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Abstract: Teamwork is an important component of effective emergency
management. From time to time teamwork will break down in the complex
situations involved in managing emergencies. It is important for people
who have operational oversight of these teams to be able to detect breakdowns
quickly and effectively. However, there is typically little guidance within many
agencies about how best to do this. This paper reviews the literature on team
monitoring by observers in emergency management and related domains and
identifies four key approaches to monitoring teams: 1) coordination,
cooperation and task-related communication; 2) information flow; 3) linguistic
analysis; 4) team outputs. These methods provide a number of different options
that agencies involved in emergency management can use as the basis for
developing enhanced operational oversight of teams.
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1 Introduction

A large scale emergency response consists of a hierarchy of multiple teams working
together. Each team in the hierarchy consists of team members and a team leader who
coordinates that team’s operation (Weick, 1993). In addition, the team will typically
report up the organisational structure to a person who has operational oversight of that
team’s performance. The monitoring of teams by more senior officers, provides an
important safety and quality assurance function for agencies that operate in inherently
risky environments (AFAC, 2013; South Australian Country Fire Service, 2011;
Grunwald and Bearman, 2017). While such monitoring may be conducted informally by
senior officers in at least some stages of an emergency (Grunwald and Bearman, 2017)
there is typically little guidance within many agencies on how to monitor teams
effectively. This restricts the ability of senior officers to optimise their team’s
capabilities, enhance functionality, or conversely, foresee potential disruptions to their
team’s operational response.

As a team carries out its task and interacts with the environment, there will be
disruptions to that team’s performance from external circumstances (e.g., the scale,
dynamism, and complexity of an emergency) and internal dynamics (e.g., changes to the
coordination or composition of the team). To some extent disruptions in teamwork may
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be inevitable in something as complex and dynamic as emergency management,
particularly in the early phases of an emergency (Bearman et al., 2015; Grunwald and
Bearman, 2017). If these disruptions are not managed effectively then this can lead to
teamwork breakdowns and an impaired operational response.

A team breakdown can broadly be defined as “a situation, or state, where
there is a failure in coordination, cooperation or communication due to a difference in
shared meaning that leads to a temporary loss in the ability to function effectively”
(Bearman et al., 2015, p.18). Further, Bearman et al. (2010, 2015) have been able to
identify a number of sub-components of breakdowns (known as disconnects) that may
occur as a breakdown situation unfolds. These disconnects can be classified as
informational, evaluative and operational. Informational disconnects are differences
in the information possessed by team members; evaluative disconnects are differences in
understanding of the same information; and operational breakdowns are differences in
plans or expected actions (Bearman et al., 2010, 2015).

There are many examples in the emergency management literature where breakdowns
in team functioning have led to significantly impaired operational responses (Owen et al.,
2013; Comfort, 2007; Dickinson and Mclntyre, 1997; Bearman et al., 2015). One
example of a breakdown in team functioning is presented by Bearman et al. (2015) from
their analysis of the Canberra Firestorm in Australia. In this breakdown team members
did not have a common understanding of information presented at a meeting and
developed different plans about where to place a control line.

Given that breakdowns are likely to occur throughout an emergency response,
what is important is the identification and resolution of breakdowns before they can
lead to an impaired operational response (Bearman et al., 2015). This places the emphasis
on team monitoring as a method for ensuring effective emergency management. Team
monitoring is therefore an important part of providing an emergency response that is safe
and efficient. Providing senior officers with a clear and defined method of external team
monitoring allows them to make better, more informed decisions that will enhance their
teams’ capabilities. The purpose of this paper then is to address the question “How can
we monitor a team’s performance during an emergency?” We try to answer this question
by considering how team monitoring is conducted in the published literature on
teamwork in emergency management and other high reliability industries.

The literature on team monitoring encompasses many different domains and
knowledge bases, such as: management, human resources, military, health, education,
and psychology. Each has a slightly different foci, interpretation and application to team
monitoring. For the purposes of this review we have reduced some of this complexity by
focusing on domains that are directly relevant to emergency management and are
potentially applicable to team monitoring from the perspective of providing operational
oversight.

2 Method

The method used in this paper can be classified as a ‘qualitative evidence synthesis’ and
may be considered a more specific form of article review (Grant and Booth, 2009).
However, in the interests of convenience we use the familiar generic overarching
category ‘literature review’ in this paper.
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To answer the question “How can we monitor a team’s performance during an
emergency?” literature was retrieved using a range of online tools (e.g., Scopus and
Google Scholar) that provide access to peer reviewed journal articles via databases
including EBSCO, PubMed, SAGE and ScienceDirect. A five phased literature review
process was performed:

e initial net using broad search criteria

e application of specific criteria to identify papers within a 10 year period in high
reliability domains (emergency management, healthcare, military, aviation, nuclear
power)

e backward citation analysis of these articles — to identify historical methodology
literature

e application of further criteria to identify papers replicable in the emergency
management domain and excluding studies on individual team members

e qualitative inductive thematic analysis of identified research and methodology
articles.

The initial literature search criteria included the keywords ‘team monitoring’ and ‘teams’,
over the ten year time period between 2005 and 2015. Peer-reviewed articles that
included as content the topic of team performance, monitoring and assessment were
selected. Following the application of these broad criteria, a second phase applied more
specific criteria to ensure that the literature was relevant to the question posed (i.e.,
monitoring emergency management teams). To be included in the literature review
journal articles required the subject to be specifically about emergency services, or other
high reliability industries (such as aviation, healthcare, the military and nuclear power).
Further, the inclusion criteria required journal articles to report on research that utilised,
or could potentially utilise, an external observer to assess the components of teamwork.
The search based on these criteria yielded 195 research articles.

A third phase to the literature search identified key articles that were instrumental in
the development of the methodological concepts and categories of teamwork. This was
achieved by using a backward citation analysis of the initial 195 papers. Due to the
historical nature of these articles and the reference origins, the time period of 2005 and
earlier was applied. This identified an additional 78 articles (e.g., Entin and Entin, 2001;
Fowlkes et al., 1994), that could potentially contribute to and inform the development of
teamwork categories, arising from the literature, that are applicable to an emergency
services context.

The fourth phase applied further criteria to the combined 273 articles (195 research
articles and 78 methodology articles). Journal articles were required to include sufficient
information to allow replication of the method used to monitor teams. Articles were also
excluded where the focus of team monitoring centred on internal monitoring of
teammates actions (see Marks and Panzer, 2004). These criteria provided a focus on
methods that can be used by individuals tasked with observing teams or with strategic
oversight of teams.

Once the specific criterion outlined above was applied, the article search yielded
57 articles that prima facie appeared to be applicable to emergency management.
Of these, 39 research articles reported teamwork studies in high reliability industries and
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18 articles reported key seminal papers providing the methodology and origins of the
reported measures underpinning the papers on teamwork studies.

The final phase of the literature review applied a qualitative analysis of the literature
to identify the key aspects of the reported application of the team monitoring method
in each paper. This was achieved by a thematic technique, rather than using a pre-formed
coding scheme. This form of literature analysis used processes similar to the ‘data
analysis spiral’ (Creswell, 2013; Leedy and Ormrod, 2005) through its iterative
collection, documentation, extraction, classification and synthesis processes (Bearman
and Bremner, 2013). Descriptors or phrases from each article were recorded as
codes/themes. Numerous codes were sorted according to relevance or aggregated again
into ‘higher order’ categories until repeated patterns of meaning were found (Thompson,
2013). This inductive process therefore produced a bottom-up, data driven approach to
classifying methods of team performance monitoring (Bearman and Bremner, 2013;
Thompson, 2013).

Each method included in the review contained clear descriptions and approaches that
could be replicated within the domain of emergency management. For our purposes, we
focused on processes that form monitoring points of a team’s functioning, rather than the
data collection tool (e.g., behavioural markers, observer coding techniques, conversation
analysis, questionnaires, etc.)' as a standalone technique.

3 Results

From our five phase literature review process we identified four categories of
performance monitoring. These four categories are presented in Table 1 and discussed
below.

Table 1 Literature review results of different approaches to monitoring teams
Category Journal articles
Coordination, cooperation and task-related communication (3C) 44

Information flow (IF)

Linguistic analysis (LA) 5
Team outputs (TO) 3
Total 57

3.1 Coordination, cooperation and task-related communication (3C)

This approach to team monitoring requires people to make behavioural observations
of the effectiveness of the task-related communication, coordination and cooperation
(3C) of teams. Task-related communication is concerned with the accurate transfer
of information to another person (McIntyre and Salas, 1995). Coordination is the
correct and timely actions and contributions by all team members (Kozlowski and Bell,
2003). Through appropriate coordinating mechanisms, team members are able to
sequence, synchronise, integrate, and complete tasks without wasting valuable resources
(Wilson et al., 2007). Cooperation is about the shared attitudes and beliefs of teams
(Wilson et al., 2007). The measures reported in the literature that used a 3C approach
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were extensive, with 24 measures and 44 publications (see Table 2) stemming from the
military and medical fields.

Table 2 Measures of team monitoring that used a 3C approach

Domains of

No. Measures study Reference
1  Targeted acceptable responses to Military Fowlkes et al. (1994)
generated events or tasks (TARGET)
2 Situational awareness linked Military Muniz et al. (1998) and Smith et al.
instances adapted to novel tasks (2007)
(SALIANT)
3 Simulation module for assessment of Medical Rosen et al. (2008)
resident’s targeted event responses
(SMARTER)
4 Scenario-based performance Military MacMillan et al. (2013)

observation tool for learning in team
environments (SPOTLITE)

5 Anaesthesia crisis resource Medical Howard et al. (1992)
management (ACRM)
6 Anaesthetists’ non-technical skills ~ Medical Fletcher et al. (2003)
(ANTS)
7  Behaviourally anchored rating scales Medical Shapiro et al. (2008) and Carretta and
(BARS) Walters (1991)
8  Behavioural markers for neonatal Medical Thomas et al. (2004)
resuscitation
9  Crisis avoidance resource Medical Flin and Maran (2004)
management for anaesthetists
(CARMA)
10 Communication and teamwork skills Medical Frankel et al. (2007)
(CATS)
11 Emergency. medicine crisis resource Medical Reznek et al. (2003) and Wallin et al.
management behavioural (2007)
performance evaluation (EMCRM)
12 Mayo high performance teamwork ~ Medical Malec et al. (2007)
scale (MHPTS)
13 Multi-disciplinary team (MDT) Medical Lamb et al. (2011)
performance assessment tool
14 Surgeons’ non-technical skills in the Medical Yule et al. (2006, 2008)
operating theatre (NOTSS)
15 Non-technical skills (NOTECHS) Medical Mishra (2014)
16  Observational skill-based clinical Medical Walker et al. (2011)
assessment tool for resuscitation
(OSCAR)
17  Objective structured assessment of ~ Medical Martin et al. (1997) and Marriott
technical skill (OSATS) et al. (2009)
18 Observational teamwork assessment Medical Healey et al. (2004) and Undre et al.

for surgery (OTAS) (2007)
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Table 2 Measures of team monitoring that used a 3C approach (continued)

Domains of

No. Measures study Reference

19 Ottawa crisis resource management Medical Kim et al. (2006)
global rating scale (Ottawa GRS)

20  Procedure-based assessment (PBAs) Medical Pitts and Rowley (2009)
tool

21 Revised teamwork behaviour matrix Medical Small et al. (1999)

22 Simulation team assessment tool Medical Reid et al. (2012)

23  Team dimensions rating form Medical Morey et al. (2002)

24 Teamwork behavioural rating scales Medical and Johnston et al. (1997), Dwyer et al.
health; military (1999), Entin and Entin (2001),

Schaafstal et al. (2001), Foltz et al.
(2003), Shanahan et al. (2007),
Wallin et al. (2007), Zaccaro et al.
(2009), Burtscher et al. (2010),
Kolbe et al. (2010, 2013),
Hollenbeck et al. (2012), Mitchell
and Flin (2012), Arora et al. (2013)
and Tims et al. (2013)

3.1.1 Approach

This approach provides a very detailed method of identifying markers, or points of 3C
that are representative of effective team performance. During or at the end of an exercise
observers rate the team’s performance across a number of dimensions that indicate 3Cs.
Typically each dimension includes a scale providing a corresponding example of poor
team behaviour at one end of the scale, an example of good team behaviour at the other
end. This provides the observer with an opportunity to rate the observed team behaviour
accordingly (Entin and Entin, 2001). All 24 tools focused on 3C identified in the
literature were based on the behavioural marker approach to identify indicators of the
presence or absence of requisite team 3C cognitive and behavioural processes.

3.1.2 Application and benefits

The studies that have used a 3C approach allowed observers to assess team performance
in terms of the specific behaviours that may indicate an issue or identify where enhanced
behaviours may improve team performance. For example, the scenario-based
performance observation tool for learning in team environments (SPOTLITE) uses
behavioural markers to allow observers to measure team performance. MacMillan et al.
(2013) reported on the problem of identifying team readiness for active F-16 combat
fighter pilots because of the complexity of the environment. In this study, each team
consisted of four pilots each with an observable cockpit display that required the absolute
attentive focus of the observers (MacMillan et al., 2013). Observers used an electronic,
rather than paper based method of rating team performance, because of its flexibility in
accessing the behaviour marker fields corresponding to the unfolding real time scenario.
Observers responded to task specific questions on a 1-5 scale. For example, targeting and
engagement behaviours that related to ‘radar’ tasks were rated using the corresponding
practical question: ‘how appropriately is the radar set up?’ This method provided a
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useful tool to ascertain the team performance status by identifying the specific behaviours
of fighter pilots in a complex environment. The 3C tool provided information to external
observers which could then be used to specifically tailor pilot education. The information
garnered by 3C also assisted the external observers to identify pilot readiness for real
combat missions.

Studies differed in the format required to document observations, with some studies
employing a behavioural marker ‘checklist’ rather than a behavioural marker ‘scale’.
Wilson et al. (2007) isolated specific behaviours linked to a set of detailed indicators of
team performance that may point to problems in team coordination, communication and
cooperation. For example, cooperation is defined by behaviours around team orientation,
collective efficacy, mutual trust and team cohesion. Each behaviour marker has assigned
three to four questions posed to the observer who provides a ‘yes’ or ‘no’ response. Team
orientation, for instance, can be checked via the questions “Did team members put group
goals ahead of individual goals?”, “Were team members collectively motivated, and did
they show an ability to coordinate?”, “Did team members evaluate each other and use
inputs from other team members?” and “Did team members exhibit ‘give-and-take’
behaviours?” These behavioural markers formed part of a taxonomy of factors that lead
to fratricide incidents in the battlefield. This study indicates the potential applicability of
behavioural markers to assist observers in the identification of team performance issues.

3.1.3 Limitations

While the 3C approach has shown to be a useful method of monitoring teams it does
have a number of limitations. 3Cs is multifaceted and can therefore be complex to
conceptualise and operationalise (Rousseau, 1985). It may also be difficult to observe
some aspects of 3C, such as whether people are correcting errors made by others or
whether team members exhibit trust in each other. Some applications of 3Cs may be
limited by being developed in a specific context (e.g., Yule et al., 2008; Mishra et al.,
2012) that does not necessarily generalise to other contexts. The detailed observations
and coding required in methods of 3C may also be time consuming and hard to carry out
in some high tempo operations.

3.2 Information flow (IF)

Information flow (IF) is an approach to monitoring teams that focuses on the patterns of
interaction between the team members. This approach can be characterised as who talks
to whom and when. There were five papers from the military, medical, space and nuclear
energy fields that reported on observational studies of team IF (see Table 3 for more
details).

Table 3 Measures of team monitoring that used an IF approach

No. Measures Domains of study Reference

1 Observation coding systems Medical Burtscher et al. (2011)
2 Observation coding systems Medical Burtscher et al. (2010)
3 Observation coding systems Nuclear Patrick et al. (2006)

4 Observation coding systems Military Entin and Entin (2001)
5 Observation coding systems Space Fischer et al. (2007)
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3.2.1 Approach

All five papers reported examining team IF using observation coding systems. These
coding systems were individually tailored to simulation studies and required the
identification of particular categories associated with the flow of information. While the
categories were different in each study, categories of IF are generally based on who
initiated contact with another team member, who the contact was with, whether the
request pushed or pulled information, when the interaction occurred and how long the
process took.

3.2.2 Application and benefits

Studies that have used an IF approach to examining team performance have found
that this approach allows observers to identify and plan targeted improvements to team
practices (Aubé et al., 2014; Rousseau et al., 2006; Marks et al., 2001; Entin and Entin,
2001). For instance, Burtscher et al. (2010) video-recorded 22 anaesthesia teams which
were then coded by an observer using an observation coding system to study information
flow. Observers assigned a code according to the observation system (e.g., information
request), its duration (e.g., 3.5 s), and the acting person (e.g., nurse anaesthetist). They
found when faced with challenging procedures, anaesthesia teams adapted their
management of the task in response. They concluded that this approach could assist in
targeting appropriate training.

Another example of a study of information flow on team performance was conducted
by Patrick et al. (2006). Patrick et al. (2006) developed an observation system tool to
identify the interaction and information flow between workers during a simulated nuclear
plant emergency. The communications that occurred could be categorised according to
detection, diagnosis, and control tasks (Patrick et al., 2006). Each category was then
assigned a number of codes that described the associated form of information exchange,
the type of interaction and management of key tasks. Observers used this coding system
to capture the quantity, directionality, timing, and type of communications that occurred
within and between teams (Patrick et al., 2006). This allowed deficiencies in supervisory
monitoring to be identified.

3.2.3 Limitations

While team IF can provide useful information in identifying team performance issues,
this approach does possess a number of potential problems. Examining IF can potentially
detect a problem, but does not necessarily determine why the problem is occurring or
how it can be fixed. Many of the methods are specific to the context in which they were
developed and some require a base measure of effective team functioning from which to
run a data comparison. In a dynamic environment (such as emergency management) base
measures may be difficult to derive and may not be valid at different times in an
operation. Like the 3C approach the detailed observations and coding required may be
time consuming and hard to carry out in some high tempo operations.

3.3 Linguistic analysis (LA)

Another approach to examining team performance is to consider the linguistic element of
task performance and its effect on team functionality and outcomes. Linguistic elements
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are the non-content related aspects of language (e.g., the number and type of words,
negations, assents and positive/negative emotion). There were five papers from the
emergency services, aviation, military and space domains that used linguistic analysis
(see Table 4 for more details).

Table 4 Measures of team monitoring that used an LA approach

No. Measures Domains of study Reference

1 Word frequencies Emergency services Khawaja et al. (2012)

2 Word frequencies Aviation Sexton and Helmreich (2000)
3 Word frequencies Aviation Sexton and Helmreich (2003)
4 Latent semantic analysis (LSA) Military Foltz et al. (2003)

5 Word frequencies Space Fischer et al. (2007)

3.3.1 Approach

The studies in this category are based on linguistic analysis that developed from research
into communication in aviation. There are certain aspects of communication that are not
based on the content of the communication but may nevertheless be important in
understanding team performance. These categories are things like: number of words used;
sentence punctuation; percentage of words over six letters; 1st person plural (we, ours,
us); negations (no, never, not); assents (yes, ok, mmhmm); positive emotions (happy,
pretty good); anger (hate, resentment) and cognitive processes (cause, know, effect,
maybe). This approach assumes that these observable non-content aspects of
communications correlate with how the team is performing and can therefore be used to
measure the effectiveness of the team (Sexton and Helmreich, 2000).

3.3.2 Application and benefits

Khawaja et al. (2012) used LA to study the interactions of bushfire emergency
management teams during a computerised bushfire management exercise. They used
linguistic inquiry and word count (LIWC), an automatic text analysis and extraction
software tool, to identify linguistic changes that might indicate behavioural responses to
high and low cognitive loads. Specifically, the researchers analysed “sentence length,
use of agreement and disagreement phrases, and use of personal pronouns, including
both singular and plural pronoun types” of bushfire emergency management team
communications. The study involved video and audio recording of the emergency
services teams which were later transcribed and rated against four cognitive load levels:
low load (casual), medium load (routine), high load (challenging) and very high load
(very challenging). They identified that teams experiencing high-cognitive load tasks
found it harder to reach agreements.

Fischer et al. (2007) used linguistic analysis to analyse team work in a search
and rescue task. These dimensions were based on expressed effect and its positive
or negative valence; and interactive patterns including acknowledgements,
disagreements, elaborations, answers (to Questions), and missing responses of
communication. Fischer et al. identified more positive emotion words (e.g., humour,
empathy and praise), more assenting responses following another team member’s
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contribution (e.g., acknowledgements, elaborations and continuations) and more use of
humour, praise and empathy amongst high performing teams. In contrast, low performing
teams used fewer positive emotion words, more frequently missed responses following
another team member’s contribution, and used more insults and defensive utterances.

3.3.3 Limitations

Linguistic markers have been shown to correlate with team performance. However, it is
often not clear whether high performing teams show more of these elements of
communication because they are successful, or they are successful because they show
these types of communication (Fischer et al., 2007). The types of communication patterns
that were observed are also likely to be context dependent, according to the particular
type of group interaction that was observed. Like the 3C and IF approaches the detailed
observations and coding required may be time consuming and hard to carry out in some
high tempo operations.

3.4  Team outputs (TO)

Another way to evaluate the performance of a team is to examine the quality and
timeliness of the outputs that the team produces. If the outputs that a team is producing
are missing, incomplete or of poor quality this indicates that there is likely to be a
problem with that team. There were three studies that reported on team outputs (TO) as
an observable method of monitoring team performance in the domains of military and
emergency services (see Table 5 for more details).

Table 5 Measures of team monitoring that used a TO approach

No. Measures Domains of study Reference

1 Behaviourally anchored rating scale Military Carretta and Walters (1991)

5 Emergency management aide Emergency services Grunwald and Bearman (2017)
memoire

3 On-scene command team (OSCT)  Emergency services Van Der Haar et al. (2013)

performance effectiveness scale

3.4.1 Approach

The studies in this category applied different methods to develop tools that focused on the
quality and timeliness of the team’s outputs. TO may refer to the outputs of the broader
overall mission, to specific tasks, or subsets of these tasks. In the context of emergency
management operations for example, a team output may be the production of timely and
well-constructed incident action plans (IAPs). This approach has generally been applied
to simulated exercises and can be utilised by an observer who considers the output of the
team at various intervals.

3.4.2 Application and benefits

Grunwald and Bearman (2017) conducted a table top simulation with a concurrent semi-
structured interview of a multi-emergency event (major bushfire, multi-car accident, and
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infrastructure fire). The scenario used pre-prepared teamwork breakdowns so that the
way that participants identified and resolved these breakdowns in teamwork could be
established. The study found that one of the ways that participants identified breakdowns
was based on the output of that team. If information coming from the team conflicted
with their expectations of how the event should be unfolding or was missing, incomplete,
or duplicated this indicated that there was a problem in the team that needed to be
investigated. In addition a number of methods of resolving breakdowns in teams could be
identified (delegation, providing additional resources, mentoring, using authority and
replacing team members). Based on the identification and resolution strategies identified
in the study Grunwald and Bearman (2017) proposed an aide memoire to help senior
emergency managers better identify breakdowns in their teams. This aide memoire was
designed so it could easily be integrated into the normal ongoing flow of activities carried
out by emergency managers.

Van der Haar et al. (2013) developed a method for monitoring team effectiveness
initially out of a short open-ended question survey completed by emergency management
team members. Although the focus of this study was on team members’ self-evaluation,
this study developed a 21-item OSCT (on-scene command team) performance
effectiveness scale that could equally be used by an external observer. The components
of the scale included: image of the situation, decisions, information management,
cooperation with the tactical team, quality of actions, workplace safety, goal achievement
and error rate. This scale was designed to capture context-specific information which
would allow the evaluation of command and control teams and to initiate dialogue around
improving team effectiveness.

3.4.3 Limitations

While monitoring team outputs appears to be reasonably easy to apply in emergency
management this approach does have a number of limitations. Perhaps the most
problematic is that focusing on team outputs will detect team performance problems only
at a fairly general level as the contributing factors to those outputs are not taken into
consideration (Shanahan et al., 2007; Salas et al., 2007). These approaches will also not
necessarily detect all teams that are operating ineffectively. Teams could quite
conceivably have impaired functioning that has not yet shown up in the quality and
timeliness of their outputs.

4 Discussion

This paper presents a detailed examination of the literature on how to monitor teams
from the position of operational oversight. The literature review identified four main
approaches to team monitoring:

e coordination, cooperation and task-related communication (3C)
e information flow (IF)

e linguistic analysis (LA)

e team outputs (TO).
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Each of these approaches contains methods that have demonstrated that they are a viable
way of monitoring teams from the perspective of an observer who is not part of the team.
The literature shows that there are many potential methods of providing operational
oversight of teams in emergency management. Although each type of team monitoring
tool has a slightly different methodology, they all have the same general aim which is to
provide a method of observing and documenting the points of team interaction and then
to compare these documented points against a baseline of appropriate and functional
interactions (which may or may not be formally articulated).

The team monitoring tools are concerned with identifying that a problem exists
and clarifying what that problem is. We see this as being one of the most important
parts of the process. Solutions typically flow on from the identification of problems in
teamwork and may be fairly straightforward (such as making sure everyone is included in
communication) or more complex (such as providing retraining to a disruptive
individual). However, the tools do not necessarily provide solutions rather they offer data
leading to the identification of the problem from which solutions can then be developed
in conjunction with the team.

Each of the broad approaches to team monitoring possess limitations. Limitations of
each approach were considered in the relevant sections but more general limitations can
also be identified that apply to all of the approaches using observers to evaluate team
performance. These more general limitations concern the difficulty of observing teams in
real time, having sufficient data to make a judgement of the team’s performance and
having enough time available to complete the observation. Many of the methods used to
monitor teams require careful observation and detailed coding of observations, which
takes time and requires access to team-specific information. In a fast-paced context
observers are likely to experience considerable difficulty in paying close attention to all
team members’ actions while simultaneously recording their observations (MacMillan
et al., 2013). These limitations may also be particularly problematic for people who are
not co-located with a team and who therefore do not have the ability to directly observe
how that team is functioning.

MacMillan et al. (2013) suggest two ways of addressing the issues associated with the
ability of observers to code aspects of teamwork in real-time. They suggested that: coding
should be reviewed at a later stage during the team debriefing, or that observers should
complete an additional instrument after the scenario and compare to the results gained
during the real-time coding. However, these solutions raise questions about the accuracy
of the rating and would potentially increase workload and the time required
to use the tool. In response to the accurate measure of team performance one solution
might be to increase the number of observers. Yet, Mjelde (2013) found that too many
observers becomes intrusive. They suggest that there should be no more than two
observers per team at one time. This suggests that greater consideration must be given to
the appropriate number of observers as well as the role of covert and overt forms of
observation.

It may also be difficult for people who have an operational role to find enough time to
complete a detailed extended examination of a team. Emergency management operations
are frequently high tempo and people may simply not have enough time to complete the
process. In such cases, it may be that team monitoring should be conducted by a person
who has an opportunity to observe the team but does not have a specific operational role
in the emergency (e.g., an external observer, assistant or Chaplin). Alternatively, team
monitoring could be carried out as part of a Safety Officer’s role. It may also be possible
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to use some of the tools (e.g., Wilson et al.’s breakdown behavioural markers) during
periods of relative calm to reflect on how the team is performing.

The specific and general limitations of the methods of monitoring teams suggest that
it is unlikely that a method of monitoring teams can be simply applied to emergency
management. Instead these methods need to be carefully translated into each emergency
management context in which they will be used. Many of the studies examined in this
literature review were based on exercises rather than real life events. While exercises are
often realistic versions of operational situation, it is hard to recreate the pressure and
emotion of a real life event. Therefore, the translation of methods into the context in
which they will be used should include extensive trails in real operational situations.
It also seems worthwhile to use multiple approaches to examine team performance to
offset the specific limitations of each approach. For example, a method of monitoring
information flow can be used together with examination of linguistic markers.
Alternatively, a method of monitoring team outputs could be used to initially detect that
there is a problem, which can then be investigated with a more detailed approach, like
communication, coordination, and cooperation processes.

Figure 1 Model of monitoring points of team performance (see online version for colours)
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Our focus so far has been on individual methods. We also considered the interrelatedness
of components, by taking an inter (across methods), rather than intra (within methods)
approach to the qualitative evidence synthesis. There appears to be a close relationship
between the communication components of 3C (which is concerned with effective
communication of information) and information flow (which is concerned with who talks
to whom and when) and linguistic elements (which is concerned with the non-task related
components of communication). Since each of these aspects of communication provide
different points for monitoring teams they are considered separately in this paper.
However, we are not proposing that these concepts are necessarily theoretically distinct,
only that they provide different ways to look at a team’s functioning. Coordination is
concerned with correct and timely actions and contributions by all team members
(Kozlowski and Bell, 2003). This ensures that the team carries out activities in an
appropriate manner. Underpinning both communication and coordination are the shared
attitudes and beliefs of the team (i.e., the team’s cooperation) (Wilson et al., 2007). A
tentative model of the interaction of these various components is presented in Figure 1.
It is likely that the different aspects of communication, coordination and cooperation all
mutually influence each other and that together these processes create the team output.
The model is designed to show the different monitoring points that can be used to
examine team performance rather than being a definitive model of teamwork. As such the
use of boxes and circles in the figure serve an illustrative rather than a theoretical
purpose.

In conclusion, the literature review presented in this paper has identified a number of
different approaches to monitoring teams that can potentially be adapted for use in
emergency management. Together these approaches may be considered to provide the
key monitoring points of teams. While each method has shown benefits in the specific
applications in which it has been used a number of limitations of each approach could be
identified. This suggests that rather than being simply applied to emergency management
the methods of monitoring teams need to be tailored to the specific context in which they
will be used. It also seems reasonable to use a number of different methods in
conjunction. The next step is to test these methods in simulations/exercises and real
operations. Monitoring teams from the position of operational oversight is an important
way of ensuring that the response to an emergency is safe and effective. The different
methods identified in this paper provide potential options for agencies involved in
emergency management to carry out this function more effectively.
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