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ABSTRACT

In large-scale extreme events, multidisciplinary crisis management teams (CMTs) are required to
function together cognitively. Despite theoretical maturity in team cognition and recurrent
emphasis on cognition in the crisis management practices, no synthesis of theoretical and prac-
tical discourses is currently available, limiting empirical investigations of cognition in CMTs. To
address this gap, this paper aims to review the definitions of cognition in CMTs, with a particu-
lar focus on examining if and to what extent they are diversified. Through a systematic process
to search peer-reviewed journal articles published in English from 1990 to 2019, 59 articles were
selected with 62 coded definitions of 11 different constructs. The similarities and variabilities of
the definitions were examined in terms of their theoretical and practical emphases and then
synthesised into an integrative definition expected to serve as a general guide of reference for
future researchers seeking an operational definition of cognition in CMTs.

Practitioner summary: Understanding of cognition in CMTs is grounded in various theories and
models with varying assumptions. An integrative conceptualisation of such cognition as inter-
action within and across CMTs to perceive, diagnose, and adapt to the crisis may facilitate the
accumulation of knowledge and future operationalisations.

Abbreviations: CMT(s): crisis management team(s); SMM: shared mental model; TMM: team
mental model; COP: common operating picture; SSA: shared situation awareness; TSA: team situ-
ation awareness; DC: distributed cognition; ITC: interactive team cognition; TMS: transitive mem-
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1. Introduction

Timely and effective management of catastrophic
events, natural or human-made, has become increas-
ingly important. Annual economic losses incurred by
natural disasters worldwide were over $300 billion in
2017 (United Nations Office for Disaster Risk Reduction
2019). Between 1980 and 2019, the United States has
experienced several weather events resulting in the
total cost of over $1.7 trillion (in 2019 dollars)
(National Oceanic and Atmospheric Administration
2019). Due to continuing changes in climate, the fre-
guency and severity of extreme events are forecasted
to keep increasing (Intergovernmental Panel on
Climate Change 2012).

When an extreme event takes place, crisis manage-
ment teams (CMTs) are quickly established to respond
to and provide recovery from the event. Although
CMTs, involving multiple disciplines such as firefighting,

law enforcement, and emergency medical service, may
have limited experience working together, they are
charged to meet urgent and dynamic demands as
quickly and effectively as possible. Coordinating efforts
within and across multidisciplinary CMTs are essential
to making crisis management operations -effective
(Bigley and Roberts 2001; Uitdewilligen and Waller
2018); however, such coordination may impose chal-
lenges mainly due to the complexity of information
exchange mechanisms at various levels (e.g., federal,
state, local), especially under elevated uncertainty and
time pressure (Bharosa, Lee, and Janssen 2010; Militello
et al. 2007). For example, in response to the 9/11 terror-
ist attacks, 229 public, 160 private, and 67 non-profit
organisations processed information interdependently
and dynamically, through inter-organisational and
inter-jurisdictional coordination (Comfort 2002; Comfort
and Kapucu 2006). Such complexity may result in break-
downs in coordination within and across CMTs, which
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may lead to substantial consequences such as delayed
response and increased casualties (Comfort 2007;
DeChurch and Zaccaro 2010; Grunwald and
Bearman 2017).

Cognition plays a key role in the functioning of cri-
sis management and, in particular, dynamic coordin-
ation among resources. Cognition, in the crisis
management context, is defined as “the capacity to
recognize the degree of emerging risk to which a
community is exposed and to act on that information”
(Comfort 2007, 189). Indeed, team cognition has been
studied as a coordinating mechanism in disaster
response (see Fiore and Salas 2004). Investigations of
several disasters (e.g., the Three Mile Island, 1979; the
Chernobyl nuclear power plant, 1986; the Space
Shuttle Challenger, 1986) have shown that team
coordination and performance deteriorate under cog-
nitively demanding environments (Cooke, Gorman,
and Winner 2008). DeChurch and Mesmer-Magnus
(2010) posited that such findings had fostered sus-
tained efforts to explore whether cognition of a team
contributes to the team’s coordination and perform-
ance across multiple safety-critical disciplines, includ-
ing crisis management, military command and control,
aviation, process control, and healthcare.

Cognition in a team environment has been concep-
tualised using two dominant theories in the literature:
knowledge-based cognition and interaction-based
cognition  (Wildman, Salas, and Scott 2014).
Knowledge-based cognition theory’s advocates argue
that a team should function as an aggregated group
of individuals with shared (i.e., overlapping and/or dis-
tributed) knowledge structures (Cannon-Bowers &
Salas 2001; Mohammed, Ferzandi, and Hamilton 2010).
Under this school of thought, a construct such as a
shared mental model or team mental model (Cannon-
Bowers, Salas, and Converse 1990) describes how
team members’ mental representations overlap. On
the other hand, the interaction-based cognition
theory’s proponents claim that such overlap between
mental models may lack practical relevance (without
explaining the role of interactions to achieve it) to
real-world teams which are becoming larger, more
heterogeneous, dynamic, and interdependent (Salas,
Cooke, and Rosen 2008). The interaction-based cogni-
tion theorists claim that interactive team cognition
(Cooke et al. 2013) can only be formed through timely
interactions between different team members with
specified but complementary tasks, assuming that a
team will fail to achieve its goals otherwise. Other
constructs such as shared situation awareness or team
situation awareness (Saner et al. 2009) and transactive

memory system (Wegner 1987) view both knowledge
and interaction as necessary elements for better cog-
nition of teams. Beyond the scope of team cognition
research, other cognition-related constructs have also
been theorised for the practical application to such a
real-world team or multi-team environment (Shuffler,
Jiménez-Rodriguez, and Kramer 2015).

Despite the recurrent emphasis on the role of
macro-level cognition in crisis management practices,
the literature on this topic has been fragmented, and
no synthesis of theoretical and practical discourses is
currently available to inform future research in this
area. To address this gap, this paper reviews the defi-
nitions of cognition in CMTs. Our particular focus is on
examining if and to what extent the definitions are
diversified, for the ultimate goal of providing an inte-
grated and convergent view. We expect that our syn-
thesis and the resulting integrated view will empower
researchers to evaluate various interpretations and
theories of cognition applied to CMTs and facilitate
the aggregation of knowledge in this field.

2. Method

A literature review was conducted to compile and syn-
thesise knowledge related to cognition in CMTs. To
develop search and selection as well as data extraction
and analysis protocols, two systematic review librar-
ians at Texas A&M University were consulted.

2.1. Search and selection protocols

We searched CINAHL, Compendex, MEDLINE (Ovid),
and PsycINFO using subject and text-word search

Table 1. Controlled search terms related to the two subjects
of interest for each of the four chosen databases.

Controlled terms: crisis Controlled terms:

Database management cognition in teams

CINAHL Disaster management Cognition
Disaster planning Group processes
Disasters Teamwork
Emergencies
Emergency service
Natural disasters

Compendex Disasters Cognitive systems
Disaster prevention
Emergency services

MEDLINE Disaster planning Cognition

(Ovid) Disasters Group processes

Emergencies
Natural disasters

PsycINFO Crises Cognition

Disasters

Emergency management
Emergency services
Natural disasters

Group decision making
Intergroup dynamics




Table 2. Free-text search terms related to the four tar-
get keywords.

Free-text Free-text Free-text

Free-text terms: terms: terms:
terms: crisis manage teams cognition
disaster* command*  interteam*  cogniti*
cris* collaborat* inter-team information process*
emergenc*  coordinat*  multiteam*  information shar*
incident* manag* multi-team interactive cognition

mitigat* team* mental model*

operat* sensemak*®

plan* sense-making

prepar* situation® awareness

recover® strategic consensus

respon* transactive memory system*

Note: *for truncation.

strategies (Jenuwine and Floyd 2004). For subject
search strategy, we developed a set of controlled
(indexed) search terms for each of the four databases,
considering their indexing differences (Table 1).
Controlled terms were based on relevance to either
‘crisis management’ or ‘cognition in teams’.

For the text-word search, we developed a set of
free-text (non-indexed) search terms for each of the
following four keywords and their relata: ‘crisis’,
‘management’, ‘teams’, and ‘cognition’ (Table 2). Our
choice of free-text terms was based on their relevance
to the four keywords as well as the authors’ experi-
ence and findings from previous literature (DeChurch
and Zaccaro 2010; Wildman, Salas, and Scott 2014). To
represent the keyword ‘cognition’, for instance, we
incorporated the five most frequently referenced con-
structs to measure cognition in teams, i.e., (team)
mental model, transactive memory system*, (team) sit-
uation* awareness, interactive (team) cognition, and
strategic consensus (see Wildman, Salas, and Scott
2014). Table 3 presents the exact search strings used
for PsycINFO.

The initial search was restricted to English-language
peer-reviewed journal articles published between 1990
and 2019. Although major attention on cognition in
crisis  management was raised in hindsight of
Hurricane Katrina (Comfort 2007), our scope of the
search was further broadened to embrace -earlier
attention on team cognition following several disasters
prior to 1990. Forward and backward search was also
conducted to identify secondary sources referenced in
or citing the identified papers. The initial search
yielded 2,071 articles, 424 of which were identified as

duplicates and removed using Rayyan (Ouzzani
et al. 2016).
Title and abstract screening excluded review

articles; discussions of crises less relevant to the man-
agement of disastrous events (e.g., acute patient care,
business, emotional, financial, mental health,
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Table 3. Search strings used for PsycINFO.
Search ID Search Query Results

S1 MA Crises OR MA Disasters OR MA Emergency 7,345
management OR MA Emergency services OR
MA Natural disasters

S2 MA Cognition OR MA Group decision making OR 73,531
MA Intergroup dynamics
S3 S1 AND S2 88
S4 disaster* OR cris* OR emergenc* OR incident* 168,888
S5 command* OR collaborat* OR coordinat* OR 1,680,825
manag* OR mitigat™ OR operat* OR plan*
OR prepar* OR recover® OR respon*®
S6 interteam™® OR inter-team OR multiteam™ OR 88,977
multi-team OR team*
S7 cogniti* OR information process* OR 804,560
information shar* OR interactive cognition OR
mental model* OR sensemak* OR sense-
making OR situation* awareness OR strategic
consensus OR transactive memory system*
S8 S4 AND S5 AND S6 AND S7 582
S9 S3 OR S8 665
S10 S3 OR S8 (Publication Year: 1990-2019; 439

Publication Type: Peer Reviewed Journal;
Language: English)

Note: * for truncation. MA for MeSH subject heading.

organisational, sports, and surgery crises); studies on
units other than teams or multiteams (e.g., individuals,
computing systems, or infrastructures); and constructs
less relevant to cognition in teams or multiteams (e.g.,
team psychological safety, team moral atmosphere,
cognitive empathy, leadership, leader sensemaking, or
stress). Remaining full texts were assessed by two
independent coders to check if the articles met inclu-
sion criteria: eligible studies must study cognition (a)
in teams or multiteams, (b) working in the context of
disastrous events, (c) as a core construct, and (d) with
an explicit definition. The two coders met to discuss
the eligibility criteria prior to independent full-text
reviews, and their resulting intercoder reliability (x =
.84) was interpreted as substantial (McHugh 2012).

After applying the exclusion and inclusion criteria
to the title/abstract screening and full-text assessment,
59 articles were selected for the final review. Figure 1
depicts the overall literature search and selection pro-
cess utilising the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) guidelines
(Moher et al. 2009).

2.2. Data extraction and analysis protocols

Data extraction sought core cognitive constructs and
definitions. Direct quotes of the definitions were
manually  extracted and entered into a
spreadsheet along with their associated constructs
and bibliographic data (i.e., authors, published year,
and extracted page numbers). As some articles con-
tained multiple definitions, a total of 62 definition
instances were collected from the selected 59 articles.
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g Initial search restricted to only identify:
) CINAHL Compendex MEDLINE PsycINFO Identified through
,g (n=336) (n=519) (n=753) (n=439) secondary sources a) Peer-reviewed journal articles
= e 8 - (n=24) b) Written in English
c Identified through database search (n=2,047
% al Ve ( ) c) Published between Jan. 1990 and Oct. 2019
- 2,071 records identified
— Screening of title and abstract to exclude:

» Review Non-Crisis Non-Teams Non-Cognition X
= (n=88) (n=861) (n=99) (n=334) Duplicates removed | 5)  Reyiew articles
? . (n=424) b) Crises less relevant to the management of disastrous events
g Excluded from title and abstract screening (n=1,382) ¢) Units other than teams/multiteams
o~ d) Constructs less relevant to cognition in teams/multiteams

1,806 records excluded

= s Review of full-text to assess eligibility:
265 records assessed for eligibility
z . o )
= a) Cognition studied in teams or multiteams
) Cognition in Cognition in Cognition as Cognition b) Cogn!t!on stu:!eg in disastrous events
o teams or multiteams disastrous events a core construct defined explicitly c)  Cognition studied as a core construct
- d) Cognition studied with an explicit definition
Excluded from full-text assessment (n=206)

c
8
3
S 59 records included in the final review and synthesis
<

Figure 1. Literature search and selection process using the PRISMA guidelines.

Table 4. Three dimensions of analysis and their categories.

Dimensions of analysis

Categories

(a) Associated construct -
Knowledge-based cognition

(b) Theoretical assumption(s)

Interaction-based cognition
Both

(c) Unit of analysis

Team (conceptualising intra-team cognition in a CMT)

Multiteam (conceptualising intra- and inter-team cognition in a system of CMTs)

We assessed each of the 62 definitions across three
dimensions of analysis selected for the purpose of syn-
thesising similarities and variabilities: (a) associated
construct; (b) underlying theoretical assumption(s), i.e.,
knowledge-based and/or interaction-based cognition;
and (c) unit of analysis, i.e., cognition in a team or a
multiteam (Table 4). The first and second dimensions
were adopted to follow the way team cognition meas-
ures have been assessed in previous reviews (e.g.,
Mohammed, Ferzandi, and Hamilton 2010,
Mohammed et al. 2015; Wildman, Salas, and Scott
2014). After recording the associated construct applied
to define cognition in CMTs, we qualitatively assessed
the theoretical assumption(s) based on the question:
Is cognition in CMTs “being conceptualized as the con-
tent or structure of knowledge, [and/]or as team inter-
action?” (p.931, Wildman, Salas, and Scott 2014). We
applied the first and second dimensions to not only a
CMT but also a system of CMTs. As reflected in free-
text search terms such as interteam* and multiteam*
as well as team™ (Table 2), we interpreted ‘teams’ in a

broad sense to incorporate crisis management consid-
erations into our scope of analysis (e.g., Bharosa, Lee,
and Janssen 2010; DeChurch and Zaccaro 2010;
Militello et al. 2007; Wolbers and Boersma 2013). As
such, we additionally selected the third dimension,
i.e, unit of analysis, and examined the extent to
which the first- and second-dimensions’ assessment
differs across the third dimension. Lastly, we synthes-
ised the similarities and variabilities across the
three dimensions of analysis to develop an integra-
tive definition.

3. Results and discussion
3.1. An overview of the definitions

Overall, we found large variability in the constructs
applied to define cognition in CMTs. A total of 11 con-
structs were identified from 62 definition instances
(see D1-D62 in Tables 5-15) with significant intercoder
reliability (xk = .84) as follows: collective sensemaking
(n=13), shared/team mental model (SMM/TMM;
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Table 5. Definitions of collective sensemaking in CMTs (n=13).

Definition ID Authors (year) Definitions of collective sensemaking in CMTs

D1 (Weick 1993, 635-636) “Reality is an ongoing accomplishment that emerges from efforts to create order
and make retrospective sense of what occurs.”

D2 (Landgren 2005, 179) “When people are surprised or when they experience that expected event does not
occur, they direct their conversation to clarify the blurred and confusing picture
- to make sense.”

D3 (Bergeron and Cooren 2012, 121) “A way a team perceives the situation at hand and how it collectively defines and
make sense of the situation.”

D4 (Wolbers and Boersma 2013, 188-189) “Combining different cues, roles, scripts, and actions that arise from the actors’
different institutional backgrounds ... into a collaborative time critical response”

D5 (Wu et al. 2013, 6-7) “[Finding] critical patterns in a seemingly unstructured situation by developing
successively more sophisticated representations and fitting information into these
representations in service of a task.”

D6 (Malakis and Kontogiannis 2014, 213) “The coordination of practitioners as they seek data, synthesise and disseminate
their inferences in a team environment.”

D7 (Benamrane and Boustras 2015, 50) “The interaction and communication between individuals ... [and] stories and
narratives, i.e. the symbolic presentation of a sequence of events connected by
subject matter and related by time.”

D8 (Giordano et al. 2017, 181) “The mechanism allowing the different actors to interpret their environment, to
achieve a satisfactory shared understanding of the situation.”

D9 (Takeda, Jones, and Helms 2017, 792) “The sum of a group of related individuals using their expertise and perceptions to
make sense of the disaster environment and respond appropriately.”

D10 (Uitdewilligen and Waller 2018, 732-741) “Interpretive communication sequences ... whereby team members build on,
correct, or add to the situation comprehension of other team members.”

D11 (Waring et al. 2018, 611-612) “Provid[ing] a rationale for why information is being requested or shared can both
speed up access to and encourage attention to be paid to relevant information.”

D12 (Wolbers, Boersma, and Groenewegen 2018, 18) “Processes in which they retrospectively make sense of events, resulting in a
multiplicity of interpretations.”

D13 (Mirbabaie and Marx 2020, 1) “An endeavour to create meaning in highly uncertain situations ... [and] the

process behind assembling pieces of information to create meaning.”

Table 6. Definitions of SMM/TMM in CMTs (n=11).

Definition ID Authors (year) Definitions of SMM/TMM in CMTs
(@) SMM in CMTs

D14 (Smith and Dowell 2000, 1155) “A degree of consistency between the various mental models of the disaster held
by different individual”

D15 (Waller, Gupta, and Giambatista 2004, 1536) “A mechanism whereby humans generate descriptions of system purpose and
form, explanations of system functioning and observed system states, and
predictions of future system states”

D16 (Carter and French 2006, 409) “A common world view shared by a group of people or management team ...
[with] three functions: description, explanation and prediction”

D17 (Schraagen et al. 2010, 118-120) “Being able to share domain-specific knowledge among team members”

D18 (Owen et al. 2013, 6) “A multi-dimensional construct that enables team members to have more
accurate expectations and a compatible approach for task performance”

D19 (Liu et al. 2015, 38) “Improving awareness of the team task - that is, how the task was organised,
represented, and distributed”

D20 (Steinke et al. 2015, 24-25) “Shared expectations about what information should be given and received”

D21 (Norris et al. 2019, 3-4) “A shared knowledge of “what time it is” (and what day and date it is), as well
as the capacity of people to act on that knowledge in a synchronised way, in
due time, or across locally distributed groups”

(b) TMM in CMTs
D22 (van Santen, Jonker, and Wijngaards “A representation of the negotiation attitude and negotiation strategy of the
2009, 350-351) individual team member (as well as his/her perception of the negotiation
attitudes and negotiation strategies of the other team members)”

D23 (Mohammed et al. 2015, 693-696) “Agreement among group members concerning deadlines for task completion,
the pacing of speed of activities, and the sequencing of tasks”

D24 (Uitdewilligen, Rico, and Waller “A similar understanding among the team members about the central aspects of

2018, 1114-1116) the task ... developed through team member interaction and interchange of
information”

n=11), common operating picture (COP; n=10), and team metacognition (n=1). Each of the 11 con-

shared/team situation awareness (SSA/TSA; n=28), dis-

structs is summarised in the following subsections.

tributed cognition (DC; n=5), interactive team cogni-

tion (ITC; n=4), transactive memory systems (TMS;
n=3), distributed situation awareness (DSA; n=3),
macrocognition in teams (n=2), shared belief (n=2),

3.1.1. Collective sensemaking
Collective sensemaking expands the meaning of sense-
making, an individual-based parent term originated
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Table 7. Definitions of COP in CMTs (n=10).

Definition ID

Authors (year)

Definitions of COP in CMTs

D25

D26

D27

D28

D29

D30

D31

D32

D33

D34

(Carver and Turoff 2007, 36)

(McMaster and Baber 2012, 45)

(Luokkala and Virrantaus 2014, 191-194)

(Bunker, Levine, and Woody 2015, 52)

(Ehnis and Bunker 2020, 1)

(Comfort 2007, 191-193)

(Baber et al. 2013, 889)

(Wolbers and Boersma 2013, 188-189)

(Steigenberger 2016, 62)

(Tatham, Spens, and Kovacs 2017, 84)

(@) Common as Sameness

“A manipulable visualisation of what is happening and where resources are
that is open to all members of the emergency management team”

“A single representation of relevant incident information that could be
shared across service command centres during a multi-agency response”

(b) Common as Complementary

“An [operational picture] shared by more than one actor/party in a
particular operation ... enabl[ing] all the actors/parties to achieve and
share situational information in a geographically distributed environment

. [supporting] the different task and goals of different individuals
or teams”

“Appropriat[ing] elements of operational systems from multiple
organisations or entities in order to build a shared picture of a disaster
situation or extreme event ... [and] to view multiple representations of
the same phenomenon”

“Shar[ing] a common view within an organisation and across involved
organisations”

(c) Common as Trading Zone

“[A way to] achieve a sufficient level of shared information among the
different organisations and jurisdictions participating in disaster
operations at different locations, so all actors readily understand the
constraints on each and the possible combinations of collaboration and
support among them under a given set of conditions”

“Not simply to provide a mechanism to have ‘everyone singing from the
same hymn-sheet' ..., but also as a means to support collaborative
working (in terms of enabling procedures to overlap and interoperate
effectively), to improve understanding of risk in the situation of incident-
relevant information that could be shared between agencies during a
multi-agency response”

“A platform that allows experts to coordinate and negotiate their plurality
of points of view through general procedures of exchange, without
making their perspectives uniform or completely transparent to each
other. ... Not an ‘information warehouse’ but a form of materiality that
facilitates the ongoing negotiation process that takes place in a ‘trading
zone', in which actors share and give meaning to information to
synchronise their actions”

“Communication involves the exchange of information as an attempt to
develop a continuously updated [COP] as a basis for coordination and
decision-making.”

“Gol[ing] beyond the concept of a data warehouse, and move towards a
situation in which the individual actors share their expertise and
exchange ideas, learn from one another and make sense of each other’s
position and institutional background”

Table 8. Definitions of SSA/TSA in CMTs (n = 8).

Definition ID

Authors (year)

Definitions of SSA/TSA in CMTs

D35

D36

D37

D38

D39

D40

D41

D42

(Seppanen et al. 2013, 1)
(Seppanen and Virrantaus 2015, 113)

(Valaker, Haerem, and Bakken 2018, 425)

(Kaber and Endsley 1998, 44-45)

(Son, Aziz, and Pena-Mora 2008, 422)
(Schraagen and van de Ven 2011, 180)

(Luokkala and Virrantaus 2014, 191-194)

(van de Walle, Brugghemans, and Comes 2016, 68)

(a) SSA in CMTs

“A shared understanding of that subset of information that is necessary for
each of their goals”

“The degree to which team members have the same SA on [SSA]
requirements”

“The degree to which all the team members accurately know the
information required to reach the goals and subgoals associated with
their joint task”

(b) TSA in CMTs

“The degree to which every team member possesses SA on these elements
for task performance ... [The one existing] among teams which are
distributed spatially or temporally [is] inter-team SA (versus intra-team SA
or SA within a single team)”

“A shared understanding of a situation among team members at a
particular point in time”

“SA of the overall team is constituted by team member interactions ...
[Flocusing on team processes, [TSA] does not assume complete overlap
in knowledge”

“... [TSA] does not mean that every team member needs to have a high
level of SA about everything, but they do need to have a high level of
SA about the factors that are relevant for their tasks.”

“The degree to which every team member possesses the situation
awareness required for her or his responsibilities”




Table 9. Definitions of DC in CMTs (n =5).
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Definition ID Authors (year) Definitions of DC in CMTs

D43 (Furniss and Blandford 2006, 1174-1177) “A framework for understanding team working; A view on how information is
transformed and propagated around a system”

D44 (Toups, Kerne, and Hamilton 2011, 23:3) “Cognitive processes spread among individuals and artefacts as they mutually
interact; A framework for analysing information processing within teams
and modelling the way in which information flows among participants and
artefacts over time”

D45 (Plant and Stanton 2014, 779) “The process by which multiple individuals or teams work together in pursuit
of a common goal which is comprised of multiple interacting sub-goals”

D46 (Plant and Stanton 2016, 1353) “Cognitive processes distributed in three ways; socially across team members,
distributed across internal and external information and distributed
through time such that products of earlier events can transform the nature
of later events”

D47 (Rybing et al. 2016, 424) “A sociotechnical framework that emphasises how such workplace

arrangements facilitate collaboration and cognition”

Table 10. Definitions of ITC in CMTs (n=4).

Definition ID Authors (year) Definitions of ITC in CMTs

D48 (Stachowski, Kaplan, and Waller 2009, 1537) “Regular sets of verbalizations and nonverbal actions intended for collective
action and coordination”

D49 (Pfaff 2012, 560) “The information processing activities of a team; The interplay between
cognitive processes happen[ing] socially, rather than solely within the mind
of an individual”

D50 (Uitdewilligen and Waller 2018, 732-741) “Communication involving the introduction of members’ individually held
knowledge into the team’s public space; The exchange of privately held
information about the task situation with the other members of the team;
Team information sharing behaviours pertaining to the three levels: fact
sharing, interpretation sharing, and projection sharing”

D51 (Gorman et al. 2019, 1, 4) “The ability to adaptively reorganise team coordination processes, in response

to novel or challenging events ... [by understanding] how the individual-
level inputs and team-level dynamics become intertwined by tracking how
teams reorganise in response to changing task demands and unexpected
perturbations”

Table 11. Definitions of TMS in CMTs (n = 3).

Definition 1D Authors (year) Definitions of TMS in CMTs
D52 (Majchrzak, Jarvenpaa, and Hollingshead “A shared system for encoding, storing, retrieving, and communicating
2007, 151) information that develops naturally in relationships and groups”

D53 (van der Haar, Jehn, and Segers 2008, 204-205) “A form of collective cognition of groups developed by a process of
accumulation, interaction, examination and accommodation ... The basic
ingredient is information, and the basic process is information sharing”

D54 (Marques-Quinteiro et al. 2013, 5) “A shared cognitive system that combines each member's memory system

with a shared understanding of which members know, and are responsible
for, what knowledge”

Table 12. Definitions of DSA in CMTs (n=3).

Definitions of DSA in CMTs

Definition ID Authors (year)

D55 (Heard et al. 2014, 65)
D56 (Curnin et al. 2015, 304)
D57 (Flestea et al. 2017, 45-46)

“Activated knowledge for a specific task, at a specific time within a system”

“[DSA] is applicable to strategic level emergency operations centres as each
agency’s awareness is unique but complementary (not shared) and thus
each of the liaison officers are instrumental in the development and
maintenance of other agencies situation awareness”

“A compilational emergent state that describes the task-related knowledge
that becomes activated within the MTS at a particular time, and it is
necessary for performing the goal directed. The emergence of [MTS SA] is
largely dependent on the quality of individual representations acquired
through the monitoring of the environmental changes, but also on the
intra and inter-team communication processes and leadership.”

from the context of crisis management, to team- or
multiteam-level. Weick (1993), in his retrospective scru-
tiny of Mann Gulch fire in 1949, argued that a wildfire
crew's breakdown in making sense of unanticipated

situations had led to the tragic loss of 12 smokejump-
ers. Collective sensemaking in CMTs is one of the most
commonly used constructs and has been commonly
defined as a collaborative storytelling process via
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Table 13. Definitions of Shared belief in CMTs (n = 2).

Definition ID Authors (year)

Definitions of shared belief in CMTs

D58 (Saetrevik and Eid 2014, 123)

D59 (Saetrevik 2015, 119)

“A team'’s average similarity index may be seen as a measure of the team’s
SMM and an indicator of the team’s average degree of SSA, where high
similarity index scores indicate a well-functioning team with good
information flow that is facilitated by an efficient team leader”

“The similarity of a team member’s beliefs to her or his team leader’s beliefs
will be used as a proxy for having accurate beliefs about the work and the
team, which should correspond to high levels of SA”

Table 14. Definitions of macrocognition in CMTs (n = 2).

Definition ID Authors (year)

Definitions of macrocognition in CMTs

D60 (Handley and Heacox 2010, 376)

D61 (Alison et al. 2015, 297-298)

“The cognitive processes that occur within collaborative teams in operational
settings; The internalised and externalised high-level mental processes
employed by teams to create new knowledge during complex, one-of-a-
kind, collaborative problem solving”

“The study of how teams move between internalisation and externalisation of
cognition to build knowledge in service of problem solving. It considers
both social and technical influences on team cognition during the decision
process to increase understanding of collective group cognition during
sense making.”

Table 15. Definitions of team metacognition in CMTs (n=1).

Definition ID Authors (year)

Definition of team metacognition in CMTs

D62 (McLennan et al. 2006, 34)

“Core team members’ knowledge of the current states and processes of the
team in relation to those states and processes required for the team's
goals to be achieved, and their ability to control and modify these team
states and processes”

interactive activities of combining incoming informa-
tion, clarifying any ambiguity or confusion, and making
sense of the situation (see Table 5).

3.1.2. Shared mental model (SMM) or team mental
model (TMM)

SMM/TMM expands the meaning of mental models
(“mental representations of objects, actions, situations
or people”; Langan-Fox et al. 2004, 333) to team-level.
SMM/TMM in CMTs has been generally defined as the
sharing of taskwork-, teamwork-, and/or temporal-
knowledge. SMM and TMM in CMTs interpret sharing
with two different emphases, i.e., sharing to maximise
the ‘overlap’ between team members’ knowledge and
sharing to ‘distribute’ the knowledge among team
members (see Table 6). Such knowledge-sharing ena-
bles team members’ expectations of disaster scenarios
to be accurate and/or similar, and their crisis manage-
ment approaches to be compatible in terms of what
to do (taskwork-knowledge), how to do it with whom
(teamwork-knowledge), and when to do it (temporal-
knowledge). The definitions of SMM/TMM in CMTs
acknowledge the importance of communication proc-
esses to share knowledge yet do not explicitly explain
the role of communication within and across CMTs.

3.1.3. Common operating picture (COP)

COP, a term originated from the context of military
command and control, refers to a single integrated
display of the current situational information to be
shared with geographically distributed actors. Despite
its prevalent usage in the crisis management field, the
conception of COP in CMTs is predicated upon a mix-
ture of theoretical premises (either as knowledge or
interaction) due to three different interpretations of
the word, ‘common’. First, COP in CMTs implies a
‘single’, ‘integrated’, ‘overlapping’, or ‘same’ operating
picture. Second, COP in CMTs, as opposed to the inte-
grated picture, means a ‘distributed’, ‘divided’, or
‘complementary’ operating picture. While still assum-
ing a knowledge-based perspective, the second inter-
pretation acknowledges the fact that the knowledge
“pie” needs to be divided up among heterogeneous
teams or team members (Bunker, Levine, and Woody
2015). Third, COP in CMTs indicates an ‘open’ oppor-
tunity, a ‘platform’ or a ‘trading zone’ for interaction,
rather than a warehouse or a repertoire of knowledge
(see Table 7).

3.1.4. Shared situation awareness (SSA) or team
situation awareness (TSA)

SSA/TSA expands the meaning of situation awareness
(SA) to team-level. SA has been defined with both



knowledge- and interaction-based assumptions, as a
state of activated knowledge (i.e., “the perception of
the 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”,
Endsley 1995, 36) or an appropriate action in response
to changes (i.e., “continuous perception-action process
in which ongoing activity plays an integral role in
what there is to be perceived”, Gorman, Cooke, and
Winner 2006, 1314). As shown in Table 8, SSA/TSA in
CMTs has been generally defined as the sharing of
dynamic SA requirements under both knowledge- and
interaction-based assumptions. While SSA (“the degree
to which team members possess the same SA on
shared SA requirements”, Endsley and Jones 2001, 48)
has been adopted to emphasise the overlapping of
knowledge in CMTs, TSA (“the degree to which every
team member possesses the SA required for his or her
responsibilities”, Endsley 1995, 39) has been adopted
to reflect the needs for the distribution of knowledge
in CMTs (see Table 8).

3.1.5. Distributed cognition

DC, a construct originated from the context of military
command and control, explains how cognitive know-
ledge and processes “in the wild” (e.g., navigating U.S.
naval vessels or landing an aircraft) may be dynamic-
ally distributed across sociotechnical systems (Hutchins
1995). DC in CMTs has been generally defined as cog-
nitive knowledge and processes that exist across indi-
viduals, artefacts, internal/external information, and
time (see Table 9).

3.1.6. Interactive team cognition (ITC) or team cog-
nition as interaction

While knowledge-based constructs such as SMM or
TMM conceptualise an aggregation of individual
knowledge as inputs to team cognition, ITC postulates
that team cognition is an activity embodied by inter-
actions (Cooke et al. 2013; Cooke and Gorman 2009).
ITC in CMTs has been generally defined as team infor-
mation processing activities enacted by dynamic inter-
actions among team members (see Table 10).

3.1.7. Transactive memory systems (TMS)

TMS has been conceptualised as a multidimensional
construct to explain how people in close relationships
(e.g., romantic couples) work together, under both
knowledge- and interaction-based assumptions (i.e.,
group knowledge stock, consensus about knowledge
sources, specialisation of expertise, and accuracy of
knowledge identification; Austin 2003; i.e., knowledge
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specialisation, credibility, and coordination; Lewis
2003). As shown in Table 11, TMS in CMTs has been
generally defined as a group’s (referred to as a system)
ability to encode, store, retrieve, and communicate
information through coordination processes, under
both knowledge- and interaction-based assumptions.

3.1.8. Distributed situation awareness (DSA)

DSA (Stanton et al. 2006) expands the meaning of SA,
an individual-level construct originated from the con-
text of an aircraft cockpit, to a system-level for the
application to the context of military command and
control. Unlike SSA/TSA in which a team is a common
unit of analysis, DSA often involves an expanded
scope such as an entire sociotechnical system.
Cognitive knowledge and processes may be distrib-
uted across the system’s human and technical agents
and represented as a network which tells us if “the
right information is activated and passed to the right
agent at the right time” (Stanton 2016, 2). As shown
in Table 12, DSA in CMTs has been generally defined
as taskwork-related knowledge dynamically becoming
activated within a system of CMTs to achieve the sys-
tem-level goals through interactions.

3.1.9. Shared belief

Shared belief is a measure of team functioning
grounded in constructs such as SA, SMM, and SSA to
estimate the similarity between team members’
beliefs. Shared beliefs in CMTs is defined as the simi-
larity of a team member's responses to the best-
informed member’s beliefs (representing a measure of
SSA) and the team average beliefs (representing a
measure of SMM), assuming a knowledge-based per-
spective (see Table 13). Shared belief exemplifies an
effort to integrate SSA and SSM based on a common
theoretical (knowledge-based) assumption.

3.1.10. Macrocognition

Macrocognition refers to cognition occurring across
multiple individuals and teams in complex collabora-
tive environments (Miller and Patterson 2018).
Macrocognition in teams emphasises the cognitive
process of individuals and teams to adapt to novel sit-
uations (Fiore et al. 2010). Macrocognition in CMTs has
been generally adopted to describe collective cogni-
tion occurring in crisis management multiteam sys-
tems where constant attention shift is needed
between intra-team and inter-team information proc-
essing (see Table 14).
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Table 16. A synthesis of the definitions across three dimensions of analysis.

(b) Theoretical assumption(s)

(c) Unit of analysis

(a) Associated construct
Knowledge

Interaction

Team Multiteam

Collective sensemaking -

Shared/team mental model (SMM/TMM) 1
Common operating picture (COP)

Shared/team situation awareness (SSA/TSA)

Distributed cognition (DC)

Interactive team cognition (ITC) -

Transactive memory system (TMS)

Distributed situation awareness (DSA)

Shared belief

Macrocognition in teams

Team metacognition -

Cognition in a CMT 13
Cognition in a system of CMTs 5

Total 18

13

5

4
18
22

4

v

N WWw | v |
A N N

—_

1
1
22

28
34
62

D N N NN

Note: Three articles were coded twice: (Wolbers and Boersma 2013) for both collective sensemaking and COP; (Uitdewilligen and Waller 2018) for both
collective sensemaking and ITC; (Luokkala and Virrantaus 2014) for both COP and TSA.

3.1.11. Team metacognition

Team metacognition (Hinsz 2004) expands metacogni-
tion to team- or multiteam-level. Metacognition
(Flavell 1979) originated from the context of young
children’s learning as a construct referring to the cog-
nitive processes used to understand and control one’s
own cognitive states and processes. While metacogni-
tion has been used to describe individual incident
commanders’ effective decision making, team meta-
cognition has been studied as a critical construct for
the effectiveness of CMTs. Team metacognition in
CMTs has been defined under both knowledge- and
interaction-based assumptions, with an emphasis on
achieving team- or system-level goals (see Table 15).

3.2. A synthesis of the definitions

Despite conceptual differences among the definitions,
there are several opportunities for their harmonisation
and an integrated viewpoint of team cognition in the
CMT domain. Our three dimensions of analysis (i.e.,
associated construct, theoretical assumption(s), and
unit of analysis; Table 4) provided a framework to
understand the similarities and variabilities in the defi-
nitions of cognition in CMTs, and thereby identify
potential opportunities for harmonisation. Table 16
summarises our assessment of the definitions across
the three dimensions of analysis.

As overviewed earlier, we identified 11 different
constructs associated with cognition in CMTs. While
five out of the 11 constructs focussed on a team as a
unit of analysis conceptualising (intra-team) cognition
in a CMT, six emphasised a multiteam as a unit of ana-
lysis conceptualising (intra- and inter-team) cognition
in a system of CMTs (Table 16).

Those constructs mapped their underlying assump-
tions into one of three cases, i.e, knowledge-based

(18 out of 62 instances), interaction-based (22 out of
62 instances), or both (22 out of 62 instances). This
finding from an analysis of the first and second
dimensions indicates that there was no single predom-
inant theoretical assumption across multiple constructs
identified in this review. However, we found a con-
trasting trend when incorporating the third dimension,
i.e., the unit of analysis. While a majority of the con-
structs conceptualising (intra-team) cognition in a CMT
are largely driven by knowledge-based assumption
(13 knowledge-based vs. four interaction-based), a
majority of constructs conceptualising (intra- and
inter-team) cognition in a system of CMTs embraces
interaction-based assumption (five knowledge-based
vs. 18 interaction-based).

In what follows, we argue that the unique charac-
teristics of CMTs make them more aligned with the
operationalisation of (intra- and inter-team) cognition
in a system of CMTs. We then use the conceptualising
trends and aggregate them into an integrative defin-
ition of cognition in CMTs.

3.2.1. Defining cognition as interaction within and
across the components of a system of CMTs

Our synthesis of definitions showed that constructs
conceptualising cognition in a system of CMTs tended
to use the interaction-based theory of cognition (Table
16). Also, a majority of those constructs conceptualise
both intra-team and inter-team cognition. We argue
that the known characteristics and properties of CMTs
make these systems more in line with this interaction-
based view of cognition.

First, CMTs are heterogeneous, often large, and
quickly formed with pre-existing structures designed
for the management of a variety of crisis informational
needs. For instance, an incident management team, a
specific type of CMT that continuously handles



complex information management process with the
delegated authority to act on behalf of the affected
jurisdiction(s), are purposefully composed of members
with heterogeneous experience, knowledge, and cul-
tural backgrounds, based on the national incident
management system (NIMS; Federal Emergency
Management Agency 2017). Therefore, the cognitive
functioning of CMTs necessitates more than sharing
knowledge among the members; it requires appropri-
ate interactions among the heterogeneous members
of CMTs.

Second, as disaster scenarios change frequently and
unpredictably, CMT members interact in a nonlinear,
interdependent, and dynamic way, with reliance on
technological tools if needed (Jenkins et al. 2010).
Technology, indeed, has been realised as a team-mate
or a contributor to ITC (Cooke and Gorman 2009; Fiore
and Wiltshire 2016). Although the extracted definitions
mainly deal with the social aspects of CMTs, the con-
cept of technology-as-team-mate appeared in defini-
tions of DC (Furniss & Blandford 2006; Plant and
Stanton 2014, 2016; Rybing et al. 2016; Toups, Kerne,
and Hamilton 2011) and DSA (Curnin et al. 2015; Flestea
et al. 2017; Heard et al. 2014). This indicates a need to
view a CMT as a cognitive system embedded in socio-
technical systems and understand its cognition as
(technologically mediated) interactive patterns within
and across the system components, i.e.,, team members.

Third, CMTs are interdependent; their collective
cognitive functioning requires interactions within as
well as across CMTs. The naturalistic CMT context has
been represented as a multiteam system in many defi-
nitions (e.g., Benamrane and Boustras 2015; Bergeron
and Cooren 2012; Flestea et al. 2017; McLennan et al.
2006; McMaster and Baber 2012; van de Walle,
Brugghemans, and Comes 2016), appreciating cogni-
tion as interactions simultaneously occurring at mul-
tiple levels. Macrocognition, for instance, was adopted
to define cognition in complex collaborative environ-
ments such as CMTs to occur with constant atten-
tional shift across multiple levels (Alison et al. 2015;
Handley and Heacox 2010). Such a conceptualising
tendency further suggests considering a system of
CMTs as a cognitive system-of-systems extending the
abovementioned view of a CMT as a cognitive system
towards a system-of-systems level (Maier 1998), and
incorporate interactions simultaneously occurring
among human and technical agents at multiple levels
(i.e., system-of-systems, system, and sub-system) into
the integrative definition of cognition in CMTs.

To summarise, our synthesis shows that cognition
in a system of CMTs can be embodied as interactions
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across the system components, i.e, team members
and CMTs, especially considering the heterogeneous,
dynamic, and interdependent nature of the CMTs with
reliance on technological tools if needed.

3.2.2. Defining cognition as the capability of a sys-
tem of CMTs to perceive, diagnose, and adapt

Our findings suggest that there is a tendency to
emphasise the system capability to “[collectively] rec-
ognize the degree of emerging risk to which a com-
munity is exposed and to act on that information”
(Comfort 2007, 189) while conceptualising both intra-
team and inter-team cognition. Grounded in our previ-
ous research (Moon, Peres, and Sasangohar 2017,
Moon et al. 2018) and current review of definitions,
we argue that cognition in a system of CMTs is the
system’s (or the cognitive system-of-system'’s) ability
to span across three distinct cognitive processes: per-
ceiving, diagnosing, and adapting to crisis information.

First, perceiving is a collective cognitive process of
becoming aware of knowledge, which takes place
through interactions within and across CMTs for rec-
ognising, seeking, and/or collecting information. In
reflection of Hurricane Katrina, Comfort (2007, 193)
explicitly emphasised perceiving in crisis management
as a process of quickly scanning for discrepancies
between “what they [i.e, CMT members] view as nor-
mal performance and the change in the status of key
indicators that alerts them to potential danger”, rather
than reviewing the entire set of rules of operation.
The importance of proper perception of the status of
critical elements for realistic situation assessment is
reflected in the definitions of knowledge-based COP
and TSA. The definitions of knowledge-based COP
depict an input for perceiving, i.e., “a manipulable
visualization of what is happening and where resour-
ces are that is open to all members of the emergency
management team” (Carver and Turoff 2007, 36). On
the other hand, the definitions of TSA, a construct
conceptualising  intra-team  cognition,  implicitly
acknowledge perceiving as an expansion of one of the
three levels of an individual SA (i.e., perception, com-
prehension, and projection; Endsley 1995) to a
team level.

Second, diagnosing is a collective cognitive process
of characterising perceived knowledge, which takes
place through interactions for clarifying, interpreting,
examining, and/or evaluating the information.
Diagnosing in crisis management was highlighted as a
process of “integrating incoming information [...] into
a current assessment of vulnerability” (Comfort 2007,
193). The importance of knowledge diagnosis from
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heterogeneous perspectives (at least from the unique
perspectives of an initiator and a receiver of an inter-
action) has been reflected in the definitions of collect-
ive sensemaking, interaction-based COP, and TMS.
Notably, Wolbers and Boersma (2013, 188-189)
attempted to integrate the definitions of collective
sensemaking and interaction-based COP from the
diagnosing (D) perspective, e.g., a process of
“combining different cues, roles, scripts, and actions
that arise from the actors’ different institutional back-
grounds,” “negotiate[ing] their plurality of points of
view,” and “give[ing] meanings to information to syn-
chronize their actions”. In line with collective sense-
making’s elucidation of cognition as negotiation, the
theorists of interaction-based COP argue that “[a COP]
needs to go beyond the concept of a data warehouse,
and move towards a situation in which the individual
actors share their expertise and exchange ideas, learn
from one another and make sense of each other’s pos-
ition and institutional background” (Tatham, Spens,
and Kovéacs 2017, 84). On the other hand, TMS, a con-
struct conceptualising intra-team cognition, has
described that diagnosing process depends on hetero-
geneous perspective of CMT members stored in a col-
lective long-term memory such as a TMS, analogous
to the top-down processing mechanism of an individ-
ual’s cognition which depends on the experiences
stored in long-term memory (Majchrzak, Jarvenpaa,
and Hollingshead 2007; Marques-Quinteiro et al. 2013;
van der Haar, Jehn, and Segers 2008).

Third, adapting is a collective cognitive process of
adjusting to perceived and/or diagnosed knowledge,
which takes place through interactions for establish-
ing, modifying, and/or executing the courses of action
in reactive and/or proactive manner. In frequently
changing and unpredictable disaster scenarios, CMTs
should go beyond the mere sharing of knowledge on
the most likely future states and manage their courses
of action almost immediately over continued oper-
ational periods (FEMA 2017). The importance of adapt-
ing has been reflected in the definitions of collective
sensemaking, COP, macrocognition, SMM, and ITC. The
definitions of collective sensemaking have emphasised
the importance of dynamic communication for collab-
orative storytelling (Benamrane and Boustras 2015;
Bergeron and Cooren 2012; Giordano et al. 2017;
Landgren 2005; Malakis and Kontogiannis 2014;
Mirbabaie and Marx 2020; Takeda, Jones, and Helms
2017; Uitdewilligen and Waller 2018; Waring et al.
2018; Weick 1993; Wolbers, Boersma, and
Groenewegen 2018; Wolbers and Boersma 2013; Wu
et al. 2013). The definitions of interaction-based COP

have viewed such an open communication opportun-
ity as a basis for continuous and adaptive coordination
(Baber et al. 2013; Comfort 2007; Steigenberger 2016;
Tatham, Spens, and Kovacs 2017; Wolbers and
Boersma 2013). COP has been interpreted as “a plat-
form that allows experts to coordinate and negotiate
their plurality of points of view” where collective
sensemaking can occur (Wolbers and Boersma 2013,
188-189). The definitions of macrocognition have
highlighted the way CMTs adapt to novel situations
through negotiation between intra-team and inter-
team cognition, such as an example of “police officers
operate with their ‘intra-agency’ police colleagues
along with their ‘interagency’ emergency response col-
leagues (e.g., fire and ambulance services), who have
both cohesive and conflicting goals depending on the
incident and required outcome” (Alison et al. 2015,
297-298; cf. Handley and Heacox 2010). The defini-
tions of SMM, a construct conceptualising intra-team
cognition, have appreciated adapting as the team’s
ability to revise action plans based on the perception
of changing situations (Owen et al. 2013). Also, the
definitions of ITC have defined cognition in a CMT as
“the ability to adaptively reorganise team coordination
processes, in response to novel or challenging events”
(Gorman et al. 2019, 1, 4).

In summary, cognition in a system of CMTs may be
generalised as a collective activity in which heteroge-
neous perspectives can be continuously negotiated
through interactions to support improved perception
and diagnosis of relevant events as well as adaptive
coordination. Indeed such adaptation, as a core cogni-
tive process in CMTs, has been recognised in multi-
team systems literature as self-organising behaviours
of complex adaptive systems (Zaccaro, Marks, and
DeChurch 2012).

3.2.3. An integrative definition as a general guide
of reference
Grounded in our synthesis of definitions for cognition
in CMTs and three contextual characteristics of
CMTs—namely: heterogeneity, dynamic reliance on
technology, and inter-team interdependency—we
argued that cognition in a system of CMTs might be
better realised through interactions within and across
CMTs. We also argued that such interaction supports
the system’s ability to span across three distinct cogni-
tive processes of CMTs: perceiving, diagnosing, and
adapting to crisis information.

Therefore, building on Comfort’s (2007, 189) sem-
inal definition of cognition in crisis management (“the
capacity to recognise the degree of emerging risk to



which a community is exposed and to act on that
information”), we define cognition in CMTs as the cap-
ability of a system of CMTs to collectively perceive, diag-
nose, and adapt to the degree of emerging risk to which
a community is exposed, which takes place through
nonlinear, interdependent, dynamic, and technologically
mediated (if needed) interactions within and across the
component CMTs.

4. Conclusion and future research agenda

Functional and efficient CMTs are a necessity for
effective disaster response. Given the complex and
multi-layer nature of the crisis management domain,
an integrative understanding of cognition in CMTs is a
necessary condition for future improvements in CMTs’
functioning and resilience. Despite relevant research in
this field, uni-disciplinary and isolated characteristics
of previous efforts have limited the accumulation of
knowledge in this field. To address such a gap, the
current paper makes two arguments to contextualise
cognition in CMTs in terms of its associated constructs,
theoretical assumptions, and unit of analysis for a
more integrated understanding. The first argument
posits that cognition in a system of CMTs can be real-
ised as interactions at multiple levels of the system.
The second argument elucidates that cognition in a
system of CMTs can be realised as the system’s cap-
ability for collective perception, diagnosis and adapta-
tion. With those arguments as building blocks, an
integrative definition of cognition in a system of CMTs
was presented.

The proposed definition harmonises various theo-
ries and constructs of both team and multiteam cogni-
tion. The current review of definitions could serve as
the necessary step in the conceptualisation and opera-
tionalisation of cognition in CMTs for future research.
Indeed, our work suggests large variability in opera-
tionalisations. Our work interpreted a CMT as a cogni-
tive system which perceives, diagnoses, and adapts to
information, providing the means to operationalise
cognition in a system of CMTs as interactions within
and across the cognitive systems, advancing the
Wickens' (1992) individual information processing the-
ory and the ITC theory to a system or system-of-sys-
tems level.

The proposed definition’s applicability to a layered
CMT environment is higher compared to other defini-
tions of team cognition constructs; however, its general-
isation to a wide variety of teams (or multiteams)
should be considered carefully. With regard to the
search, selection, and categorisation of definitions, our
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approach focused on a limited range of articles which
could be easily coded in terms of construct and theory.
More work is needed to verify the distinction between
perceiving, diagnosing, and adapting. Therefore, other
conceptualisation and the corresponding operationalisa-
tions cannot be entirely excluded and could have
yielded alternative results.

Although the current review offers an initial contribu-
tion to the literature through a synthesis of conceptuali-
sations, research is needed to generate empirical
evidence evaluating the operationalisation of our inte-
grative definition and assessing its practicality to inform
future policies and practices for a coordinated response
within and among CMTs. Although ITC has been mod-
elled and measured through dynamic systems model-
ling of team verbal behaviours (Cooke and Gorman
2009; Gorman, Cooke, and Amazeen 2010; McNeese
et al. 2018), modelling and measuring cognition in real-
world CMTs remains relatively unexplored. Work is in
progress to investigate whether the new definition can
inform a descriptive model of cognition in CMTs and
evaluate the efficacy of such a model in assessing how
effectively and efficiently a system of CMTs, as a cogni-
tive system-of-systems, perceive, diagnose, and adapt to
information. In pursuit of these research questions, we
can better design CMTs' working environments and
training practices, thereby improving CMTs' cognitive
ability to respond to complex and unexpected events
and to save lives and infrastructures.
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