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Examining the Construct Stability of the Family
Medicine Certification Scale Between One-Day
Exam and Longitudinal Assessment

Thomas R. O’Neill, PhD, Keith Stelter, MD, MMM, and Ting Wang, PhD

Purpose: To determine whether the construct of family medicine clinical decision making ability was
invariant across modes of administration, the 1-day examination and the longitudinal assessment. We
attempted to identify item characteristics associated with differences in difficulty across modes of

administration.

Methods: The data were item difficulty calibrations based on examinee responses to the 1-day exam-
ination and the longitudinal assessment. A repeated measures design was employed to identify question
calibration differences across modes of administration, so that the stability of the question difficulty
across modes of administration could be assessed. A qualitative review of the flagged questions was
conducted to identify characteristics associated with questions becoming easier or more difficult.

Results: The correlation between the pairs of calibrations was moderately positive r(298) = 0.558,
P <.001 suggesting that the questions are functioning somewhat similarly across the different modes
of administration; however, the scatterplot demonstrates that many of the questions became easier. Of
the 298 repeated measures # test, 37% (110) did not show a significant difference, 43% (128) became
easier on the longitudinal assessment, and 20% (60) became more difficult.

Conclusions: This study suggests that changes in item difficulty do occur when extra time and
the use of external resources are permitted. Usually the questions get easier, but in some cases
the question becomes more difficult. Possible reasons for this are presented, and a method to
adjust the item difficulty in a way to maintain a single construct is presented. (J Am Board Fam

Med 2024;00:000-000.)

Keywords: Certification, Evaluation Study, Family Medicine, Licensing, Longitudinal Studies, Psychometrics,

Research Design, Scales, Statistics

Introduction

Since 2008, the Family Medicine Certification
Scale (FMC-S) has been the basis for the American
Board of Family Medicine’s (ABFM) certification
examination, the Family Medicine Certification
Examination (FMCE). The construct that FMC-S
is intended to measure an examinee’s medical
knowledge and clinical decision making ability
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across the full scope of family medicine. Until
2019, this definition has implied that the medical
knowledge was limited to what was available in an
examinee’s memory because the use of external
resources was prohibited during the examination.
With the introduction of the Family Medicine
Certification Longitudinal Assessment' (FMCLA)
in 2019, this notion was implicitly modified by per-
mitting the use of external resources such as books,
journals, and intranet searches, but prohibiting col-
laboration with other people. To permit partici-
pants adequate time to look up information in a
manner similar to what they might do in practice, the
time permitted to answer questions was increased.
For example, in each of the 4 sections of the FMCE,
examinees must answer 75 questions in 95 minutes
which is 1.3 minutes per question. On the FMCLA,
examinees have 5 minutes per question. Although the
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FMCLA is still intended as a measure of an exam-
inee’s medical knowledge and clinical decision
making ability, it may have subtly incorporated
into the construct the ability to research medical
topics quickly and accurately. It seems likely that
in addition to medical knowledge that a physician
possesses which can readily be accessed from
memory and one’s clinical decision making abil-
ity, the FMCLA might also include the skill of
“rapid and accurate retrieval of information” as
part of what is being measured.

The purpose of the study was to determine
whether the construct of family medicine clinical
decision making ability as manifested by the hierar-
chy of item difficulty was invariant across modes of
administration. If there were noticeable differences,
then we would attempt to identify what item char-
acteristics were associated with the changes in diffi-
culty across modes of administration. In addition,
we discuss what were the implications for better
standardizing the FMCE and FMCLA. We recog-
nize that some of the concepts used in this article
are statistical and psychometric and that these
aspects may not be of interest to many of our read-
ers. For readers who would like more background
on these concepts, we have included an Appendix
with relevant explanations.

Method

Participanits

A total of 11,497 family physicians responded to
questions on the FMCLA. They were family physi-
cians who passed the FMCE in 2009, 2010, and
2011 and then volunteered to participate in the
FMCLA starting in 2019, 2020, or 2021 respec-
tively, as an alternative to taking the FMCE again
to maintain their board certification.

Instruments

The FMCE measures physicians’ clinical decision
making ability as it relates to family medicine.
Passing this examination is one of the requirements
for ABFM certification. It consists of a common
core of 260 multiple-choice questions that contrib-
ute to the examinee’s score plus 40 pretest ques-
tions that are unscored. Before 2020, the FMCE
also included 1 or 2 45-question modules that were
selected by the examinee. The 260 core questions
and the examinee-selected module questions were
scored as right or wrong using the dichotomous

Rasch?™* model, and the resulting ability estimates
were converted to scaled scores that range from 200
to 800. In conjunction with a common-item equat-
ing design, the Rasch model was also used to equate
examinations across test forms and years of admin-
istration onto a common scale, the FMC-S. Rasch
reliability estimates for the FMCE are typically
about 0.94.° During the time frame from which
the data were gathered, the minimum passing
score for the FMCE was 380. The content specifi-
cations for this examination were developed by
Norris et al.,” and additional validity studies®’
have supported its continued use.

The FMCLA is a multiple-choice-question, lon-
gitudinal-assessment that can be taken as an alter-
native to taking the certification examination'. Tt
has the same proportion of questions in each con-
tent domain as the FMCE. It delivers up to 25
questions online per quarter, and participants have
up to 5 minutes to answer each question. A com-
pleted assessment has 300 answered questions over
a maximum of 4 years, but it can be completed in 3
years if all the questions are answered each quarter.
This allows participants to defer questions (opt out
of 4 quarters or answer fewer than 25 items within
a quarter), if they so desire. At the end of the
administration window, unanswered questions are
scored as wrong. FMCLA is not available for initial
certification because it takes at least 3 years to com-
plete it. When the participant completes the 300
questions and if a passing score was achieved, it sat-
isfies the examination requirement for maintaining
board certification. The FMCLA is calibrated to
also be on the FMC-S.

Data
The FMCLA questions used in this analysis were
the questions deployed from 2019 to 2021. Of the
300 possible questions, 1 question was deleted with-
out replacement for administrative reasons and a
second question did not have a starting calibration
to use in the comparison, leading to 298 questions
analyzed in total. For each question, there were 3
variables: the FMCLA difficulty, the FMCE diffi-
culty, and the FMCE question’s administration cat-
egory (operational core question, user selected
module question, or unscored field test question)
when the FMCE difficulty was estimated.

The difficulty calibrations used in this study
were different from the operational calibrations
used for scoring. To get the most precise and

2 JABFM Ahead of Print January 2025

http://www.jabfm.org

‘ybuAdoo Ag paroaroid '1sanb Aq Gzoz Ae 2 uo /Bio wigel-mmmy/:dny woly papeojumoq "GzZoz Alenuer O€ U0 THEYYOSZ €202 Wigel/zzTe 0T Se payslignd 1sii :paN wed pleog wy


http://www.jabfm.org/

accurate difficulty calibrations 2 adjustments were
made. T'o maximize the calibrations’ precision, we
estimated the FMCE calibrations on responses
from the entire year, not just the April administra-
tion. For the FMCLA calibrations, we used the
responses collected after quarter 15 of the 16
possible quarters. To increase the accuracy, all
calibrations were adjusted by adding the dis-
placement value to the preassigned calibration.
The FMCLA calibrations were adjusted from the
preassigned FMCE values by adding the displace-
ment value estimated from the FMCLA adminis-
tration. The FMCE calibrations were adjusted by
adding the displacement value estimated from the
FMCE administration in which they were most
recently used. Displacement was not added to
FMCE pretest calibrations because they had not
been used previously.

Design

For this study, a repeated measures design was
employed to identify question calibration differen-
ces across modes of administration, so that the sta-
bility of the question difficulty across modes of
administration could be assessed. A qualitative
review of the flagged questions was then conducted
to identify the characteristics associated with ques-
tions becoming easier or more difficult.

Procedure

For each FMCLA question, 2 separate difficulty
calibrations were computed using a Rasch model.
The first calibration was based on responses from
examinees who saw the question when it was most
recently administered on the FMCE. The second
calibration was based on examinee responses when
the question was administered on the FMCLA.
The FMCE-based difficulty and the FMCLA-
based difficulty of the questions were plotted'’
against each other, a correlation between the 2
was computed, and 298 repeated measures two-
tailed 7 test with a Bonferroni correction were
conducted to determine whether there was a sig-
nificant difference for each pair. A histogram of
the difference in difficulty between the 2 scores
was also created.

Sub-Analysis

The 298 questions were also classified based on
their most recent FMCE calibration as being a pre-
test item (which would not contribute to examinee

scores), an operational item (a scored item from the
nonmodule portion of the FMCE), or a module
item (an item administered on the FMCE in a user-
selected content module). This sub-analysis may
shed light on intentionally created platform-related
factors that cause differences in difficulty calibra-
tions, such as the ability to look up information and
the additional time permitted to answer, as well as,
nonintentional factors that might be related to how
the examination responses were collected histori-
cally, such as the self-selection of the content mod-
ules from older FMCE administrations and the
difference in statistical power between pretest and
operational questions. Across these 3 categories, the
FMCE-based difficulty and the FMCLA-based dif-
ficulty of the questions were plotted against each
other and summarized.

Qualitative Question Review

The questions that were flagged as having a statis-
tically significant difference in difficulty were
reviewed by 2 ABFM staff physicians. The task in
the analysis was to theorize why the difficulty
changed and to identify common themes that
emerged for questions that became easier and
questions that became more difficult.

IRB Review

The procedures in this study were reviewed by
ABFM executive staff to ensure that ABFM privacy
policies were not being violated. In addition, the
data were deemed exempt by the American
Academy of Family Physicians Institutional Review
Board.

Results

Scatterplot and Correlation

Figure 1 illustrates the relationship between the 2
modes of administration, FMCE and FMCLA, for
the 298 pairs of difficulty calibrations. The Pearson
correlation between the pairs of calibrations was
moderately positive r(298)=0.558, P<.001 sug-
gesting that the questions are functioning some-
what similarly across the different modes of
administration; however, the scatterplot demon-
strates that many of the questions became easier.
Of the 298 repeated measures ¢ test (Table 1), 37%
(110) did not show a significant difference, 43%
(128) became easier on FMCLA, and 20% (60)
became more difficult.
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Figure 1. Comparison of FMCE-based and FMCLA-based difficulty calibrations. Abbreviations: FMCE, Force and
Motion Conceptual Evaluation; FMCLA, Force and Motion Conceptual Learning Assessment.
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Sub-Analysis
We further subdivided Figure 1 by the origin of the
question’s starting calibration (Figure 2, Table 1).
For questions that became easier to a statistically sig-
nificant degree, the percentage of questions hovered
around 43 % across all 3 calibration origin categories.
For questions that became more difficult, there
was a substantial difference in the percentage of
questions between the Operational category and
both the Pretest and the Module categories. A higher
percentage became more difficult in the Operational
category than the other 2 categories. For questions
with no change in difficulty, the reverse of this was

true. A lower percentage had no change in the
Operational category than the other 2 categories.
The magnitude of the questions’ changes in dif-
ficulty between FMCE and FMCLA administra-
tions is displayed in Figure 3. Almost half of the
questions demonstrated a changed in difficulty
within *£100 scaled score points, but overall, more
questions’ calibrations were harder in FMCE.

Qualitative Question Review

Of the 298 examination questions studied (Table
1), 188 questions manifested a statistically signifi-
cant degree of change with 128 becoming easier

Table 1. Summary of the Change in Difficulty When Questions Were Administered in FMCLA

Operational Pretest Module Total
Significant Change Count Percent Count Percent Count Percent Count Percent
No Change 21 19.8% 74 47.4% 15 41.7% 110 36.9%
Harder on FMCLA 35 33.0% 19 12.2% 6 16.7% 60 20.1%
Easier on FMCLA 50 47.2% 63 40.4% 15 41.7% 128 43.0%
Total 106 100.0% 156 100.0% 36 100.0% 298 100.0%

Abbreviation: FMCLA, Force and Motion Conceptual Learning Assessment.
Notes: Significance tests were conducted using a z-score with Bonferroni correction.
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Figure 2. Scatter plot of item difficulty calibrations: FMCE-based vs FMCLA-based. Abbreviations: FMCE, Force
and Motion Conceptual Evaluation; FMCLA, Force and Motion Conceptual Learning Assessment.
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Figure 3. Histogram of item difficulty calibration differences across modes of administration (FMCE vs FMCLA).
Abbreviations: FMCE, Force and Motion Conceptual Evaluation; FMCLA, Force and Motion Conceptual Learning
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to answer and 60 becoming more difficult. These
questions were reviewed by 2 ABFM staff physi-
cians. Below are some possible reasons for the
change.

Of the questions that became easier on
FMCLA, almost all could be looked up within 2
to 3 minutes using an accessible internet search
engine such as Google or Bing or perhaps doing a
PubMed search with key words from the ques-
tion. Attempting to access an online medical text-
book likely would be slower because more
reading would be required as they are generally
not indexed as well for specific key words. In
almost all cases the answers either could be
answered or narrowed significantly with quick
internet searches.

For the questions that became more difficult, it
was challenging to establish a single unifying reason.
The reviewers were able to internet search many of
these and find some of these answers and could nar-
row down the possible answers; however, sometimes
this required a more complicated search strategy
with multiple layered searches. Most of these ques-
tions were more complex clinical presentations
which required more reading and more data synthe-
sis to consider in creating a search strategy that
would be difficult to complete within the allocated
5-minute time frame.

Mean = 63.83
Std. Dev. = 166.534
N =298

» Harder on FMCE
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Discussion
In this study, we found a majority (63%) of the
questions’ difficulty changed by a statistically sig-
nificant degree across modes of administration.
The correlation between the calibrations on
FMCLA and FMCE was moderate (R=0.56).
Although it was not surprising that the correlation
was not negative or near zero, it was also notice-
ably lower than what is considered a high correla-
tion, such as 0.8 or 0.9. This suggests that the
item hierarchy changed somewhat. We strongly
suspect that these detectable differences in the
item hierarchy are caused by getting extra time
and using external resources. When extra time
and external resources are not permitted, then
answering the question correctly could be more
difficult. In these cases, a correct answer would
imply the examinee has more ability. So how can
these 2 modes of administration even when using
the same questions be made to be comparable?
The construct being measured in both adminis-
tration platforms is intended to be clinical decision
making in family medicine. Although the text of the
question can be identical across platforms, the pro-
cess of answering it can be very different. In cases
where the question functions differently across plat-
forms, it is treated as if it is a new question, and it is
given a new calibration based on the current data
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set. When the new difficulty calibration is used in
scoring, the change in the test form’s difficulty is
adjusted to accommodate the change.The same
passing standard still applies to both the FMCE and
the FMCLA and neither offers a scoring advantage.

This raises the following question: Which of
these 2 examination conditions (1 with extra time
and searchable resources or 1 without) is preferable
for making pass-fail decisions on a standardized test
of family medicine? If the skill of “rapid and accu-
rate retrieval of medical information” is important,
then searching capabilities should also be included
on the FMCE. If it is not, then it makes sense to
prohibit using external research tools on the
FMCLA. Given that most physicians use of point
of care searches in clinical practice, it could be
advantageous to permit search capabilities as it
would likely better reflect the process of deliver-
ing care in family medicine. On the other hand,
an examination that requires memory retrieval
rather than the use of searchable resources does
identify those people with serious medical knowl-
edge deficits. Yet another possibility is to write
questions that tap into aspects of family medicine
that are less affected by the use of external
resources. There could also be other approaches
as well.

Item Writing

Regarding the item writing style, a content review
of the flagged questions revealed those that became
easier often included diagnostic keywords that
would considerably facilitate a computer-based
search. Ideally, answering the questions using a
search should require some physician-level family
medicine knowledge to discern the correct answer.
In other words, someone with only technical
computer skills, but no medical training should
not be able to answer the questions correctly.
The newly emerging artificial intelligence mod-
els like ChatGPT and others make this issue
more salient than ever before.

Limitations

There are at least 4 limitations to this study. First,
half of the study’s data collection window was dur-
ing the COVID-19 pandemic. Second, it is based
only on questions available during the first 3 years
of FMCLA. These first 2 limitations do not seem
terribly impactful because we have seen similar
results with subsequent, post-COVID cohorts.

Third, the results of this study are only generaliz-
able to longitudinal assessments that are similar in
design to FMCLA. Finally, the sub analysis demon-
strated that there was an impact of how many ques-
tions were flagged for differences probably due to
the differences in sample size and statistical power
associated operational, pretest, or module status.
The ratio between becoming easier to harder on
FMCLA was 2:1. However, one of the findings in
the sub-analysis was that the percentage of ques-
tions that became easier, harder, or stayed the same
was different depending on the source of the anchor
item’s calibration. A higher percentage of questions
anchored to the operational section of the FMCE
displayed significant changes (both easier and
harder) as compared with the questions calibrated
on the module and pretest sections of the FMCE.
It is probable that these observed differences are
the result of differences in the precision of the
anchor calibratons across these different sections
of the FMCE. The anchor calibrations from the
FMCE’s pretest and module sections are based on
fewer responses than the calibrations from the
operational section. The operational section cali-
brations are typically based on 2,500 to 15,000
responses. In contrast, the pretest calibrations and
the modular calibrations are typically based on
160 to 960 and 50 to 7,800 responses, respec-
tively. The increased precision and larger sample
size of the operational questions’ calibrations
may have provided additional statistical power to
detect differences. Although this limits the gen-
eralizability of results from the full set of 298
questions, it does seem point out that calibration
differences associated with content modules and
pretest items tends to inflate the number of ques-
tions in which there was no detectable change
probably due to the smaller sample sizes for
those calibrations.

Conclusion

In conclusion, this study found that the recalibra-
tion of test questions when used across test plat-
forms is necessary to make the associated examinee
scores comparable across platforms. It also suggests
that the best anchor items to use for equating test
forms are those that have a large number of
responses on the previous administration. It also
suggests that questions that can be quickly looked
up using key words from the question in a common
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search engine (Google, Bing, Pubmed, etc.) tend to
get easier on longitudinal assessment.

To see this article online, please go to: bttp://jabfm.org/content/
00/00/000.full.
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Appendix

Measurement Concepts

In this article, item difficulty refers to a difficulty calibra-
tion from a dichotomous Rasch model, rather than the
percentage of a reference group that answered the ques-
tion correctly. Rasch models describe the difficulty of a
question relative to the difficulty of the other questions
on the scale. Although the unit of measure in Rasch
models is the logit, the item calibrations have been con-
verted to the FMC-S to make the difficulty more under-
standable. Higher scaled score calibrations indicate
more difficult questions. To accommodate this journal’s
diverse readership, this appendix has been included to
provide explanations of Rasch models and equating. If
the reader is not concerned about these concepts, the

appendix can be safely ignored.

Rasch Models

Rasch models are measurement models for unidi-
mensional latent traits. They convert ordinal observa-
tions, such as right-wrong answers or rating scale
responses into interval scale measures of the latent trait
for people and interval scale difficulty calibrations for the
questions.' This results in a hierarchy of questions that
range from easy to difficult with each question having its
own difficulty calibration and an error term representing
the precision of that calibration. Most importantly, both
the person ability estimates, and the item difficulty cali-
brations are computed in such a way that the distribution
of person ability in the sample taking the test does not
change the difficulty of the questions,” and the distribu-
don of item difficulty on the test does not change the
ability estimates for the people testing, so long as the
responses fit the model’s expectations. This separation of
parameters is necessary for measurement.’

Equating

To allow for the exclusion of outdated questions,
the inclusion of new questions, and for general test se-
curity reasons, multiple forms of an examination are
often required. To ensure that examinees are neither
advantaged nor disadvantaged by any test form, statis-
tical procedures are conducted to place the scores
from all the forms on a common scale. These proc-
esses are collectively referred to as equating proce-
dures. Although test forms usually refer to different
subsets of items from the item bank, they could also
refer to a difference in the mode of administration.

For this study, equating refers to both the different
sets of questions being administered and the mode of
administration.

Typically, certification boards use a common item
equating design that employs “anchor items,” questions
with known difficulties from previous examination
administrations, to connect the different examination
forms. The anchor items’ difficulties are then preas-
signed for use in the current administration, not esti-
mated from the current data set. These anchor items are
expected to have very similar difficulties across the forms
or modes of administration. If the anchor items perform
drastically differently, then they are not used to connect
the 2 forms and the difficulty of those questions are freely
estimated using the data from the current administration.
The statistic used to assess the similarity of the difficulty
is called displacement. Displacement is the difference
between the difficulty calibration that would have been
estimated based on the current data and the preassigned
difficulty calibration.
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