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ABSTRACT

Background The Accreditation Council for Graduate Medical Education Milestone Project was implemented in 2014 to
standardize assessments and progression of residents. While it is recommended that milestones not be used as tools for direct
assessments of resident competency, many programs have used or adapted milestone tools for this purpose.

Objective We sought to explore use of the most frequent milestone level at which a resident was evaluated (ie, the mode), and
compared this to the standard practice of using the arithmetic mean for summarizing performance.

Methods We reviewed all Family Medicine Milestone evaluations from 1 program for the first 2 academic years of milestone
implementation. Mean and mode scores were calculated across 24 unique residents, 841 evaluation forms, and 5897
measurements. The proportion of overestimation errors (where the mean is at least 0.5 larger than the mode) and underestimation
errors (where the mean is at least 0.5 less than the mode) were then compared across resident training year and subcompetency.

Results For the 24 residents, an estimation error occurred in 175 of 792 of the comparisons (22%). Of these errors, 118 (67%) were
overestimation errors. First-year residents accounted for 55% (96 of 175) of all estimation errors. All subcompetencies had some

estimation errors, with 6 having greater than 5%.

nature.

Conclusions If the trend for using the milestones as stand-alone assessment tools is to continue, aggregating data by using
frequency distributions and mode would be a more stable and appropriate approach given their nominal or, at best, ordinal

Introduction

The intent of the Accreditation Council for Graduate
Medical Education (ACGME) Milestone Project was
to standardize assessments and progression of residents
focused around 6 competencies (patient care, medical
knowledge, practice-based learning and improvement,
interpersonal and communication skills, professional-
ism, and systems-based practice).! These were divided
into subcompetencies for each specialty, each with a
unique set of milestones (FIGURE 1)." The ACGME did
not intend for the milestones to be used as direct
evaluation tools. They were intended to be develop-
mental steps toward readiness for unsupervised prac-
tice that would be informed by data from direct
assessments.'™ As milestones were not designed to be
stand-alone evaluation instruments, they were not
constructed to be a linear progression of a skill,
competency, or behavior across the 5 levels. Despite
the ACGME’s recommendations, many programs and
institutions use the milestone rubrics in frontline
evaluation instruments, and use the mean values of
aggregate data to represent resident performance.
This use of the milestones prompts a closer look at
the validity and reliability of the resident performance
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data, when the milestone rubric instruments are in
stand-alone assessments. The purpose of this study
was to explore the impact of using the most frequent
subcompetency level at which a resident was evalu-
ated (ie, the mode), compared to using the arithmetic
average subcompetency level when summarizing
performance.

Methods

Program Description

Our family medicine residency program is a university
program with 6 residents per year. Five core faculty
members and a program director comprise the
Clinical Competency Committee (CCC).

Our CCC developed new evaluation instruments
utilizing the Family Medicine Milestones. Subcompe-
tencies are evenly distributed across all rotations
during the 3-year residency training, and assessment
calculates a mean score for each subcompetency as its
default reporting method. The assessment tools were
implemented into MedHub.’

Study Design and Sample

We conducted a retrospective review of all resident
evaluation data in MedHub that related to the Family
Medicine Milestones for the first 2 academic years of
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their implementation (2014-2015 and 2015-2016).
This consisted of 841 evaluation forms for 24 unique
residents that evaluated the 22 family medicine
subcompetencies a combined 6417 times. For each
form, a resident could be rated on any number of
subcompetencies on a scale of 0 (not applicable) to 5
(indicating mastery). Ratings used increments of 0.5.
Evaluation forms were organized by subcompetency,
score, resident, and residency training year.

Comparing Measures of Central Tendency

The rubrics used to assess milestones in family
medicine programs are set to an ordinal scale of 0
(not applicable) to 5. The educational attainment on a
specific milestone to move from a 3 to a 4, for
example, is 7ot a continuous scale. Instead, a resident
is placed into 1 of 5 discrete levels, with specific text
that may be different from what is expected at the
previous or next levels. Thus, the Family Medicine
Milestones are set on a nominal scale of measure-
ment, which “names” qualities of a specific observa-
tion, such as a person’s sex, race, or eye color, but
does not place them in a numerical relationship with
each other. In contrast to numerical scales, which
have both magnitude (eg, 3 Ib is greater than 2 Ib) and
exact units (eg, 3 Ib is exactly 1 1b greater than 2 Ib),
nominal data are more meaningfully understood in
terms of frequencies and percentages.®

To identify a resident’s average or typical perfor-
mance on a given subcompetency, a measure of
central tendency is used to summarize many evalua-
tions into a single value. For numerical scales, the
most common measure is the arithmetic mean, which
is the sum of observed values divided by the number
of observations. However, it is important to under-
stand that milestone data are nominal or, at best,
ordinal, and thus computing a mean subcompetency
level is equivalent to computing a resident’s mean eye
color. The mode, which denotes the most frequent
level across all evaluations, may be a more appropri-
ate measure of central tendency for nominal data.®

Using the mean to summarize discrete data can
have a dramatic impact on how performance is
calculated. For example, if a resident was evaluated
10 times on the professionalism 1 subcompetency,
and receives the distribution of scores in TABLE 1, then
the mean score would be 3.0, yet the resident had
been most frequently placed in level 2—a full scale
point below. The first annual ACGME report
summarizing national milestone achievements rein-
forces this warning: “The mean rating . . . should be
interpreted with caution given milestones are ordinal,

not dimensional data.”” 1%
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What was known and gap

Many programs use the milestone rubrics as a tool for direct
assessment of residents at the bedside and in clinic.

What is new

This study evaluated the accuracy of milestone valuations of
family medicine residents, comparing assessments based on
mean versus modal values.

Limitations

Single institution and single specialty study design reduce
generalizability.

Bottom line

Use of the modal value is thought to provide more robust
and defensible milestone assessment of trainees.

The University of lowa Institutional Review Board
reviewed this study and determined it to be exempt.

Statistical Analysis

We calculated mean scores for each resident for the 22
subcompetencies to produce the “typical” evaluation
data used by programs in determining performance.
The calculation did not include the zeros (ie, not
applicable). The most frequent (ie, mode) score for
the same 22 subcompetencies was then calculated to
compare the difference between both measures of
central tendency. To make the comparison as equal as
possible, zeros were also not included when calculat-
ing the mode. In the event a score distribution on a
subcompetency was bimodal (ie, exactly 2 modes),
the lower of the 2 values was chosen, as it represents
the more conservative estimate of performance. In the
event a score distribution on a subcompetency
contained greater than 2 modes, that subcompetency
was excluded from the analysis. Absolute differences
between the mean and mode that were equal to or
greater than 0.5 were considered practically mean-
ingful and were coded as an estimation error. Finally,
the frequency and proportion of times in which the
mean overestimated or underestimated mode perfor-
mance were tabulated for each resident class (post-
graduate year 1 [PGY-1] to PGY-3).

The measurements in which the score was a zero (ie,
not applicable) were filtered from the total sample to
keep our mean and mode calculations consistent with
the way MedHub currently calculates average ratings.

Results
Data Cleaning

Our calculations produced a final data set containing
24 unique residents, 841 forms, and 5897 measure-
ments. Initial mean and mode values were then
computed for a total of 792 subcompetencies (22 X
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TABLE 1
Example Distribution of a Resident’s Milestone Scores for Professionalism 1
Example Scores Mean Score Mode Score
1 [2]2]2]3]3] 35 [5]s5]4 3.0 2.0

18 residents per year) to identify bimodal and
multimodal cases. A total of 164 of 792 of the
distributions (21%) were bimodal, and 88 of 792
(11%) were excluded for being multimodal.

Estimation Errors by Class

TasLe 2 displays the results of our primary compar-
isons between resident mean and mode scores for
each residency year. For each academic year, the mean
and mode scores from each resident’s 22 subcompe-
tencies were compared for estimation errors. Across
all residents, there were 175 of 792 subcompetency
estimation errors (22%), in which the mean either
overestimated or underestimated the mode by at least
0.5. Of these errors, 118 (67%) were considered
overestimation errors. Both types of errors were most
frequently seen in the PGY-1 residents, with a
combined 55% (96 of 175) of all errors occurring in
this class (62 overestimates and 34 underestimates).
The fewest errors were seen in PGY-3 residents. When
the mean was higher than the mode by at least 0.5,
the degree of difference was highest among PGY-1
residents who had overestimation errors of 0.77
(SD = 0.27), a difference of more than three-fourths
of a milestone level.

Subcompetency data were compiled across both
years to look for subcompetencies especially prone to
overestimation or underestimation errors (TABLE 3).
While the proportion of estimation errors tended to
decrease the more frequently a subcompetency was
measured, every subcompetency had some estimation
errors. There were 6 subcompetencies that had total
estimation errors greater than 5%, including 3 of the
4 professionalism subcompetencies (ICS-4, PROF-4,
MK-1, PROF-3, SBP-3, and PROF-1). Thirteen
subcompetencies had between 2% and 5% total
errors, and ICS-3, PBLI-1, and MK-2 each had less
than 2% errors.

We also saw a link between the way in which the
milestones were written and the prevalence of
estimation errors. TABLE 4 illustrates the milestones
for 2 subcompetencies (ICS-3 and ICS-4), which had a
very low and a very high prevalence of estimation
errors, respectively. The milestones within ICS-3 can
be more easily recognized as ordinal progressions
across different levels, which could have led to fewer
errors. In contrast, the progression from level 1 to
level 5 may be ordinal for ICS-4; however, the

individual milestone statements within each level are
not continuations of one another. If a resident’s mode
was 2.0, but a mean of 3.0 was reported as his or her
average performance, then the most typically
achieved milestones would denote a different level
of skill.

Estimation Errors and Their Impact on Resident
Performance Summaries

While quantifying the prevalence of estimation errors
is important on a global level, the impact these errors
may have in accurately representing a resident’s
performance brings this measurement issue to a
practical context. We chose 3 examples (1 from each
resident class) to represent how the mode as a
measure of central tendency, when compared to the
mean, provides a different depiction of overall
performance and the milestones that were achieved.
Ficure 2 displays these 3 cases where the resident’s
mean score for each subcompetency (circle) is
compared to their mode for that subcompetency
(square). The same pattern that was seen with the
aggregate data reveals itself in these individual cases.
Use of the mean score for these discrete milestone
levels resulted in a dramatic overestimation of
performance among first- and second-year residents,
and was more likely to underestimate performance as
the resident reached the final year of training.

TABLE 2
Number of Estimation Errors by Type of Error and Resident
Training Year

Type of Estimation Error and No. (%) of
Resident Training Year Estimation Errors

Overestimation errors

PGY-1 62 (53)

PGY-2 37 (31)

PGY-3 19 (16)

Total 118 (100)
Underestimation errors

PGY-1 34 (60)

PGY-2 12 (21)

PGY-3 11 (19)

Total 57 (100)

Abbreviation: PGY, postgraduate year.
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TABLE 3
Proportion of Estimation Errors by Subcompetency Rank Ordered by Total Percentage Errors
Subcompetency Meas.ll-::::rllen ts Pergevnet:ge Pe:,c::::ge Total Percentage Errors®
ICS-4 77 9.1 0 9.1
PROF-4 68 8.8 0 8.8
MK-1 111 6.3 0.9 7.2
PROF-3 164 5.5 0.6 6.1
SBP-3 82 6.1 0 6.1
PROF-1 118 5.1 0.9 5.9
SBP-1 133 2.3 2.3 4.5
PBLI-3 217 2.8 0.9 3.7
PBLI-2 308 23 1.3 3.6
PC-3 237 1.7 1.7 34
PC-4 208 34 0 3.4
PC-5 215 2.8 0.5 3.3
PC-2 245 2.0 0.8 29
SBP-4 528 1.1 1.5 2.7
ICS-2 227 2.2 0.4 2.6
PC-1 513 0.8 1.4 2.1
SBP-2 375 1.6 0.5 2.1
PROF-2 611 0.7 1.3 2
ICS-1 409 0.7 1.2 2
ICS-3 402 1.0 0.8 1.7
PBLI-1 290 1.4 0.3 1.7
MK-2 432 0.9 0.7 1.6

Abbreviations: ICS, interpersonal and communication skills; PROF, professionalism; MK, medical knowledge; SBP, systems-based practice; PBLI, practice-

based learning and improvement; PC, patient care.

? Percentages are calculated as (number of estimation errors)/(total number of measurements for a subcompetency).

Discussion

Our results suggest that the ACGME’s original
intent regarding milestones (ie, that they should not
be used as scales to directly assess resident
competency) was a wise recommendation. Unfortu-
nately, in many programs, milestone assessments do
not follow this recommendation. Residency pro-
grams often have taken the subcompetencies,
converted them to a 5-point scale with intermediate
points on the continuum, and have raters place
residents on that scale based on a single observation
or limited time spent with the ratee. These scores
are then averaged across ratings using a mean score,
whereby the CCCs then use this information to
create its reports.

According to our study, the use of mean perfor-
mance on scales developed using these developmental
categories as the scale points is ill-advised and
unpredictably inaccurate. The mean score either
overestimates where residents are on a subcompe-
tency, or underestimates their level of performance

306 Journal of Graduate Medical Education, June 2017

almost 25% of the time when compared with the level
at which they were most frequently scored (ie, mode).
Presenting a CCC with a frequency distribution and
mode level for each resident’s performance in each
subcompetency offers a more holistic view of the
resident’s competence.

The main limitation of this study is that it is from
a single residency program, reducing generalizabil-
ity. The study data were gathered during the first 2
years of implementing the milestone evaluations, so
there may have been a more variable set of
measurements as evaluators adjusted to the new
system. Another potential limitation to the study
was excluding 11% of the data for being multi-
modal, and selecting the lower of the 2 modes when
a score distribution was bimodal. These decisions
may have had a greater or lesser impact on error
proportions for certain subcompetencies. Further
research is needed to determine the benefits of using
modal values for direct assessments of trainees
using the milestones.
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Mean and Mode Comparison for a Single PGY-1 Resident
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Example Cases of a Single Resident’s Mean Versus Mode Summary for Each Subcompetency

Conclusion

If the current trend for using the milestone rubrics
as stand-alone instruments for direct assessments is
to continue, aggregating the data using a combina-
tion of frequency distributions and modal values
would produce a more stable and level-appropriate

308 Journal of Graduate Medical Education, June 2017

approach, given the nominal or, at best, ordinal
nature of the milestones. As programs struggle to
develop and implement new assessment instruments
for nationally developed milestones, it will be
important to identify measures that are psychomet-

rically sound as well as theory based.
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