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BACKGROUND: Maintenance of certification examina-
tion performance is associated with quality of care. We
aimed to examine relationships between electronic
medical knowledge resource use, practice character-
istics and examination scores among physicians recer-
tifying in internal medicine.
METHODS: We conducted a cross-sectional study of
3,958 United States physicians who took the Internal
Medicine Maintenance of Certification Examination (IM–
MOCE) between January 1, 2006 and December 31,
2008, and who held individual licenses to one or both of
two large electronic knowledge resource programs. We
examined associations between physicians’ IM–MOCE
scores and their days of electronic resource use, practice
type (private practice, residency teaching clinic, inpa-
tient, nursing home), practice model (single or multi-
specialty), sex, age, and medical school location.
RESULTS: In the 365 days prior to the IM–MOCE,
physicians used electronic resources on a mean (SD,
range) of 20.3 (36.5, 0–265) days. In multivariate
analyses, the number of days of resource use was
independently associated with increased IM–MOCE
scores (0.07-point increase per day of use, p=0.02).
Increased age was associated with decreased IM–
MOCE scores (1.8-point decrease per year of age, p<
0.001). Relative to physicians working in private
practice settings, physicians working in residency
teaching clinics and hospital inpatient practices had
higher IM–MOCE scores by 29.1 and 20.0 points,
respectively (both p<0.001).
CONCLUSIONS: Frequent use of electronic resources
was associated with modestly enhanced IM–MOCE
performance. Physicians involved in residency educa-
tion clinics and hospital inpatient practices had higher
IM–MOCE scores than physicians working in private
practice settings.
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T he purpose of certification of physicians is to ensure
the safety of patients and the public by providing

evidence of individual physician competency.1 In 1990, the
American Board of Medical Specialties required all certifi-
cation boards to issue time-limited certificates, thereby
encouraging physicians to demonstrate maintenance of
competency by renewing their certification at regular
intervals throughout their careers. Although there is debate
among physicians about the role and relevance of mainte-
nance of certification (MOC),2 many practicing physicians
believe that MOC is necessary,3 and some advocate that it is
an important element of professionalism and public ac-
countability.4 Patients value certification and many indicate
that they would change physicians if they discovered that
their doctor had failed to maintain certification.5

Maintenance of certification includes successfully pass-
ing a secure medical knowledge examination1; for internists
this examination is the American Board of Internal
Medicine Maintenance of Certification Examination (IM–
MOCE).8 Substantial evidence for the validity of certifica-
tion examinations has been demonstrated.5–7 Certification
examination scores correlate with training factors (type of
medical school and residency program)9,10 and assessments
of competency by program directors,11 and recertification
scores discriminate between individuals with and without
subspecialty content expertise.12 A growing body of
evidence demonstrates relationships between certification
status and quality of care including outcomes following
acute MI,13–15colorectal surgery,16 diabetes care,17 mam-
mography screening,17 and other preventive services.18

Unfortunately, unrelenting time pressures in clinical prac-
tice have made it increasingly difficult for physicians to
maintain habits of lifelong learning,19,20 resulting in decre-
ments in medical knowledge over time.9,21,22 Traditional
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continuing medical education (CME) courses vary in effec-
tiveness23–25 and often do not provide the “just in time”
learning needed at the point of care.26 Critics of the MOC
process question whether correlations between certification
examination scores and quality of care measures represent
true cause and effect or whether examination scores may be
merely a surrogate marker of competency.27 They suggest that
the ability to access relevant information resources to support
decision-making is more important than fund of knowledge.27

However, research into clinical reasoning and cognition
demonstrates that a robust fund of knowledge in working
memory is necessary to recognize gaps in knowledge and
when to use information resources for the benefit of
patients.28,29 Since physicians need both a strong founda-
tion of knowledge and the skills to effectively use
information resources, it follows that regular and active
use of electronic information resources could lead to gains
in foundational knowledge. Electronic knowledge resources
are capable of providing physicians quick access to
evidence-based information, but the effectiveness of these
resources in enhancing physicians’ knowledge is unknown.
One study demonstrated a positive association between use
of an electronic resource by residents and performance on a
standardized examination30; however, this relationship has
not been examined on a national scale.

The primary aim of this study was to examine relation-
ships between electronic knowledge resource use and MOC
examination scores among practicing internal medicine
physicians in the United States. This study was designed
to address current gaps in the literature by using a direct and
objective measure of electronic resource use, a standardized,
well-validated measure of medical knowledge (the IM–
MOCE), and a large, national sample of physicians. A
secondary aim of this study was to identify demographic
and practice factors associated with IM–MOCE scores.

METHODS

Design, Setting and Participants

We conducted a cross-sectional study of 3,958 physicians in
the United States who took the IM–MOCE for their first
time between January 1, 2006 and December 31, 2008 and
who held individual licenses to one or both of the electronic
medical knowledge resources examined in the study. This
study was approved by the Mayo Clinic Institutional
Review Board.

Electronic Medical Knowledge Resources

This study examined usage of two leading electronic
medical resources: UpToDate® and the American College
of Physicians Physicians’ Information and Education
Resource (PIER). UpToDate® and PIER are web-based

resources that provide peer-reviewed, evidence-based infor-
mation on a wide range of clinical topics, and are designed
to answer clinical questions at the point-of-care.31,32 To
maintain confidentiality of resource-specific data according
to data access agreements with each resource, data were
evaluated in aggregate and randomly labeled only as
resource A and resource B.
We measured individual physicians’ use of either or both

of the two electronic medical knowledge resources in the
365 days prior to taking the IM–MOCE. Resource
accessions were electronically tracked for each physician
by the date of accession. An accession was defined as
logging on and opening up a resource regardless of the
amount of time the resource remained open or the specific
content viewed. Resource usage was recorded as the
number of days in which one or more accessions occurred.
These data were obtained from the resource companies in a
de-indentified fashion and were collected in compliance
with terms of use agreements for users of each resource.

Maintenance of Certification Examination
Scores

The primary dependent variable was the physician’s IM–
MOCE equated score on their first exam attempt. Equating
is a measurement technique that enables scores from exams
across administrations or forms to be used interchangeably
so they can be directly compared. The score scale ranged
from 200 to 800, with a mean of 500 and standard deviation
of 100. To pass, physicians needed to correctly answer
approximately 65% of the exam questions; this cutoff was
set using an absolute standard through the well-established
modified-Angoff method.33 This cut-score corresponds to a
percentile of 18–22% for those taking the exam for the first
time, depending on which form of the exam was taken.
Considerable content and criterion validity evidence for
IM–MOCE scores has been demonstrated.5

We also examined factors known or hypothesized to affect
examination performance, including physicians’ age, gender,
medical school location (United States or International),
practice model (single or multi-specialty) and practice type
(including private practice, academic medical center, hospital
inpatient-based, residency clinic, and nursing home).

Data Collection and Analyses

Electronic resource usage data were linked with IM–MOCE
score data for each physician using a matching algorithm
combining physicians’ first and last names, birth dates, and
postal addresses. We required a 100% match of characters
for birth date and zip code to determine a positive match
between resource usage data and examination scores for
each physician. A de-identified data set was created for use
in all analyses.
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Standard univariate statistics were used to characterize
the sample. Bivariate and multivariate analyses were
conducted using generalized linear models, with IM–
MOCE score as a continuous outcome. Independent
variables (or sets of variables if linked, such as for licenses
to electronic resources A, B, or both) were entered into the
multivariate model if the univariate p<0.20 and retained in
a backward stepwise model selection procedure if p<0.05.
Two-way interaction terms and nonlinearity were assessed
for all variables. Models were also evaluated for undue
effects of outlier data. Statistical analyses were conducted
using SAS Version 9.1 (SAS Institute Inc, Cary, NC).

Role of the Funding Source

This study received funding from the American Board of
Internal Medicine Foundation (ABIMF). The co-authors
affiliated with the ABIM (EH, RL, CJ) had a partial role in
the design and conduct of the study, collection of the data,
review and approval of the manuscript. No funding was
received from UpToDate® or PIER resource companies.

RESULTS

Demographic Characteristics of Physicians

Of the 15,148 physicians who took the IM–MOCE between
January 1, 2006 and December 31, 2008, 3,958 physicians

were identified holding individual licenses to one or both
electronic medical knowledge resources. The demographic
characteristics of the 3,958 physicians with resource
licenses were generally similar to the examinees without
resources licenses, although those with licenses were some-
what younger (Table 1). The majority of physicians taking the
IM–MOCE were graduates of United States medical schools,
and most were between 40 and 49 years of age. Among
physicians with resource licenses, approximately half (49.2%)
reported working in a single-specialty practice. Nearly one-
fifth (18.6%) were affiliated with an inpatient hospital
practice, 15.6% were in an academic practice, and 6.6%
worked in a residency clinic. Physicians with resource
licenses were more likely to pass the IM–MOCE on the first
attempt (88.9% vs. 80.8%, p<0.001) and had a higher mean
IM–MOCE score (555.8 vs. 537.5, p<0.001).

Associations with Maintenance
of Certification Examination Scores

The mean (SD) equated score on the IM–MOCE among all
3,958 physicians with licenses to electronic resources was
534.9 (92.8). A total of 3,553 (89.8%) physicians had a
license to only one of the two resources in this study, and
405 (10.2%) had a license to both resources. In the 365 days
prior to the IM–MOCE, physicians with licenses to either or
both resources used at least one resource on a mean (SD,
range) of 20.3 (36.5, 0–265) days. Physicians with a license

Table 1. Demographic Characteristics of Internal Medicine-Maintenance of Certification Examinees

IM–MOCE Examinees with Electronic
Resource Licenses (n=3,958)

IM–MOCE Examinees without Electronic
Resource Licenses (n=11,190)

Variable Number (%) Mean IM–MOCE Score Number (%) Mean IM–MOCE Score

Gender
Male 2,508 (63.4) 535.5 7,219 (64.5) 504.7
Female 1,450 (36.6) 533.8 3,971 (35.5) 501.5

Age
<40 years 1,161 (29.3) 570.4 1,736 (15.5) 548.9
40-49 years 2,303 (58.2) 528.2 7,346 (65.6) 506.8
≥50 years 494 (12.5) 482.2 2,107 (18.8) 454.8
Missing 1 (0.0)

United States Medical School
Yes 2,360 (59.6) 544.7 5,961 (53.2) 514.7
No 1595 (40.3) 520.0 5,226 (46.7) 490.9
Missing 3 (0.1) 3 (0.0)

Practice Model
Multi-specialty 1,488 (37.6) 545.4 3,426 (30.6) 517.8
Single-specialty 1,948 (49.2) 525.0 5,923 (52.9) 495.4
Not applicable 331 (8.4) 546.2 1,200 (10.7) 505.2
Missing 191 (4.8) 641 (5.7)

Practice Type
Private practice 1,810 (45.7) 519.0 5,735 (51.3) 489.8
Academic 617 (15.6) 561.4 1,443 (12.9) 539.3
Residency clinic 260 (6.6) 564.2 494 (4.4) 539.4
Hospital inpatient 736 (18.6) 549.4 1,633 (14.6) 517.9
Nursing home 108 (2.7) 503.5 360 (3.2) 484.1
Other/Missing 427 (10.8) 1,525 (13.6)

IM–MOCE Pass on first attempt
Yes 3,517 (88.9) 555.8 9,041 (80.8) 537.5
No 441 (11.1) 367.5 2,149 (19.2) 360.8

IM–MOCE=Internal Medicine—Maintenance of Certification Examination
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to only one resource used the resource on a mean of 18.3
(34.5, 0–264) days, while physicians with licenses to both
resources used one or both of the resources on a mean of
38.4 (47.1, 0–265) days in the year prior to the recertifica-
tion exam. Those with licenses to both resources were more
likely to be United States medical graduates (68.6% vs.
58.7%, p<0.001) and were more likely to report working
primarily in a hospital inpatient practice (24.4% vs. 17.9%,
p<0.001). In addition, those with licenses to both resources
had slightly higher mean initial certification examination
scores (491.8 vs. 481.8, p=0.04). A total of 1,193 (30.1%)
physicians with licenses to electronic resources did not use
the resources at all during the year. The mean IM–MOCE
score for this group was slightly but not statistically
significantly lower than that of the group with any use of
the resources (531.7 vs. 536.2, p=0.16).
Bivariate analyses are shown in Table 2. Total days of

use of electronic resources was associated with a modest but
statistically significant increase in mean IM–MOCE score
of 0.14 points per day of use (p<0.001). Physicians with
licenses to both resources had higher mean IM–MOCE
scores by 25.7 and 18.0 points compared to those with
licenses to resource A and resource B, respectively (p<0.001
and p<0.001, respectively). The strongest explanatory asso-
ciations as indicated by the R2 measure of explained variance
occurred for age and prior internal medicine certification
experience. IM–MOCE score decreased by 5.9 points for
each year of age (p<0.001). IM–MOCE score increased by
0.67 points for each point on the initial certification
examination (p<0.001), and decreased markedly as the
number of attempts required to pass the initial certification
examination increased (p<0.001). Additional bivariate asso-
ciations with IM–MOCE score were observed for medical
school location and practice characteristics (Table 2).

The multivariate model adjusting for demographic and
practice characteristics accounted for 51.2% of the variability
in the data. The number of days of use of electronic resources
remained independently associated with an increase in IM–
MOCE score, with an increase in IM–MOCE score of 0.07
points per day of use (p=0.02) (Table 3). Thus, every one day
of resource use within the 365 days prior to taking the IM–
MOCE was associated with an examination score increase of
0.07 points (i.e., every 100 days of resource use was associated
with an IM–MOCE score increase of 7 points). Days of
resource use accounted for less than 1% of the variability in
IM–MOCE score explained by the multivariate model.
Initial score and fewer attempts to pass also remained

strongly associated with higher IM–MOCE scores in the
multivariate model. The remaining multivariate associations
were also consistent with the bivariate results, although the
effect estimates were generally attenuated. For example, each
year of increased age was associated with a 1.8-point lower
IM–MOCE score in the multivariate model (p<0.001). Also,
relative to physicians working in private practice settings,
physicians working in residency teaching clinics and hospital
inpatient practices had higher IM–MOCE scores by 29.1 and
20.0 points, respectively (both p<0.001).

DISCUSSION

This study of a national sample of practicing physicians
showed a positive association between the use of electronic
medical knowledge resources and maintenance of certification
examination scores, although the magnitude of this association
was small. Additional associations were found between IM–
MOCE score and prior certification experience, demographic
factors, and practice characteristics, as discussed below.

Table 2. Bivariate Associations with Maintenance of Certification Examination Scores among 3,958 Physicians

Variable Change in IM–MOCE Score* 95% CI p R2

Electronic Resources
Total days of electronic resource use 0.14 0.06, 0.22 <0.001 <0.01
License to Resource A (vs. license to both) −25.65 −36.04, -15.25 <0.001 <0.01
License to Resource B (vs. license to both) −18.02 −28.12, -7.92

Demographics
Age −5.88 −6.43, -5.33 <0.001 0.11
Male (vs. female) 1.80 −8.01, 4.40 0.57 <0.01
United States medical graduate (vs. international medical graduate) 25.50 19.52, 31.49 <0.001 0.02

Certification Examination
Initial certification score 0.67 0.65, 0.69 <0.001 0.46
Number of attempts to pass initial certification examination (1, 2, 3, >3) −55.86 −59.71, -52.01 <0.001 0.18
Certification in subspecialty −14.85 −21.56, -8.14 <0.001 <0.01
Single-specialist medical practice (vs. multi-specialist or other practice) −20.78 −26.69, -14.87 <0.001 0.01
Time spent in principal patient care role (%) −0.39 −0.54, -0.24 <0.001 <0.01

Primary Practice Description (each vs. all others)
Private practice −30.76 −36.63, -24.90 <0.001 0.03
Academic faculty practice 31.80 23.84, 39.77 <0.001 0.02
Residency teaching clinic practice 31.58 19.90, 43.26 <0.001 <0.01
Hospital inpatient practice 18.15 10.68, 25.62 <0.001 <0.01
Nursing home/Long-term care facility practice −32.24 −50.01, -14.46 <0.001 <0.01
Other practice 3.86 −3.26, 10.98 0.29 <0.01

IM–MOCE=Internal Medicine—Maintenance of Certification Examination
*Change in IM–MOCE score for a 1-unit change in each independent variable
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The strongest predictor of IM–MOCE score examined in
this study was the physician’s initial certification score,
which by itself accounted for 46% of the variability in IM–
MOCE score. This observation is consistent with prior
studies demonstrating positive correlations between standard-
ized test scores, including correlations between the Medical
College Admissions Test (MCAT) and Steps 1, 2 and 3 of the
United States Licensing Examination USMLE,34 between
USMLE scores and the Internal Medicine In-Training
Examination (ITE),35 and between ITE scores and the ABIM
initial certification examination.36,37

In addition to the initial certification examination score,
several notable associations were seen. First, this study
showed a decrease in examination scores with increasing age.
This finding is consistent with prior research showing
declines in knowledge and clinical performance over
time.9,21,22 Physicians face a tremendous challenge in
keeping current with rapidly evolving medical advances over
careers that may span several decades. Ongoing research into
best practices for CME may help address this issue.22,24

Second, working primarily in a residency clinic was
associated with a 15-point higher IM–MOCE score, which
was equivalent in association to approximately 217 days of
electronic resource use. Although further study is needed, this
novel finding may suggest that interacting with residents in
outpatient clinics may provide valuable intellectual stimulation
for the supervising physician and assist physicians in keeping
their knowledge and clinical practice current. Studies of the
behaviors of clinical supervisors in residency clinics show that
they frequently use internet-based resources to answer

questions raised during the interaction with learners38 and
role model positive behaviors for asking and seeking answers
for clinical questions.39 These behaviors may contribute to
more effective maintenance of current medical knowledge. In
addition, faculty likely participate in a number of other
educational activities in the program such as morning report,
grand rounds, teaching rounds and curriculum development.
Third, physicians in multi-specialty practices had higher

IM–MOCE scores compared to those in single-specialty
practices, as did those with primarily inpatient hospital
practices as opposed to solo private practices. It is unknown
whether these differences are attributable to better access to
traditional CME activities or to greater opportunities for more
proximal interactions with colleagues with diverse expertise.
Perhaps being a member of a multifaceted “learning
community”, as exists in most multi-specialty practices,
hospitals, and residency clinics, offers an advantage in terms
of maintaining one’s knowledge base.40

There are several limitations to this study. First, this is a cross
sectional study. Causal relationships between electronic
resource use and examination scores cannot be assumed from
these data. Second, we were able to examine use of just two
electronic resources. Although PIER and UpToDate® are two
very large resources with over 400,000 users combined,31,32

this study cannot account for use of other electronic resources
or for general internet searching. Third, only physicians with
individual licenses to these electronic resources were includ-
ed. It is noteworthy that resource users scored higher on the
certification examination than non-users, independent of the
amount of resource use and after including other explanatory

Table 3. Multivariate Analysis Examining Relationships between Electronic Resource Use, Physician Demographics, Practice
Characteristics, and Maintenance of Certification Examination Scores among 3,958 Physicians

Independent Variable Change in IM–MOCE
Score*

95% CI p

Electronic Resources
Total days of electronic
resource use

0.07 0.01, 0.13 0.02

License to Resource A
(vs. license to both)

−14.27 −21.69, -6.85 <0.001

License to Resource B
(vs. license to both)

−6.25 −13.77, 1.27

Demographics
Age −1.78 −2.27, -1.30 <0.001
United States medical graduate (vs. international medical graduate) 7.00 2.47, 11.54 0.003

Certification Examination
Initial certification score 0.87 0.81, 0.93 <0.001
Number of attempts to pass initial certification examination (1, 2, 3, >3) 64.43 49.53, 79.33 <0.001
Certification in subspecialty −10.99 −16.03, -5.96 <0.001

Single-specialist Medical
Practice (vs. multi-specialist
or other practice)

−7.74 −12.18, -3.29 0.003

Primary Practice Description
(each vs. all others)
Private practice −14.11 −18.87, -9.36 <0.001
Residency teaching clinic
practice

14.97 6.43, 23.50 <0.001

Hospital inpatient practice 5.90 0.19, 11.61 0.03
Nursing home/Long-term care facility practice −14.47 −27.40, -1.55 0.010

IM–MOCE=Internal Medicine—Maintenance of Certification Examination
Final model R2=0.51, intercept estimate=222.71
*Change in IM–MOCE score for a 1-unit change in each independent variable
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variables in the multivariate models. A possible explanation
for this finding is that physicians who access information
resources may be more likely than others to engage in the
broader process of evidence-based practice which involves
active learning at the point of care, and may result in greater
knowledge acquisition and retention.29 However, this study
measured only resource access and examination scores;
further research is needed to examine relationships between
other aspects of evidence-based practice and medical knowl-
edge. Fourth, resource usage was directly measured through
usage logs identified by individual accounts; therefore the
analyses do not consider potential access by participants to
these resources through institutional licenses. Fifth, electronic
resources may differ in the extent to which they “push” or
“pull” evidence to clinicians, meaning some resources
provide general information to clinicians through online and
print media while other resources require physicians to
actively acquire specific information when needed.41 We
were unable to explore such differences in this study and this
remains an important area for future research. Finally,
although participants in this study had higher IM–MOCE
scores on average, it is reassuring that the score patterns
across available demographic factors were very similar for
participants and the remainder of the IM–MOCE examinees.
However, the observed associations between physician
demographics, practice characteristics, and IM–MOCE scores
should be confirmed for other physicians participating in
MOC programs.
This study also has several strengths. It examined a large,

national sample of physicians from a variety of practice
settings recertifying in internal medicine over a 3-year
period. Additionally, a substantial body of validity evidence
supports the primary outcome, the IM–MOCE score, which
is a well-established and credible measure of medical
knowledge. Finally, the primary independent variable, daily
electronic medical knowledge resource use, was measured
directly and objectively.
In summary, the results of this study indicate that regular,

frequent use of electronic medical knowledge resources
may be associated with modestly enhanced performance on
the Internal Medicine Maintenance of Certification Exam-
ination, while relatively larger score increases are associated
with involvement in multi-specialty practice and active
participation in a residency education clinic. The factors
underlying these associations are worthy of further study.
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