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Research Report

The public expects competence from 
physicians.1–3 The member boards of the 
American Board of Medical Specialties, 
together with residency program directors 
(PDs), certify each individual physician’s 
competence to practice medicine without 
supervision in that specialty.4 Pediatric 
PDs are required to provide an overall 
assessment of satisfactory, marginal, 
or unsatisfactory performance to the 
American Board of Pediatrics (ABP) at the 
end of each residency year; only physicians 
who are assessed as satisfactory can become 

board certified. Little is known about 
the criteria PDs use to make competence 
and advancement decisions. Previous 
reports suggest that the designation of 
marginal or unsatisfactory performance 
has been based on general impressions 
of the trainee.5 The introduction of 
educational milestones as a discipline-
wide assessment tool by the Accreditation 
Council for Graduate Medical Education 
(ACGME) in July 2013 provides a common 
language for assessment and is a first step 
in developing a standardized method for 
examining, across training programs, 
progression toward becoming independent 
practitioners.6,7

Milestones are observable, competency-
based developmental outcomes that 
learners can demonstrate progressively 
from the beginning of training through 
graduation to unsupervised practice. 
Milestones are organized under six 
ACGME competency domains: patient 
care (PC), medical knowledge (MK), 

interpersonal and communication skills 
(ICS), practice-based learning and 
improvement (PBLI), professionalism 
(Prof), and systems-based practice 
(SBP).7 Each specialty worked with the 
ACGME and their relevant certifying 
board to create specialty-specific 
milestones.7 The pediatric milestones, 
informed by the literature, describe the 
stages through which learners progress 
for each subcompetency. These span 
the medical education continuum from 
novice, commensurate with a medical 
student, to seasoned practicing pediatric 
expert.8–11 For most subcompetencies, 
five milestone levels were defined; 
however, for some subcompetencies, 
there was inadequate literature to 
distinguish between proficiency and 
mastery; thus, only four milestone levels 
were defined.12,13 The milestone level 
performance of marginal/unsatisfactory 
(M/U) residents relative to their 
satisfactorily performing (S) peers is 
unknown, as are the subcompetencies 

Abstract

Purpose
To perform a derivation study to 
determine in which subcompetencies 
marginal/unsatisfactory pediatric 
residents had the greatest deficits 
compared with their satisfactorily 
performing peers and which 
subcompetencies best discriminated 
between marginal/unsatisfactory and 
satisfactorily performing residents.

Method
Multi-institutional cohort study of all 21 
milestones (rated on four or five levels) 
reported to the Accreditation Council 
for Graduate Medical Education, and 
global marginal/unsatisfactory versus 
satisfactory performance reported to 
the American Board of Pediatrics. Data 
were gathered in 2013–2014. For each 
level of training (postgraduate year 

[PGY] 1, 2, and 3), mean differences 
between milestone levels of residents with 
marginal/unsatisfactory and satisfactory 
performance adjusted for clustering by 
program and C-statistics (area under 
receiver operating characteristic curve) 
were calculated. A Bonferroni-corrected 
significance threshold of .0007963 was 
used to account for multiple comparisons.

Results
Milestone and overall performance 
evaluations for 1,704 pediatric residents 
in 41 programs were obtained. For 
PGY1s, two subcompetencies had 
almost a one-point difference in 
milestone levels between marginal/
unsatisfactory and satisfactory trainees 
and outstanding discrimination (≥ 
0.90): organize/prioritize (0.93; 
C-statistic: 0.91) and transfer of  

care (0.97; C-statistic: 0.90). The 
largest difference between marginal/
unsatisfactory and satisfactory PGY2s 
was trustworthiness (0.78). The 
largest differences between marginal/
unsatisfactory and satisfactory 
PGY3s were ethical behavior (1.17), 
incorporating feedback (1.03), and 
professionalization (0.96). For PGY2s 
and PGY3s, no subcompetencies had 
outstanding discrimination.

Conclusions
Marginal/unsatisfactory pediatric 
residents had different subcompetency 
gaps at different training levels. While 
PGY1s may have global deficits, 
senior residents may have different 
performance deficiencies requiring 
individualized counseling and targeted 
performance improvement plans.
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in which M/U residents have the largest 
deficits compared with their S peers. 
By identifying subcompetencies where 
M/U residents lag, PDs may be able to 
anticipate areas in which trainees may 
struggle and thus provide targeted skill 
development.

The specific aims of our derivation 
study were threefold: to determine the 
milestone levels of pediatric residents 
identified by PDs as either M/U or S, to 
determine in which subcompetencies 
M/U pediatric residents had the greatest 
deficits compared with their S peers, and 
to determine which subcompetencies 
best discriminated between M/U 
pediatric residents and their S peers. We 
hypothesized that subcompetencies in 
which M/U pediatric residents had the 
most difficulty would differ based on 
level of training.

Method

Study population

We performed a prospective multi-
institutional cohort study in academic 
year 2013–2014, the first year of 
milestone reporting. PDs were recruited 
at the 2013 Association of Pediatric 
Program Directors (APPD) annual spring 
meeting, as well as through the APPD 
Longitudinal Educational Assessment 
Research Network (LEARN)14 e-mail list.

Data collection

PDs submitted end-of-year (June 
2014) data, which corresponded 
to the ACGME and ABP reporting 
periods. PDs completed a demographic 
survey and submitted deidentified 
resident demographic information, 
subcompetency milestone levels, and 
overall PD rating of “satisfactory,” 
“marginal,” or “unsatisfactory,” as they 
would submit to the ABP. Program 
demographics included program size 
(small [≤ 30 residents], medium [31–60 
residents], large [> 60 residents]) and 
region (Northeast, Midwest, South, 
West). Resident demographics included 
gender, medical school (U.S. allopathic 
medical graduate [USMG-MD], 
international medical graduate [IMG], 
U.S. osteopathic medical graduate 
[USMG-DO]), type of pediatric training 
(categorical, combined), and level of 
training (postgraduate year [PGY] 1, 
PGY2, or PGY3). For the purposes of 
this study, only data from categorical 

pediatric residents were used because 
combined pediatric residents (e.g., 
medicine–pediatrics) may have a 
variable number of months of training 
in pediatrics at different postgraduate 
years, making it challenging to compare 
milestone levels across levels of training. 
PDs reported milestone levels (1, 1.5, 2, 
2.5, 3, 3.5, 4, 4.5, 5) for each resident for 
each of the 21 subcompetencies required 
by the ACGME. Each milestone level is 
anchored by behavioral descriptions. 
Each institution’s PD and Clinical 
Competency Committee determined 
how residents were assessed to arrive 
at milestone ratings. In three pediatric 
subcompetencies (diagnostic/therapeutic 
decisions [PC4], coordinate care [SBP1], 
and teamwork [SBP3]), the maximum 
milestone level is 4 rather than 5. The 
Institutional Review Boards (IRBs) at 
the University of California, Davis, and 
each participating program approved or 
exempted this study. For the purposes 
of this deidentified study, IRBs did 
not require signed consent from each 
participant given the minimal risk of 
the research. Some site IRBs required 
that participants receive a research 
information sheet with an option to opt 
out of the study.

Data analysis

We compared the program characteristics 
of enrolled study programs to unenrolled 
pediatric programs nationally using 
the American Medical Association’s 
Fellowship and Residency Electronic 
Interactive Database Web site.15 We 
compared the characteristics of study 
residents versus estimated unenrolled 
residents by subtracting study residents 
from all pediatric residents nationally 
using ACGME data for categorical 
pediatric residents from 2013–2014.16 
We compared M/U versus S residents 
by gender, medical school, and level 
of training. We performed chi-square 
analyses to compare study participants 
versus unenrolled pediatric residents and 
M/U versus S residents using STATA/SE 
statistical software, version 12.1 (STATA 
Corporation, College Station, Texas).

We performed all analyses other 
than chi-square analyses using SAS 
statistical software, version 9.4 (SAS 
Institute, Inc., Cary, North Carolina). 
We performed a two-sided asymptotic 
Cochrane–Armitage trend test17 to 
determine whether learners were less 

likely to be assessed as M/U as level of 
training increased. We calculated mean 
milestone scores, standard deviations, 
medians, and interquartile ranges of 
residents dichotomized into M/U and S 
for each of the 21 subcompetencies for 
each level of training. Data for residents 
with missing level of training (n = 6) were 
not included in analyses that required 
level of training. For each level of training, 
we calculated mean differences between 
milestone scores of M/U and S residents, 
adjusted for clustering by program as a 
fixed effect, to control for confounding 
effects arising from between-program 
differences in mean milestone scores and 
proportion of M/U residents. We did not 
adjust for resident demographics such as 
gender or medical school because we felt 
that any differences in resident overall 
performance (marginal/unsatisfactory/
satisfactory) associated with resident 
demographics should be captured fully by 
the resident’s milestone scores. A priori, 
subcompetencies where the adjusted mean 
difference was ≥ 0.5 milestone level were 
designated as educationally significant. To 
determine whether adjustment for resident 
demographics affected the results, we 
calculated mean milestone levels adjusted 
for program, gender, and medical school. 
For medical school, we combined USMG-
MDs and USMG-DOs into one category 
and IMGs into a second category, as there 
were no USMG-DOs in the M/U group for 
some levels of training.18 We performed 
an additional regression analysis restricted 
to S residents to investigate whether 
S residents in programs reporting 
M/U residents and programs with no 
M/U residents had similar milestone 
scores. To determine whether skew 
in the data required nonparametric 
analyses, we rank transformed the data, 
performed regression analyses on the 
rank-transformed data, and compared 
the resulting P values with those from 
our adjusted mean difference analysis.18 
For each of these analyses, we used a 
Bonferroni adjustment to account for the 
63 comparisons such that the P value for 
statistical significance is .0007963 (.05/63) 
and presented 99.92% (1 − 0.0007963) 
confidence intervals (CIs) around the 
effect estimates to reflect the adjusted α 
level.

To determine how well subcompetency 
milestone levels discriminated between 
residents identified as M/U and S, we 
calculated C-statistics (area under the 
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receiver operating characteristic curve 
[AUC]) for each subcompetency for 
each level of training. We calculated 
asymptotic 99.92% CIs for the AUC 
based on Somers D, using Bonferroni 
adjustment to account for the 63 
comparisons. C-statistics can be 
interpreted as the probability that a 
randomly selected trainee identified as 
M/U has a lower milestone score than an 
S trainee. A C-statistic of 0.5 indicates 
that a subcompetency is no better than 
chance at discriminating between M/U 
and S residents, whereas a C-statistic 
of 1 indicates that a subcompetency 
perfectly discriminates between M/U and 
S residents. C-statistic values of 0.7 to 
0.8 indicate acceptable discrimination, 
values of 0.8 to 0.9 indicate excellent 
discrimination, and values ≥ 0.9 indicate 
outstanding discrimination.19

Results

A total of 41 pediatric residency 
programs (20.6%; 41/199 programs in 
the United States), representing 1,704 
unique categorical pediatric residents 
(570 PGY1s, 577 PGY2s, 551 PGY3s), 
participated in the study. Compared 
with nonparticipating programs, study 

programs were similar in distribution 
of size (29.3% [12/41] small, 36.6% 
[15/41] medium, and 34.2% [14/41] 
large; P = .36) and program region 
(23.4% [10/41] Northeast, 27.7% [12/41] 
Midwest, 29.8% [10/41] South, 19.2% 
[9/41] West; P = .31). The demographic 
distribution of participants reflects those 
of all United States pediatric residents in 
terms of postgraduate year and gender 
(Table 1).16 Our study had more USMG-
MDs than the unenrolled group (P < .01; 
74.8% vs. 64.3%).

Residents were more likely to be reported 
as M/U earlier in training (PGY1: 2.6% 
[15/570]; PGY2: 1.6% [9/577]; PGY3: 
1.1% [6/551]; P = .0495). There was no 
difference in gender (P = .06) or medical 
school (P = .08) between M/U and S 
resident groups.

Mean milestone levels of M/U  
and S residents

Table 2 and Figure 1 show how M/U 
residents performed relative to their 
S peers. S PGY1s’ end-of-year mean 
milestone levels were ~2.5 to 3 for each 
subcompetency, with a ~0.5-milestone-
level increase with each additional year 
of training. Figure 1’s radar graph shows 

a clear difference between performance 
of M/U and S PGY1s, with M/U PGY1s 
performing 0.5 to 1 milestone level below 
their S peers in all subcompetency areas. 
Mean milestone levels of M/U PGY2s 
were similar to S PGY1s’ mean levels in 
trustworthiness (Prof5). Mean milestone 
levels of M/U PGY3s were lower than S 
PGY1s’ mean levels for ethical behavior 
(Prof3).

Table 2 and Figure 2 show that each level 
of training had different subcompetencies 
where M/U residents’ adjusted mean 
milestone level performance differed 
from their S peers. Results were similar 
when mean differences were adjusted 
for program, gender, and medical school 
(data not shown). Results from our 
nonparametric (rank transformed) 
analysis were similar to results from our 
parametric (adjusted mean difference) 
analysis (data not shown), with the 
exception of three items which were no 
longer statistically significant: PGY1–
advocacy (SBP2), PGY2–evidence-based 
pediatrics (MK), and PGY3–diagnostic/
therapeutic decisions (PC4). For PGY1s, 
M/U residents had globally lower 
milestone levels than their S peers for 
both the parametric and nonparametric 

Table 1
Demographic Characteristics of 1,704 Pediatric Residents and Unenrolled Pediatric 
Residents Nationally, From a Multi-Institutional Study of Clinical Skills Progression by 
Pediatric Milestones, 2013–2014

 
No. (%) of all study  
pediatric residents

No. (%) of  
unenrolled  

pediatric residents 
nationallya

N = 7,035

P value comparing 
all study pediatric 

residents with 
unenrolled pediatric 
residents nationallyResident characteristic

Overall
N = 1,704

M/U
n = 30

S
n = 1,674

Gender .41
  Female 1,230 (72.2) 17 (56.7) 1,213 (72.5) 4,721 (73.2)

  Male 474 (27.8) 13 (43.3) 461 (27.5) 1,731 (26.8)

Medical schoolb < .01 

  U.S. or Canadian allopathic medical 
graduate

1,273 (74.8) 20 (66.7) 1,253 (74.9) 4,583 (64.3)

  International medical graduate 276 (16.2) 9 (30.0) 267 (16.0) 1,713 (24.0)

  U.S. osteopathic medical graduate 154 (9.0) 1 (3.3) 153 (9.1) 828 (11.6)

Level of trainingc .95

  PGY1 570 (33.6) 15 (50.0) 555 (33.3) 2,392 (34.0)

  PGY2 577 (34.0) 9 (30.0) 568 (34.1) 2,381 (33.8)

  PGY3 551 (32.5) 6 (20.0) 545 (32.7) 2,268 (32.2)

 Abbreviations: PGY indicates postgraduate year; M/U, marginal/unsatisfactory; S, satisfactory.
 aNational data from the Accreditation Council for Graduate Medical Education Data Resource Book Academic 

Year 2013–2014 for United States categorical pediatric residents from 2013–2014 for medical school and sex.16 
The ACGME Data Resource Book Academic Year 2013–2014 had 672 pediatric residents who did not have sex 
reported. Unenrolled data were estimated by subtracting study data from all data nationally.

 b1 missing medical school.
 c6 missing level of training.
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analyses for all subcompetencies except 
advocacy (SBP2). Differences in mean 
milestone levels ranged from 0.60 to 0.97. 
Subcompetencies with almost one-full-
milestone-level difference between M/U 
and S PGY1s included organize/prioritize 
(PC2: 0.93; 99.92% CI: 0.54–1.32), transfer 
of care (PC3: 0.97; 99.92% CI: 0.60–1.34), 
and help-seeking (Prof4: 0.96; 99.92% CI: 
0.46–1.47). For PGY2s, the largest adjusted 
mean difference in milestone levels was 
in trustworthiness (Prof5: 0.78; 99.92% 
CI: 0.36–1.20). For PGY3s, the largest 
adjusted mean milestone level differences 
were ethical behavior (Prof3: 1.17; 99.92% 
CI: 0.26–2.08), incorporating feedback 
(PBLI4: 1.03; 99.92% CI: 0.25–1.81), and 
professionalization (0.96; 99.92% CI: 0.14–
1.79). We found no significant difference 
in milestone levels for S residents in 
programs reporting M/U residents and 
programs with no M/U residents (data not 
shown).

Discrimination between M/U  
and S residents

Figure 3 and Appendix 1 show that for 
different levels of training, different 
subcompetencies discriminated 
between M/U and S learners. For 
PGY1s, although all subcompetencies 
acceptably discriminated between M/U 
and S learners (C-statistic ≥ 0.7), three 
subcompetencies had outstanding 
discrimination (C-statistic ≥ 0.9): 
organize/prioritize (PC2: C-statistic: 
0.91; 99.92% CI: 0.78–0.1.00), transfer of 
care (PC3: 0.90; 99.92% CI: 0.84–0.96), 
and diagnostic/therapeutic decisions 
(PC4: 0.90; 99.92% CI: 0.83–0.96) (see 
also Supplemental Digital Appendix 1 
at http://links.lww.com/ACADMED/
A457). For PGY2s, no subcompetency 
discriminated between M/U and S 
learners. Trustworthiness (Prof5), which 
was found to have the largest mean 
milestone level difference between M/U 

and S PGY2s, was not significantly 
discriminatory (C-statistic: 0.73; 
99.92% CI: 0.42–1.00). For PGY3s, 
two subcompetencies had excellent 
discrimination (C-statistic ≥ 0.8): quality 
improvement (PBLI3: 0.82; 99.92% 
CI: 0.50–1.00) and advocacy (SBP2: 
0.87; 99.92% CI: 0.56–1.00). The three 
subcompetencies that had the largest 
mean milestone-level difference between 
M/U and S PGY3s were not significantly 
discriminatory: incorporating feedback 
(PBLI4: 0.73; 99.92% CI: 0.28–1.00), 
professionalization (Prof2: 0.70; 99.92% 
CI: 0.28–1.00), and ethical conduct 
(Prof3: 0.79; 99.92% CI: 0.21–1.00).

Discussion

Our study is the first, to our knowledge, 
to use milestone ratings to describe 
the performance of a nationally 
representative sample of M/U and S 
pediatric residents. We found fewer M/U 
residents as training level progressed. 
Overall, mean milestone levels for M/U 
residents were lower than for S residents. 
M/U residents had different distributions 
of subcompetency gaps compared with S 
residents at different levels of training.

PGY1s who were identified as M/U 
received lower adjusted mean milestone 
scores than their S peers across all 
subcompetencies. We identified two 
subcompetencies that identified residents 
in need of remediation early in residency 
because they showed almost a one-point 
milestone-level difference between 
M/U and S PGY1s and had outstanding 
discrimination: organize/prioritize 
(PC2) and transfer of care (PC3). These 
findings are consistent with earlier 
studies suggesting that typical patient 
care deficits are identifiable early and 
may be targeted for remediation earlier in 
training.20–25

For PGY2s, the differences in adjusted 
mean milestone levels were smaller 
than for PGY1s. Trustworthiness was 
the subcompetency with the largest 
adjusted mean milestone difference 
between M/U and S PGY2s, with M/U 
PGY2s performing similarly to S PGY1s. 
In pediatrics, PGY2s begin to have a 
supervisory role, which may highlight 
the importance of “trustworthiness that 
makes colleagues feel secure when one is 
responsible for the care of patients”26 in 
entrustment decisions when allowing a 

Figure 1 End-of-year subcompetency mean milestone levels for M/U and S pediatric residents by 
level of training, from a multi-institutional study of clinical skills progression by pediatric milestones, 
2013–2014. The radar chart graphically displays mean milestone levels by level of training for M/U 
and S pediatric residents for each of the 21 pediatric subcompetencies along an axis that begins 
with 1 in the center of the chart and ends with 5 (highest milestone level) on the outer ring. (For a 
full listing of the subcompetencies see Table 1 or Appendix 1.) Pediatric residents with satisfactory 
performance have higher milestone levels with each additional level of training. M/U PGY1s score 
0.5–1 milestone level below their S peers in all subcompetency areas. Mean milestone levels of 
M/U PGY2s were similar to S PGY1s’ mean levels in trustworthiness (Prof5). Mean milestone levels 
of M/U PGY3s were lower than S PGY1s’ mean levels for ethical behavior (Prof3). Abbreviations: 
M/U indicates marginal/unsatisfactory; S, satisfactory; PGY, postgraduate year; PC, patient care; 
MK, medical knowledge; PBLI, practice-based learning and improvement; ICS, interpersonal and 
communication skills; Prof, professionalism; SBP, systems-based practice. 
*These subcompetencies have only four milestone levels.
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resident to supervise.27,28 Trustworthiness 
includes colleagues’ perception of the 
physician’s knowledge, skills, and abilities 
as well as discernment of limitations, 
conscientiousness, and truthfulness, 
and may represent how the overall 
development of entrustment for S PGY2s 
differs from that for M/U PGY2s.27,29–31 
However, in contrast to M/U PGY1s, 
who scored globally lower than their S 
peers, with most subcompetencies having 
outstanding discrimination (C-statistic 
≥ 0.90) or excellent discrimination 
(C-statistic ≥ 0.80) between M/U and S 
PGY1s, no subcompetency discriminated 
between M/U and S PGY2s. This 

finding points to the importance of 
PDs individualizing performance 
improvement plans for M/U PGY2s 
based on their own personal performance 
lapses.

We found that mean milestone scores of 
M/U PGY3s were lower than S PGY1s 
for ethical behavior (Prof3). In addition, 
compared with S PGY3s, M/U PGY3s 
had the largest adjusted mean milestone 
differences in ethical behavior (Prof3), 
incorporating feedback (PBLI4), and 
professionalization (0.96). However, these 
subcompetencies did not discriminate 
between M/U and S PGY3s. These 

findings highlight the heterogeneity of 
M/U PGY3 performance; some, but not 
all M/U PGY3s had clear deficiencies in 
ethical behavior, incorporating feedback, 
or professionalization. Prior studies have 
also found that professionalism deficits 
tend to be identified later in training.22,32 
Difficulties with professionalism or 
incorporating feedback may be better 
identified later in training because of 
increased observations of the trainee. 
Alternatively, these findings may 
suggest that successful performance in 
subcompetencies such as ethical behavior 
and incorporating feedback may be areas 
that PDs feel are important in making 
global M/U or S end-of-year assessments 
of resident performance. PDs may be 
making decisions about graduation 
in part based on professionalism 
characteristics demonstrated by medical 
students and residents that may be 
associated with future medical board 
disciplinary action, such as lack of 
professionalization, ethical behavior, and 
incorporating feedback.5,33–35

Our study has several limitations. First, 
PDs identified a small number of M/U 
residents. Fewer M/U residents were 
identified later in training, leading 
to wider CIs for PGY2 and PGY3 
results, and this may underpower our 
study to detect significant differences 
between M/U and S resident (Type II 
errors). It is possible that fewer M/U 
residents were identified because 
M/U residents identified earlier in 
training are remediated or dismissed. 
Alternatively, PDs may be more reluctant 
to label residents further in training 
as M/U because the stakes are higher, 
with residents’ approval to sit for the 
board certification exam dependent 
on PD attestation of satisfactory 
performance and ability to practice 
without supervision. Second, our study 
was performed when milestones were 
new to programs, faculty, and Clinical 
Competency Committees. Inexperience 
may have resulted in higher ratings of 
high-performing residents and lower 
ratings of low-performing residents, 
which may lead to overestimation of 
differences between milestone levels 
for M/U versus S residents. Conversely, 
because data were collected early after 
implementation of milestones, there 
were no national expectations that may 
have otherwise biased scoring by the 
evaluators. Adjusted mean milestone 

Figure 2 Difference between end-of-year subcompetency mean milestone scores of marginal/
unsatisfactory pediatric residents and satisfactorily performing peers by level of training adjusted for 
program, from a multi-institutional study of clinical skills progression by pediatric milestones, 2013–
2014. Mean differences in milestone levels between marginal/unsatisfactory pediatric residents and 
satisfactorily performing peers are adjusted for clustering by residency program and corrected for 
the 63 comparisons using a Bonferroni-corrected significance level of .0007963 (.05/63). Adjusted 
mean differences and 99.92% CIs (1 − 0.0007963) are reported. Results from the nonparametric 
analysis (regression analysis of rank-transformed data adjusted for clustering by program and 
with Bonferroni correction) are similar to parametric results reported, with the exception of three 
items which are no longer statistically significant: PGY1–advocacy (SBP2), PGY2–evidence-based 
pediatrics (MK), and PGY3–diagnostic/therapeutic decisions (PC4). Abbreviations: PGY indicates 
postgraduate year; PC, patient care; MK, medical knowledge; PBLI, practice-based learning and 
improvement; ICS, interpersonal and communication skills; Prof, professionalism; SBP, systems-
based practice; CI, confidence interval.
*These subcompetencies have only four milestone levels.
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differences and C-statistics for PGY3s 
were variable, suggesting that residents 
were not given the same milestone level 
across all subcompetencies. Third, our 
study had multiple comparisons, which 
may inadvertently lead to detecting 
differences where no true differences 
exist (Type I errors); however, we tried 
to minimize Type I errors by using 
a Bonferroni-corrected significance 
threshold of .0007963 (.05/63) to correct 
for multiple comparisons. Fourth, our 
study population had more USMG-
MDs compared with all U.S. pediatric 
residents. It is possible that USMG-DOs 

and IMGs may have different deficiencies. 
Future studies in a more representative 
population of pediatric residents are 
needed to validate the findings in this 
derivation study. Fifth, programs may use 
different criteria to define M/U residents 
(milestone scores, narrative comments, 
etc.) and may have different thresholds 
for determining M/U (e.g., marginal/
unsatisfactory residents perform poorly 
in all milestones, majority of milestones, 
or specific milestones). Sixth, our study 
was limited to pediatric residents; it is 
possible that residents in other specialties 
have different subcompetency gaps. 

Future studies of residents of other 
specialties are needed to verify whether 
our findings are generalizable beyond 
pediatrics. Finally, our study was limited 
to a single year. A longitudinal study 
which follows residents across training 
years may help us better understand the 
progression of M/U residents.

We found that M/U pediatric residents 
had different subcompetency gaps at 
different levels of training. While PGY1s 
have global deficits, senior residents 
may have different performance 
deficiencies that require individualized 
counseling and targeted performance 
improvement plans. Similar research in 
a larger validation cohort of pediatric 
residents, and in other specialties, that 
uses the subcompetencies found to 
identify M/U learners in this derivation 
study is needed to verify or contradict 
our findings and determine whether 
our findings are generalizable beyond 
pediatrics.
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Appendix 1
Discrimination Between Marginal/Unsatisfactory and Satisfactory Pediatric 
Residents for Different Subcompetencies by Level of Training Corrected for 
Multiple Comparisons With Bonferroni Method, From a Multi-Institutional 
Study of Clinical Skills Progression by Pediatric Milestones, 2013–2014a

Subcompetency

PGY1 PGY2 PGY3

AUC 99.92% CI AUC 99.92% CI AUC 99.92% CI

PC1: Gather essential and accurate information about 
the patient

0.87 0.74–0.99 0.61 0.24–0.98 0.62 0.13–1.00

PC2: Organize and prioritize responsibilities to provide 
patient care that is safe, effective, and efficient

0.91 0.78–1.00 0.68 0.38–0.98 0.65 0.17–1.00

PC3: Provide transfer of care that ensures seamless transitions 0.90 0.79–1.00 0.74 0.48–1.00 0.64 0.15–1.00

PC4: Make informed diagnostic and therapeutic 
decisions that result in optimal clinical judgmentb

0.90 0.79–1.00 0.70 0.37–1.00 0.76 0.46–1.00

PC5: Develop and carry out management plans 0.89 0.73–1.00 0.65 0.32–0.97 0.65 0.23–1.00

MK: Locate, appraise, and assimilate evidence from 
scientific studies related to their patients’ health problems

0.86 0.68–1.00 0.60 0.28–0.93 0.47 0.00–1.00

PBLI1: Identify strengths, deficiencies, and limits in 
one’s knowledge and expertise

0.89 0.75–1.00 0.64 0.27–1.00 0.62 0.17–1.00

PBLI2: Identify and perform learning activities to guide 
personal and professional development

0.86 0.70–1.00 0.65 0.28–1.00 0.60 0.10–1.00

PBLI3: Systematically analyze practice using quality 
improvement methods, and implement changes with 
the goal of practice improvement

0.80 0.59–1.00 0.74 0.36–1.00 0.82 0.50–1.00

PBLI4: Incorporate formative evaluation feedback into 
daily practice

0.85 0.65–1.00 0.62 0.25–0.99 0.73 0.28–1.00

ICS1: Communicate effectively with patients, families, 
and the public, as appropriate, across a broad range of 
socioeconomic and cultural backgrounds

0.83 0.67–1.00 0.51 0.12–0.90 0.63 0.13–1.00

ICS2: Demonstrate the insight into emotion and human 
response to emotion that allows one to appropriately 
develop and manage human interactions

0.82 0.62–1.00 0.66 0.37–0.96 0.77 0.41–1.00

Prof1: Humanism, compassion, integrity, and 
respect for others; based on the characteristics of an 
empathetic practitioner

0.79 0.58–0.99 0.55 0.25–0.85 0.62 0.19–1.00

Prof2: Professionalization: A sense of duty and 
accountability to patients, society, and the profession

0.79 0.56–1.00 0.61 0.27–0.96 0.70 0.28–1.00

Prof3: Professional conduct: High standards of ethical 
behavior which includes maintaining appropriate 
professional boundaries

0.76 0.51–1.00 0.58 0.28–0.89 0.79 0.21–1.00

Prof4: Self-awareness of one’s own knowledge, skill, 
and emotional limitations that lead to appropriate help- 
seeking behaviors

0.87 0.67–1.00 0.63 0.24–1.00 0.58 0.00–1.00

Prof5: Trustworthiness that makes colleagues feel 
secure when one is responsible for the care of patients

0.84 0.65–1.00 0.73 0.42–1.00 0.66 0.20–1.00

Prof6: The capacity to accept that ambiguity is part of 
clinical medicine and to recognize the need for and to 
utilize appropriate resources in dealing with uncertainty

0.86 0.67–1.00 0.63 0.27–0.99 0.62 0.14–1.00

SBP1: Coordinate patient care within the health care 
system relevant to their clinical specialtyb

0.87 0.71–1.00 0.63 0.35–0.91 0.67 0.33–1.00

SBP2: Advocate for quality patient care and optimal 
patient care systems

0.77 0.50–1.00 0.63 0.19–1.00 0.87 0.56–1.00

SBP3: Work in interprofessional teams to enhance 
patient safety and improve patient care qualityb

0.83 0.62–1.00 0.62 0.23–1.00 0.61 0.15–1.00

 Abbreviations: PGY indicates postgraduate year; AUC, area under receiver operating characteristic curve;  
PC, patient care; MK, medical knowledge; PBLI, practice-based learning and improvement;  
ICS, interpersonal and communication skills; Prof, professionalism; SBP, systems-based practice.

 aThe authors calculated asymptotic 99.92% CIs for the AUC (area under the receiver operating characteristic curve) based 
on Somers D. A Bonferroni-corrected significance threshold of .0007963 was used to account for the 63 comparisons. 
C-statistics can be interpreted as the probability that a randomly selected trainee identified as marginal/unsatisfactory 
has a lower milestone score than a satisfactory trainee. A C-statistic of 0.5 indicates that a subcompetency is no better 
than chance at discriminating between M/U and S residents, whereas a C-statistic of 1 indicates that a subcompetency 
perfectly discriminates between M/U and S residents. C-statistic values of 0.7–0.8 indicate acceptable discrimination, 
values of 0.8–0.9 indicate excellent discrimination, and values ≥ 0.9 indicate outstanding discrimination.

 bThese subcompetencies have only four milestone levels.
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