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What Do We Really Know About Crew Resource Management
in Healthcare?: An Umbrella Review on Crew Resource
Management and Its Effectiveness

Martina Buljac-Samardzi¢, PhD,* Connie M. Dekker-van Doorn, PhD, RN, 1 and M. Travis Maynard, PhD}f

Objective: The aim of this article was to present an overview of the crew
resource management (CRM) literature in healthcare. The first aim was to
conduct an umbrella review on CRM literature reviews. The second aim
was to conduct a new literature review that aims to address the gaps that
were identified through the umbrella review.

Methods: First, we conducted an umbrella review to identify all reviews
that have focused on CRM within the healthcare context. This step resulted
in 16 literature reviews. Second, we conducted a comprehensive literature
review that resulted in 106 articles.

Results: The 16 literature reviews showed a high level of heterogeneity,
which resulted in discussing 3 ambiguities: definition, outcome, and infor-
mation ambiguity. As a result of these ambiguities, a new comprehensive
review of the CRM literature was conducted. This review showed that
CRM seems to have a positive effect on outcomes at Kirkpatrick’s level 1,
2, and 3. In contrast, whether CRM has a positive effect on level 4 outcomes
and how level 4 should be measured remains undetermined. Recommenda-
tions on how to implement and embed CRM training into an organization
to achieve the desired effects have not been adequately considered.
Conclusions: The extensive nature of this review demonstrates the pop-
ularity of CRM in healthcare, but at the same time, it highlights that re-
search tends to be situated within certain settings, focuses on particular
outcomes, and has failed to address the full scope of CRM as a team inter-
vention and a management concept.
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H ealthcare organizations located around the globe are increas-
ingly facing the challenge of 1providing higher levels of care
with the same or even less means.” The demand for care is grow-
ing rapidly because of the increasing life expectancy, number of
aging people, comorbidity, and treatment possibilities. At the
same time, the supply of care cannot be increased because of
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government-initiated cost-saving programs that aim to keep health-
care systems affordable and sustainable. As a result, teamwork is
seen as a key ingredient in helping healthcare organizations face
this environmental dynamism. Several studies support the notion
that teamwork is one of the most critical components of a high
functioning healthcare system (e.g., the study by Rosen et al®).
Similarly, the importance of teamwork was loudly acknowledged
within the Institute of Medicine hallmark report “To Err Is Human,
Crossing the Quality Chasm,” which evidenced a link between the
lack of teamwork and preventable medical errors. In addition, they
cited that training in team behavior is essential given its role in reduc-
ing medical errors and increasing patient safety.>*

Consequently, healthcare organizations are using interventions
that aim to improve team functioning. In particular, Hughes et al®
(2016) showed in their meta-analysis the high potential that team
training programs in healthcare had on a variety of outcomes in-
cluding patient health. Although there are various teamwork train-
ing programs being used within the healthcare industry, crew
resource management (CRM) is likely the most well-known and
widely applied intervention within healthcare organizations aimed
to enhance team functioning and improve patient safety.

Crew resource management is often referred to as a training
intervention that covers nontechnical skills such as situational
awareness, decision making, teamwork, leadership, coping with
stress, and managing fatigue.’ A typical CRM training program
comprises a combination of information-based methods (e.g., lec-
tures), demonstration-based methods (e.g., videos), and practice-
based methods (e.g., simulation, role playing).” However, at its
core, CRM is a management concept that aims to maximize the
use of all available resources (i.e., equipment, time, procedures,
and people).® In addition, CRM is an intervention that addresses
all aspects of organizational operations rather than being limited
to the introduction of a specific training to achieve a specific out-
come. As such, the general aim of CRM interventions is “to pro-
vide members with the knowledge, skills, and attitudes needed to
respond to highly demanding situations in a competent manner
that proactively seeks to minimize the risk of errors””® Crew re-
source management is thus a system-wide approach that seeks
to avoid errors, detect errors before they occur, and mitigate the
consequences of errors that are not detected in a timely fashion. '’

As a result of the theorized promise surrounding CRM initia-
tives, there is a large and rapidly increasing amount of literature
that has evaluated CRM in different (especially high-risk) health-
care settings.!! Most of these studies report a positive effect of
CRM at 1 or more levels of Kirkpatrick’s framework for evalua-
tion of interventions: reactions, learning/knowledge, behavior,
and organizational outcomes (see Appendix 1, http:/links.lww.
com/JPS/A376). As a result of the growing body of evidence fo-
cused on CRM and its potential, multiple literature reviews have
been conducted with the aim to provide an overview of what
CRM entails and its impact. For example, in 2014, 2 reviews were
published on CRM: a meta-analysis by O’dea et al’ (2014) and a
systematic review by Verbeek-van Noord et al'? (2014). O’dea
et al’ (2014) found 20 studies that evaluated CRM in the acute
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healthcare domain. Based on their work, they concluded that
CRM has a large effect on knowledge and behavior and a small ef-
fect on attitudes.” However, the evidence for an effect on clinical care
outcomes was unsupported in their meta-analysis, as was the
long-term impact of the training. In comparison, Verbeek-van Noord
et al'? (2014) found 22 studies that evaluated classroom-based
CRM training on safety culture in a broad range of healthcare do-
mains. They concluded that results regarding the effect of CRM
on safety culture were mostly mixed.'* In addition to this unclear
picture of the impact of CRM on safety culture, these 2 studies
also provide a vivid example of the reviews that have been con-
ducted in this area—they include studies with a variety in levels
of quality, and the impact that CRM has depends on how effec-
tiveness is defined. In addition, it should be emphasized that the
conclusions derived from such reviews are not based on the same
studies given that the target group and CRM content are often dif-
ferent from one review to another. Of the 42 studies included in
these 2 reviews, only 2 were included in both reviews.'*'*

This lack of overlap speaks to the high level of heterogeneity of
studies that exist within the overall CRM literature. In part, this
heterogeneity is caused by differences in the CRM curricula, the
healthcare setting, the target group within a healthcare setting,
and the methods used to evaluate a given CRM intervention. We
are not the first to point out these “issues” within the CRM litera-
ture. In a recent literature review, Gross et al'! (2019) pointed out
these diversities and concluded that CRM seemed to be an um-
brella concept of human factors and safety training.

As such, we echo prior sentiments speaking to the need for a
comprehensive and structured overview of the CRM literature to
ascertain what is really known about CRM in healthcare, given
that this has yet to be addressed. Here, we seek to address this
gap as this study aims to synthesize the scientific knowledge on
CRM by analyzing the results of all literature reviews conducted
on CRM to date. This will hopefully provide us insights regarding
the current state of the literature based on prior literature reviews.
However, given the discrepancies and gaps in the literature reviews
conducted thus far, within the current study, we will also conduct a
more comprehensive review of the literature with the intent to pro-
vide a more complete picture of research conducted on CRM within
healthcare to date and highlight where future research is needed.

This literature review consists of 2 phases. The goal of the first
phase is to synthesize the findings from all literature reviews (not
only systematic reviews) addressing CRM within healthcare set-
tings. During this phase of our work, we will conduct an umbrella
review (e.g., the study by Aromataris et al'>) of the CRM litera-
ture. The second phase of our work aims to review the CRM liter-
ature from 2006 to August 2019 addressing the gaps that were
identified through the umbrella review process.

METHODS: PHASE 1: UMBRELLA REVIEW OF CRM
LITERATURE REVIEWS

Search Strategy

We searched the following databases to locate literature reviews
conducted to date on the topic of CRM: EMBASE, Medline, and
Web of Science. The search involved a combination of the key
words “CRM” OR “crew resource management” OR “crisis re-
source management,” in combination with (i.e., AND) “review
(see Appendix 2, http:/links.lww.com/JPS/A377).” This search
strategy resulted in 215 hits. This search was expanded by a manual
search in Google Scholar. These hits were subject to a stepwise
evaluation process as shown in Figure 1. First, the title and abstract
were evaluated by adhering to the inclusion and exclusion criteria
(see hereinafter), which narrowed our population down to 32
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articles. Two of the authors followed these steps, and in the case
of disagreement or doubt, it was proceeded to the next step. Second,
this subset of articles was evaluated by looking at the entire texts
while using the same criteria. This narrowed the list of reviews
down to 14 articles. Two of the authors followed this step, and in
the case of disagreement, a third author was included in the discus-
sion to make the final decision. In addition, the author team closely
analyzed and summarized the reference list of each article to iden-
tify any additional articles that may not have surfaced through the
literature search process. This step resulted in 2 additional articles.
As a result, in total, our umbrella review consisted of the 16 litera-
ture reviews that were selected.

Inclusion and Exclusion Criteria

The criteria for inclusion in our study were as follows: the article
needed to (1) present a literature review (e.g., systematic, narrative),
(2) that was written (or translated) in English, (3) published in a
peer-reviewed journal, (4) with a focus on how CRM can improve
performance, and (5) focused (at least partly) on CRM in health-
care. We did not weigh the quality of the literature reviews into
the inclusion criteria to capture all potentially relevant studies. Like-
wise, we did not include (nor exclude) articles based on the actual
content of the CRM intervention. As such, if the authors of the un-
derlying literature reviews referred to CRM, an inclusion criterion 4
was met. We also included reviews that presented several team in-
terventions that also included CRM, as long as it was clear which
articles focused on a CRM intervention and could therefore be ex-
tracted. In addition, we did not consider publication year in our deci-
sion as to whether to include or to exclude a particular article. Each
of these decisions was made in an attempt to ensure that we were able
to identify all reviews of the CRM literature within healthcare.

That said, we did apply certain exclusion criteria. Specifically,
literature reviews were excluded when (1) no overview of articles
was presented as a result of the literature search, (2) the presented
articles were not focused on CRM but, for example, on education,
and (3) reviews in which articles on CRM in healthcare were not
present or represented in an overview of results. Literature reviews
that focused on a variety of settings that also included healthcare
were included in our umbrella review, but these reviews were se-
lectively summarized and analyzed so as to emphasize the find-
ings relevant to the healthcare context.

Analysis

The 16 literature reviews that were included in our umbrella re-
view are summarized in Table 1. Within this table, we highlight
the author, year, title, aim/research question, methods (inclusion
and exclusion criteria), setting, number of articles included within
the underlying literature review, main result/conclusion, and the
quality of the methods using the AMSTAR (A Measurement Tool
to Assess Systematic Reviews) tool.?” The AMSTAR consists of
11 items and results in a score ranging from O to 11. Based on
the 16 literature reviews, 3 categories were constructed, reviews
that focused on (1) CRM training in general, (2) simulation train-
ing, which is seen as crucial element of CRM, and (3) team train-
ing in which CRM is seen as 1 type of team training.

RESULTS: PHASE 1: UMBRELLA REVIEW OF CRM
LITERATURE REVIEWS

Quality of the Literature Review

Upon pulling together the literature reviews conducted on
CRM in healthcare to date and conducting our umbrella review
of such work, it became apparent that there is a strong variation
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FIGURE 1. Flow chart phase 1.

between how the 16 literature reviews were conducted and docu-
mented. Only 9 of the 16 reviews presented a flowchart that shows
the process from initial search until the final set of articles in
detail 7+!1:12:16.17.22-24.26.27 (ytherg gave a short description of this
process.?® Likewise, 2 reviews did not present the full summary
table of the selected articles and instead only provided a selection
of information.'®!” These and other factors are reflected in the
AMSTAR rating, which varies between 3 and 10 with Gross et al'!
(2019), McCulloch et al*’ (2011) and O’Connor et al'® (2008) re-
ceiving the highest AMSTAR scores.

Overall Findings

Table 1 provides a summary of the 16 CRM literature reviews
included within our umbrella review. This table highlights some of
the key areas of consensus across all the reviews. For instance, all
of'the reviews provide evidence of the positive effects of CRM on
participant reaction, knowledge, attitude, skills, behavior, learn-
ing, transfer of knowledge to workplace, safety culture, and team-
work (e.g., communication, coordination) within the healthcare
setting. However, although, at a high level, the positive effects of
CRM exist, the picture is far from universal across all 16 literature
reviews. For instance, the review by Salas et al*® (2006) suggests
that the impact of teamwork training is mixed. Even those who
found evidence of benefits of CRM were of varying strengths.
For instance, O’dea et al” (2014) suggest that CRM had large ef-
fects on knowledge and behavior and a small effect on attitudes.
In comparison, O’Connor et al'® (2008) found that the strength
of the relationship with attitudes and behaviors was large while
the effect with knowledge was only medium.'®

Building upon these mixed results, Table 1 also provides in-
sights into other areas of heterogeneity among the reviews. To
start, there is substantial variability in the number of studies in-
cluded in each review (range from 7 to 64 underlying articles).
In part, this variability may be the result of the target group exam-
ined within each review—from no limitation or all healthcare set-
tings to a specific healthcare setting (e.g., acute care, hospitals),
department (e.g., emergency department), or team (e.g., interpro-
fessional teams). Likewise, what CRM entails varies across these
various reviews to include techniques such as CRM training,

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

8 not a literature review

2 not a healthcare setting included
8 not focussed on CRM

simulation training, simulation crisis resource management train-
ing, and classroom-based CRM training.

Synthesis of Themes

Based on our review of the 16 CRM reviews conducted to date,
we have identified a variety of issues that raise questions concern-
ing whether any of these reviews provides a complete picture of
the CRM literature. Looking closer, we found 3 clusters of ambi-
guity: in definition of CRM, in outcomes, and in information.

Definition Ambiguity

As each literature review focuses mainly or partly on CRM, it
could be expected that a clear description of what CRM entails
was presented. Table 2 provides an overview on how the 16 liter-
ature reviews described CRM. This table indicates that CRM typ-
ically covers competences like knowledge, skills and attitude, and
topics such as teamwork, leadership, situation awareness, decision
making, and communication. At the same time, Table 2 demon-
strates that there is no clear standard set of competencies or topics
that CRM should address. Gross et al'' (2019) show a list of key
words that are used to describe CRM (e.g., communication, situa-
tional awareness, leadership, teamwork, decision making, briefing).
However, there is a lack in operationalization of terminology, and
therefore, it seems that a universal definition of CRM does not ex-
ist. This causes a considerable gap in knowledge about what CRM
includes and which elements are the ones that precisely alter be-
havioral processes and subsequently improve patient safety. Most
of the selected literature reviews do not address this issue and cir-
cumvent this by pretending that there is consensus about what
CRM training interventions actually entail. Interestingly, only 7 of
the 16 literature reviews included a description of the CRM training
in their summary of the results.”'!"182%26=8 These descriptions show
us that CRM curricula vary significantly. McCulloch et al*’ (2011)
suggest that the instructional methods of CRM training could consist
of classroom-based methods only, or leverage simulation-based
methods only, or a combination of both. O’dea et al’ (2014) pro-
vide insights from the standpoint of variation in training time be-
tween different methods. Information-based methods, such as
lectures, vary between 1 hour and 1 day. Practice-based methods,
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such as a simulation, vary between 2 hours and 1 day. Although
most CRM training interventions had a 1/2- or 1-day format,'" they
can last up to 2 or 3 days. >3 Recently, Gross et al'! (2019) explic-
itly addressed the issue of a lacked shared definition by showing
that less than half of the studies in their systematic review provided
information that would allow the CRM intervention to be repli-
cated. In addition, they suggested minimum requirements for de-
scribing the intervention design (i.e., aims, methods, contents) in
future CRM articles.

Outcomes Ambiguity

In addition to the lack of consistency regarding the conceptual-
ization of a CRM training, there also seems to be a lack of agree-
ment regarding the impact of CRM interventions in terms of the
relationship between CRM programs and the impact of such an in-
tervention on a variety of outcomes.” As suggested previously, the
16 literature reviews included in our umbrella review seem to
present a clear picture that CRM has a positive effect on outcomes.
However, when we look across different outcomes, there are dif-
ferent results. Namely, the impact of a CRM training is especially
clear at Kirkpatrick’s hierarchy evaluation level 1 (i.e., reaction)
but lacks consistency when looking at level 2 (i.e., learning) and
level 3 (i.e., behavior).”!” Likewise, it is widely debated whether
CRM training has an effect on the bottom line: performance out-
come such as improvement in specific patient safety outcomes
(Kirkpatrick’s level 4). The review by Salas et al*® (2006) states
that the evidence included in their review is mixed.? As a result,
some suggest that the relationship between CRM and patient
safety is not yet proven. Others, however, point out that there are
a couple of studies that have shown CRM to have a beneficial ef-
fect for patients but also recognize the limitations regarding the
conceptualization and the quality of evidence.'!"1%!”

An underlying issue is that the variety of outcome measures
that have been examined within CRM research is challenging to
fit precisely into Kirkpatrick’s categories, which resulted in alter-
ations such as splitting level 2 into attitude (2a) and knowledge/
skills (2b) or including marks (e.g., *) that represents deviations
such as using qualitative evaluation methods (instead of quantita-
tive), as well as varying the time at which outcomes are measured
(i.e., right after the training intervention or after a delay). Never-
theless, only 5 of the 16 literature reviews clearly present the mea-
sures used in their findings.”!12171827 Quch a sentiment was
shared by Gross et al'! (2019) who suggested minimum require-
ments for describing the evaluation (i.e., method of evaluation,
sample %roup size, statistical data, outcomes) for future CRM
articles."!

Information Ambiguity

As detailed in Table 1, many of the reviews conducted to date
have focused on the relationship that CRM training interventions
have on various outcome metrics. However, there is a lack of
information provided in the literature reviews conducted thus
far regarding the first and last step in this process: implementation
of CRM and sustaining the effects. The review conducted by
Verbeek-van Noord et al'? (2014) is the only review that presented
information on the implementation strategy. In addition, Gross
etal'! (2019) discussed studies with an implementation strategy.''
Similarly, only Tan et al** (2014), Verbeek-van Noord et al'? (2014),
and O’dea et al” (2014) explicitly address the sustainability of re-
sults as they highlight the period over which the effect of CRM
was measured. This is unfortunate given that multiple reviews ac-
knowledge the need for more evidence regarding the sustainability
of CRM initiatives (e.g., the study by Maynard et al'®). In addition,
Gross et al'! (2019) emphasize the importance of considering

€936 | www.journalpatientsafety.com

training conditions to include factors such as the trainer quali-
fication and the number of participants.''

Measures to grade the level of evidence or the methodological qual-
ity could help make a judgment regarding an article. The level of evi-
dence of the selected CRM articles by the reviews is often not
quantified. Tan et al** (2013) and McCulloch et al*’ (2011) are the only
ones to address the quality of evidence per study. Tan et al** (2014)
even conclude that all the selected articles (on multidisciplinary sim-
ulation training) in their review present a low quality of evidence.

Conclusion Phase 1

Most of the 16 selected reviews base their conclusion on differ-
ent domains in healthcare. This contributes in part to the interest-
ing finding that within these reviews, there is a lack in overlap
between the 16 literature reviews regarding the presented studies.
When looking across the 16 reviews, if one were to merge the
studies reviewed, it would result in 274 articles in total with 190
of these articles being unique. By digging into the reviews that
have been conducted to date, only 17 of the articles were included
within 3 or more of the reviews, only 49 of these 190 articles were
actually presented by 2 or more reviews, and the remaining 141 ar-
ticles were presented in only 1 review. Recently, the systematic lit-
erature review conducted by Gross etal'' (2019) seems to present
the most comprehensive overview of the CRM literature. How-
ever, although more comprehensive than others, within their re-
view, only a third of the articles included overlap with the other
15 reviews. Because of the high level of heterogeneity of the pres-
ent literature reviews, the need to present one overall review is still
present. As a result, within phase 2, we conducted our own litera-
ture review of the healthcare CRM literature with the aim of being
more comprehensive than any single review conducted to date.

METHODS: PHASE 2: COMPREHENSIVE CRM
LITERATURE REVIEW

As a result of the conclusion of phase 1, we conducted a new
literature review on CRM in healthcare with the aim of providing
the most comprehensive review of this literature stream to date
and thereby filling several of the identified gaps noted during
our umbrella review (i.e., phase 1).

Search Strategy

First, we searched the following databases for CRM articles:
PubMed, EMBASE, Web of Science, and Google Scholar. The
search involved a combination of the key words “CRM” OR
“crew resource management” OR “crisis resource management”
and was restricted to articles from 2006 (see Appendix 2, http://
links.lww.com/JPS/A377). This search strategy resulted in 891
hits. First, similar to the process used in phase 1, 2 of the authors
evaluated the title and abstract by adhering to the inclusion and ex-
clusion criteria highlighted hereinafter and then following this
with the full-text evaluation by way of the same criteria (Fig. 2).
This resulted in 90 articles. Second, the presented articles within
the 16 literature reviews (phase 1) were extracted and also evalu-
ated according the inclusion and exclusion criteria. This second
step resulted in 2 additional articles. Third, snowball research
was applied by analyzing the included articles and their reference
lists, which added 14 articles. In total, 106 articles were included.

Inclusion and Exclusion Criteria

Articles were included if they examined CRM interventions
within healthcare and did so by leveraging empirical analysis.
In contrast, articles were excluded if they (1) did not cover a
CRM intervention, but for example, a related intervention such

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Descriptions of the CRM Concept

Authors (Year) Description of CRM Within Review

1. Reviews that focus on CRM

Boet et al'® (2014) “The ultimate goal of all CRM simulation training is to increase patient safety and result in better patient outcomes.”
Fung et al'” (2015) “CRM includes clinical as well as communication and team-working abilities. CRM refer to principles such as

leadership and followership, communication, teamwork, resource use, and situational awareness.”

Gross et al'! (2019) Salas et al>® (1999) defined CRM training as a “a family of instructional strategies designed to improve teamwork in the
cockpit by applying well-tested training tools (e.g., performance measures, exercises, feedback mechanisms) and
appropriate training methods (e.g., simulators, lectures, videos) targeted at specific content (i.e., teamwork
knowledge, skills, and attitudes). The purpose of CRM in high-risk organizations can be summarized as error
countermeasures with three lines of defense: (1) avoidance of error, (2) trapping incipient errors before they are
committed and (3) mitigating the consequences of those errors which occur and are not mitigated.”

Maynard et al'® (2012)  Possible CRM training components: patient safety overview within healthcare, role of CRM in other industries and
within healthcare to address safety, communication, normalization of deviance, ingredients for effective teamwork,
conflict, team briefings, team debriefings, assertiveness, situational awareness, shared mental models, red flags, and
decision making.

O’dea et al’ (2014) “The purpose of CRM training is to promote safety and enhance efficiency through optimum use of all available
resources: equipment, procedures and people. The focus of CRM training is not on technical skills but rather cognitive
and interpersonal skills, such as communication, situational awareness, problem solving, decision making, leadership,
assertiveness and teamwork. Training is usually designed to develop generalizable, transportable teamwork
competencies that learners can apply across different settings and teams. Instructional methods include:
information-based methods (e.g., didactic lecture); demonstration-based methods (e.g., behavioral modeling, videos);
and practice-based methods (e.g., simulation, role playing).”

O’Connor et al'® (2008) CRM training can be defined as “a set of instructional strategies designed to improve teamwork in the cockpit by
applying well-tested tools (e.g., performance measures, exercises, feedback mechanisms) and appropriate training
methods (e.g., simulators, lectures, videos) targeted at specific content (i.e., teamwork knowledge, skills, and
attitudes) (Salas et al, 1999, p.163).3% “An introductory CRM course is generally conducted in a classroom for 2 or 3
days. Teaching methods include lectures, practical exercises, role playing, case studies, and video of accident re-
enactments. CRM courses typically cover core topics such as teamwork, leadership, situation awareness, decision
making, communication, and personal limitations.”

Salas et al*® (2006) “CRM is an instructional strategy that trains crews to effectively use all of their available resources (i.e., people,
equipment, and information). CRM training has been defined as a set of “instructional strategies designed to improve
teamwork in the cockpit by applying well tested training tools (e.g., performance measures, exercises, feedback
mechanisms) and appropriate training methods (e.g., simulators, lectures, videos) targeted at specific content (i.e.,
teamwork knowledge, skills, and attitudes)” (Salas et al, 1999, p.163).3 0» <« it can be conceptualized as a team
training strategy focused on improving crew coordination and performance.”

Verbeek-van Noord “CRM typically includes educating teams about the limitations of human performance. Operational concepts include

etal'? (2014) inquiry, seeking relevant operational information, assessing personal and peer behavior, communicating proposed
actions, conflict resolution, and decision making.”

Zeltser and Nash?' Not clear.
(2010)

II. Reviews that focus on simulation

Doumouras et al*? “Simulation-based crisis resource management (CRM) training using a realistic computer-controlled mannequin is
(2012) believed to be a useful strategy for teaching team-based skills. This methodology allows for repeated instruction and

deliberate practice while posing no threat to patients.”

Murphy et al*® (2015) ~ “Tt (referring to simulation) is based on the experiential learning theory which provides devices, staff, virtual
environments and contrived situations that replicate the clinical environment and events that arise in professional
situations.”

Tan et al** (2014) Not clear.

III. Reviews that focus on team training in general

Buljac-Samardzic et al®® “CRM encompasses a wide range of knowledge, skills, and attitudes including communication, situational awareness,
(2010) problem solving, decision making, and teamwork.”

Low et al*® (2018) “Crew resource management (CRM) is an educational curriculum that was initially developed for the aviation industry to
improve safety, communication and decision making. CRM was adapted to healthcare when patient simulators were
used in anesthesia training programs and highlights five essential core concepts: team structure, leadership, situational
awareness, mutual support and communication.”

McCulloch et al*’ Not clear.

(2011)

Weaver et al?® (2014)  “A specific team-training strategy focused on developing a subset of teamwork competencies including hazard

identification, assertive communication and collective management of available resources.”
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FIGURE 2. Flow chart phase 2.

as TeamSTEPPS or in case results could not be tracked backed
to the CRM intervention because it was only 1 element of a bigger
intervention; (2) did not present empirical data on the evaluation
of CRM, but for example, only described the development of a
CRM intervention or only focused on the educational improve-
ment of CRM training; or (3) did not focus on healthcare organi-
zations but on the profit sector or on educational institutions.
However, the actual content of the CRM intervention was not con-
sidered as an inclusion or exclusion criterion. If the authors them-
selves referred to CRM, it was included. In addition, we did not
consider methodology (e.g., quantitative, experimental, qualita-
tive) as an exclusion criterion.

Analysis

The 106 articles were summarized in Table 3 by author, year,
aim of the study, setting, study design, main results as well as
the Kirkpatrick’s level of outcome, implementation strategy (yes
or no), and sustainability strategy (yes or no). In addition, the
quality of the evidence was evaluated by MMAT (Mixed Methods
Appraisal Tool). MMAT allows an assessment of methodological
quality (quality of reporting) of all articles, regardless of their meth-
odology. Although the criteria differ for each type of research, each
domain for quantitative and qualitative research includes 4 criteria.
The final score for each article depends on the number of criteria
met and can vary from 25%, 50%, 75%, to 100% if all criteria are
met. For mixed method research studies, the calculation of the final
score is a little different and depends on the quality of the weakest
component (qualitative, quantitative, or mixed method).'*®

RESULTS: PHASE 2: COMPREHENSIVE CRM
LITERATURE REVIEW
Taking a closer look at those 106 articles, there are 3 main find-
ings: (1) effect of the training and its sustainability, (2) implemen-
tation, and (3) variation.

The Effect of CRM Training and Its Sustainability
All studies included in our comprehensive review presented ev-
idence that CRM had a positive effect on an outcome measure
within at least 1 Kirkpatrick level. In particular, CRM seems to
positively affect level 1 (i.e., reaction) and 2 (i.e., learning), based
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155 full text articles excluded:

no empirical data on evaluation
6 not a healthcare setting

35 not focussed on CRM

on the high quantity of articles and the quality of the evidence
noted. Likewise, the effects of CRM interventions on level 3 out-
comes (i.e., behavior) are promising. However, we have to note
that level 3 sometimes included the perception of behavioral
change and was sometimes obtained by observations. In addition,
whether CRM affects outcomes at level 4 (i.e., organizational out-
come) remains unclear. Only 28 articles included level 4 in their
evaluation, and the results here were mixed.

Although most studies presented a positive effect of CRM, this
statement requires nuancing. First, the period in which the positive
effects occurred varied from directly after the training to 4 years
after the training1 12 Likewise, the number of measurements varied
between 1 and 3 (after intervention). Although all positive mea-
sured effects are valuable, the sustainability of these effects is
equally important. Only half of the studies offered some form of
sustainability intervention. Second, most studies measured multi-
ple nontechnical skills and always reported 1 or more significant
effects, but also some nonsignificant effects. Across the studies,
it is not consistent as to which nontechnical skills are significant
and which are not. Third, a couple of valuable outcomes were
not measured. Specifically, there are no studies included in our re-
view that described the return of investment as an outcome of a
CRM intervention.'” This gap is interesting given that within the
healthcare setting where budget constraints have a high priority,
this is a relevant outcome measure. Likewise, outcomes related
to the well-being of caregivers are scarce. In healthcare settings
where the physical and especially the emotional burden is per-
ceived to be high, this is a valuable outcome measure for future re-
searchers in this area to consider.

Implementation of CRM Training

Our review of the CRM literature also highlights that most ar-
ticles present limited information on the implementation strategy
of CRM interventions. That said, of the information provided,
there seems to be a high level of variety in the implementation
strategies that are leveraged. Information on the possibility to par-
ticipate in the training was most frequently presented (e.g., CRM
training that was offered during working hours, compensating the
hours spent within CRM training, or providing multiple possibil-
ities to follow the training). In addition, the status of the CRM
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training was frequently discussed. For instance, examples include
the priority status within an organization and department or if the
training was compulsory or voluntary. In addition, in a few cases,
an implementation team was composed as part of the implementa-
tion strategy. However, it remains an unanswered question as to
the impact of how such interventions are implemented and what
some potential pitfalls may be from implementing CRM. Likewise,
although Weaver et al*® (2014) noted that CRM is often implemented
as a bundle of initiatives, research has yet to fully consider whether
or when certain bundles represent deadly combinations rather than
resulting in synergistic effects for the caregivers, patients, and
healthcare organizations.

Variation

Although there is variation in what the CRM training entailed,
most CRM training interventions seem to start with a didactic el-
ement (e.g., lecture, e-learning) combined with a form of simula-
tion (e.g., high-fidelity simulator) and debriefing. The duration
varied between 1/2 day and a couple of weeks. In addition to the
variations present during the training, there is variation before
(i.e., implementation strategy) and after (i.e., sustainability ele-
ments) the training intervention. The question remains whether
and how these differences matter. Likewise, research has yet to
truly address which CRM elements are best practices and which
should be adjusted to create a best fit. Although such variation is
typically viewed in a negative light, it can also be a good thing as
evidenced by Tschannen et al'?® (2015) who showed that a tailored
CRM training for nurses, the so-called nursing CRM, indicated a
culture change and a more permanent effect. This study is espe-
cially valuable as it is focused on a relatively novel area for CRM
research (nursing teams).

Conclusion Phase 2

Based on our new and more comprehensive literature review,
we can clearly state that CRM seems to have a positive effect on
Kirkpatrick’s level 1, 2, and 3. However, effects on level 3 were
not only obtained through observations but also through the per-
ception of participants. Whether CRM has a positive effect on
level 4 outcomes and how level 4 should be measured remain un-
determined. Likewise, the precise manner in which to implement
and embed CRM training into the organization so that the desired
effects will occur and will be sustained should be given more re-
search attention. Furthermore, future research attention is needed
on how long the positive effects will sustain and what the critical
factors are to sustain the effects of CRM training interventions.

DISCUSSION AND CONCLUSIONS

The extensive nature of this review demonstrates that a signif-
icant number of studies have been conducted over the past decade
looking at the effects of CRM in healthcare. At the same time, our
review highlights that this research tends to be situated within cer-
tain settings (i.e., acute hospital setting) and focused on particular
outcomes (i.e., perceived nontechnical skills and team function-
ing). Accordingly, this suggests that research in this area has pro-
vided evidence that CRM is most likely to improve outcomes at
Kirkpatrick’s level 1, 2, and 3. However, our review also indicates
that there are several gaps that remain within the CRM literature.
Therefore, future research should attempt to more fully capture the
complete picture of CRM in healthcare.

The first gap that we identified based on our review is that rather
than focusing exclusively on the results of a CRM intervention at the
4 Kirkpatrick’s levels, research should also examine the means by
which to actually sustain these effects. In particular, studies should
measure the extent to which the results of a CRM intervention can
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be sustained and what factors should be implemented to enhance the
gains derived from a CRM intervention over longer periods. In addi-
tion, research on the content of sustainability strategies on CRM is
needed. Sustainability strategies are needed to adapt the intervention
and implementation strategies to the needs and feedback of the
professionals, thus building employee engagement and ensuring
the long-term success of an intervention.'*” In part, such strategies
may increase the variability noted within the CRM literature as the
factors that assist with sustaining the benefits of CRM interventions
may need to be tailored to the particular organization and its context.

The second gap that we identified is the lack of information
about the importance that CRM should not be viewed as an iso-
lated intervention but as an element of a broader Human Resource
(HR) strategy in which other elements reinforce the attended
changes. Research should provide insights in which HR prac-
tices (e.g., appraisal, feedback, other training) reinforce or dimin-
ish the effect of CRM. Likewise, research should consider
whether certain combinations of HR practices and CRM interven-
tions result in a “deadly combination” and thereby actually have
detrimental effects. To date, most studies within the CRM litera-
ture provided too little information about the context in which
CRM is implemented. To truly understand why and how CRM af-
fects (all 4 Kirkpatrick’s levels) outcomes and be able to replicate
the effect (by researchers and practitioners), detailed information is
required related to the context in terms of implementation process
and content of HR strategies.

Limitations

Although we did our best to be as inclusive as possible with our
review of the CRM literature, we excluded certain articles because
we only focused on articles written in English that presented empiri-
cal data and were published in peer-reviewed journals. Consequently,
we might have excluded studies that present negative or nonsignifi-
cant effects of CRM, also known as the publication bias.'*® In ad-
dition, given that our focus was only CRM, we did not include
related interventions such as TeamSTEPPS or interventions that
focused on only 1 element of CRM such as simulation training
as CRM is a multifaceted intervention.
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