE
necessitates inclusion of osteopathic content in resident training exams like ISE.

(Fam Med. 2022;54(8):615-620.)
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in osteopathic programs.! Osteopath-

edical education in the
M United States has includ-

ed two separate pathways
since 1892: DO degree-granting and
MD degree-granting programs. His-
torically, MD medical students have
far outnumbered DO students. With
escalating demand for physicians in
the United States osteopathic medi-
cal schools have flourished. Presently,
25% of medical students are enrolled
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ic physicians number 114,428 and
are expected to comprise 20% of the
US physician population by 2030.2
Additionally, osteopathic physicians
enter disproportionately into the
primary care workforce, with 57%
of DOs pursuing primary care spe-
cialties.?

In the United States, 14,500
family physicians are currently

board-certified through the Amer-
ican Osteopathic Board of Family
Physicians (AOBFP). These physi-
cians have completed osteopathic
family medicine residencies histori-
cally credentialed through the Amer-
ican Osteopathic Association (AOA).
With the ACGME’s new single-ac-
creditation system for graduate
medical education, DOs who com-
plete an ACGME-accredited family
medicine residency, as well as MDs
who meet additional osteopathic re-
quirements, are eligible to complete
residency through a family medi-
cine program with osteopathic rec-
ognition. Within these programs,
the American College of Osteopath-
ic Family Physicians (ACOFP) pro-
duces and administers the AOBFP
In-Service Examination (ISE), which
is designed to provide residents and
program directors with a formative
examination that assesses compe-
tency and preparation for successful
completion of the AOBFP certifying
examination (CE).

From Osteopathic Neuro Musculoskeletal
Medicine and Osteopathic Family Medicine,
Morristown Medical Center Family Medicine,
Morristown, NJ (Dr Torres); the American
Osteopathic Association Board of Family
Physicians, Chicago, IL (Dr Bowling); the
Department of Family Medicine Morristown
Medical Center, Morristown, NJ (Dr Zipp);
American Osteopathic Association, Chicago,
IL (Mr Williams and Ms Martinez); National
Board of Osteopathic Medical Examiners,
Chicago, IL (Dr Sandella); American College
of Osteopathic Family Physicians, Arlington
Heights, IL (Dr Moore).

VOL. 54, NO. 8 - SEPTEMBER 2022

615



‘ ORIGINAL ARTICLES ‘

Residency training provides the
opportunity for family medicine resi-
dents to build their knowledge and
develop clinical acumen via progres-
sive assumption of responsibility in
leading the medical team. Meaning-
ful assessment occupies a vital role
in this process. Performance on serial
in-training residency examinations
should prepare residents to success-
fully pass their certifying examina-
tions and enter autonomous medical
practice.

Several studies have examined
the link between osteopathic assess-
ments across the continuum from
undergraduate medical examina-
tions (UME) such as COMLEX-USA,
to osteopathic assessments (and oth-
ers) in GME.*® These studies have
looked at correlations as osteopathic
medical students progressed through
medical education and osteopathic
licensure examinations, to in-service
examinations, to board certification,
and to performance in practice.’

The best-known studies involve
the American Board of Family Medi-
cine (ABFM) certification examina-
tion and other medical examinations
such as the ITE or COMLEX-USA.
O’Neill studied the ITE scores of
9,630 residents relative to ABFM
pass rates.!® They reported very high
sensitivity (0.91), meaning 91% of
students who passed ITE (above the
twelfth percentile) went on to pass
the ABFM CE. However, the speci-
ficity was 0.47, meaning only 47% of
students who failed the ABFM CE
(below the twelfth percentile) had
previously failed ITE. The predictive
value of ITE on eventual success on
the ABFM CE is much stronger than
its prediction of future failure. This
assertion is supported by the positive
predictive value (PPV) of 0.96 and
the negative predictive value (NPV)
of 0.27, confirming that while failing
ITE is not necessarily predictive of
failing the ABFM CE, passing ITE
may be predictive of passing CE.

O’Neill, et al went on to study
1,065 students’ successive scores
on COMLEX-USA Level 1, Level
2 CE, and Level 3 with ITE scores
during each postgraduate year and
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ABFM CE scores.'! They again re-
ported very high sensitivity (0.9) and
PPV (0.96) alongside poor specificity
(0.39) and NPV (0.19). These find-
ings further bolster the argument
that ITE and COMLEX can also
identify residents most likely to ulti-
mately pass the ABFM CE. Because
the NPV and specificity for ITE and
COMLEX-USA are low, we can in-
fer that poor performance on these
exams does not predict ultimate
failures on ABFM CE. Most likely,
residents scoring poorly on ITE and
COMLEX take additional steps to
further prepare prior to sitting for
the ABFM exam to address knowl-
edge deficits identified by these ex-
aminations.

Since all residents at osteopathi-
cally recognized residency programs
are now eligible for board certifica-
tion through osteopathic boards,
the current study addresses knowl-
edge deficits among family medicine
residency program directors, as an
apple-to-apple comparison to the
O’Neill study. Our study reproduc-
es the methods incorporated by the
prior articles regarding the Ameri-
can Academy of Family Physicians
(AAFP) In-Service Training Exam-
inations and subsequent passage
of the ABFM certifying examina-
tion but applied it to the Residency
AOBFP In-Service Exam, produced
and administered by ACOFP, in pre-
dicting performance on the AOBFP
certifying exam and thereby success-
fully equipping osteopathic medical
residents to safely enter medical
practice.

Methods

Participants

In 2020, data from 1,893 residents in
years PGY1-PGY3 from 2016-2018
whose ISE scores could be matched
with scores on the AOBFP CE, were
used for this analysis. Residents in
years PGY4-PGY5 were dropped
from the analyses due to insufficient
sample size.

Scores for AOBFP examinees who
had PGY3 ISE scores were retained
for the predictive value study. This
group included 1,811 examinees

taking the AOBFP CE for the first
time between 2017 and 2019.

Measures

The AOBFP ISE is administered on-
line via secure servers to residents
in mid fall. The examination includes
200 scorable items with 20 to 30 pre-
test items, but final counts vary after
key validation expunges unsatisfac-
tory items. The number of scored
items on the examination forms in
this study varied: 175 scored items
in 2016, 168 scored items in 2017,
and 184 scored items in 2018. The
content is organized into 25 disci-
plines subsumed into 11 domains.
Standard scores on the examination
are number-correct scores rescaled to
have a mean of 500 and a standard
deviation of 100.

The AOBFP CE was a 7-hour ex-
amination comprised of 400 single-
answer, multiple-choice questions
covering 25 disciplines. These 400
items are scored as right or wrong
using the dichotomous Rasch model,
and the resulting ability estimates
are converted to scaled scores that
range from 200 to 800. A scaled score
of 400 represents the minimum level
of knowledge and skill necessary to
pass the examination that was es-
tablished by AOBFP. These examina-
tions were administered during the
months of April and September at
Pearson Vue testing centers through-
out the country.

Procedures

Correlational analyses were fo-
cused in two areas: (1) the correla-
tion among ISE scores across the 3
years of postgraduate medical edu-
cation, and (2) the correlation of ISE
scores with AOBFP CE scores.

We randomly split the predic-
tive study data set into our study
set (70% for building the predictive
model) and test set (30% for evalu-
ating the model). We performed mul-
tiple logistic regression models using
AOBFP CE pass/fail outcomes as the
dependent variable and various com-
binations of the PGY-3 ISE scaled
score, AOBFP CE cohort, and inter-
actions between the scaled score and
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cohort as the predictors. We consid-
ered both single-level and multilev-
el models (using the cohort as the
nesting group). We based selection
criteria for the predictor model on
AIC, BIC, and when applicable to the
model, pseudo-R? and intraclass cor-
relation. The logistic regression mod-
el using only the ISE scaled score
as the predictor produced the lowest
AIC and BIC indices (AIC: 174.08,
BIC: 184.37). Additionally, McFad-
den’s pseudo-R? was .23, indicating
a good model fit.!> We selected this
model as our predictive model.

The National Board of Osteopath-
ic Medical Examiners Review Board
IRB#1 declared our study exempt
from review (IRB00012077).

Results

Univariate statistics for the ISE and
AOBFP CE are presented in Table
1, as well as intercorrelations among
the examinations across years. The
examination forms had reliabilities
of .86 in 2016, .84 in 2017, and .80
in 2018.

Figure 1 shows the distributions
of ISE scores across years against
CE scores. Of the sample, 445 can-
didates had available scores for all 3
years (PGY 1-3). Correlations among
ISE scores across the 3 years of post-
graduate medical education were in
the mid to high .6 range; ISE scores
correlated with AOBFP CE scores
in the mid .4 to high .5 range. The
biserial correlations between ISE
scores and AOBFP CE scores were
.44 for PGY1, .58 for PGY2, and .54
for PGY3, but the number of failing
scores in the data set was very small.

For the sensitivity and specifici-
ty analyses, a score at less than or
equal to the tenth percentile on ISE
was considered to be a fail. Sensi-
tivity and specificity values are pre-
sented in Table 2, along with the
respective rates of false-positive and
false-negative values. In every case,
the positive predictive value was
over 99% and the negative predic-
tive value was less than 15%. A pre-
diction that a candidate would pass
the CE given a pass on the ISE was
almost always correct; a prediction
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that the candidate would fail the CE
given a fail on the ISE was almost
never correct. Reconciling this find-
ing with the findings of the corre-
lational analysis is not a matter of
understanding the test; it is a mat-
ter of understanding the difficulty
involved in predicting low base rate
behavior.
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In our logistic regression mod-
el, the ISE scaled score was
positively associated with CE out-
comes (OR, 1.02; 95% CI 1.01-
1.02; P<.001). Overall model
evaluation included McFadden
pseudo R?, .23; likelihood ratio test:
¥%(1)=51.921, P<.01; and Wald test:
%%(1)=39.695, P<.01. We used the

Table 1: Summary Statistics of Examinations

Examination N Mean | SD | Min | Max | r,., Foovs Foon
In-service PGY1 | 512 449 95 121 | 736 | .63** | .64%F | B9¥*
In-service PGY2 | 1,130 514 89 121 | 769 - .68 A45%*F
In-service PGY3 | 1,811 545 90 257 | 792 - - 48%*
Certification 1,893 | 508 67 | 334 | 800 - - -
** Correlation () P<.01.
Figure 1: Scatterplots of ISE Correlations With AOBFP CE Scc
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Abbreviations: AOBFP, American Osteopathic Board of Family Physicians; CE, certifying

examination
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Table 2: Sensitivity, Specificity, Positive Predictive Values, and Negative
Predictive Values for Predicting a Fail on CE Examinations From a Fail on ISE

CE CE e s e Predictive % of CE
ISE Year Pass Fail Sensitivity | Specificity Values (o} Exam Fails
Pos .99/
PGY1 .92 43 Neg, 07 15 1.37%
Pass 467 4
Fail 38
Pos .99/
PGY2 91 .62 Neg .01 24 1.86%
Pass 1,009 8
Fail 100 13
Pos .99/
PGY3 91 .62 Neg .12 24 1.88%
Pass 1,620 13
Fail 157 21

Abbreviations: CE, certifying examination; ISE, in-service examination.

model on the test data set to predict
probabilities of passing the AOBFP
CE. The area under the curve (AUC)
was .74, indicating the model had ac-
ceptable discrimination (ie, ability to
identify AOBFP CE pass/fail classifi-
cation based on ISE performance).'®
Figure 3 provides a scatterplot of
the observed PGY-3 ISE scores and
AOBFP CE outcomes with the pre-
dicted probabilities from the logis-
tic regression model. The scatterplot
shows the observed scores and out-
comes. The blue line plots the pre-
dicted probabilities based on the
logistic regression model, and 95%
confidence intervals are represented
by the gray band.

Discussion
Residency training programs serve
to help residents consolidate and
enhance their medical knowledge
attained during medical school. Resi-
dency programs rely on high-quality
formative assessments to help guide
learning at the programmatic and
individual resident levels as they
work to prepare trainees for board
certification examinations and inde-
pendent clinical practice.
Sensitivity refers to a predictor’s
ability to successfully classify true
positives (ie, whether an in-service
exam is capable of detecting peo-
ple who are expected to pass the
board exam, and whether they will
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receive a passing grade) and speci-
ficity refers to a predictor’s ability to
successfully classify true negatives
(ie, whether people who are not le-
gitimately expected to pass a board
exam will fail the in-service exam).
Sensitivity and specificity are high-
ly valuable indicators in many con-
texts; the disadvantage is that they
both rely on 2 x 2 contingency tables,
and the dividing line—formalized as
a cut score—between qualified and
not-qualified persons on summa-
tive and formative assessment de-
pends on the input of committees of
subject matter experts. Standards
in educational testing represent a
subject matter expert-determined
level of proficiency that meets a cri-
terion-referenced identified need. For
medical certification, the focus is on
providing safe and effective care to
patients.

It is critical to realize that sensi-
tivity and specificity in summative
and formative assessment cannot
be interpreted in the same way as
in clinical trials. The dichotomiza-
tion of a continuous variable loses
a wealth of information that is re-
gained when correlations are used
instead. A comparison of the corre-
lation results with the sensitivity
and specificity results in this study
are a strong illustration of the fact
that a tool sufficient for one purpose
is not necessarily sufficient for all

purposes. Additional evidence of the
inappropriateness of sensitivity and
specificity for informing the study
of very low base-rate behavior can
be seen by examining the graphs in
Figure 2; not only are they ungainly,
but it is difficult to tell by viewing
that the ability of in-service exams
to detect a true fail on certification
examinations is almost nonexistent,
because there are few fails on the
certification examinations, true or
otherwise.

The graphs in Figure 2 do not
highlight the difficulties inherent
in a data set in which nearly every-
on€’s status on the outcome variable
is the same. Interpretations of these
graphs would be noisy at best and
misleading at worst; they are not
appropriate for use in this data set.

Sensitivity and specificity are of-
ten used as criteria for evaluating
the precision of a predictor; howev-
er, the results of the current analy-
ses are object lessons in not allowing
sensitivity and specificity values to
be the sole criteria on which to eval-
uate that worth.

There are limitations to how
these results can be used in practic-
es. Some sensitivity and specificity
values are presented in this paper
and in other literature call for cau-
tious interpretations. The sensitiv-
ity, specificity, and predictive values
in the 2 x 2 tables obscure the fact
that the @ coefficients for the dichot-
omized data are .15, .24, and .24 (for
PGY1, PGY2, and PGY3, respective-
ly). On both statistical and conceptu-
al grounds, the correlational results
on nondichotomized in-service exam-
ination data are more informative
and more useful.

Sensitivity and specificity for a
dichotomous event (passing or fail-
ing status of the AOBFP CE) can
be suspect with a first-time test-tak-
er failure rate of 2%, leaving very
few individuals in one box of the
2 x 2 table. This is another limita-
tion to these types of studies. The
ROC curve based on the logistical
regression demonstrated an accept-
able level of statistical prediction in
identifying AOBFP CE passing and
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failing classification based on ISE
performance. Considering the prob-
able level of remediation by candi-
dates with lower ISE scores prior to
attempting the AOBFP CE, the in-
formation provided to candidates and
program directors likely represents a
much higher value. Given the impor-
tance of board certification for safe,
independent medical practice, certi-
fying examinations must be reliable
assessments of medical knowledge
and decision making. Data present-
ed herein support the value of the
ISE in predicting performance on the
subsequent AOBFP CE. Both the in-
trinsically flawed PPV/NPV analyses
as well as the more accepted and rig-
orous Pearson correlations—between
0.48 and 0.68—attest to the predic-
tive nature of diplomates possessing
the requisite knowledge and skills to
safely practice family medicine.

The logistic regression analysis
highlights the usefulness of ISE
scores for predicting AOBFP CE
outcomes. As the 95% confidence
intervals in Figure 3 illustrate, this
prediction is much less reliable at
lower score points. Most residents
who performed poorly on the ISE
exam went on to pass the AOBFP
CE, suggesting that useful actionable
data was provided to residents and
their program directors to identify
their deficiencies and help formulate
effective remediation strategies. The
arc of negative predictive value, with
PGY1 (0.07), PGY2 (0.01), and PGY3
(0.12), may suggest that the infor-
mation gathered during these ISE
administrations earlier in residency
training is most useful for develop-
ing successful remediation strategies
for subsequent CE performance.

Osteopathically-recognized fam-
ily medicine residency programs pro-
vide comprehensive, rich education
to trainees, permitting graduates to
certify through either the AOBFP or
the ABFM. The inclusion of osteo-
pathic principles in the AOBFP CE
necessitates inclusion of osteopathic
items in resident training exams to
prepare for taking the AOBFP CE,
such as those afforded by ISE.
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Figure 2: Sensitivity/Specificity Graphs
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Several recent changes to the
board certification process in osteo-
pathic family medicine via the AO-
BFP require future research and

create further opportunities. The cre-
ation of an Early Entry Initial Cer-
tification (EEIC) pathway permits
physicians to complete a condensed,
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Figure 3: Results of the Logistic Regression of the
AOBFP CE Outcome on PGY-3 ISE Score

Logistic Regression Model on Test Group
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Scatterplot of ISE scores and AOBFP CE outcomes. The solid dark line plots the predicted probabilities
based on the logistic regression model, and 95% confidence intervals are represented by the gray band.
Abbreviaitons: AOBFP, American Osteopathic Board of Family Physicians; CE, certifying

examination; ISE, in-service examination.

more affordable initial CE if they
have successfully completed the
AOBFP ISE twice during residency
training. Additionally, the AOBFP-
ISE underwent structural changes
in 2019 to strengthen its assessment
of osteopathic content to better pre-
pare diplomates for independent os-
teopathic family medicine practice.
Repeating this analysis with these
improved examinations will be nec-

essary.

Conclusion

Reliable assessments of the quality
of resident training examinations are
crucial in preparing residents to pass
subsequent certifying examinations.
However, some measures purported
to assess how well residents perform
are lacking in quality. Particularly,
sensitivity, specificity, negative pre-
dictive value and positive predictive
value do not adequately capture the
value of resident training examina-
tions. While these measures suggest
both test pathways are equally high-
ly effective in predicting passage of
certifying examinations, they should
be interpreted with caution. More
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reliable measures discussed herein
confirm that both examination path-
ways provide residents and program
directors with meaningful informa-
tion to assess knowledge deficits and
prepare them to successfully pass
the relevant certifying examinations.
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