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Aim: The aim of this study was to assess the validity of a formative feedback instrument
for leaders of simulated resuscitations.
Methods: This is a prospective validation study with a fully crossed (person � scenario �
rater) study design. The Concise Assessment of Leader Management (CALM) instrument was
designed by pediatric emergency medicine and graduate medical education experts to be
used off the shelf to evaluate and provide formative feedback to resuscitation leaders. Four ex-
perts reviewed 16 videos of in situ simulated pediatric resuscitations and scored resuscitation
leader performance using the CALM instrument. The videos consisted of 4 pediatric emer-
gency department resuscitation teams each performing in 4 pediatric resuscitation scenarios
(cardiac arrest, respiratory arrest, seizure, and sepsis).We report on content and internal struc-
ture (reliability) validity of the CALM instrument.
Results: Content validity was supported by the instrument development process that
involved professional experience, expert consensus, focused literature review, and pilot
testing. Internal structure validity (reliability) was supported by the generalizability analy-
sis. The main component that contributed to score variability was the person (33%), mean-
ing that individual leaders performed differently. The rater component had almost zero
(0%) contribution to variance, which implies that raters were in agreement and argues for
high interrater reliability.
Conclusions: These results provide initial evidence to support the validity of the CALM
instrument as a reliable assessment instrument that can facilitate formative feedback
to leaders of pediatric simulated resuscitations.
(Sim Healthcare 13:77–82, 2018)
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Pediatric resuscitations are infrequent but high-stakes events,
providing scarce opportunities for trainees to achieve profi-
ciency in leading these scenarios.1–6 Teamwork is critical to
success in resuscitations, and effective leadership is integral
to both improved team performance and high-quality patient
care.7–13 The current resuscitation guidelines support leader-
ship training as a part of advanced life support training.7

Simulation is increasingly used as a tool to increase trainee
resuscitation experience, skills, and teamwork.14–17 Prompt
feedback is a vital component of simulation-basedmedical educa-
tion, often guided by standardized assessment instruments.16–19

However, standardized assessments of resuscitation leader
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performance are lacking. Concise, “off the shelf” instru-
ments that are easy to use in real time can allow supervisors
to assess and give immediate formative feedback to learners
after resuscitation-leading experiences. Many existing instru-
ments do not focus on individual team leader performance
but rather the performance of the entire team.20–25 Other
instruments that have been created evaluate individual perfor-
mance of pediatric resuscitation team leaders in the research
setting but may be cumbersome or require extensive training
to use them, thus limiting their practical use in the clinical
or educational environment.23–29

We developed the Concise Assessment of Leader Manage-
ment (CALM) instrument as a pragmatic instrument to help
educators provide formative feedback to resuscitation
leaders after simulated pediatric resuscitations. The CALM
instrument was designed to require minimal user training
and be used to efficiently collect real-time assessment data to
inform immediate formative feedback to learners. For this
validation study, we aim to demonstrate initial evidence to
support content and internal structure (reliability) validity for
the CALM instrument.

METHODS
Study Design

In this prospective validation study, experts were re-
cruited from the International Network for Simulation-based
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Pediatric Research, Innovation, and Education (INSPIRE)30

to review videos of simulated resuscitations and score the per-
formance of the resuscitation leader using the CALM in-
strument. Videos were selected from the archive of the
Improving Pediatric Acute Care Through Simulation (Im-
PACTS) group with institutional review board approval ob-
tained through Yale University.31
Instrument Development Process
The CALM instrument was developed using existing

assessment instruments in the literature, professional experi-
ence, and expert consensus. The goal was to create a concise
and pragmatic instrument that could be implemented by
educators with minimal training. Three experts (including
authors D.O.K. and C.G.R.) in graduate medical education
and pediatric emergency medicine (PEM) met bimonthly
over 3 months to review existing instruments and articles
that reported validity data supporting their use in the assess-
ment of leader and team performance.20,28,29,32–35 Questions/
elements/themes were abstracted in their original wording. Du-
plicates were then consolidated, phrasing was iteratively
FIGURE 1. The final CALM instrument that was distributed to raters.
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refined for simplicity, and questions were prioritized via a mod-
ified Delphi process resulting in an initial 18-item assessment
instrument. The initial CALM instrument was then pilot tested
by PEM attendings at 1 institution over a 3-month period to as-
sess resuscitation leaders during mock resuscitations in the
emergency department. During the pilot, raters received no spe-
cific training on the use of the CALM instrument, because
the goal was to generate a user-friendly instrument that re-
quired no training; they were simply instructed to use the
tool to assess the resuscitation leader's performance. Feedback
from pilot raters was incorporated, and the final CALM in-
strument was developed.

The final CALM instrument consists of 15 four-point
Likert scale items and 1 dichotomous behavioral item divided
into 4 overall domains based on the 4 major elements of
leadership in an acute resuscitation scenario: (1) leadership
(role/style), (2) communication, (3) teammanagement, and
(4) medical management. Additional questions were added
to aid in formative feedback (but were not included in the
CALM score), including a free text item that asks about spe-
cific gaps in medical knowledge, and a global rating scale
item assessing comparison with peers (Fig. 1).
Simulation in Healthcare
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TABLE 1. The 16 Videos Sent to Raters, Consisting of 4 Leaders Each Performing
in 4 Resuscitation Scenarios

Scenario A
(Child Cardiac

Arrest—Drowning)

Scenario B
(Infant

Respiratory
Arrest—Foreign

Body)

Scenario C
(Infant

Seizure—
Hypoglycemia)

Scenario D
(Infant
Sepsis—

Bacteremia)

Leader A Video 1 Video 2 Video 3 Video 4

Leader B Video 5 Video 6 Video 7 Video 8

Leader C Video 9 Video 10 Video 11 Video 12

Leader D Video 13 Video 14 Video 15 Video 16

TABLE 2. Mean CALM Score (of a Total Possible Score of 74) and SD for Each
of the 16 Videos

Video Mean Score SD
Video Assessment and Data Collection
A total of 16 unique videos were abstracted from the

ImPACTS database to include videos of 4 different resuscitation
team leaders each performing in 4 separate scenarios (Table 1).
These 16 videos were distributed to 4 independent raters.

The videos selected from the ImPACTS database captured
the performance of actual interprofessional teams of health
care providers caring for 4 simulated pediatric resuscitation
scenarios: (1) child cardiac arrest (drowning), (2) infant respi-
ratory arrest (foreign body), (3) infant seizure (hypoglycemia),
and (4) infant sepsis (bacteremia). Scenarios were diverse,
requiring different amounts of teamwork and sophistication.
Teams were composed of clinicians (no trainees), involving
1 or 2 physicians (board certified in PEM or emergency med-
icine), 3 to 5 nurses, and 2 to 3 certified nursing assistants or
emergency medicine technicians. The videos of each team
performing in the 4 scenarios were obtained during a single
2.5-hour simulation session and filmed from a standard angle
using the B-line Live Capture Ultraportable system (B-Line
Medical, Washington, DC).31

We selected 4 independent raters fromwithin the INSPIRE
network who were PEM fellowship directors representing dif-
ferent academic institutions across the country. The order of
the 16 videos was randomized for each rater with access pro-
vided via a password-protected Web-based file-sharing applica-
tion.36,37 Raters were instructed to use the CALM instrument
to rate the resuscitation leader in each of the 16 videos to the
best of their ability without any further specific instructions
on how to use the instrument. Each video was reviewed only
once, without pausing or rewinding during the playback,
viewed in order of randomization. Pauses were permitted be-
tween videos.
1 45.0 9.6

2 54.5 3.1

3 50.8 5.4

4 56.5 4.4

5 38.3 2.8

6 42.8 3.0

7 40.0 4.2

8 45.3 4.7

9 45.0 9.9

10 42.3 6.4

11 44.5 5.1

12 46.0 9.9

13 41.0 6.4

14 36.8 9.6

15 40.5 3.3

16 44.0 2.4
Validity Framework
We followed Messick's framework for validity and report

on content and internal structure validity.38–40 Content valid-
ity refers to whether the content of the instrument measures
its intended constructs. This was assessed based on the steps
taken to develop the CALM tool. Internal structure validity
assesses whether the instrument has acceptable reliability. This
was assessed by generalizability analysis, which identifies the
amount variation attributable to the person (leader), rater,
and scenario and combinations of those factors and yields
a generalizability coefficient (g-coefficient). A decision study
(D-study) looks at the stability of the g-coefficient when differ-
ent studydesignparameters arehypothetically changed(i.e.what
Vol. 13, Number 2, April 2018
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the g-coefficient would be if greater or fewer raters or scenarios
were used).41,42

Statistics
We conducted a fully crossed, person � scenario � rater

(p � s � r) design using generalizability analysis to evaluate
individual factor and factor interactions relating to score
variance in CALM scores.41,42 For each instrument, 4 raters
scored each of the 4 scenarios for each leader. Variance compo-
nents were obtained using IBM SPSS 22 (Armonk, NY)
VARCOMP command (restricted [residual] maximum likeli-
hood [REML] method). Generalizability (G) and decision
(D) coefficients were calculated based on these components.

RESULTS
All 4 raters completed ratings for each video on each of the
leadership elements on the CALM instrument.

Content Validity
The CALM instrument was developed by experts in pedi-

atric graduate medical education and PEM and was based off
of existing resuscitation leader assessment instruments. These
were then subjected to amodified Delphi process with iterative
revisions and then pilot tested by PEM attendings, supporting
content validity. Themes were identified and categorized into
4 major domains of resuscitation leadership: (1) leadership
(role/style), (2) communication, (3) team management, and
(4) medical management.

Internal Structure Validity
Table 2 shows the mean CALM score and SD for each of

the 16 videos. Results of the generalizability analysis are given
in Table 3. The main contributors of score variability were the
person (33%) and interaction of scenario � rater (16%) and
person � rater (14%). Importantly, person was the largest
contributor to variance. This indicates that the score variation
largely reflects inter-subject variation in performance, which
may be attributable to the inherent differences in knowl-
edge and skill levels between subjects. The substantial per-
son � scenario component indicates that there was variation
for a given subject across the scenarios, also indicating that
© 2017 Society for Simulation in Healthcare 79
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TABLE 3. G-Study Results With the Estimate of Variance Attributable to Each
Component (Person, Rater, and Scenario) and the Interaction of These Components

Variance Component Estimate % of Total Variance

Person 38.3 32.9

Rater 0 0.0

Scenario 1.9 1.6

Person � scenario 5.4 4.6

Person � rater 16.3 14.0

Scenario � rater 19.1 16.4

Error 35.5 30.5
leaders may have been more familiar with one scenario than
another.

The rater facet had virtually no contribution to variance
(0%), which implies that the raters were in agreement about
the assessment of the various leaders and argues for high
inter-rater reliability. The g-study for 4 raters and 4 subjects
resulted in an absolute generalizability coefficient of 0.80.
The D-study, which shows the theoretical effect of changing
the number of raters or scenarios on the generalizability coef-
ficient, is shown in Figure 2.

Of note, the error variance contributed 31% to the overall
variance in scores. This represents possible triple order interac-
tions (i.e. the interaction of person, scenario, and rater together)
as well as other unidentified factors, possibly due to incomplete
capture of scenarios by video or differences in camera angles,
and bears further investigation.
DISCUSSION
In this prospective validation study, we present initial evidence
on content and internal structure validity to support the use of
the CALM instrument as a reliable tool to provide formative
feedback to leaders of simulated pediatric resuscitations.
The instrument was rigorously developed based off of existing
tools, professional experience, and expert consensus and sub-
jected to modified Delphi process and pilot testing. The gener-
alizability study yielded a generalizability coefficient of 0.80,
which is above the acceptable range of 0.70 to 0.79 for forma-
tive assessments and is consistent with the performance assess-
ment literature.43–45
FIGURE 2. The D-study data showing the theoretical effect of chang
izability coefficient.
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The CALM instrument is a concise, easy-to-use instrument
that requires minimal rater training to assess team leaders of
simulated pediatric resuscitations for the provision of formative
feedback. Several other tools to address resuscitation leaders
exist, although none of them are as brief and focused on the
leader as ours is. The Simulation Team Assessment Tool, while
excellent for research, may be cumbersome in practice, with
94 discrete tasks evaluating multiple domains and not exclu-
sive to the team leader.25 It was validated using raters who re-
ceived 4 hours of training and practice along with very detailed
definitions and was not intended for real-time evaluation. The
Resuscitation Team Leader Evaluation is another tool that was
designed to comprehensively assess resuscitation team leaders
but may similarly be considered unwieldy for real-time use.27

Another instrument was developed to assess clinical performance
during Pediatric Advanced Life Support simulated scenarios.21

This instrument is designed to be used for specific scenarios
and therefore may not be as generalizable as our instrument,
which was applied across a variety of scenarios.

Validation of assessment instruments is increasingly impor-
tant because simulation and assessments guiding feedback are
being used frequently in medical education. It is important to
understand that validation is a continual process, whereby
validity evidence is collected for an intended use. For results
and conclusions to be valid, the validity data must be continu-
ally reassessed with regard to context and application. In a re-
cent article outlining important principles in interpreting and
assessing validity arguments, Cook and Hatala44 conclude that
validation studies gather validation evidence, but one study
will not support all aspects of validity. Rather, it is important
to identify gaps and the context in which the instrument
should be used.

We validated our instrument in the context that it is
intended to be used in, which is real time, “off the shelf”
withminimal rater training. In its current iteration, the instru-
ment is intended primarily as a means of providing formative
feedback. Thus, although the long-term effects of the instru-
ment's use on learner behavior were not assessed, the psy-
chometrics presented previously are adequate to support this
usage, implying an appropriate consequence validity when
applied in formative situations. Applying the instrument
ing the number of scenarios or raters in the study on the general-

Simulation in Healthcare

. Unauthorized reproduction of this article is prohibited.



in more high-stakes scenarios, however, would require addi-
tional study focusing on the relationship between the instru-
ment scores and long-term clinical performance of the
residents assessed.

LIMITATIONS
The major limitation in this study was the use of videos.
Although the videos were required for feasibility of the study,
and were the closest to “real-time” possible, some actions may
have been hard to hear or see simply because of the way they
were recorded. For example, the leader may have “announced
role as leader” before the videotape began. This likely was a
contributing factor to the large percentage of variance attrib-
uted to error in the generalizability study. In addition, the
phrasing of the tool, although concise, may have allowed for
multiple interpretations of the same response options, also
contributing to the error variance. For example, if a leader asked
for input from other team members once during the simula-
tion, a rater may have had difficulty determining whether
they should receive credit for “always” “engaging team mem-
bers in decision making,” or if that would better be classified
as “mostly” or “sometimes.” It may be beneficial to add a few
brief sentences to future iterations of the tool to define the
anchored rating scale so that there is a more cohesive under-
standing of the meaning of each response. Another limita-
tion is that raters were all PEM fellowship directors and
experts in leadership. This may affect the generalizability of
our study, such that nonexperts in leadership may not rate
leaders using the CALM instrument similarly. The small
sample size, with only 16 videos, is also a limitation. Although
the generalizability study was fully crossed (4 leaders, 4 scenar-
ios, and 4 raters), a larger sample size may alter the generaliz-
ability and φ coefficients. This underscores the preliminary
nature of this validation study. In addition, we did not gather
learner feedback regarding the usefulness of the formative data
provided by the instrument. This will be a key area of further
research, because such data are needed to support the instru-
ment's stated purpose.

CONCLUSIONS
These results provide initial evidence to support the validity of
the CALM instrument as a reliable assessment instrument
that can guide the provision of formative feedback to leaders
of pediatric simulated resuscitations. Although further vali-
dation data is needed, we recommend the initial usage of the
instrument in this manner and offer it to the simulation
community in the hope that it assists facilitators to shape
their learners' future crisis resource management practice.
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