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Abstract

Background: Team leadership is a critical skill in trauma resuscitation teams, linked
to better teamwork and improved patient care. There are numerous published team
leadership assessments, though data regarding the performance of these measures in
patient care settings (vs. simulation-based settings) remain limited. There remains a
need for a valid, reliable, and efficient measure of resuscitation team leadership in the
clinical setting to support medical education and research efforts.

Methods: We constructed a 12-item behaviorally anchored rating scale (BARS) to
measure trauma team leadership. Multiple raters then used the BARS to measure
team leadership in 360 recorded trauma resuscitations across 60 participants. In ad-
dition to examining inter-rater reliability, we examined the construct validity of the
BARS assessment through both correlational and latent modeling techniques to com-
pare the ratings collected with the BARS to those collected using a previously studied
checklist-based assessment using a multitrait-multimethod (MTMM) approach. Lastly,
we examined the criterion validity of the BARS measure by examining its relationship
with previously obtained patient care scores.

Results: BARS items demonstrated high inter-rater reliability when scores were com-
puted using observations averaged over multiple raters (mean item intraclass correlations
ICC1k0.90, item range0.85-0.98). The correlation between the aggregate ratings from
the team leadership BARS and checklist measure demonstrated a strong positive correla-
tion (r=0.75), and the MTMM analyses indicated consistent evidence for both convergent
(mean monotrait-heteromethod r=0.50) and discriminant (mean heterotrait-heter-
omethod r=0.27) validity. Hierarchical Bayesian regression analyses revealed that aggre-
gate BARS scores were predictive of patient care scores (3=7.06, 95% HDI3.76-10.43).
Conclusions: The team leadership BARS and a previously studied checklist-based
team leadership measure produced convergent assessments of team leadership be-
havior in the present data. Furthermore, higher overall ratings on the BARS correlated

with better patient care delivery at the team level.
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INTRODUCTION

Team leadership is an important skill in health care resuscitation
teams, including emergency trauma teams. Effective team leader-
ship is linked to better teamwork® and improved patient care de-
livery.2 The important role of team leadership makes it a potential
target for patient safety initiatives; however, a robust approach to
measuring team leadership is necessary to support training and re-
search aimed at improving resuscitation team leadership.

Resuscitation team leadership measurement remains challenging
despite numerous published assessment measures.® This is due, in
part, to the complex resuscitation teams and clinical environments
in which team leaders function and the interdependency of the team
leader with the team and environment.* Team and team leader in-
terdependence is especially challenging, as it has proven difficult to
assess both within, and beyond, health care.>” It is therefore not
surprising that many team leadership measures have been devel-
oped and/or tested using simulation-based care as stimuli, which
provides a degree of standardization and control.>®

Published resuscitation team leadership assessments are mixed
in approach, with global rating scales (GRSs) and checklists most
commonly used.® Existing research evaluating the psychometric
properties of these two assessment approaches provides conflict-
ing recommendations. Inter-reliability is cited as being high in both
checklist measures and GRSs in simulated settings.” Very little is
known, however, about the relative performance of these assess-
ment approaches in the clinical setting, which introduces more
complexity and more variability. Checklists are often tailored, by ne-
cessity, to a very specific event or context. Developing a new check-
list for each setting can be time-consuming and makes it difficult to
amass a body of validity evidence over time and across contexts.
Conversely, GRSs are often easier to implement but carry their own
limitations. Most notably, GRSs may be prone to rater biases that
can limit reliability and validity.)>** Relying on the expertise of the
evaluator may restrict the available pool of evaluators and/or re-
quire extensive rater training.

A potential solution to the challenges with these two approaches,
is the use of behaviorally anchored rating scales (BARS).}?>'3 BARS
utilize specific, observable behaviors that can promote reliabil-
ity and facilitate feedback, while using a smaller number of items
that retains a more holistic approach to the assessment. However,
prior work has demonstrated that assessment measures, including a
team leadership BARS, found to be highly reliable when applied to
simulation-based care, do not always perform as well when applied
to actual patient care.}#13

To address the persistent gap in trauma team leadership assess-
ment in the clinical setting, we developed a trauma team leadership
assessment measuring using a BARS approach. The measure was spe-
cifically intended for application to actual trauma resuscitations and
evaluation of the measure includes comparing it to a patient care ac-
tivity measure and to another, previously developed, checklist-based

team leadership assessment with supporting evidence of validity.

METHODS
Study overview

We developed a trauma team leadership BARS based on an ex-
isting detailed trauma team leadership behavioral coding scheme
with supporting validity evidence.? The BARS was refined through
subject matter expert (SME) input and evaluated using a collection
of recorded trauma resuscitations. These same resuscitations were
previously scored for clinical performance and for team leadership
using checklist-based assessments. Evidence of validity is pre-
sented using Messick's framework,'® as described by Downing.'’
The University of Washington Institutional Review Board approved
this study.

Measure development

We developed a trauma team leadership BARS using a previously
published checklist-based assessment as the foundation.? This
checklist was chosen because it was designed specifically for trauma
resuscitations and demonstrated supporting validity evidence when
applied to actual patient care. Target leadership behaviors included
in the checklist were identified using a taxonomy of leadership
behaviors,'®* two systematic reviews of resuscitation team lead-

320 and a trauma team leadership training curriculum.?! To

ership,
translate this work into a BARS assessment, the research team, with
expertise in team science and emergency department trauma care,
used the checklist to systematically identify a list of observable lead-
ership behaviors expected to occur during trauma resuscitations.
These behaviors were used to create descriptive and diagnostic rat-
ing anchors. Collectively, this foundational work supports the con-
tent validity of the BARS.Y

In several instances, checklist items were aggregated and/or
used to inform the anchors used for a BARS item's rating scale.
Additionally, two new items were introduced to the BARS to im-
prove its generalizability. First, a new item labeled asserts control
was added. A similar behavior was reflected in the prior checklist
measure to assess whether leaders explicitly claimed a leadership
role near the beginning of patient care (assumes team leadership
role). The additional BARS item was added to capture these behav-
iors throughout a resuscitation, rather than limiting it to the start of
the resuscitation. Second, a new item labeled huddle: overall quality
was added. The BARS and prior checklist included items intended
to capture specific components of huddle behavior (i.e., engagement
and content). Expert input suggested that there would be value in
capturing an overall assessment on these high-impact communica-
tions events as well.

External SMEs provided feedback on the relevance, impor-
tance, and clarity of the individual items and anchors. SMEs
included team science experts (n=2), with over 25years of com-

bined experience in leadership science and health care assessment
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design, and board-certified emergency physicians and medical
educators (n=2), with over 10years of combined experience in
trauma care and medical education. Where expert opinion indi-
cated that specific aspects of the team leadership measure were
confusing, or were not sufficiently representative, items were re-
vised and reevaluated. The measure was then piloted on video-
recorded trauma resuscitations by these same SMEs as well as the
research team. Where anchor behaviors could not be clearly ob-
served, or were not clearly interpreted, items were revised. Expert
input and pilot testing the items further supports the content
validity of the measure. The final BARS assessment consisted of
12 items reflecting eight facets of leader behavior identified as
relevant to trauma team leadership. The rating scale for each item
uses a 3-point scale whose anchors provide descriptions of spe-

cific behaviors reflecting poor (1), average (2), or excellent (3) team

TABLE 1 Leadership concepts targeted

by the checklist and BARS items. Concepts

Assuming and maintaining

leadership

Briefing team prior to patient

arrival (“prebrief”)

Briefing team immediately after
patient arrival to update/modify

plan (“rebrief”)

Briefing team during ongoing
patient care (“huddle”)

Sharing information with team

Creating or updating a plan

Assigning a task or role to team

member

Seeking team input on ideas or

potential barriers

leadership on the targeted dimension as determined by SMEs.
Table 1 summarizes the final set of leadership dimensions targeted
by the assessment and the relevant BARS and checklist items used
to measure each construct. The complete BARS is available in the
supplemental material (Table S1).

Primary data

The team leadership BARS was applied to a repository of 360 audi-
ovisual recordings of actual trauma resuscitations. The recordings
were gathered from 60 participants, with each participant observed
across six different resuscitations. These recordings were acquired
from a Level | trauma center at a large, urban, academic center with

a tiered trauma response system based on patient acuity. Inclusion

Checklist Items BARS Item

Explicit assumption of Assumes leadership role

leadership
Asserts control

Explicitly engages team in a Prebrief: Engagement

prebrief

Content of prebrief: Prebrief: Content
e [nfo sharing

e Planning

e Role assignment

e Seeks input

Highlights updates from Rebrief

prehospital report

Communicates impact of
new information on plan/role
assignment or priorities

Explicitly engages team in a Huddle: Engagement

huddle

Content of huddle:
e |nfo sharing

e Planning

e Role assignment
e Seeks input

Huddle: Content
Huddle: Overall quality

Summarizes patient status/ Information sharing

results

Provides interpretation of the

facts for the team

States plan with future steps States plan
States plan with priorities
Identifies individuals for tasks Role assignment

Factors in team member skill
set and/or requests a check

back when task is complete
Asks for team input Seeks input

Asks for potential delays or
barriers

Abbreviation: BARS, behaviorally anchored rating scales.
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and exclusion criteria for recording acquisition have been previ-
ously published.® The recordings included two views (foot of bed
and side view). Recordings were coded using Noldus Observer XT
software.

Eight critical care technicians were recruited to perform team
leadership ratings using the BARS assessment. Rater training included
reviewing a document that provided descriptions and examples for
each item, followed by coding two resuscitations and comparing
and discussing scores. Each video was then independently coded by
two raters. The unreconciled scores were used for determining in-
terrater reliability. Discrepancies in coding were then identified and
reconciliation was performed for items in which the scores differed
by more than one point (i.e., one rater coded “poor” and one rater
coded “excellent”). This was done to improve the accuracy and reli-
ability of the final scores used for analyses comparing the BARS to
other performance measures. Reconciliation was performed by an
emergency medicine physician with expertise in team leadership and
trauma care.

Secondary data used for validity comparison

Secondary data, including leadership scores and patient care
scores, were obtained using the same 360 audiovisual recordings
described above and have been previously published.® For the com-
parison leadership scores, a checklist-based metric was used by a
separate group of trained raters to code all team leader behaviors. A
random sampling of 40% (n=144) of the observations were coded
in duplicate. Prevalence is a known problem in observational codes
targeting low base rate events. Following recommendations by
Byrt et al.,?2 we calculated the probability and bias adjusted kappa
(PABAK), which was 0.97 across all items. The BARS scores were
compared to individual item and composite scores from the check-
list measure to demonstrate convergent and discriminant validity
(relationship to other variables).2%'” Convergent validity is a meas-
ure of how closely two instruments that are intended to measure
the same construct are related to each other. Discriminant validity
is a measure of whether two instruments, that are not intended to
measure the same construct, are not closely correlated.

For the patient care scores, a previously published patient care
measure was used and coding was performed by a separate group of
trained raters.??® The measure was developed using the Advanced
Trauma Life Support curriculum?* and previously published trauma

care checklists in simulated®” and live?6-%?

patient care. The purpose
of the measure is to quantify the quality of early trauma resuscita-
tion efforts, taking into consideration the clinical variability that can
impact the relevance of certain patient care tasks (e.g., blood trans-
fusions, tube thoracostomies). A random sampling of 10% (n=36) of
the observations were coded in duplicate, with an average Cohen's
k=0.8 (SD +0.09). The BARS scores were compared to composite
patient care scores for the purpose of demonstrating test-criterion

correlations (relationship to other variables).2%”

Data analysis
Data preparation

Multiple checklist items were identified as relevant to assess-
ing five out of the eight leadership dimensions measured on the
BARS (see Table 1). To facilitate comparisons between the BARS
and checklist measure, and when examining the multitrait-multi-
method (MTMM) analyses, item parcels were created by averaging
together those checklist items to create a composite score. For
example, two checklist items were used to capture information
sharing, including "summarizes patient status/results" (e.g., “The
blood pressure is 75/40” and "provides interpretation of the facts
for the team") (e.g., “Because the patient is hypotensive | am wor-
ried about hemorrhagic shock”). These items were combined to
create a single “information sharing” parcel for this dimension on

the checklist measure.

Inter-rater reliability

Inter-rater reliability was evaluated by computing intraclass correla-
tion coefficients (ICCs) for each item on the BARS prior to reconcilia-
tion.3° Because the same pair of coders did not rate all observations,
the ICC1 and ICC1k coefficients are most appropriate for these
analyses. ICC1 provides information about the reliability of a rating
based on the assumption that the final scores from a measure are
computed using the responses of a single rater. In contrast, ICC1k
provides information about the reliability of a rating based on the
assumption the final scores from a measure are computed by aver-
aging the responses of multiple raters. The ICC calculations were

conducted in R using the psych package.3%%?

MTMM analyses

MTMM designs entail collecting measures of multiple traits (e.g.,
leadership behavior) using multiple methods (e.g., checklist vs.
BARS). MTMM approaches are commonly used as a means for
examining the construct validity of a measurement tool by evalu-
ating the extent to which conclusions about the traits expressed/
possessed by a focal unit (i.e., a leader) are corroborated across
multiple assessment techniques.®® Two analytical strategies were
followed to perform the MTMM analyses (Table 2). Unlike the reli-
ability analyses, both MTMM analyses relied on the reconciled BARS
data to minimize the potential of rater error when interpreting the
validation results. First, simple zero-order correlations were com-
puted among the leadership items from the BARS and those from
the behavioral checklist to examine evidence of convergent validity
(monotrait-heteromethod correlations), discriminant validity (het-
erotrait-heteromethod correlations), and methods effects (hetero-

trait-monomethod correlations).
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TABLE 2 Overview of the MTMM analyses performed in this study comparing a team leadership assessment BARS to a preexisting team

leadership assessment checklist.

MTMM analyses

Correlations Monotrait-heteromethod

Heterotrait-heteromethod

Heterotrait-monomethod

CFA Model 1% vs. Model 2

Model 1% vs. Model 3

Model 1% vs. Model 4

Explanation

Correlations from measures of the same
construct attained using different measurement
methods (e.g., correlation between measures of
huddle engagement in the BARS and checklist
data)

Correlations from measures of different
constructs attained using different
measurement methods (e.g., correlation
between measures of huddle engagement and
role assignment in the BARS and checklist data,
respectively)

Correlations from measures of different
constructs attained using the same
measurement method (e.g., correlation
between measures of huddle engagement and
role assignment in the BARS data)

Compare baseline model to alternative model
without the latent leadership trait factors so
only latent method factors remains.

A significant chi-square difference test
indicates the baseline model (Model 1) fits the
data better than the alternative model.

Compare baseline model to alternative

model with latent leadership traits perfectly
correlated while retaining distinct latent
method factors.

A significant chi-square difference test
indicates the baseline model (Model 1) fits the
data better than the alternative model.

Compare baseline model to alternative model
with latent method factors perfectly correlated
while retaining distinct latent leadership trait
factors.

A significant chi-square difference test
indicates the baseline model (Model 1) fits the
data better than the alternative model.

Purpose and summary of results

Strong correlations provide evidence of
convergent validity
Mean r=0.50

Weak correlations provide evidence of
discriminant validity
Meanr=0.27

Strong correlations provide evidence

of method effects (i.e., extent to which
measurement method is likely to contribute to
systematic measurement error)

Mean BARS r=0.43

Mean checklist r=0.26

Comparison of model fit provides evidence
of whether measure provides meaningful
information about constructs of interest (i.e.,
convergent validity)

AZ*(51)=1933.9, p<0.001

Comparison of model fit provides evidence
of whether constructs of interest can be
meaningfully differentiated from one another
(i.e., discriminant validity)

Ay?(28)=871.3, p<0.001

Comparison of model fit provides evidence
of whether measurement method affects
measurement of the constructs of interest
(i.e., methods effect)

A7%(2)=293.5, p<0.001

Abbreviations: BARS, behaviorally anchored rating scale; CFA, confirmatory factor analysis; MTTM, multitrait-multimethod.

*The baseline model for the CFA (Model 1) is available in the supplemental material (Figure S1).

Second, convergent and discriminant validity of the BARS mea-
sure were also examined using a confirmatory factor analysis (CFA)
MTMM approach to account for the latent measurement models of
both assessments and their potential method effects.>* Data from
the BARS and checklist were first fit to a baseline model that mod-
eled items loading onto distinct latent leadership traits and mea-
surement methods (Model 1). Model fit between the data and this
baseline model were examined using standard indices and criteria
(e.g., CF1>0.90, RMSEA <0.08, SRMR <0.05; patterns of signifi-
cance for factor Ioadings).35 A series of alternative models were
then constructed and statistically compared to the baseline model
using chi-square difference tests. The first alternative model (Model

2) removed the latent leadership trait factors and retained only the

latent methods factors to examine whether the data collected with
the assessments reflect distinct traits or are completely captured
by measurement method (convergent validity). The next alternative
model (Model 3) permitted the latent leadership traits to be per-
fectly correlated while retaining distinct latent methods factors to
examine whether the assessments captured a single/general latent
trait (i.e., leadership) versus multiple/distinct latent traits (discrimi-
nant validity). The final alternative model (Model 4) permitted the
underlying latent methods factors to be perfectly correlated while
retaining the distinct latent leadership trait factors to examine
whether the different measurement methods capture unique infor-
mation about the observed items (methods effect). The CFAs were

conducted in R using the lavaan package.36
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Criterion validity

Lastly, the predictive validity of the team leadership BARS was as-
sessed by examining its relationship with patient care scores (cor-
relation with other variables).!” Given the nested nature of the
data (i.e., multiple observations of leadership and patient care per
participant), parameter estimates were computed using a two-level
random effects Bayesian regression model to account for noninde-
pendence between observations. Given the absence of compelling
previous evidence to accurately inform the choice of priors for our
model, we used weakly informative priors for all model parameters
so as not to “overwhelm” the observed data or unduly influence
final model estimates.?” The primary relationship of interest is the
pooled linear relationship between scores on the team leadership
BARS and patient care for leaders. We thus evaluated and reported
the median and 95% highest-density interval from the posterior dis-
tribution for this parameter. Analyses were conducted in R using the
rstanarm package with default settings for setting model priors.%®
Where reported, p-values <0.05 were used to interpret statistical

significance.

RESULTS

Composite scores on the team leadership BARS (i.e., a leader's aver-
age rating across all BARS items) ranged from 1-3 with a mean of
1.42 (SD + 0.41). Variables for comparison, including the checklist-
based scores for team leadership and patient care, existed for all 360
resuscitations.

Inter-rater reliability

Table 3 reports the ICC1 and ICC1k values for each BARS item prior
to reconciliation. The observed ICC1k values reflect excellent inter-
rater agreement (ICC>0.75)%? for all BARS items (mean0.90, range
across dimensions0.85-0.98). In contrast, the observed ICC1 val-
ues demonstrated fair agreement (ICC 0.40—0.59)39 for most items
(mean0.56, range 0.41-0.87).

MTMM correlation analysis

The overall correlation between aggregate scores on the team lead-
ership BARS and the checklist-based team leadership measure (i.e.,
sum of all checklist items) was r=0.75 (p<0.001), indicating a high
degree of correspondence between the two measures. An exami-
nation of the correspondence between these measures at the item
level is presented in Table 4, which shows the MTMM matrix sum-
marizing the zero-order correlations among the observed ratings
collected using the two different measures.

Overall, the MTMM correlations indicate evidence of both con-
vergent (mean monotrait-heteromethod correlationof 0.50) and

TABLE 3 Inter-rater reliability results for team leadership BARS
items.

BARS Item ICC1 ICC1k
Assumes leadership role 0.57 0.91
Asserts control 0.42 0.85
Prebrief: Engagement 0.87 0.98
Prebrief: Content 0.81 0.97
Rebrief 0.43 0.86
Huddle: Engagement 0.59 0.92
Huddle: Content 0.51 0.89
Huddle: Overall quality 0.59 0.92
Information sharing 0.53 0.90
States plan 0.57 0.91
Role assignment 0.41 0.85
Seeks input 0.42 0.85

discriminant (mean heterotrait-heteromethod correlation of0.27)
validity (Table 2). However, there were six dimensions measured
on the BARS (asserts control, huddle: engagement, huddle: content,
information sharing, role assignment, and seeks input) for which its
observed monotrait-heteromethod correlation was exceeded by
at least one of its corresponding heterotrait-heteromethod cor-
relations, indicating comparatively weaker convergent validity evi-
dence for these items. In some such instances, these BARS scores
exhibited a stronger heterotrait-heteromethod correlation with a
checklist item that captured a highly related concept (e.g., the BARS
items for huddle: engagement and huddle: content shared stronger
heterotrait-heteromethod correlations with the huddle: overall qual-
ity checklist item). In other instances, these BARS items exhibited a
stronger heterotrait-heteromethod correlation with a checklist item
that may suggest raters relied on similar sources of information for
rating the team leader (e.g., the BARS item for information sharing
shared its strongest heterotrait-heteromethod correlation with the
huddle: overall quality checklist item, potentially indicating that raters
using the BARS may have been partially relying on their perception
of a team leader's huddle when assessing that leader's information
sharing). Nevertheless, the overall pattern of correlations generally
supports the convergent and discriminant validity of raters' assess-
ments of team leadership behaviors using the BARS with those mea-
sured using the checklist.

MTMM CFA

The factor loadings from the baseline CFA MTMM model (Model
1) are available in the supplemental material (Figure S1), and
Table 5 summarizes the model fit statistics and model comparison
results for all four CFA models computed. All but one of the trait-
to-item factor loadings achieved statistical significance, and evi-
dence for the overall fit of the MTMM data to the baseline model
received moderate support based on conventional standards
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TABLE 5 Modelfit and comparison statistics of MTMM confirmatory factor analysis.

Model Ve df RMSEA SRMR
M1: Correlated traits, 577.1* 178 0.08 0.07
correlated methods

(baseline MTMM model)

M2: No traits, correlated 2511* 229 0.17 0.15
methods

Ma3: Single trait, 1448.4* 206 0.13 0.10
correlated methods

M4: Correlated traits, 870.6* 180 0.10 0.07

single method

CFI AlIC Model comparison AP Adf
0.93 10,797 - — —
0.60 12,629 M1 vs. M2 1933.9* 51
0.78 11,612 M1 vs. M3 871.3* 28
0.88 11,087 M1 vs. M4 293.5* 2

Note: When comparing any two models, a better fitting model is generally indicated by a lower chi-square, lower RMSEA, lower SRMR, lower AIC,
and higher CFl. Model comparison M1 versus M2 provides evidence of convergent validity, M1 versus M3 evidence of discriminant validity, and M1

versus M4 evidence of methods effects.

Abbreviations: AIC, Akaike information criterion; CFl, comparative fit index; MTMM, multitrait-multimethod; RMSEA, root mean square error of

approximation; SRMR, standardized root mean square residual.
*p<0.001.

(#2[178]=577.1, p<0.001; CF10.93, RMSEA0.08, SRMR0.07). Of
greater importance to assessing the convergent and discriminant
validity of the team leadership BARS is the comparison between
the baseline model and the alternative models shown in Table 5.
The baseline model fit the MTMM data significantly better than
models in which variance on the BARS and checklist items is ac-
counted for by only their corresponding measurement method
(i.e., no latent traits modeled, Model 1 vs. Model 2) or a model in
which the measures are considered unidimensional (i.e., all items
load on a single latent trait, Model 1 vs. Model 3). Although a posi-
tive correlation between the latent BARS and checklist methods
factors was observed in the baseline model (r=0.36), a model in
which separate methods effects were not included failed to im-
prove model fit (i.e., no separate BARS or checklist methods fac-
tors, Model 1 vs. Model 4).

Overall, the results of the CFA MTMM analyses provide evi-
dence that assessments of team leadership using the BARS and be-
havioral checklist capture multiple and comparable dimensions of
leader behavior. Consistent with the correlational MTMM analyses,
the findings also indicate that the BARS and checklist measures ap-
pear to exhibit similar but non-identical methods effects. In sum,
these findings indicate that the BARS and behavioral checklist mea-
sures both produced convergent assessments of team leadership in
the present data.

Criterion validity

The median posterior estimate for the relationship between lead-
ers’ composite score on the team leadership BARS and patient
care was 7.06 (95% HDI3.76-10.43); median estimate for the
model intercept was 51.82 (95% HDI46.83-56.7). These results
indicate that teams whose leaders received higher overall leader-
ship ratings on the BARS tended to have higher patient care scores
at the team level.

DISCUSSION

This work provides evidence of the psychometric quality for a team
leadership BARS. Evidence of validity presented here includes con-
tent validity, internal structure, and relationship to other variables.*’
The analyses we present indicate that the BARS measure can be
used to generate reliable ratings of team leadership in real trauma
resuscitations. Furthermore, the MTMM analyses indicate that as-
sessments of team leadership using the BARS measure demonstrate
very good convergent and discriminant validity when compared to
a previously validated team leadership checklist measure applied to
the same data set. Finally, teams with leaders who received higher
overall ratings on the BARS tended to deliver demonstrably better
patient care. Evaluating for, and demonstrating, this type of criterion
validity can be very challenging due to the complexity of the clinical
environment and the interdependence between team leaders and
teams.**° These findings are significant because they indicate that
the BARS tool can be used to accurately assess multiple and distin-
guishable facets of trauma team leadership using nonexpert raters
and a more holistic approach that does not require coding every ver-
balization related to team leadership.

With respect to the psychometric properties of the team lead-
ership BARS, the observed ICC1k values indicated that strong inter-
rater reliability was achieved for each of the BARS items among our
sample of raters. These results indicate that using multiple raters and
subsequently averaging their ratings together would be expected to
result in highly reliable measurements. In contrast, the observed
ICC1 values for most of the BARS items failed to reach standard
levels of acceptability. These results suggest that relying on only a
single rater's assessments using the team leadership BARS would be
expected to result in a larger degree of measurement error than is
typically desired for either research or training purposes. Although
the nature of the computations for the ICC guarantee that ICC1k val-

130

ues will always be higher than those for ICC this difference was

quite large for some of the BARS items (e.g., asserts control and assign
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roles). This argues against using the leadership BARS, as currently
presented, with a single rater in high-stake evaluations. This could be
addressed by using multiple raters, additional rater training, and/or
modifying the most challenging items. It is also important to remem-
ber that the nonreconciled data were used for these analyses so as
not to capitalize on rater consensus when interpreting the reliability
of the BARS; consequently, the ICC results can be considered more
conservative estimates and on the lower range of the reliability that
might be expected when using the assessment tool.

The correlations presented in Table 4 also provide insight into po-
tential methods effects in the team leadership BARS that should be
considered when using and interpreting ratings. The observed het-
erotrait-monomethod correlations shown in the matrix suggest that
assessments taken using the BARS may be prone to measurement
errors that make it challenging for raters to distinguish between cer-
tain dimensions of leadership (e.g., halo errors). Such patterns are

210 and could

common with measurement tools that use rating scales
potentially be improved by expanding the number of rating points
and anchors for each dimension. Relatedly, the higher magnitude of
inter-item correlations with the team leadership BARS compared to
the checklist is also not surprising given that the former asked rat-
ers to provide retrospective ratings on a relatively small number of
dimensions at the end of an observation, whereas the latter asked
raters to record their observations in real time across a large number
of specific behaviors. The heterotrait-monomethod correlations for
the team leadership BARS revealed that the set of items most prone
to a potential method effect were the three items assessing “hud-
dles” and those related to asserting control, sharing information,
stating plans, and assigning roles (mean r=0.61). Notably however,
this same group of items also exhibited the strongest heterotrait-
monomethod correlations for the checklist data (mean r=0.38) and
among the heterotrait-heteromethod correlations (mean r=0.37).
Taken together, these patterns suggest that huddles are highly sa-
lient leadership events to raters—irrespective of measurement
method—and that many of the rated leadership behaviors may hap-
pen (or not) during these times.

This work is a part of a larger body of research attempting to
refine team leadership assessment in resuscitation teams using a
functional model of leadership, as described by Morgeson et al. ¥
In our prior work we have looked specifically at EM residency train-
ing, including comparing assessment reliability in simulation versus
live patient care'* and reviewing team leadership assessment prac-
tices relative to the Accreditation Council for Graduate Medical
Education requirements.'® The work that most directly informed
this current study was focused on interdisciplinary trauma resus-
citations in the clinical setting.? Ultimately, the goal of this work
is to develop a behavioral measure of leadership that can facilitate
real-time assessments during clinical care (e.g., by peer or attend-
ing physicians on shift), simulation-based assessments (e.g., med-
ical educators during direct or recorded observation), and team
leadership-focused research efforts (e.g., larger sample sizes with
a potentially more diverse group of raters). The results presented
here advance our prior work by presenting validity evidence for

using this team leadership BARS to assess a relatively large num-
ber of actual clinical events using nonexpert raters. Further work
is needed to evaluate the validity evidence of this measure when

applied in real time at the bedside.

LIMITATIONS

There are several limitations to this study. First, rater observations
were conducted by video review. This allowed for unobtrusive di-
rect observation; however, it also gave raters the opportunity to
pause and replay the recordings. The performance of this assess-
ment measure, when applied in real time at the bedside is unknown.
Second, this work focused on emergency trauma resuscitations from
a single, academic institution. Finally, the raters used for the BARS
had basic medical knowledge but were not content experts in team
leadership or emergency trauma care. Although they did undergo
rater training, it is unclear how this measure would have performed

if a more experienced pool of raters was used.

CONCLUSIONS

Team leadership will always be challenging to assess in the clinical en-
vironment; however, this work supports using a BARS to assess team
leadership reliably and accurately while being mindful of resources.
Whether for research or medical education, rigorous assessment
requires identifying, training, and maintaining an appropriate pool
of raters, which can be time-consuming and expensive. The trauma
team leadership BARS presented here was easily implemented by
novice raters with basic rater training. Future work is necessary to

evaluate the use of this trauma team leadership BARS at the bedside.
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