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Abstract

Objectives: In 2012, the ACGME established the
Milestones in emergency medicine (EM) training to
provide competency-based benchmarks for residency
training. Small observational studies have shown variable
correlation between faculty assessment and resident self-
assessment. Using simulation clinical scenarios, we sought
to determine (1) the correlation between resident self-
assessment and faculty assessment of clinical competency
using selected Milestones; and (2) the inter-rater
reliability between EM faculty using both Milestone
scoring and a critical actions checklist.

Methods: This is an observational study in which second-
year EM residents at an urban academic medical center
were assessed with two simulation cases focusing on
management of cardiogenic shock and sepsis. Twenty-
three residents completed both cases; they were assessed
by two EM faculty in eight select Milestones (scored 1-5,
increments of 0.5) and with a checklist of critical actions
to perform (scored 0 or 1). Intra-class correlation
coefficients (ICC) were used to compare Milestone scoring
between faculty and to assess correlation between
resident self-assessment and faculty scoring. Faculty
checklist inter-observer agreement was assessed using
kappa statistics. Correlation between Milestone
achievement and checklist performance were assessed
using Spearman and Pearson correlation coefficients.

Results: The ICCs for inter-rater agreement between
faculty for Milestone level were 0.12 and 0.15 for the
cardiogenic shock and sepsis cases, respectively. The ICC
comparing resident self-assessment with the average of
faculty Milestone level scoring for each case was 0.00. The
inter-rater agreement on checklist items for the
cardiogenic shock and sepsis cases had kappa coefficients
of 0.83 and 0.78, respectively. Pearson and Spearman

correlation coefficients comparing Milestone scoring and
checklist items in the cardiogenic shock case were 0.27
and 0.29; in the sepsis case, 0.085 and -0.021.

Conclusion: When compared to critical action checklists,
use of Milestones lacks consistency between faculty raters
for simulation-based competency assessment. Resident
self-assessment shows no correlation with faculty
assessments.

Keywords:  Cardiogenic shock; Spearman and Pearson
correlation coefficients; Accreditation Council for
Graduate Medical Education (ACGME); Emergency
Medicine (EM)

Introduction
The Emergency Medicine (EM) Milestones are the current

standard that all residencies must use to measure progress in
resident learning and clinical growth along the pathway from
novice to expert. Residencies are required to provide the
Accreditation Council for Graduate Medical Education
(ACGME) with milestones rating every six months through
reviews conducted by Core Competency Committees to
document resident progress in training.

Achievement of specific Milestones is fundamentally based
on the successful demonstration of defined entrustable
professional activities. These activities are complex, relying on
the integration of knowledge and skills to demonstrate
competence. Evidence for attainment of specific Milestone
levels can be garnered from a variety of assessments, including
direct observation in both the clinical and simulation learning
environments.

Research on the reliability of Milestone scoring in direct
observational assessment and resident self-evaluation has had
variable results. While small observational studies in non-EM
residency programs have shown strong correlation between
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resident self-assessment and faculty assessment of those
residents [1,2] a small observational study performed in an EM
residency found that residents consistently scored themselves
higher than faculty assessments [3].

It is unclear whether incorporating Milestone-based
assessments in simulation-based competency assessments
provides reliable data and added value over checklist-based
rubrics. This pilot study sought to determine the inter-rater
reliability of Milestones relative to checklists for faculty
observers when used to measure performance in two
simulation-based competency assessments. In addition, we
sought examine the correlation between EM resident self-
assessment and faculty assessment.

Methods

Study design
This is an observational study in which EM residents were

assessed with two simulation cases focusing on management
of cardiogenic shock and sepsis.

Study setting and population
Second-year EM residents at a four-year, academic medical

center underwent hands-on training modules in a state-of-the-
art medical simulation center using mannequins, simulation
software, and ample medical equipment. Residents were
familiar with the equipment and setup through multiple other
simulation modules performed on site. These simulations were
performed over two years (2013 and 2014), so two classes of
residents took part in this study. Each resident independently
ran two simulation cases, one involving a patient in septic
shock from pneumonia (“sepsis case”) and another focusing on
a patient in cardiogenic shock from ST-elevation MI
(“cardiogenic shock case”). Cases were obtained from the
Council of Emergency Medicine Residency Directors teaching
case bank [4].

Measurements
Two faculty members familiar with the Milestones and

resident evaluation observed the case (one inside the room
with the resident and one observing through a one-way
mirror). They evaluated residents using a checklist of critical
actions (expanded from the checklists included with the cases)
as well as selected EM Milestones most relevant to the
individual cases. Checklist items included important actions
necessary for the diagnosis, stabilization and treatment of the
simulation patients (Table 1), and residents were scored as
either having performed or not performed each checklist item.
Specific Milestones were selected prior to the simulation, and
residents were scored from Level 1 (lowest level) to Level 5
(highest level) in increments of 0.5 (Table 2). After completion
of the simulation cases, residents were asked to score
themselves using the same Milestone scoring system without
having seen the faculty assessments of their cases.

Table 1 Checklist items.

Sepsis Case Cardiogenic Shock Case

Measure temperature Obtain EKG

Obtain history from EMS/family Recognize STEMI

Appropriate medications for
intubation

Obtain chest x-ray

Place endotracheal tube (ETT) Obtain cardiac enzymes

Confirm placement of ETT Consult cardiology

Identify pneumonia on chest x-ray Screen for contraindications for
lytics

Give bolus of intravenous fluids Administer lytic medications

Place central venous catheter Give bolus of intravenous fluids

Initiate pressors Initiate pressors

Give appropriate antibiotics Transfer patient to higher level of
care

Explain medical situation to mother Explain need for transfer to patient

Act calm and professional --

Disposition patient to ICU --

Table 2 Selected emergency medicine milestones.

Emergency Medicine Milestones

Emergency stabilization

Focused history and physical exam

Diagnostic studies

Diagnosis

Pharmacotherapy

Observation and reassessment

Disposition

Patient-centered communication

Data analysis
The data was analyzed to assess the reliability and

reproducibility of faculty assessment and resident self-
assessment. The Milestone scoring performed by each faculty
member was compared to the other faculty member using
intra-class correlation coefficients. The faculty-assessed
Milestone score for each Milestone was then averaged
between the faculty, and this result was compared to resident
self-assessment of Milestone level using intra-class correlation
coefficients. Inter-rater agreement for faculty assessment of
critical actions performed was determined using kappa
statistics. Finally, Pearson and Spearman correlation
coefficients were calculated to determine the correlation
between the number of critical actions performed and the
average Milestone score given to each resident by the faculty.
This study was determined by the IRB to be exempt.
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Results
Twenty-three out of possible thirty second-year residents

took part in this study due to scheduling constraints, with each
running identical cases on cardiogenic shock and septic shock.
Fifteen of the twenty-three residents who participated were
female.

Faculty observers found that residents completed an
average of 91.7% of critical actions in the cardiogenic shock
case and 82.2% of critical actions in the septic shock case.
Between faculty members, a kappa correlation coefficient of
0.83 (95% confidence interval 0.69-0.96) indicated high inter-
rater agreement for completion of critical actions performed
during the cardiogenic shock case. For the sepsis case, the
kappa correlation coefficient was similarly high at 0.78 (95% CI
0.68-0.88).

The intra-class correlation coefficients (ICC) for agreement
between faculty observers for Milestone level were 0.12 and
0.15 for the cardiogenic shock and sepsis cases, respectively.
The ICC comparing resident self-assessment with the average
of faculty Milestone scoring for each case was 0.00. On
average, residents scored themselves 0.70 points higher
(standard deviation 0.49) than the average faculty Milestone
score for the cardiogenic shock case, and 0.35 points higher
(standard deviation 0.62) in the sepsis case.

Figures 1 and 2 compare the average faculty Milestone
score to average percentage of checklist items completed. The
Pearson and Spearman correlation coefficients comparing
average faculty Milestone scoring and checklist items in the
cardiogenic shock case were 0.27 and 0.29; in the sepsis case,
0.085 and -0.021.

Figure 1 Comparison of faculty milestone score to checklist
percentage correct for cardiogenic shock case.

Figure 2 Comparison of faculty milestone score to checklist
percentage correct for septic shock case.

Discussion
Since the ACGME introduced the six core competencies in

1999, the development of assessment methods with proven
reliability and validity in measuring physician competence has
proven challenging [5]. In 2008, the ACGME EM Milestones
Project sought to provide standardized competency-based
benchmarks to measure a resident’s individual developmental
progression in 23 specific domains during residency and
beyond [6]. Evidence for attainment of specific Milestone
levels relies on multiple direct observations of an individual
resident demonstrating the effective integration of knowledge
and skills over time.

While many observations occur in the clinical environment,
extended in depth assessment of patient care skills in a busy
ED is challenging. Simulation-based assessments provide a
controlled environment for benchmarking and deliberate
practice of patient care skills free of these constraints [7,8].
Checklist-based assessments, based on specific observable
actions and behaviors, can be designed to assess successful
execution of sequenced critical actions to determine
successful achievement of a specific skillset or knowledge
level. The "yes or no" nature of checklist assessments removes
much of the subjectivity of resident evaluation. Our data show
that using checklists for simulation-based assessment provides
reliable measurements between faculty observers, consistent
with other studies [9].

Milestone assessments rely on the demonstration of much
broader clinical skillsets using novice-to-expert format.
Observations of clinical skills may be subject to inter-observer
variance based on a variety of factors, including prior
experience with the learner in other settings (e.g. halo or
millstone effects), expertise of the observer, perceived fluidity
of the performance, and understanding of how to interpret the
Milestone assessment language. This study found a poor
degree of inter-rater reliability for the EM milestones related
to direct patient care skills (EM Milestones 1-8) between
faculty observers as well as for resident self-assessments and
faculty ratings. These findings underscore the importance of
anchoring Milestones assessments to specific performance
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criteria to ensure that rating is more consistent and reliable
[10].

Unlike the procedure-oriented Milestones, Milestones
related to direct patient care skills may require a series of
observed performances in order to reliably determine
competence. Simulation-based assessments in which faculty
observe a single patient care encounter may not provide
enough opportunity for faculty to adequately assess Milestone
achievement. When used in conjunction with checklists,
Milestone ratings may be used to provide formative feedback
to residents. However, our data indicate that there are
significant limitations to using Milestones for the purposes of
generating a summative assessment for single-encounter
patient care simulations.

Limitations
Our study was conducted in a single, four-year residency

training program; therefore, the results may have limited
external validity. While faculty observers were trained on the
interpretation of both checklist items and Milestones levels
prior to the assessment, it is possible that misinterpretation of
specific criteria persisted. Lastly, all faculty observers had
previous real-world patient care experiences with the PGY-2
residents who participated in the assessment, raising the
possibility of the halo and millstone effects influencing certain
Milestone ratings.

Conclusion
Compared to critical action checklists, use of Milestones

ratings in simulation-based assessments lacks consistency
between faculty raters for simulation-based competency
assessment. Resident self-assessment shows no correlation
with faculty assessments. While Milestone ratings may be used
to provide formative feedback to residents, there are
significant limitations in using Milestones for summative
assessment for single-encounter patient care simulations.
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