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Abstract

Background: Non-technical skills (NTS) concepts from high-risk industries such as aviation have been enthusiasti-
cally applied to medical teams for decades. Yet it remains unclear whether—and how—these concepts impact
resuscitation team performance. In the context of ad hoc teams in prehospital, emergency department, and trauma
domains, even less is known about their relevance and impact.

Methods: This scoping review, guided by PRISMA-ScR and Arksey & O'Malley’s framework, included a systematic
search across five databases, followed by article selection and extracting and synthesizing data. Articles were eligible
for inclusion if they pertained to NTS for resuscitation teams performing in prehospital, emergency department, or
trauma settings. Articles were subjected to descriptive analysis, coherence analysis, and citation network analysis.

Results: Sixty-one articles were included. Descriptive analysis identified fourteen unique non-technical skills. Coher-
ence analysis revealed inconsistencies in both definition and measurement of various NTS constructs, while citation
network analysis suggests parallel, disconnected scholarly conversations that foster discordance in their operation-
alization across domains. To reconcile these inconsistencies, we offer a taxonomy of non-technical skills for ad hoc
resuscitation teams.

Conclusion: This scoping review presents a vigorous investigation into the literature pertaining to how NTS influ-
ence optimal resuscitation performance for ad hoc prehospital, emergency department, and trauma teams. Our pro-
posed taxonomy offers a coherent foundation and shared vocabulary for future research and education efforts. Finally,
we identify important limitations regarding the traditional measurement of NTS, which constrain our understanding
of how and why these concepts support optimal performance in team resuscitation.
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Graphical abstract

EXAMINING NON-TECHNICAL SKILLS FOR AD HOC RESUSCITATION TEAMS:
A SCOPING REVIEW AND TAXONOMY OF TEAM-RELATED CONCEPTS

J. Colin Evans, M.D.; M. Blair Evans, PhD; Meagan Slack, MSc; Michael Peddle, M.D.; Lorelei Lingard, PhD
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Non-technical skills (NTS) concepts from high-risk industries such as aviation have

been enthusiastically applied to medical teams for decades. Yet it remains unclear

whether —and how — these concepts impact resuscitation team performance. In the

context of ad hoc teams in prehospital, emergency department, and trauma domains,

even less is known about their relevance and impact. :‘:

® SELECTED RESULTS

61 ARTICLES WITH DATA EXTRACTED VIA DESCRIPTIVE ANALYSIS, COHERENCE
ANALYSIS, AND CITATION NETWORK ANALYSIS.

A INCONSISTENT DEFINITION AND APPLICATION ACROSS 14 NON-TECHNICAL CONSTRUCTS.

E E LITERATURE BASE THAT IS DISTRIBUTED ACROSS NUMEROUS DOMAINS, RESULTING IN
= DISCONNECTED AND PARALLEL DISCUSSION.

MEASUREMENT TECHNIQUES THAT FAIL TO CAPTURE ALL ASPECTS OF THE CONSTRUCT
BEING INVESTIGATED.

EMERGENCE OF SHARED MENTAL MODELS AND TEAM SITUATIONAL AWARENESS AS TWO
CONSTRUCTS THAT ARE OFTEN CONFLATED AND WHICH MAY BE ESSENTIAL TO OUR
UNDERSTANDING OF HOW AD HOC RESUSCITATION TEAMS FUNCTION.
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Table 1 Key phases in scoping review methods ( adapted from
Arksey and O'Malley 2005)

Phase/stage Goal of phase/stage

Stage 1 Identifying the research question

Stage 2 Identifying relevant studies

Stage 3 Study selection

Stage 4 Charting the data

Stage 5 Collating, summarizing and
reporting the results

Introduction

Despite establishing the significance of teammate col-
laboration for resuscitation performance, resuscitation
literature has yet to achieve a consensus regarding how
non-technical skills (NTS) work and which constructs
are most relevant to resuscitation teams. Interpersonal
constructs like leadership, teamwork, and communica-
tion, and cognitive constructs such as decision-making
and situational awareness have been studied in many
settings and are now included within resuscitation
guidelines around the world [1, 2]. Prehospital, emer-
gency department, and trauma resuscitation teams
perform in dynamic domains [3], experience frequent
team membership turnover and integrate different pro-
fessional cultures [4] all while expressing a high degree
of interdependence [5]. The composition of these teams
varies by region, but what these teams hold in common
is their shared tasking as specialists in resuscitation and
the necessity to unite members who are available to
respond at the time of the patient’s critical event on an
ad hoc basis. While there is now an extensive literature
examining N'TS for teams performing in these settings
[6, 7], the specific impact of their ad hoc and intersec-
toral nature tends to be overlooked [8].

Ad hoc resuscitation teams, otherwise known as
action teams [9, 10] and variable role, variable person-
nel (ViVp) teams [11], are composed in response to an
acute demand for a limited performance [4] with variable
membership including representation from various dis-
ciplines (e.g., emergency medicine, anaesthesia, surgery)
and professions (e.g., physician, nurse, respiratory thera-
pist). An added layer of complexity specific to prehospi-
tal resuscitation teams is their intersectoral nature: team
members may also represent multiple sectors of society
[12] (e.g., paramedic/EMT, physician, nurse, fire, police,
lay responder), some of whom may have neither health-
care training nor a primary healthcare focus. Efforts to
actively translate evidence from N'TS literature into train-
ing and practice for resuscitation teams may be under-
mined if these findings are incompatible with the teams’
ad hoc dimension. A clear understanding of how NTS
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constructs relate to ad hoc teams is necessary to capital-
ize on — and meaningfully extend — the rich literature on
NTS in resuscitation.

With this scoping review we take a configurative
approach [13], which seeks to interpret and understand
the state of resuscitation team literature. In contrast with
an aggregative approach of combining empirical obser-
vations and making summative statements (e.g., meta-
analysis), we used a configurative approach to identify
key themes, clarify discrepancies, and describe gaps in
the scholarly conversation pertaining to NTS for resus-
citation teams. Through this lens, we classify each source
based on team setting and structure, and the types of
NTS constructs investigated—leveraging this review to
interrogate existing theory and advance novel perspec-
tives. Our aim is to provide future researchers and edu-
cators a clearer understanding of team dynamics and
a common language for NTS, particularly as they per-
tain to ad hoc prehospital, emergency department, and
trauma resuscitation teams.

Methods

We selected scoping review as the most appropriate
methodology to map the state of the literature pertain-
ing to NTS in ad hoc team resuscitation. This approach
allows us to describe the breadth of the literary landscape
and account for its contours, unrestricted to methodol-
ogy and setting or by a narrowly predefined research
question [14]. Our search was guided by both PRISMA
scoping review guidelines [15], and Arksey & O’Malley’s
five step framework [14, 16] (see Table 1).

Identifying the research question and search strategy

Leveraging the research question specified above, a pre-
liminary list of keywords was first generated by brain-
storming among members of the authorship team (which
includes experts in medical teams and clinical aspects
of resuscitation) regarding relevant terms and concepts.
This keyword list was refined by reviewing concepts
described in relevant studies using a database and google
scholar search of the terms “non-technical skills” and
“resuscitation’, and by cross-referencing all terms with
the taxonomy applied to surgeons by Yule et al. [17]. This
taxonomy was selected because our team regarded it as
the most comprehensive and representative of the non-
technical constructs identified in our preliminary search.
This taxonomy distinguishes constructs as interpersonal
skills (communication, leadership, teamwork, briefing/
planning/preparation, resource management, seek-
ing advice and feedback, coping with pressure/stress/
fatigue) and cognitive skills (situation awareness, men-
tal readiness, decision making, adaptive strategies/flex-
ibility, workload distribution). With this keyword list, a
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research librarian assisted in selecting MeSH terms, data-
base selection, and designing search queries. Our team
chose to emphasize medical literature and selected four
databases [EMBASE (Ovid), CINAHL (Ebsco), MED-
LINE (Ovid), and Psychinfo (Ovid)]. The database search
combined three groups of terms: 1. activity (e.g., resus-
citation, ATLS, ACLS), 2. setting (e.g., prehospital, para-
medic, emergency department), and 3. non-technical
skills. An example of our CINAHL search query is avail-
able in online supplemental materials.

Study selection as well as inclusion and exclusion crite-
ria were informed in an iterative fashion as our familiarity

with the literature evolved. We primarily sought litera-
ture that specified a focus on prehospital or emergency
deparment teams. Teams including other descriptions
were included (e.g., trauma teams) in cases where our
research team determined that teams described in the
papers included emergency or prehospital members
or when the clinical tasks took place in an emergency
department context. Our final criteria are listed in the
online supplemental materials and sought to identify
manuscripts featuring original empirical studies as well
as literature reviews that overtly measured or described
NTS in the prehospital, emergency, and trauma settings.
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The inclusion of review articles in this dataset aligns with
our configurative approach and speaks to our research
question, which focuses on patterns regarding how rel-
evant concepts were used in the literature.

Data collection, charting and analysis

The PRISMA flowchart illustrating the progress of the
search is available in Fig. 1. We performed our initial
search in June, 2017 and a final update on October 12,
2021. The search identified numerous domains where
resuscitation teams research was published and there-
fore supplemental search strategies (i.e., hand search of
selected titles; grey literature search) were not integrated
into this review. The database search results were com-
bined with articles identified in our preliminary search
and uploaded into the Covidence software platform [16]
for duplicate removal, title & abstract screening, and full
text eligibility screening. Two reviewers independently
conducted title and abstract screening for all sources as
well as subsequent screening for full text eligibility, with
discrepancies resolved through discussion.

Our team performed three analyses of articles selected
for data charting [14]: (a) traditional extraction of
descriptive information, (b) coherence analysis to criti-
cally consider a study’s capacity to inform the literature,
and (c) citation network analysis of articles included in
this review.

Data extraction was performed by a single author
using a Microsoft Excel (2018) spreadsheet. This analy-
sis included categorizing broad themes (e.g., publica-
tion date, study type) as well as those more pertinent to
our review (e.g., setting, team type, non-technical skills
studied).

The heterogeneity of manuscript types and top-
ics across the resulting articles in our dataset led us to
employ ‘Coherence Analysis’ to explore how knowledge
is being mobilized across this literature and situate each
article by its influence on emerging theory. Traditional
quality appraisals that entail a focus on methodological
characteristics (e.g., risk of bias assessment) are ill-suited
for scoping reviews. Instead, our coherence analysis aims
to provide insight into how an article contributes to the
scholarly conversation and uses an approach akin to
those used by existing narrative reviews [17] and qualita-
tive meta-syntheses [18, 19].

The coherence analysis involved three binary (Yes/No)
items addressing: (1) Whether concepts related to non-
technical skills team aspects were defined and opera-
tionalized (e.g., operational definition in main text), (2)
Whether the article was situated within the broader liter-
ature by citing and appropriately characterizing relevant
seminal works, and (3) Whether the article presents find-
ings that contribute to our knowledge of non-technical
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skills. To assess intercoder reliability, our primary analyst
and another author completed coherence analysis for
ten articles. Across the 30 decision points, raters agreed
on 26 decisions (87% agreement). The resulting Cohen’s
Kappa value (K=0.59; CI=0.21-0.96) was acceptable.

Because the coherence analysis suggested that sev-
eral articles were not well situated within the broader
literature, we performed a citation network analysis to
illustrate and explore relationships between articles.
We examined the reference lists of included articles and
cross-referencing citations for other articles in our data-
set, producing a social network matrix identifying which
articles were cited by those published later. The network
matrix was visualized using Gephi software (v. 0.9.2),
whereby the resulting network was descriptively analyzed
alongside indicators of each article’s position within the
network.

Results

Descriptive summary

The search query produced 9595 independent records
screened by reviewers, from which 205 articles were
reviewed at the level of full text. Sixty-one articles were
included in the final analysis, which spanned 1992 to
2021 with forty-six (75%) articles involving original
empirical data. Among the twenty (33%) intervention-
based articles, six were randomized clinical trials or
controlled experiments and fourteen described interven-
tions delivered to a single group of participants (e.g., pre/
post cohort study; descriptions of feasibility). Articles
reporting on interventions used one of two approaches:
either examining the implementation of specific policies
or processes (e.g., team debriefing) or the implementa-
tion of targeted group interventions (e.g., TeamSTEPPS).
Among the twenty-six nonintervention articles (43%),
nine were qualitative articles involving interviews and/
or observation, thirteen were quantitative articles using
data drawn from clinical/training tasks (e.g., use of elec-
tronic health records, quantitative coding of video), two
performed mixed methods analysis using both qualita-
tive and quantitative assessments, and two were survey
articles assessing staff perceptions of the salience of NTS.
The analyzed articles also included thirteen (21%) narra-
tive reviews and two comment articles.

In terms of the nature of the teams being investigated in
these articles, thirty-eight (62%) articles referred to mul-
tidisciplinary teams with members from more than one
discipline of medicine (e.g., surgical resident and emer-
gency medicine resident), and forty-five (74%) had an
interprofessional scope (e.g., physician, nurse, paramedic,
respiratory therapist). With regard to our specific focus
on ad hoc teams, twenty-eight (46%) articles addressed
ad hoc team resuscitation, eleven (18%) articles examined
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prehospital responders, and five (8%) articles explored
intersectoral teams (i.e., identifying members from mul-
tiple agencies such as paramedics and police) but none
explicitly labelled these teams as intersectoral.

Among the non-technical skills for which we per-
formed descriptive analysis, interpersonal skills were
represented in fifty-eight articles (95%), while thirty-five
(57%) explicitly examined cognitive skills. One observa-
tion from this review involves contrasting the attention
directed toward interpersonal and cognitive skills over
time. As evident in Table 2[4, 6, 8, 10, 20-76], interper-
sonal skills were the exclusive focus of analyzed articles
until 2007—after which articles increasingly focused on
both interpersonal and cognitive skills. This expansion
of focus coincides with the 2006 release of the Yule et al.
taxonomy [77]; however, our citation analysis found that
only 5 (8%) articles [4, 46, 51, 62, 70] cited this taxonomy
directly.

Taxonomy

Framed around Yule et al’s NTS taxonomy for surgeons
[77] and informed by our descriptive analysis, we cre-
ated the Proposed Taxonomy of Non-Technical Skills
and Team Constructs for Ad Hoc Team Resuscitation
(Table 3) [4—7, 10, 20-42, 44-53, 5766, 78-80]. This
taxonomy represents our collective interpretation of
definitions and applications presented in the literature
integrated within this review, whereby we adapted the
original Yule et al. taxonomy [17] and generated defini-
tions regarding each construct that emerged from arti-
cles examining prehospital and ad hoc teams. As one key
advance relative to the original taxonomy, the range of
constructs has been broadened to include additional con-
structs identified in our review (i.e., debriefing, follower-
ship, and shared mental models). The novel taxonomy
also identified a shift regarding the underpinning opera-
tionalization and classification of constructs. Whereas
original perspectives of this taxonomy focused on skills
with an ‘individual’ focus on training and preparation for
individuals to contribute to teams, our revised taxonomy
defines these constructs fundamentally as team pro-
cesses (i.e., actions or behaviours observed when mem-
bers combine their resources, knowledge, and skills as a
team). Finally, the definitions and applications of these
constructs that have emerged in this taxonomy confound
classification as either interpersonal or cognitive and thus
these categories have been removed.

Coherence analysis

Through the coherence analysis, we identified that thirty-
nine (64%) articles explicitly defined key terms. For
example, in one article [10] the authors described con-
trasting leadership definitions based on the context of
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“stable teams” or “action teams’, which were character-
ized using references to describe both types of teams and
leadership tasks associated with each. Twenty-two (34%)
articles did not provide definitions for key terms and
demonstrated inconsistency in their interpretation and
application of key constructs. As an illustrative example,
the concept of a shared/team mental model is one con-
struct for which researchers held contrasting definitions
and operationalizations.

The second coherence analysis component found that
forty-six (75%) of the articles in our dataset were well-
situated. In one article that achieved a “yes” rating, the
authors used their introduction to extensively detail the
history of non-technical skills rating systems [51]. We
characterized the remaining fifteen articles (25%) as
poorly situated because the articles did not introduce
seminal works to situate key concepts, or because they
misinterpreted the evidence base when situating their
work.

The third coherence analysis component found that
forty-nine articles (80%) used their discussion to con-
tribute back to the understanding of how NTS influences
team performance. For instance, a 2017 observational
study by Calder et al. conducted interviews and in vivo
observation to disentangle the conceptual overlaps in
previous literature regarding team situational awareness,
shared mental models, and team communication. In
their discussion, they identified that their “findings con-
trast with previous work since we found that team mem-
bers did in fact have a shared mental model” and that
their work represented “the first comprehensive mixed
method investigation of how inter-professional teams
communicate during ED resuscitation” [57]. These find-
ings contribute explicitly to the body of literature and
move forward our understanding of resuscitation team
performance. The twelve (20%) articles that received a
“no” rating in this category failed to advance the schol-
arly conversation largely due to their presentation of non-
specific claims that NTS interventions can improve team
performance.

Network analysis
Figure 2 is an illustration of the network comprised of
articles included in this review. An arrow (tie) from one
article to another reflects a citation. This network is lim-
ited to only the papers in this review, but it nevertheless
characterizes the scholarly communities from which the
field has emerged. The network was sparse, in that nine
papers were both uncited and had not cited other papers
in this review and only eight papers received more than
five citations from others.

The network also provides an opportunity to reflect
on the extent to which earlier publications received
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relatively more attention from subsequent articles
in this domain: (a) Cooper’s reflection of leadership
approaches in resuscitation [24] received 11 citations;
(b) Capella and colleagues’ teamwork training evalua-
tion with surgical residents [33] received nine citations,
and (c) the review by Hunt et al. exploring simulation
as a tool for enhancing team performance [29] received
eight citations. Of particular interest within this net-
work is the relative isolation of articles from outside
of traditional clinical resuscitation outlets. Our fig-
ure highlights Sarcevic et al. [10], as a paper involving
resuscitation teams that did not cite any earlier articles
in this review and was cited only once by later articles
in this review. Published in a medical informatics out-
let that could have limited its exposure to scholars in
other domains, this is one example of the challenge in
how resuscitation teams research is dispersed across
domains.

Discussion
Our scoping review has identified the heterogenous
nature of the disciplines, methodologies, and scope of
articles pertaining to NTS for team resuscitation. While
this diversity opens opportunities for growth and novelty,
it also creates conditions for disconnected conversations
that do not share a language and fail to accumulate into
a refined model for how teams work during resuscita-
tion. This discussion reflects on the nature and implica-
tions of such disconnected conversations within this
field of inquiry. We also reflect on how our revised NTS
taxonomy can redefine resuscitation teams research by
facilitating consistent use of team-based concepts and by
identifying emerging constructs that warrant exploration.

A key observation that has emerged from our coher-
ence analysis and the supporting network analysis is that
there are many disconnected, parallel scholarly conversa-
tions in the literature. Of particular note is the disconnect
between articles published in clinical medicine journals
and those published in non-medical domains such as
human factors or applied ergonomics. Our coherence
analysis revealed that specific non-technical skills were
inconsistently defined across such domains, and the net-
work analysis showed minimal cross-referencing occur-
ring both within and between these two domains. These
disconnects have profound implications for what we
know about NTS for team resuscitation: insights already
obtained in one field are ‘rediscovered’ in another; incon-
sistencies in terminology impede a cumulative refine-
ment of knowledge; and the unique diversity of insight
that might accompany interdisciplinary inquiry fails to
materialize.

While NTS for individual practitioners [77] was
the model around which this review was based and
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represents the conventional framing of this topic, the
emerging discourse incorporates a wider spectrum
of team processes. The Proposed Taxonomy of Non-
Technical Skills and Team Constructs for Ad Hoc Team
Resuscitation represents our effort mark this transition
and bridge the disconnects that we identified within the
literature base. Although scoping reviews are often used
to aggregate and describe an evidence base, they are also
a powerful tool to (re)configure the evidence base and
advance theory [81]. Our taxonomy aims to identify and
resolve inconsistencies in terminology that may limit
future research and educational progress in this domain.
It presents and defines NTS and team constructs that
were targeted in studies within this field to-date, synthe-
sizing definitions from the dominant approaches within
the literature. Further, it includes examples of how these
constructs have been applied in ad hoc teams and is
informed by key insights from past empirical research.

This taxonomy could bridge the parallel discussions in
this rich literature so that future scholars can contribute
more coherently and purposefully to a shared knowledge
base; however, the definitive nature of some constructs
included in this taxonomy are limited by the quality and
breadth of work to date. For instance, constructs of stress
and fatigue management were included in our taxonomy
because they were included in the initial taxonomy and
reflected upon by 10 sources in our review but were often
not positioned as a clear team process. Just as our review
identified constructs like followership or shared mental
models that weren't integrated in earlier taxonomies, we
present this as an evolving taxonomy with an expectation
of future empirical investigation and refinement.

A particular area where the taxonomy can build coher-
ence in the field relates to the popular constructs of
shared mental models and team situational awareness.
Whereas shared mental models refer to a situation in
which “team members hold common or overlapping cog-
nitive representations of task requirements, procedures,
and role responsibilities” [79] pp. 222, situational aware-
ness is “the perception of elements in the environment
within a volume of time and space, the comprehension
of their meaning and the projection of their status in the
near future” [81] pp. 36. Situationally-aware teams are
those where members develop and maintain a collective
understanding of a specific situation or patient presenta-
tion; as an acute ‘state’ of being situationally aware. Team
members with shared mental models tend to enter a situ-
ation knowing their own (and others) roles as well as the
goals of the group when they face given situations. Incon-
sistency in the use of these terms was a key finding of our
coherence analysis. These two terms are often conflated
across the studies [26, 56, 62, 66] or omitted insofar as
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they been cited by other papers in this review

Fig. 2 Citation network analysis. This network was created using Gephi and depicts the 61 articles in this review (nodes) and citations from a given
source to another within this review represented by a directed arrow (ties). The size and orientation of each node was based on the number of
citations an article received, whereas node colours distinguish articles by year of publication. Circles added to the figure denote papers with the
highest number of citations, including: a Cooper (1994) (11 citations), b Capella and colleagues (2011) (9 citations), and ¢ Hunt (2007) (7 citations).
Note that this network figure only depicts 52 papers because nine papers included in this review had not cited other papers in this review, nor had

LEGEND

Node Colour

(year of publication)
Earliest (1991) = 2
Most recent (2021) = @

Node Size

(number of citations)
Fewest (0) = ()
Most (11) = - )

findings allude to a construct while failing to explicitly
reference it [23-25, 61].

An example of confounded definitions arises when
articles indicate that situation reports develop a shared
mental model. Whereas situation reports ‘can’ establish
mental models when designed for this goal, the value of
such reports is watered-down without considering how
such reports also shape situational awareness and other
group processes like leadership. The problem of omis-
sion is less conspicuous but arises when authors refer to

generalized descriptions of effective teams as opposed to
tangible and mutually exclusive concepts. For instance,
one article argued that teams are optimal when they
“have regular training, roles are well defined, and each
can make safe assumptions about the level of preparation
of others” [25] pp. 38. This claim lacks the precision that
is gained when researchers use established concepts like
shared mental models, role communication, or teamwork
training. In contrast to the above examples, our dataset
contains five recent articles wherein team situational
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awareness and team/shared mental models are described
with the requisite nuance to capture their relationship
[4, 6, 35, 57, 58]. These articles discuss these concepts as
being essential for resuscitation team performance with
one study finding that indicators of shared mental models
explained as much as 23% of the variance in team perfor-
mance outcomes [42].

It is critical for practitioners, researchers, and educa-
tors to distinguish between shared mental models and
situational awareness because each involves differing
challenges within ad hoc settings. Shared mental mod-
els are particularly elusive to promote in intersectoral
prehospital ad hoc teams because they depend on enter-
ing situations with a collective understanding of how the
team will ‘work’ Research is needed to examine whether
strategies to promote shared mental models from other
contexts (e.g., clinical leaders complete a training module
on how to develop mental models) should be adapted in
the context of ad hoc resuscitation teams. An additional
area of focus lies in examining how these teams adapt in
settings where a shared mental model does not exist or is
not feasible. Ad hoc resuscitation teams clearly constitute
a fertile setting to extend what we know about mental
models and situational awareness from teams with more
stable membership.

With improved clarity and consistency of the con-
structs associated with NTS in team resuscitation, we
might also advance how we measure these constructs.
While our descriptive analysis did not include a for-
mal quality assessment, we observed that quantitative
studies tended to examine key constructs by coding
team interactions that could be observed during clini-
cal experiences and simulations, or by intervening upon
non-technical skills and measuring clinical outcomes
like patient progress or procedural success. Measure-
ment tools utilized in the studies included in our data-
set focused almost exclusively on behavioral aspects of
nontechnical skills while failing to evaluate the affective
and cognitive components. This observation is mirrored
in Cooper et al’s systematic review examining measure-
ment of situational awareness in emergency settings
[48] as well as Lapierre et al’s systematic review of stud-
ies examining simulation to improve trauma team per-
formance [74]. These failings have also been identified
in reviews involving other clinical contexts, which have
recognized that studies examining teams rely on obser-
vational methods and are often inconsistent regarding
how researchers define and measure group processes
[83, 84]. The hazard in this approach is evident in the
measurement of a team’s shared mental model through
observation alone. Observation is a powerful tool for
evaluating actions that might promote shared mental
models (e.g., frequent communication) or observing the
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results (e.g., reduced conflict). Yet, observation is only a
proxy for a team’s cognition. With observation alone we
cannot directly estimate the extent that members share
representations. In contrast, validated psychological
measures of shared mental models often involve tools to
identify critical aspects of teamwork in context, measure
members’ individual perceptions of those aspects, and/
or evaluate a group based on the degree to which mem-
bers share representations [85]. Resuscitation researchers
might adapt such tools to support both comprehensive
evaluations of healthcare teams and specific measures
of identified group processes and emergent states [86].
With valid measures for these constructs, we can deline-
ate the nature of small group phenomena in resuscitation
team performance and identify the active ingredients of
interventions.

Limitations

The selected databases focused on clinical medicine jour-
nals. While the few articles that we identified from non-
clinical medicine journals have given us an indication of
the divide that may exist between clinical and non-clin-
ical journals, our search strategy did not capture the full
breadth of investigations outside of the clinical medicine
literature. Another limitation arises due to the inherent
nature of the scoping review as an iterative process that
redefines its inclusion and exclusion criteria as it trav-
erses diverse territory. When applied to a heterogenous
dataset such as this, the scoping review has the potential
to leave those more accustomed to the rigid structure
of systematic reviews and meta-analyses discomfited
about what may have been left on the cutting room floor.
Finally, citation network analysis constitutes an emerg-
ing analysis technique not usually included in scoping
review methods. Constructing a network including only
the studies from this review was useful to document how
NTS definitions or measures have emerged within resus-
citation literature; however, we did not document cita-
tions to sources outside of this review or external papers
citing those included in this review. Researchers could
use more comprehensive citation analyses to explore
connections between resuscitation team literature and
research from other clinical settings or areas of study.

Conclusion

The literature on non-technical skills for ad hoc prehos-
pital, emergency department, and trauma resuscitation
teams is both diverse and disconnected. This review estab-
lishes that ad hoc resuscitation teams, and intersectoral ad
hoc prehospital resuscitation teams, present realms that are
ripe for future inquiry. We also offer a proposed taxonomy
which presents a universal set of definitions for non-tech-
nical skills and team constructs for ad hoc resuscitation
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teams. We anticipate that this taxonomy will support the
precision needed to incrementally advance understand-
ing of teams in this context, such that insights obtained in
one field can be applied in another, knowledge can accu-
mulate across disciplines, and the rich insights of interdis-
ciplinary inquiry can be realized. We also encourage future
investigators to look beyond this literature base in search
of validated psychological measures which more compre-
hensively assess the constructs being evaluated, so that the
unique group processes responsible for collaboration in ad
hoc teams can be more precisely described and enhanced
through targeted training efforts.

Abbreviation
NTS: Non-technical skills.
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