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Summary
This dissertation is an enterprise in building a mid-range theory of teamwork within
emergency settings wherein I attempt to explain some contrasting findings in the literature. I
focus on a limited number of variables in order to provide a more detailed account that will
enrich our understanding of teamwork within these dynamic settings. Specifically, I examined
how monitoring behaviors predicts team performance through its effect on shared task mental
model accuracy. Whereas there is a general theoretical agreement that monitoring behaviors
should predict team performance, the empirical record paints a picture where monitoring
behaviors has both a positive and a negative effect on team performance.
To build a mid-range theory that explains the positive relation between monitoring
behaviors and team performance, I suggested and evaluated the mediating role of shared task
mental model accuracythe cognitive structure reflecting the extent to which teammates
possess an overlapping task relevant knowledge that is accurate according to defined criteria.
The argument is that monitoring behaviors should enhance shared task mental model accuracy,
based on mechanisms of information elaboration, the connectionist network of knowledge, and
the priming of knowledge content through communication. These objectives were implemented
in the design of the first two studies; Article 1 examined the indirect relation of teammates’
voluntary monitoring behaviors on team performance, and Article 2 introduced a manipulation
of monitoring behaviors. Using an emergency response simulation game as the context for the
study, two independent data collection activities serve as the source for testing hypotheses
related to these studies.
The first study focused only on the progress monitoring aspect of monitoring behaviors,
where, similar to some previous studies, progress monitoring did not exhibit a significant direct
positive effect on team performance. However, it demonstrated a significant indirect effect on
team performance through shared task mental model accuracy. Subsequently, I argued that
monitoring behaviorsinvolving progress and team monitoringwill demonstrate differential
effect on team performance because of this particular relation with shared task mental model
accuracy. Therefore, I manipulated monitoring behaviors in order to understand the effect on
team performance through shared task mental model accuracy (Article 2). This study tested
two mediation models; one focused on a cross level mediation relation where individual
monitoring behaviors improved shared task mental model accuracy and thus predicting team
performance. The other model tested was that in which individual monitoring behaviors
enhances the individual task mental model and thus predicting the performance scores, whiles
simultaneously testing the relation among the variables at the team level. Results indicated that
in the cross-level model, only team monitoring was marginally significant, while in the latter
model, both progress and team monitoring demonstrated a significant indirect effect with
performance through shared task mental model accuracy; thus capturing the effect within teams
rather than across all teams. Our results also indicated significant cross level effect from
individual progress monitoring to team performance.
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The third study considers the role of shared task mental models accuracy and similarity
in predicting team performance. Shared task mental model similarity reflects the extent to
which team members possess a similar cognitive representation for organizing and
understanding phenomena. Whereas researchers unanimously recognize shared task mental
model accuracy as important predictor of team performance, research has questioned the role
of shared task mental model similarity on team performance. I examined both the conceptual
and measurement differences between these two properties of shared task mental models and
how they can complement each other in predicting team performance within dynamic settings.
This is because in dynamic settings both the task strategies and external requirements are
constantly changing such that team performance is aided when teammates have both shared
task mental model accuracy about their task strategies and do agree on where they should direct
their focus. With respect to measurement, I proposed that a similar quality criteria - subject
matter expert, as used for assessing shared task mental model accuracy - could be used in
assessing shared task mental model similarity.
Through the design and conduct of these three studies, the dissertation contributes to a
mid-range theory of how engagement in monitoring behaviors contributes to team performance
outcomes. Firstly, the dissertation contributes to our understanding of the stable positive effect
between monitoring behaviors and team performance outcomes by indicating the mediating
role of shared task mental model accuracy. This dissertation extends this conceptualizing in
that the experimental manipulation of monitoring behaviors revealed that the mediation relation
at the team level varies according to whether it is team monitoring or progress monitoring. The
findings with regard to shared task mental model accuracy and similarity suggest that within
dynamic situations, shared task mental model similarity and accuracy complements each other
in predicting team performance. Additionally, the third study serves to indicate areas for
improving current measurement approaches for shared task mental model similarity.
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Chapter 1
Introduction and Purpose
Currently, the organization that does not make use of teams is a rarity. Teams, the group
of two or more people who interact cooperatively and adaptively in the pursuit of shared goals
(Cannon-Bowers, Salas, & Converse, 1993) can be found at all levels of the organizational
hierarchy (Tannenbaum, Mathieu, Salas, & Cohen, 2012), and performing all sorts of tasks
(Huczynski & Buchanan, 2013). Teamwork is necessary to improve the quality of task
performance (Wuchty, Jones, & Uzzi, 2007) especially in complex environments (Salas, Cooke,
& Rosen, 2008) where agile response depends on team members ability to effectively integrate
their behavioral and cognitive abilities. Therefore, teamwork models have emphasized how
team processes—how teams integrate their behavioral and cognitive abilities—enable team
outcomes (Mathieu, Maynard, Rapp, & Gilson, 2008).
Team processes are team members’ “interdependent acts that converts inputs to
outcomes through cognitive, verbal, and behavioral acts directed toward organizing taskwork
to achieve collective goals” (Marks, Mathieu, & Zaccaro, 2001, p. 357). Examples of team
processes are team communication, team leadership, and monitoring behaviors (Marks et al.,
2001; Salas, Sims, & Burke, 2005). These team processes are the medium through which team
inputs such as personality, cognitive ability, demographic, and cognitive diversity influence
team outcomes (Mathieu, Tannenbaum, Donsbach, & Alliger, 2014). Team outcomesin this
dissertationconsiders the joint contribution of team members to achieve task performance
(Salas et al., 2008).
All the grand models of teamwork - such as the input-process-output (Hackman, 1987),
input-mediator-output-input (Ilgen, Hollenbeck, Johnson, & Jundt, 2005), and the temporal
framework of teams (Marks et al., 2001) - recognize that team processes are important to team
outcomes. However, teamwork often conjures up unexpected negative outcomes (Hackman,
2009) most likely because team process variables relate to emergent team phenomena in
different ways (Kozlowski & Chao, 2012; Kozlowski & Ilgen, 2006). Emergent phenomena;
for instance, shared mental models, are “constructs that characterize properties of the team that
are typically dynamic in nature and vary as a function of team context, inputs, processes, and
outcomes” (Marks et al., 2001, p. 357). For instance, team communication may positively
influence team performance outcomes if it enables better knowledge elaboration through which
the team develops accurate shared mental models (Mesmer-Magnus & DeChurch, 2009). In
this case, relying on grand theories, according to Weingart and Cronin (2012), is not enough to
explain the myriad complex variables during teamwork - such as cases in which team
communication does not benefit teamwork (Patrashkova-Volzdoska, McComb, Green, &
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Compton, 2003). Weingart and Cronin (2012) argue that mid-range theories that use fewer
concepts and variables to explain only a subset of team phenomena will contribute to our
understanding of the sometimes perplexing relation between team processes and team
outcomes.
This dissertation aims to build a mid-range theory of task-focused teamwork within a
dynamic action team setting, such as in emergency team operations. Teamwork involves
activities that focus on the task and team member's interactions (Wildman et al., 2012), and
therefore teamwork have both task and team-related outcomes (Salas, Shuffler, Thayer,
Bedwell, & Lazzara, 2015). The task outcomes relate to how team members engage in activities
that enable goal achievements, whereas the team-focused interactions serve as the shared
behaviors and attitudes through which the goals are achieved. Although task and team-member
member outcomes are not mutually exclusive categories, a disproportionate amount of
emergency team’s interactions focuses on their tasks rather than on team member aspect.
Therefore, I consider task performance outcomes as the outcome of interest noting that the team
behaviors are the bedrock for achieving the task outcomes (Kozlowski, 2015; Marks et al.,
2001; Salas et al., 2015).
An important aspect of teamwork is monitoring behaviors, a team process variable
characterized by teammates tracking their task progress, interpreting information for each other,
and providing coaching and support where possible (Marks et al., 2001). Theoretically
recognized as one of the most important teamwork behaviors (Salas et al., 2005), the empirical
record of the relation between monitoring behaviors and team performance is
checkeredhaving both positive (e.g. Marks & Panzer, 2004; Porter et al., 2003) and
insignificant or negative effects (e.g. Barnes et al., 2008; Pitariu, 2007) on team performance.
Eventually, the question becomes ‘how’ and ‘why’ such a relation exists and how a mid-range
theory could deepen our understanding of the underlying processes. In building a mid-range
theory, I focus exclusively on the relation between monitoring behaviors and team task
performance; and on the role of shared task mental models (from now on STMMs) in this
relation.
Monitoring behaviors have a predominant cognitive component in that they direct
attention and feedback processes among teammates (Porter, Itir Gogus, & Yu, 2010). Therefore,
the relation of monitoring behaviors with task performance depends on how monitoring
behaviors affect emergent cognitive structures, considered in this dissertation as STMM
accuracy. Through the effect of STMM accuracy on the relation between monitoring behaviors
and team performance, we can clarify how and why we observe varying outcomes between
monitoring behaviors and team outcomes, specifically task performance outcomes.
To build a mid-range theory of teamwork within action team settings, I designed and
implemented three (3) studies in which I simulated teamwork processes of action teams. The
advantage of the lab setting is that it enables control and observation of the variables of interest.
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Whereas in Studies 1 and 2, I used questionnaires to objectively assess STMM accuracy, in
Article 3, I used team members’ and subject matter experts’ perceptual evaluation to compute
STMM similarity. I observed monitoring behaviors as either a voluntary behavior (Article 1) or
when it is manipulated through instructions (Article 2). The clearest distinction between Article
1 and 2 was first, that monitoring behavior as a voluntary activity is different from monitoring
behavior as a required role behavior (Porter et al., 2003). Therefore, if the findings hold under
both voluntary (Article 1) and manipulated (Article 2) conditions, we obtain a better
understanding of the relation between monitoring behaviors and team performance. Article 3 is
unique from both Article 1 and 2 in that it consider the issue of mental model content (STMM
accuracy) and mental model structure (STMM similarity) in performance within dynamic
environments.
Through the planned series of studies, I hope to make a theoretical contribution to the
understanding of the relation between team process and team performance within dynamic
environments (Weingart & Cronin, 2012). I propose that a deeper understanding of the relation
between monitoring behaviors and team outcome needs to consider how monitoring behaviors
enable the development of STMM. Through further monitoring behaviors, the shared mental
models become accurate, which is an important consideration for research in identifying the
antecedents of shared mental models (DeChurch & Mesmer-Magnus, 2010a).
Another important theoretical consideration is whether for some team constructs there
remains a true distinction in these constructs as being either cognitive, behavioral, or affective
(e.g. Ilgen et al., 2005). When we consider team monitoring, for instance, Porter and colleagues
(2010) recognized it as infused with both cognitive and behavioral processes. Recent theoretical
and empirical work (e.g. Smith-Jentsch, Kraiger, Cannon-Bowers, & Salas, 2009) suggests
there is an affective dimension to these behaviors, i.e. team monitoring. Our study can assess
whether indeed, these distinctions between team processesi.e.: cognitive, behavioral, or
affectiveare still legitimate for some constructs, specifically team monitoring.
The deeper examination of monitoring behaviors within this task setting bodes well for
understanding multilevel processes within organizational settings (Kozlowski, 2015;
Kozlowski & Klein, 2000). Multilevel theorizing seeks to explain the nature and effect of
variables when encountered on the individual, team, or organizational level. Whereas we know
variables have varying effects on individual, team, and organizational outcomes, studies that
directly model these emergent processes are lacking (Kozlowski, 2015). In most cases, these
multilevel processes have been conceptualized as top-down processes, where higher-level
processes influence lower level processes (Kozlowski, 2015). The other side of this state of
affairs is that bottom-up processes are ignored. Considering that multilevel constructs first
develop through lower level interactions, attention to the bottom-up characteristics that give
form to higher-level processes will broaden the literature. The conceptualization and
measurement strategy that I follow will enable contributions to the multilevel processes of
teamwork.
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The practical contribution of this dissertation is to the team learning and training
literature. Concerning the team learning literature, these studies will locate team learning as
stimulated by individual member activities that influence the team’s attentional processes and
information search. This involves the joint reflection around the common tasks, team
objectives, and the opportunity to correct ineffective task routines. In addition, Article 3 will
explore the role of STMM similarity to team performance beyond the contribution of shared
task mental model accuracy. This should enable diagnosis aimed at developing training
interventions to address performance deficiency issues in teams within dynamic settings.

Theoretical Framework
Teamwork, team process, and emergent phenomena within action team setting

Teamwork describes “how tasks and goals are accomplished in a team context” (Salas
et al., 2015, p. 600). Teamwork taxonomies suggest three major kinds of teams; these being
action teams, decision teams, and project teams (Sundstrom, de Meuse, & Futrell, 1990;
Sundstrom, McIntyre, Halfhill, & Richards, 2000). Action teams perform time-sensitive tasks
requiring higher levels of coordination among members. Decision-making teams focus on the
processing of information in order to make decisions, whereas project teams perform tangible
tasks while also making decisions (Sundstrom et al., 2000).
Action teams serve as the locus of the discussion of teamwork in this dissertation for
theoretical and empirical reasons. Theoretically, action teamsbecause of the high
coordination required for their teamworkserve as an ‘extreme case’ for observing the
phenomenon of monitoring behavior. The advantage of an extreme case is a clearer observation
of the distinct elements of the phenomena of interest (Eisenhardt, 1989). Action teams can
more naturally engage in monitoring behaviors because they are often pre-trained on their task
and teamwork skills (Ellis, Bell, Ployhart, Hollenbeck, & Ilgen, 2005). Secondly, action teams
serve as an arena where cognitive variables and emergent states have exhibited stronger
relations with team process (DeChurch & Mesmer-Magnus, 2010a). For these reasons, the
studies will have access to an essential behavior that is also relevant to the team context.
Action teams are distinct from other teams because their interactions center on tangible
physical elements such as technology and machines (Ellis et al., 2005; Sundstrom et al., 1990),
and they perform actions which provide immediate feedback to the team (Burke, Salas, WilsonDonnelly, & Priest, 2004). They are also often composed of members who are specialized in
their functions requiring higher levels of team coordination. The tasks that action teams perform
are often highly integrated and members are interdependent (Espevik, Johnsen, & Eid, 2011).
Task performance is contained in short sessions (or episodes) and often demands prior training
(Ellis et al., 2005). Accordingly, action teams are found in combat missions, expeditions, in
sports competitions, and in surgical operations (e.g. Vashdi, Bamberger, & Erez, 2013). The
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specific meaning of teams in this dissertation is in reference to action teams, although it is
conceivable that some variables broadly apply to all kinds of team.
To accomplish the task objectives, team members engage in interdependent actions
through which they influence each other to pursue their shared goals. This is referred to as team
process (Levi, 2011; Marks et al., 2001). For instance, team processes such as team
communication, team leadership, and mutual monitoring (Salas et al., 2005) act as mechanisms
through which team members influence each other and the team to attain its performance goals.
It is implied that the nature of the team processes determines the fate of teams (Mathieu et al.,
2014). However, the relation between these team processes and team performance outcomes is
not always positive.
Originating from individual team members, team communication refers to the
“reciprocal process of team members’ sending and receiving information that forms and reforms a team’s attitudes, behaviors, and cognitions” (Salas et al., 2015, p. 603). Communication
is very important for teamwork since it is the means by which unique knowledge is shared
within the team (Mesmer-Magnus & DeChurch, 2009). Beyond knowledge, communication is
important for building interpersonal trust among team members (Rico, Alcover, SánchezManzanares, & Gil, 2009). In spite of the above, characteristics of the teammate as well as the
condition of the task influence whether or not communication will be effective (Salas et al.,
2015). For instance, cultural homogeneity is related to patterns of communication in which
team members agree more about their tasks yet exhibit higher tensions indicative of
psychological safety (Nam, Lyons, Hwang, & Kim, 2009). In other settings, communication
may be problematic because the tendency towards selective attention means the information
may not be properly processed (Schultz & Vandenbosch, 1998).
Another important team process is team leadership or coachingbehaviors that
establish goals and directions for achieving these goals (Salas et al., 2015). Team leadership
enables goal achievement through its effect on the cognitive, behavioral and motivational states
of the team members (Zaccaro, Rittman, & Marks, 2001). Team leaders can be external nonmembers although for most work teams, team members share the leadership functions
(Nicolaides et al., 2014). Shared leadership is when the interactive influence processes are
voluntarily shared among teammates and this predicts team performance (Nicolaides et al.,
2014) by enhancing individual and team learning (Liu, Hu, Li, Wang, & Lin, 2014).
Nevertheless, it seems that not all teammates are willing to be directly responsible for their
teamwork in a leadership capacity, as indicated by the literature on empowerment. This
literature suggests that empowerment could be negative if there is a mismatch in how much the
team members expect to be empowered and leaders’ empowerment practices (Humborstad &
Giessner, 2015).
These inconsistent predictionsof the relation between team processes and team
outcomesmay result because there is enough complexity in each single team process variable
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such that when we combine these team process variables with other variables, the resulting
models may contain competing processes or unresolved complexities. To resolve these
inconsistencies, empirical work have focused on the effect of moderators in the relation between
team processes and team effectiveness outcomes (LePine, Piccolo, Jackson, Mathieu, & Saul,
2008). Beyond the search for moderators, it seems specific mid-range theories can be generated
to explain narrow mechanisms of the team process-team effectiveness relation (Weingart &
Cronin, 2012). Earlier scholars have led the way in this direction, for instance, Hollenbeck and
colleagues opined that “in attempting to develop general theories of small-group behavior, the
greatest progress has been made when attention was focused on a subdomain of group or team
phenomena” (Hollenbeck et al., 1995, p. 292). This dissertation follows in this direction to
suggest that the relation between team processes and team outcomes needs to consider how
team processes impacts emergent states, and the influence of these emergent states on the
outcome of interest (Kozlowski, 2015; Kozlowski & Ilgen, 2006).
According to Kozlowski and Klein (2000, p. 55), “a phenomenon is emergent when it
originates in the cognition, affect, behaviors, or other characteristics of individuals, is amplified
by their interactions, and manifests as a higher level, collective phenomenon”. The main
characteristics of emergent constructs are novelty, coherence, dynamism, and ostensiveness
(Goldstein, 1999). Emergent phenomena are novel since they indicate hitherto unseen
properties of the situation, in this case, the team. Secondly, emergent properties are also
coherent because they possess a distinct identity even in the system from which they evolve.
The third property of emergent phenomena is dynamism, which reflects how interactional
patterns in the components of the system create different status or effect of the emergent
property. The fourth characteristic is that emergent phenomena are ostensive; which denotes
that the form of an emergent phenomenon is only apparent after it has developed. I argue that
teamwork gives rise to a distinct emergent construct, which acts as a medium to transfer the
effect of team processes on team effectiveness.
Developing a mid-range theory of the relation between monitoring behaviors and team
outcomes, the role of STMM accuracy

A theory is a set of “interrelated constructs, concepts, definitions, and propositions that
present a systematic view of phenomena by specifying relations among variables, with the
purpose of explaining and predicting the phenomena" (Kerlinger, 1986, p. 9). Mid-range
theories serve to explain only a subset of the phenomena through a detailed analysis of fewer
relations (Weingart & Cronin, 2012). In developing a mid-range theory, I focus on the relation
between monitoring behaviors (i.e. team process variable-Marks et al., 2001), team
performance (i.e. team outcome variable-Salas et al., 2008) and the influence of STMM (i.e.,
an emergent state/phenomena-Kozlowski & Chao, 2012). This is because as team members
interact with one another when they perform monitoring behaviors; they exchange cues and
their individual meaning schemes. Through this mutual exchange activity and interaction, they
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can create a dynamic, distinct team propertyi.e. STMM accuracy. STMM accuracy will
rapidly develop (Allen & O’Neill, 2015) and influence the team outcomes because of the
information elaboration stimulated through monitoring behaviors. I propose that the way in
which monitoring behaviors relate to STMM accuracy, will explain and predict the expected
positive relation between monitoring behaviors and team performance.
Team performance as important outcome of teamwork

Team performance: conceptualization and operationalization
Team performance accrues through teammates’ task and team-oriented behaviors (Salas,
Rosen, Burke, & Goodwin, 2009) and captures the objective or subjective judgment of how
well a team meets valued objectives (DeChurch & Mesmer-Magnus, 2010a). It is argued that
subjective performance will contain more information but risks rater bias rather than objective
performance (DeChurch & Mesmer-Magnus, 2010a). The focus here is on objective
performance, which is typically “operationalized as task performance, completion, or
proficiency” (DeChurch & Mesmer-Magnus, 2010a, p. 38). In simulation studies, this is
captured as the simulation score, or the number of targets destroyed (e.g. DeChurch & MesmerMagnus, 2010a; Porter et al., 2010).
For some tasks, the sum of the individual team members’ score on a criterion of interest
can reflect team performance. For instance, a common task in simulation games is to use the
space fortress (e.g. Edwards, Day, Arthur, & Bell, 2006), which simulates a complex and
dynamic aviation environment involving the coordination of resources and launching missiles
at enemy targets. In this simulation, team performance is the average of the scores from each
performance occasion. Another popular team simulation task is the dynamic distributed
decision-making task and its modifications (e.g. Barnes et al., 2008; Hollenbeck et al., 2002;
Pearsall & Ellis, 2006; Porter et al., 2010) where teams have to prevent enemy objects from
reaching restricted areas under their control. Here, team performance is about preventing
threatening objects from reaching restricted targets and the accuracy of those decisions.
However, for other tasks, the team performance score reflects a composite of individual
and a common score. This explains why Salas and colleagues (2009) view team performance
as a multilevel process. The team performance in this sense may have a certain component
assigned to all members of the team by virtue of the fact that they are part of the team, as for
instance used by Porter and colleagues (2010). The team performance measure as
operationalized in this dissertation has a significant group component but still maintains a level
of individuals’ unique contribution.
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The relation between monitoring behaviors and team performance

Effective teams can foresee a teammate’s mistakes and they can correct the teammate
by providing verbal feedback (Marks & Panzer, 2004; Salas et al., 2005). Team members can
also decide the pacing of their activity by monitoring the progress towards goals (Marks et al.,
2001). These behaviorsrespectively described as team monitoring and backup as well as
monitoring progress towards goalsform the core of monitoring behaviors (Marks et al.,
2001). Specifically, team monitoring and backup is defined as “assisting team members to
perform their tasks, which may occur by (1) providing a teammate verbal feedback or coaching,
(2) assisting a teammate behaviorally in carrying out actions, or (3) assuming and completing
a task for a teammate” (Marks et al., 2001, p. 367). Likewise, monitoring progress toward goals
“is defined as tracking task and progress toward mission accomplishment, interpreting system
information in terms of what needs to be accomplished for goal attainment, and transmitting
progress to team members” (Marks et al., 2001, p. 367). The term, ‘monitoring behaviors’, is
used to refer simultaneously to both monitoring progress towards goals, and team monitoring
and backup behaviors.
Monitoring behaviors apply to all kinds of teams, but to perform monitoring, it is
necessary that the teammates have a general idea about the correct procedures to perform a
team’s task. Action teams are trained prior to actual teamwork (Ellis et al., 2005; Sundstrom et
al., 1990), thus, they can readily engage in monitoring behaviors. To illustrate, military search
and rescue teams composed of a pilot, a gunner, and a navigator know that during mission
performance, while the navigator is observing the screen for visuals the gunner must be ready
to lock in a target. The pilot and the navigator can inform the gunner to keep watch over a
general area or ensure that the gunner has enough ammunition. They can also engage in helping
behaviors in case the gunner is hit by an enemy attack, or the gun is jammed, or take over the
activity of another member who may be struggling to perform his/her activities.
Monitoring behaviors are important in helping teammates with their task (e.g. Porter et
al., 2003), in ensuring focus on the team’s goals (e.g. Marks & Panzer, 2004) , and in building
an effective rapport among the teammates (e.g. Smith-Jentsch et al., 2009). However, the
empirical literature has indicated that monitoring behaviors may not always be beneficial to the
team outcomes (e.g. Barnes et al., 2008). This is because teammates who receive help may
sometimes reduce their effort and the individual who provides help may neglect their own task
or suffer from task overload (Barnes et al., 2008). In other instances where teammates
constantly assess each other’s task progressas in monitoring progress towards goalsthis
might heighten the time sensitivity (Karau & Kelly, 1992; Kelly & Loving, 2004). This might
lead to shallow information processing and poorer team outcomes.
Considering that monitoring behaviors are necessary for team effectiveness (Salas et al.,
2005) and yet engaging in monitoring behaviors conjures up such contrasting effects, we need
to focus on understanding exactly what happens within the team when teammates perform
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monitoring behaviors, and how engaging in monitoring behaviors affects both the initiator and
the recipient of monitoring. Firstly, I consider that the effect of monitoring behaviors on other
variables, such as team performance, should be related to the underlying cognitive and
behavioral processes that underpin monitoring behaviors (Ackerman, Kanfer, & Goff, 1995;
Porter et al., 2010). The cognitive processes that underpin monitoring behaviors are the
opportunity to engage in shared interpretations of the information and to engage in the collective
integration of knowledge, eventually facilitating the development of STMM accuracy.
Secondly, I consider also how these processes impact the initiator and the recipient of
monitoring in order to develop a detailed account of why monitoring behaviors have both
positive and negative effect on team outcomes (e.g. Barnes et al., 2008; Pitariu, 2007). When
monitoring occurs, the initiator of monitoring behaviors is able to relate their individual
knowledge to the collective knowledge whereas the recipient of monitoring behaviors will
benefit from the assistance of teammates with a correct understanding of the task. These suggest
the indirect effects of cognitive mechanismsconsidered here as STMM accuracyon the
relation between monitoring behaviors and team performance outcome.
This proposal is not new since Salas and colleagues (2005) recognized that there could
be an intervening variable between monitoring behavior and team effectiveness criteria.
Whereas previous studies have examined moderators of that relation (e.g. Porter et al., 2003;
Porter et al., 2010), we lack studies that examine the mediating role of variables such as STMM
in the relation between monitoring behaviors and team outcomes. Mediational variables explain
how an independent variable transmits its effect on a dependent variable (Baron & Kenny, 1986;
Mathieu, DeShon, & Bergh, 2008; Mathieu & Taylor, 2006). Theoretically, monitoring
behaviors have a cognitive component (Porter et al., 2010) which should directly impact the
emergent STMM accuracya cognitive structure. Furthermore, STMM accuracy will
demonstrate their primary relation with monitoring behaviors because of the generally strong
relation between team behavioral processes and team cognition (DeChurch & Mesmer-Magnus,
2010a). In that sense, STMM accuracy will be the means through which monitoring behaviors
transmit its effect onto team performance. Before concentrating on the mediating relation, I
consider below the general construct of shared mental models and its relation to team outcomes.
Shared mental models; antecedents and implications to team outcomes

Building on work from human-machine interactionswhere mental models are
necessary to describe, explain, and predict system states (Rouse & Morris, 1986)CannonBowers and colleagues (1993) extended the concept into the organizational sphere. Shared
mental models are, “knowledge structures held by members of a team that enables them to form
accurate explanations and expectations for the task, and in turn, to coordinate their actions and
adapt their behavior to demands of the task and other team members” (Cannon-Bowers et al.,
1993, p. 228). Shared, in this present study, refers to the degree of overlap among the team
members (Thompson & Fine, 1999). Cannon-Bowers and colleagues (1993) originally
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theorized that mental models within teamwork consisted of four interdependent components;
equipment, task, team interaction, and a team model, each component capturing some distinct
knowledge content.
The equipment model is organized knowledge that is very technical and relates to the
functioning and properties of the job tools (equipment), as well as the operating procedures and
the advantages and limitations of the technology (Cannon-Bowers et al., 1993; Klimoski &
Mohammed, 1994). This kind of mental model is highly stable since it is objective, often
codified, and standardized. The task model deals with knowledge about the ‘what’, ‘how’, and
‘what ifs’ of the task to be performed. It pertains to “task procedures, likely contingencies, likely
scenarios, task strategies, and environmental constraints” (Cannon-Bowers et al., 1993).
Thirdly, the team interaction model refers to knowledge about the roles/responsibilities within
the team, whom to contact for what kind of information, how to conduct roles in the team, and
how each role/function is tightly knit with other roles in the performance of team tasks (CannonBowers et al., 1993). Fourthly, ‘team models’ denotes the structured knowledge that team
members have of their teammates’ knowledge, skills, abilities, preferences, and tendencies.
Further theoretical developments and empirical assessment made by other researchers
have led to a general focus on two main components: shared task and team mental models
(Mathieu, Heffner, Goodwin, Cannon-Bowers, & Salas, 2005). In this framework, the shared
task mental model is the combination of the equipment/tool and task mental models in the
original Cannon-Bowers and colleagues’ framework, whereas the shared team mental model is
a combination of the team and team interaction mental models. Mathieu and colleagues (2005;
2000), and Lim and Klein (2006) rationalized reducing the components to two (2), because of
the obvious overlaps among the four (4) components. Adopting this convention, I use the
general term ‘shared mental models’ to simultaneously reference task and team mental models
whereas I will use the specific term, (i.e. shared task/team mental models) in reference to the
selected category. However, I will be focusing on shared task mental models (STMMs), which
is expected to be the main mediator of the relation between monitoring behaviors and team
performance. This is because teamwork within dynamic settings is predominantly focused on
task issues, thus, we would expect shared task mental models to form more quickly and to
contain more information when the group task is complex and requires a high degree of
response coordination (Thompson, Levine, & Messick, 1999).
STMMs when formed are either similar, accurate, or similar and accurate (CannonBowers et al., 1993; Mohammed, Klimoski, & Rentsch, 2000). The mental model similarity
suggests an identical structural representation of the mental model across team members (Gross
& Kluge, 2012; Mohammed et al., 2000). This informs us that team members perceive a causal,
co-occurring, dependent, or contingent linkage in a number of knowledge concepts or
constructs (Mohammed et al., 2000). Meanwhile, accuracy reflects the extent to which the
mental models are correct (Marks, Zaccaro, & Mathieu, 2000) by relating the mental model to
an objective indicator of task performance or of team process evaluation (Lim & Klein, 2006).
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Accuracy presupposes the existence of similarity, but not all similar mental models are accurate
(Betts & Hinsz, 2013).
In relation to the above similarity and accuracy of mental models, the first question is
how does a team develop shared mental models (Mohammed, Ferzandi, & Hamilton, 2010) and
what factors affect the mental model similarity or accuracy. Previous studies that examined the
antecedents of shared mental models considered factors such as cognitive composition
(Edwards et al., 2006), expertise or experience (Thomas-Hunt, Ogden, & Neale, 2003), and
training (Cooke et al., 2003; Stout, Cannon-Bowers, Salas, & Milanovich, 1999). The team
mental models of team members with high cognitive abilities emerged faster and have a greater
influence on team performance than low cognitive ability members (Edwards et al., 2006). This
is because cognitive ability enables the team to evaluate and integrate different information.
Likewise, team members with more expertise developed better mental models than teams with
lower expertise (Thomas-Hunt et al., 2003).
Secondly, the nature of the team interactions can affect the emergence of mental models
(Cannon-Bowers et al., 1993; Thompson & Fine, 1999). In terms of interactions, I consider both
the ‘what’; i.e. the topic of the interaction, and the ‘who’; the role of the team members in the
interaction. ‘What’ teammates talk about has an implication on the emergence of shared mental
models because interaction serves as a mechanism for knowledge elaboration and gaining
insight (De Dreu, Nijstad, Bechtoldt, & Baas, 2011; Levine & Moreland, 1999; van
Knippenberg, De Dreu, & Homan, 2004). The indication is that teammates often focus on
commonly known knowledge and may fail to share and build up their unique individual
knowledge into shared team knowledge (Gigone & Hastie, 1993; Stasser & Titus, 1985). Thus,
if teammates fail to discuss their unique knowledge, they may not engage in the information
elaboration mechanisms necessary for shared mental model development.
Extending that discussion, shared mental model will develop when teammates can
obtain and devote attention to cues during their interactions. Attention is effortful processing of
information and because it is a selective process (Hinsz, Tindale, & Vollrath, 1997), individuals
will devote attention to salient aspects of their teammates’ behaviors. This may explain why
leaders have an important role in shared mental model development (Dionne, Sayama, Hao, &
Bush, 2010). This is because leaders, or active team members, constantly sends out cues that
are attended to and processed by team members (Pearsall & Ellis, 2006). This means that
teammates who do not engage in behaviors that are more salient do not provide their teammates
with enough cues to form the basis of an emergent mental model.
Consider the case where team members have varying characteristics (Harvey, 2015)
some of which are easily noticed (such as physical attributes), and somepsychological or
background specializationthat must either be inferred or are revealed over the course of time
(van Knippenberg & Schippers, 2007). It is more straightforward to perceive salient identities
on the first encounter with a teammate and therefore easier to develop accurate mental models.
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However, for unobservable identities—such as deep level task preferences, abilities, and
skills—accuracy develops over a longer time. Teammates need to interact with one another over
multiple occasions and across varying situations in other to form a truly accurate picture of one
another (Thompson et al., 1999). Thus to develop mental models within newly formed teams,
we need to rely on communication through which cues and quality information necessary for
building mental models are present. This is elaborated on the relation between monitoring
behavior and shared task mental model and why I relied on the email communication within
the team.
Mental models benefit team outcomes depending on what form of mental model
similarity or accuracy exists. Similarity indices reflect the underlying assumption teammates
possess of the relation between constructs (in this case task-relevant knowledge) using the
considerations described by Mohammed and colleagues (2000)—causal, co-occurring,
dependent, or contingent. For instance, assume in a three-member team, Member A judges two
concepts to be similar because he/she thinks there is a causal relation among the concepts,
whereas Member B and C judges the two concepts to be related because they occur together.
We may obtain a high mental model similarity index that does not reflect the individual
teammates’ underlying assumption regarding the relation between the concepts (Healey, Vuori,
& Hodgkinson, 2015). In that sense, mental model similarity may differentially influence team
outcomes (e.g. Mathieu, Rapp, Maynard, & Mangos, 2009; Sander, van Doorn, van der Pal, &
Zijlstra, 2015). Such a dynamism in shared mental model similarity has led Sander and
colleagues (2015) to question the importance of shared mental model similarity in predicting
team outcomes, for example, adaptation.
Consider the form of mental model accuracy when the functional roles are different. An
accurate team mental model in such an instance will reflect teammates’ correct information
about the functional roles and specializations of teammates, which in turn will affect the nature
of interactions that they engage with each other. Thus, the mental model accuracy can be a
means of coordination (Rico, Sánchez-Manzanares, Gil, & Gibson, 2008). For instance, a team
correctly determines that one team member is able to bring in needed informational and political
resources outside the teams’ reach. Teammates are most likely to defer to him/her when the
team needs access to that particular information. What this creates may be a long list of requests
that this focal individual needs to meet, or the team may actually have a devoted
channel/specialized courier of task-relevant information. To the extent that this scenario
enhances teammates’ understanding of one another and their ability to anticipate each other,
there will be positive effects on team performance (Cannon-Bowers et al., 1993; CannonBowers, Tannenbaum, Salas, & Volpe, 1995). This discussion above illustrates the contextdependent nature of mental models, and its implications for team outcomes.
An unresolved issue with STMM properties of accuracy and similarity is the extent to
which they are truly unique; are they unique because of the elicitation approach (e.g. DeChurch
& Mesmer-Magnus, 2010b), or they are unique due to a fundamental difference in the mental
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model representation (Rouse & Morris, 1986). It is likely that both situations can be the reason
why STMM accuracy and similarity are unique. With respect to the elicitation strategythat is
how we access the mental representationaccuracy is obtained by matching the content of the
team member’s mental models with the content of a subject matter expert or an objective
criteria. STMM similarity, on the other hand, is obtained as the extent of overlap in the structural
representation within the team members. Thus, there may exist an uneven criterion by which
we assess shared mental model similarity and accuracy. Another issuethe nature of mental
model representationis that we can only estimate an ‘approximation’ of the content of mental
models from our elicitation methods (Rouse & Morris, 1986). The best analogy in this direction
is the difference between hook and line fishing and fishing with a net. When we elicit mental
models for accuracy, it is akin to a hook and line fishingwe are only aiming for and catching
a single fish at a time. On the other hand, when we elicit for similarity, it is like fishing with a
netwe are dealing with the whole range of associative knowledge network relevant for the
task. Are there instances when we need mutually exclusive mental modelsi.e. STMM
accuracy or similarity, or instances when we need both (Smith-Jentsch, Campbell, Milanovich,
& Reynolds, 2001)?
To some extent, STMM accuracy and similarity actually serve complementary function
in settings that are dynamic as to simultaneously require excellent task understandingSTMM
accuracyas well as shared focus on the most relevant elements that can impinge on the task
performanceSTMM similarity regarding possible scenarios that can affect the task. Consider,
for instance, the dynamic operations of action teams in settings such as Air Traffic Control and
Emergency Operations. Team members in these settings have unique capabilities and roles
(Korb, Geißler, & Strauß, 2015), yet they all have to share similar recognition of elements of
their task which can change at any time and which will impact their team performance
(Uitdewilligen, Waller, & Pitariu, 2013). In this settings, having both STMM accuracy and
similarity is a necessity for the team’s performance.
Nevertheless, it seems the measurement approaches to STMM similarity could be
improved in order to ensure STMM similarity is not relegated to insignificance, as authors such
as Sander and colleagues (2015) argue. Thus, exploring ways in which measurement
approaches to STMM similarity can be streamlined as well as exploring the joint contribution
of STMM accuracy and STMM similarity is the specific aim of Article 3.
The relation between monitoring behaviors and STMM accuracy

Engaging in monitoring behaviors is an avenue for intensive discussion and feedback
among the team members, thus facilitating information exchange and elaboration (van
Knippenberg et al., 2004). Through this information exchange and elaboration, monitoring
behaviors should enable teammates to develop mutually shared mental models, which are
mental representations about the team task content or the team domain (Fiske & Taylor, 2013).
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Although the extant literature has recognized the strong cognitive dimension of monitoring
behaviors (e.g. Porter et al., 2010), this knowledge has as yet not been infused into an
understanding of how these monitoring behaviors influence STMMs.
The characteristic of monitoring behaviors where teammates engage in either progress
or team monitoring should facilitate shared information processing activities through devoting
attention and engaging in information elaboration (Fiske & Taylor, 2013; Thompson et al.,
1999). In addition, monitoring behaviors contain cues about where teammates should devote
attention. Considering the robust effect of priming mechanisms on knowledge structures (Bargh
& Chartrand, 2014; Chartrand & Bargh, 1996), this means that monitoring behaviors will enable
the priming of relevant knowledge and further elaboration of this knowledge through team
discussions.
The information-processing approach to cognition suggests that STMMs emerge
through processes of attention, encoding, storage, and retrieval (Fiske & Taylor, 2013;
Thompson & Fine, 1999). I suggest that monitoring behaviors will affect all these processes. In
attention, we select the important element of the stimulus or internal representation and we
devote effort to processing that element (Fiske & Taylor, 2013). Encoding starts when a
stimulus is registered, and the stimulus is transformed into a mental representation. Through
devoting attention, we can deeply understand the features of the stimulus or internal
representation and thus build up a working or long-term memory of that representation. Given
the right circumstances or cues, we can easily retrieve these internal representations (Fiske &
Taylor, 2013). In addition, the connectionist paradigms (Rogers & McClelland, 2014;
Rumelhart & McClelland, 1986) also consider how different mental representations relate to
each other and serves as the basis for the ensuing discussion below. The discussion that follows
examines how monitoring behaviors will affect STMM accuracy through processes that
underpin mental representation and the connection among mental representations.
Firstly, attention is a central mechanism through which STMMs develop. Attention
directs the cognitive system to what information to select as well as enabling which information
to recollect in various tasks (Lutz & Huitt, 2003). As previously described, through monitoring
behaviors teammates direct each other’s attention towards the need to pace themselves to
achieve goals, and interpret information to decide an important aspect of the team task. All these
are elements that enhance attention and improve the content of STMM.
Secondly, monitoring behaviors will enhance STMM accuracy because monitoring
behaviors involve information elaboration as teammates interpret information for each other
(Levine & Moreland, 1999; Thompson & Fine, 1999; Thompson et al., 1999). As teammates
engage in team monitoring, for instance, they exchange information, ask each other questions
and engage in reciprocal exchanges that facilitate information elaboration. Information
elaboration enables the encoding processes and a development of additional insight about the
knowledge storage.
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Finally, an unheralded effect of monitoring behaviors is that it is a powerful priming
mechanism, which will facilitate the use, recall and elaboration of mental model content. Think
of an instance when a discussion with a colleague suddenly provides you with insight into a
seemingly unrelated concern. According to the priming hypothesis, external stimuli passively
and subtly activate relevant mental representations and we can be oblivious to this activation
(Bargh & Ferguson, 2000; Chartrand & Bargh, 1996; Kay, Wheeler, Bargh, & Ross, 2004). The
essence is that monitoring behaviors are means by which teammates cue each other, which
consciously and unconsciously affect their knowledge representation. STMMs are constantly
activated as teammates engage in monitoring behaviors by making the mental representations
accessible (Fiske & Taylor, 2013) and this also gives STMMs the dynamism to influence the
team outcomes (DeChurch & Mesmer-Magnus, 2010a).
Considering all of these issues, I foresee important contributions in pursuing the
research questions outlined below in order to develop a mid-range theory that deepens our
understanding of the relation between monitoring behaviors, shared task mental model
(STMM) accuracy, and team outcomes. I also consider the complementary role of STMM
accuracy and similarity in understanding performance in dynamic settings.

Research questions
In an attempt to address the various gaps outlined in the preceding sections, this dissertation
intends to emphasize the following research questions:

• Article 1: Does STMM accuracy mediate the relation between progress monitoring and
team performance?
• Article 2: How does the mediated relation between progress monitoring and team
performance differ from the mediated relation between team monitoring and team
performance?
• Article 3: What is the unique and complementary role of STMM accuracy and similarity
to team performance?

Research setting and design
To answer the research questions stated above, the context of the study was emergency
teams performing time sensitive operations in a simulated environment. Emergency response
teams provide a typical action team context, where task interdependence is high (Brehmer &
Dörner, 1993; Sundstrom, 1999), teammates are exposed to the general training that enables
them to engage in monitoring behaviors (Ellis et al., 2005), and intra-team communication can
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enable the development of shared task mental models within the short period of teamwork
(Allen & O’Neill, 2015). The team context in this study is akin to a virtual team since
communication via messages was the only means of team interaction. This communication
medium enables the researcher to have unobtrusive yet direct access to the dynamic
mechanisms during teamwork, thus facilitating the mapping of bottom-up emergent phenomena
(Brehmer & Dörner, 1993; Kozlowski, 2015).
The experimental task is a multi-player simulation deployed in real time and online,
which in some respects is similar to other simulations deployed for action teams (e.g. Brehmer
& Dörner, 1993; Hollenbeck et al., 2002). Essentially the lab consists of two parts: a map and
email interface (See Figure 1 below). The map captures the geographic presentation of oil rigs
distributed across the coastline of Norway, with various vessels using the high seas for different
purposes. Some of these vessels are potential threats to the security of the oil rigs. Specialist
teams, located at various strategic locations—Iceland, Bodo, and Stavanger—can carry out
missions to ensure the security of the oil rigs. All units of the specialist teams are equipped with
radars that allow them to notice objects as they cruise on the seas. However, all specialized units
can only perform specific functions (detect an object, conduct information search to assess risk,
and attack vessels which are risky). The teams’ overall mission is to neutralize potentially
threatening vessels. The email function allows for intra-team communication as well as the
opportunity for the team to receive information from Intelligence Headquarters. Players can
only receive messages from the Headquarters; they cannot send messages to headquarters.
Detailed description of the simulation is provided in the articles that follow.
Figure 1
Map and Email Interface
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I used variations of a repeated measures design as captured in scenario measurements.
In repeated measures design, the intention is to obtain a number of data points on the same
individual such that the individual acts as their own control (Sullivan, 2008). Repeated
measures also enable us to model phenomena, such as mental models, which emerge over the
course of team interactions (DeChurch & Mesmer-Magnus, 2010b). In addition, a repeated
measure design within this setting captures the essence of the team interactions as occurring
over different episodes with different demands present in each episode (Marks et al., 2001). The
challenge to repeated measures design is the possibility of a learning effect (Shadish, Cook, &
Campbell, 2002), where the performance of an activity at an earlier point in time influences
performance of an activity at a later point in time. To counteract this learning effect,
modifications were made on successive scenarios while retaining the main demands of the task.
In Articles 2 and 3, I manipulated progress monitoring by deploying a 2x2 experimental
design and I used instructions to manipulate the experimental groups and to sensitize them about
engaging in monitoring behaviors. The use of instructions to manipulate desired behaviors is a
standard tool in psychological experiments (Oppenheimer, Meyvis, & Davidenko, 2009; Thaler,
1985). Simple words can have strong effects on the behaviors of participants (Thaler, 1985);
for instance, to ensure desired behaviors, Oppenheimer and colleagues (2009) suggested that
participants are ‘made to read instructions’. The instructions were part of a PowerPoint
presentation in the training session after which participants received a printed copy of the
instruction to serve as a reminder. I developed the instruction by taking the central element of
the definition of monitoring behaviors and phrasing them as a ‘cheat sheet’ for the participants
as illustrated below.
An initial pilot test of the design involved four groups (3 experimental and a control
group). Of the experimental group, one group exclusively performed ‘Progress Monitoring’,
another group exclusively performed ‘Team Monitoring’, and a third group performed both
Progress Monitoring and Team Monitoring. The control group did not receive any instruction.
An ANOVA indicated that there was main difference between experimental groups who
exclusively performed either Progress Monitoring or Team Monitoring. Groups who were not
given instruction to monitor performed more progress monitoring than team monitoring,
whereas groups who were instructed to perform both progress and team monitoring may have
engaged in confounded behaviors. Theoretically, it is feasible that there is no difference
between control condition and progress monitoring conditions but there is a difference between
control and Team monitoring condition. This is because progress monitoring captures task
interactions, which is a default interaction in action team settings (Kozlowski, Gully, McHugh,
Salas, & Cannon-Bowers, 1996), and team monitoring is an extra-role behavior (Porter et al.,
2003). Thus, teammates conduct progress monitoring almost by default within the task setting.
The main study, therefore, used only the instructions that distinguished monitoring behaviors
along the line of Progress Monitoring and Team Monitoring as illustrated below:
Progress monitoring: The instruction presented to participants read; “You are all
dependent on each other to perform this task. From our experience, the team that obtains high
scores is those where the team members check up on each other’s performance by asking to see
17

whether their teammates have successfully conducted an info search, have detected the specific
enemy vessels, or have attacked the right enemy. To increase the chances that your team will
perform very well, you are encouraged to request information from your teammates about their
task progress throughout the teamwork”.
Team monitoring: The instruction to participants is as follows: “We have observed that
the teams that obtained the highest performance are those who constantly provide help to each
other in terms of feedback. It is important to watch to ensure that your teammates position
themselves at the appropriate location to perform the right procedures. To increase the chances
that your team will perform very well, you are encouraged to provide the necessary feedback
that will help your team member perform well”.
The following variables are included in the studies: observed measure of team
performance, questionnaire measures of task knowledge from which I computed task mental
models accuracy and similarity, and monitoring behaviors that were coded from email
exchanged during the experimental session. The simulation software records all communication
and messages, and these recorded messages serve as the source for assessing monitoring
behaviors. I used the same strategy and coding scheme to code all monitoring behaviors in
Studies 1 and 2.
In Article 1, with the assistance of my supervisors and a team of subject matter experts
who were members of the research lab, we developed and validated task mental model items
for use in the study. We used the theoretical modeling approach to develop items constituting
the scale by relying on theory and data to describe the most important content of task knowledge
in our setting (Rouse & Morris, 1986). Since mental models serve to describe, to explain, and
to predict aspects of the task (Rouse & Morris, 1986), the questionnaires were developed with
this motivation.
After pilot testing these items, I treated them as formative items where the
rationalization is that it is the indicators that ‘causes’ the construct, and not the other way round,
as implied in reflective scale (Fornell & Bookstein, 1982, cited in Diamantopoulos &
Winklhofer, 2001). In addition, I considered the multiple components of shared task mental
models, and the fact that some elements may be independent of each other hence a reflective
model will be inappropriate (Coltman, Devinney, Midgley, & Venaik, 2008). Afterward, I
assessed and documented the new scale’s properties (Hair, Sarstedt, Pieper, & Ringle, 2012;
Ringle, Wende, & Becker, 2015) and used it in both Article 1 and Article 2.
Article 3 involved developing paired ratings as a means to assess shared task mental
model similarity. This also involved pilot testing the pairs of statements obtained through an
exhaustive task analysis with the assistance of my supervisors and subject matter experts
(SME’s) drawn from the research lab. These SME’s also served as a quality control to select
the most central pairs and to compute the within-group agreement metrics.
The sample for these studies was mostly, young undergraduate business students at the
BI Norwegian Business School. I recruited participants through an announcement of the study
on their courses and participation was voluntary. The data collection was in two waves, the first
in spring 2014 (Nlevel 1= 66*3, Nlevel 2= 22*3; NB: *3 = 3 scenarios) where I recruited 66 students
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and measurements was conducted on 3 scenarios. The second wave of data collection was in
autumn 2014 where I recruited 132 students into the main experimental conditions. Article 1 is
based on the spring 2014 dataset whereas Articles 2 and 3 are based on the autumn 2014 dataset
(Nlevel 1= 132*3, Nlevel 2= 44*3).

Unit and level of analysis
The unit of analysis for all the hypothesized relations is a mixture of individual and team
levels. This allows us to have clarity about the nature of relations at the individual and emergent
team levels and to assess bottom up processes. Through random specification of relationships
(e.g.Lüdtke et al., 2008; Marsh et al., 2009) and limiting direct aggregation of variables to the
team level, I minimize the effect of measurement error underestimation (Lüdtke et al., 2008).
Analyzing the data using both individual and team levels allows a closer understanding of the
nature of emergence (Kozlowski, 2015) within this task setting, a useful contribution to the
multilevel theorizing.
Multilevel Analyses and Multilevel Mediation Modelling

I adopted a multilevel modeling approach in all the analyses, and specific tests of
mediation models to test the hypothesized relations in the first and second studies. Multilevel
modeling is preferred in cases where observations are non-independent (Bauer, Preacher, & Gil,
2006; Snijders & Bosker, 1999), and the non-independence in my studies is created by virtue
of team membership and scenario measurements. In multilevel analysis, the variances are
decomposed into the individual level and group level effects (Snijders & Bosker, 1999), which
gives us a clearer picture of the nature of the variables at multiple levels (e.g. individual and
team) and the relation between variables within the same level and/or across multiple levels.
The within-group effect represents the effect of an individual’s relative score within his or her
team on the outcome, whereas the between-group effect represents the effect of the mean level
of the predictor on the team mean outcome (Raudenbush & Bryk, 2002).
Multilevel models can account and adjust for biases in standard error and statistical tests
when observations are non-independent (Kenny, Korchmaros, & Bolger, 2003). We can use the
multilevel specification to test effects that are fixed; i.e., the average level of an effect across
teams or individuals. In addition, multilevel models can capture the correlations among the
lower level observations through the estimation of random intercepts and slopes (Bauer et al.,
2006). Random intercepts reflect differences in the overall level of the outcome variable across
upper-level units, whereas random slopes reflect differences in the effects of predictors across
upper-level units (Bauer et al., 2006). This flexibility in multilevel modeling is especially
appropriate for examining bottom-up relations (Kozlowski, 2015), such as those described in
this dissertation.
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The typical multilevel specification is given as (Snijders & Bosker, 1999):
𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛾𝛾00 + 𝛾𝛾10 𝑥𝑥𝑖𝑖𝑖𝑖 + 𝑈𝑈0𝑗𝑗 + 𝑅𝑅𝑖𝑖𝑖𝑖
where 𝛾𝛾00 = average intercept,

𝛾𝛾10 = regression coefficient for X, the group level variable,
𝑈𝑈0𝑗𝑗 = main effect of the groups,
𝑅𝑅𝑖𝑖𝑖𝑖 = residuals,

𝑖𝑖, 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠: 𝑖𝑖 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, 𝑗𝑗 = 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔.

The first two research questions are focused on estimating multilevel mediation models.
Mediation is a special case of intervening mechanism (Mathieu & Taylor, 2006) which explains
how an independent variable affects an outcome variable. To a large extent, mediation seeks to
establish causal mechanisms (Baron & Kenny, 1986), and I, therefore, use the less restrictive
term; ‘indirect effect’ where the focus is on the linking mechanism operating between the
independent and dependent variables (Mathieu & Taylor, 2006). Indirect effect means the
independent variable and the dependent variable may not be directly related (Mathieu & Taylor,
2006). In order to establish truly mediated relation, Mathieu and Taylor (2006) suggested three
conditions. Firstly, we must have an experiment where there is either a randomized design or a
quasi-experimental design. Secondly, there must be temporal precedence in the underlying
phenomena, and thirdly, it must be theoretically and empirically sound to hypothesize and
conclude that the independent variable precedes the mediator and outcome variables.
Considering the intention to look at multilevel processes which are bottom-up and
dynamic, the mediated relation at both the individual level and the team levels are important
(Kozlowski, 2015). This is because, for both statistical and theoretical reasons (Krull &
MacKinnon, 2001), individual level effects are not the same as team level effects. Whereas
individual level effects capture individual psychological differences in phenomena (Krull &
MacKinnon, 2001) and within team dynamics (Kozlowski, 2015), team level aggregated effects
may capture influences that serve as the climate under which teammates perform (Krull &
MacKinnon, 2001). Although it is anticipated that emergent constructs exist at the team level,
these emergent constructs have a reciprocal relation with individual variables (Kozlowski,
2015). Thus modeling the effects across levels and within levels provides an interesting
consideration of variations across individuals and variations across contexts.
In assessing the bottom-up multilevel mediation models proposed here, I rely on
conventions (e.g. Preacher, Zhang, & Zyphur, 2011) where the lowest level of the construct is
represented as Level 1 (individual level) and the team level is presented as Level 2. I focus on
how individual monitoring behaviors, captured in initiating activities, affects team performance
outcomes through its effect on STMM accuracy. This means that monitoring behaviors are
conceptualized as Level 1, STMM accuracy are Level 2 (however task mental model accuracy
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is the Level 1 correlate), and team performance is Level 2 (performance score of the individual
the Level 1 correlate). This means all the variables in the dissertationapart from STMM
similarityexist at the individual level and aggregation is latently specified in order to reduce
measurement error (Lüdtke et al., 2008; Marsh et al., 2009).
The multilevel mediational model is specified by Bauer and colleagues (2006) as:
𝑀𝑀𝑖𝑖𝑖𝑖 = 𝑑𝑑𝑀𝑀𝑀𝑀 + 𝑎𝑎𝑗𝑗 𝑋𝑋𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑀𝑀𝑀𝑀𝑀𝑀
𝑌𝑌𝑖𝑖𝑖𝑖 = 𝑑𝑑𝑌𝑌𝑌𝑌 + 𝑏𝑏𝑗𝑗 𝑀𝑀𝑖𝑖𝑖𝑖 + 𝑐𝑐 ′𝑗𝑗 𝑋𝑋𝑖𝑖𝑖𝑖 + 𝑒𝑒𝑌𝑌𝑌𝑌𝑌𝑌
Where: M = mediator variable; Y = outcome Variable; X = independent variable; 𝑒𝑒𝑀𝑀𝑀𝑀𝑀𝑀
and 𝑒𝑒𝑌𝑌𝑌𝑌𝑌𝑌 = residuals of M and Y respectively; 𝑑𝑑𝑀𝑀𝑀𝑀 and 𝑑𝑑𝑌𝑌𝑌𝑌 = the intercepts of M and Y;
𝑎𝑎𝑗𝑗 = the effect of X on M; 𝑏𝑏𝑗𝑗 = the effect of M on Y; and 𝑐𝑐 ′𝑗𝑗 = the direct effect of X on Y;

i and j subscripts: i= individual, j = group
A single equation can be formed from these formulas to estimate the variance and
covariance of the regression paths in order to compute the indirect effect (Bauer et al., 2006)
and this indirect effect represents an effect size if the X and Y measurement scales have a
meaningful value (Hayes, 2009).
Approaches to testing mediation models include the causal steps, the differences
in coefficients, and the product of coefficients (MacKinnon, Lockwood, Hoffman, West, &
Sheets, 2002). The causal steps (Baron & Kenny, 1986) method suggests three necessary steps.
Firstly, there must be a significant relation between the independent variable and the presumed
mediator. In addition, there must be a significant relation between the mediator and the
dependent variable. Thirdly, when the mediator is included in the estimation, a previously
significant relation between the independent and dependent variable is no longer significant
(Baron & Kenny, 1986). An alternative method is the difference in coefficients tests of the
intervening variable effect by “comparing the relation between the independent variable and
the dependent variable before and after adjustment for the intervening variable” (MacKinnon
et al., 2002, p. 5). The third general category of mediation approaches tests the product of
coefficient by “dividing the estimate of the intervening variable effect by its standard error and
comparing this value to a standard normal distribution” (MacKinnon et al., 2002, p. 7). Because
of the weakness in the causal methods (Hayes, 2009), I use the more robust product of
coefficients approaches in testing the indirect effects.
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Appendix
Table A1
An illustration of the monitoring conditions implemented on the 2nd data collection.
Progress monitoring
0
Team monitoring
and back up

x

0
1

1

x

Table A2
All variables included throughout the dissertation and measurement approach (incl. control
variables)
Directly observed/count variables

Variables measured by questionnaires

Monitoring behaviors (Articles 1, 2, and 3)

Shared task mental model accuracy (8 items,

Team Performance (Articles 1, 2&3)

Article 1, 2, and 3)
Shared task mental model similarity (14-paired
ratings, Article 3)
Mutual understanding (8 items, Article 1, & 2)
NASA Task load index (6 items, Articles 1, & 2 )
Experience in strategic positions or playing
strategy games (9 items, Article 3)
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Table A3
Article overview with respective samples and variables
Article 1:

Article 2:

Article 3:

Sample

Spring 2014

Autumn 2014

Autumn 2014

Observed/counted variables

Team performance

Team performance

Team performance

Progress monitoring

Progress monitoring
Team monitoring

Questionnaires

Control variables

Sample size (x3 scenarios)

Shard

task

mental

model Shared

task

mental

model Shared task mental model

accuracy

accuracy

similarity

NASA task load index

NASA task load index ,

Experience

Mutual understanding

Mutual understanding

computer games

N level 1= 66, N level 2= 22

N level 1= 132, N level 2= 44

N level 1= 132, N level 2= 44
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playing

The papers of this dissertation (pages 24-133) are not available open access, due to copyright
matters.

Article 1
Does task mental model accuracy mediate the relation between monitoring progress towards
goals and team performance?
Kwei-Narh, P. A., Valaker, S., Hærem, T., & Lervik, J. E.
Article 2
How monitoring behaviors predict team performance: the role of shared task mental model
accuracy
Kwei-Narh, P. A., Hærem, T., & Lervik, J. E.
Article 3
Exploring the role of shared task mental model accuracy and similarity on team performance
Kwei-Narh, P. A.

Chapter 5
Main Findings and Theoretical Contributions

The overall purpose of this Ph.D. dissertation was to build a mid-range theory of
teamwork, concentrating on the relation between team process, team emergent state, and team
outcomes. Based on theoretical considerations, I chose to evaluate the relation between
monitoring behaviors (team process) and team performance (outcome) and how this relation
could be explained through the mediating role of STMM accuracy (STMM-an emergent state).
I specifically considered how this relation varied across individual and team levels. I also
considered ways in which the property of the emergent STMM (accuracy and similarity)
complements each other in diagnosing and implementing strategies for enabling team
effectiveness. Three articles are included in this dissertation to address the main purpose. The
first article (Chapter 2) presents the initial examination of the relation between progress
monitoring and team performance through STMM accuracy. This study assessed the extent to
which voluntary engagement in progress monitoring influenced the team’s performance
through STMM accuracy. Results of this study replicated existing findings where progress
monitoring did not directly predict team performance; however, the indirect relation through
STMM accuracy was significant, as hypothesized.
Based on existing researchwhich indicated that monitoring behaviors engage
cognitive and behavioral resources (Porter et al., 2010)I hypothesized that monitoring
behaviors would imply different pattern of relation with team performance (Ackerman et al.,
1995), but a positive relation would be established through the mediating role of STMM
accuracy (Chapter 3). For this reason, I conducted an experiment which manipulated
participants engagement either in progress or in team monitoring. In line with the prior
hypotheses, this study revealed that progress monitoring had an indirect effect on team
performance but the indirect effect exists as differences between individuals in the same team.
This means that the indirect effect of progress monitoring on team performance through STMM
accuracy was significant only in differentiating high performing team members from poorly
performing team members. On the other hand, team monitoring had an indirect effect on team
performance by differentiating higher performing individuals and teams from lower-performing
individuals and teams.
The third study (Chapter 4) investigated whether STMM accuracy and similarity capture
unique yet complementary aspects of team cognition and what the implications are for
diagnosing (in)effective teams. I created an assessment of STMM similarity and accuracy using
subject matter experts as a methodological improvement (Mohammed et al., 2010). Results
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from the multilevel regressions using both the regression estimates and R2Raudenbush and
Bryk (2002), Snijders and Bosker (1994)indicate that STMM similarity and accuracy each
uniquely predicted variances in team average scores as well as the team’s scores. The results
also suggest the complementary role of STMM accuracy and similarity in predicting team
performance. Thus, we must not only be interested in teaching teams about the most important
content of the task but we must directly influence how they organize their knowledge.
In general, Articles 1 and 2 contributed to the need for studies which capture the
emergence of shared mental models (DeChurch & Mesmer-Magnus, 2010b) by modeling
bottom-up processes (Kozlowski, 2015). Whereas previous studies have indicated cognitive
abilities, training, and expertise are necessary for the emergence of shared mental models, our
studies indicated that monitoring behaviors are important in developing STMM accuracy during
teamwork. The finding is very relevant because monitoring behaviors is a behavior that may
not need expensive organizational intervention, as would have been needed to run training
programs. Teammateswho we show engaged in monitoring behaviors either voluntarily or on
instructionpushed their team members to develop STMM accuracy through progress
monitoring. Our studies indicate that having a dedicated member responsible for progress
monitoring enables within team learning, rather than the average progress monitoring of the
team, which is negatively related to team performance. This finding pushes theorists and
practitioners alike to consider and evaluate the specific team member that can aid the team’s
developing STMM accuracy.
This dissertation contributes to the mental model measurement methodology by infusing
a quality criterion to measures of task mental model similarity ratings (Mohammed et al., 2010).
As generally operationalized, STMM similarity considers the similarity in the structural
representation of the knowledge content among team members (DeChurch & Mesmer-Magnus,
2010b). It has been variously reported that strong shared mental model similarity may be related
to group-think (Cannon-Bowers et al., 1993) and memory consistent errors (Betts & Hinsz,
2013). Thus, the link between shared mental model similarity and outcomes such as team
performance and adaptation has been questioned (Sander et al., 2015). However, a truism of
shared mental models is that what you measure is what you get (DeChurch & Mesmer-Magnus,
2010b; Mohammed & Hamilton, 2012). Therefore, without linking the mental representation
of teammates to an expert’s criteria, we may be tapping into a mental model representation that
may not truly reflect the team’s actual task relevant representation. That means that we can have
subsets of mental model representations, such that it is important to capture the mental model
representation that is objectively relevant to the task performance when we infuse a quality
criterion into our measures.
In the following, I will discuss what the findings imply for building a mid-range theory
of the relation between monitoring behaviors, STMM accuracy and similarity, and team
performance. Consider that a theory is by definition a set of “interrelated constructs, concepts,
definitions, and propositions that present a systematic view of phenomena by specifying
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relations among variables, with the purpose of explaining and predicting the phenomena"
(Kerlinger, 1986, p. 9). Mid-range theories serve to explain only a subset of the phenomena
through a detailed analysis of fewer relations (Weingart & Cronin, 2012). Seeing this intention,
I examine below how the findings can provide a detailed explanation of the relation between
monitoring behaviors and team performance outcomes.

Explaining the relation between monitoring behaviors and team performance;
the role of STMM accuracy
The relation between monitoring behaviors and team performance provides an
interesting observation. I consider separately how each component of monitoring behaviors—
progress and team monitoring—affect team performance. Firstly, progress monitoring benefits
the individual initiator and the team and creates a within team dynamic whose effects varies
from team to team. The sender of the informationby using explicit communication is able to
integrate new knowledge and reflect more on their own knowledge. This improves the sender’s
holistic understanding of their task, as reflected in their task mental accuracy and helping their
team’s STMM accuracy. With respect to the influence of progress monitoring on the recipient,
the observed effect may reflect an interaction of progress monitoring with the nature of the task,
as well as a residual effect on the recipients meaning creation (sensemaking) processes. With
respect to the nature of the task, our setting—like most action team task settings (e.g. DeChurch
& Mesmer-Magnus, 2010a; Korb et al., 2015; Mathieu et al., 2009)—is very sensitive to time
and demands extreme concentration levels from teammates. Teammates have to meet a complex
and continuous stream of dynamic situations such that progress monitoring is optimal so long
as it does not detract the recipients’ attention from these constantly changing task demands. Too
much progress monitoring will detract from the attention needed for elements of the task, as
well as the time needed to complete a task. This is revealed by the insignificant average effect
of progress monitoring both on STMM accuracy and team performance (whereas the crosslevel effect from individual to the STMM accuracy and team performance was significant).
This detractive capability of progress monitoring has important implication for the
‘sensemaking’ that occurs as individuals understand their task performance requirements (Lutz
& Huitt, 2003) when their teammates engage in progress monitoring for ‘sensegiving’.
Sensemaking is a conversational and narrative process through which people create and
maintain a subjective world (Balogun & Johnson, 2005; Brown, 2000; Weick & Roberts, 1993).
There is a difference between sensegiving for others and sensemaking for oneself, where
‘‘sensegiving-for-others’ is the process of disseminating new understandings to audiences to
influence their ‘sensemaking-for-self’ (Gioia & Chittipeddi, 1991, p. 444). Sensegiving,
through progress monitoring, suggests that a teammate is supplying a workable interpretation
to their team members through their interactions as well as facilitating a negotiated meaning for
the group (McComb, 2007; Thompson & Fine, 1999). For some teams, progress monitoring
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may have contained cues that detract team member’s from their own sensemaking as well as
the team’s collective meaning creation (Faraj & Xiao, 2006). However, as indicated by the
predictive ability of progress monitoring for STMM accuracy, this collective meaning is likely
because some team members were not detracted from attending to the central component of
their task. It may also be that the effect of progress monitoring on STMM accuracy depends on
who is engaging in the monitoring. As indicated by the cross-level effect of progress monitoring
on team performance and STMM accuracy, some particular teammates enhance the effects of
progress monitoring on STMM accuracy and team performance more than other teammates.
From the first two empirical studies included in this dissertation, it seems that the ideal
meaning creation process is when individual’s own search process guides the meaning creation
process. Thus, this individual can focus on a particular aspect of their task in order to facilitate
the meaning creation. However, when they receive progress monitoring requests from
teammates, such a request may interfere with the stream of meaning creation initiated by the
individual. This interference may occur for some individuals and not for others, such that the
progress monitoring may help some members to improve their own meaning creation, whereas
for others it might interfere with their meaning creation. This may explain why the indirect
effect of progress monitoring on team performance was significant for the average team
member, but not for the average team. The individual level effect captures the effect of initiating
progress monitoring, whereas the team level effect captures the average effect of receiving and
initiating progress monitoring.
The relation between team monitoring and team performance is an interesting finding
since this finding substantiates the observation that ‘orientations to others’ is important in
organizing under dynamic conditions (Vogus, Rothman, Sutcliffe, & Weick, 2014). Being
oriented towards others—a necessary feature in team monitoring—helps in high-reliability
action teams because it enables teammates to notice and respond swiftly to challenges that the
teammates are facing. We see that as teammates provide coaching and advice to each other, it
facilitates the team performance because teammates can avoid errors as they understand their
task more accurately. This effect is more significant when we compare teams to each other and
when we compare individuals to each other. Thus, the benefit of team monitoring accrues to
differentiate teams that engage in team monitoring from those that do not engage in team
monitoring.
Additionally, the cumulative effect of information elaboration may explain the relation
between team monitoring and team performance. Team monitoring has a significant effect on
team level performance because when teammates interpret information or coach another
teammate, the initiator of team monitoring facilitates their own information elaboration
processes. This is because the teammates can reflect on their own task knowledge in a different
way as they engage in team monitoring. In addition, the recipient of team monitoring is able to
engage in a guided reflection (Konradt, Schippers, Garbers, & Steenfatt, 2015) where a
teammate with a deeper understanding of an aspect of the task guides the recipient on which
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aspect of the task is the most important. Thusthrough monitoring behaviorsthe individual
who initiates team monitoring and the recipient of team monitoring engage in deeper
information elaboration and reflection, which enables better team performance (Konradt et al.,
2015; Smith-Jentsch, Cannon-Bowers, Tannenbaum, & Salas, 2008). It seems that at first, this
effect may be small (no significant cross-level effect of individual team monitoring on STMM
accuracy or team performance), a similar finding reported by Porter and colleagues (2010).
However, when you consider the effect as a whole, team monitoring displays a multiplicative
effect on the team performance (a classic effect of the team setting such that the team output
exceeds the additive capability of individual team members).
It is not only the recipient and the initiator of team monitoring that benefit from the
information elaboration and reflection stimulated by team monitoring but other teammates who
attend to the on-going interaction in the monitoring behaviors. To illustrate, teams in our
simulation consists of three members; Orion, Patrol, and Frigate. Imagine Orion requests and
receives help from Frigate; Patrol will benefit from that interactionwhich at the time may not
be relevant to Patrolif Patrol considers and attends to that interaction within the team. As
described in processes of shared cognition development (e.g. Levine & Moreland, 1999) and in
the social cognitive theory of self-regulation (Bandura, 1991), a teammate may develop better
insight into their own task by observing how other teammates perform or interact with their
task. The team acts as a reference category for the individual to regulate their behavior such
thatas teammates engage in team monitoring and build up a negotiated agreement over what
is important for their task performancethis agreement influences other teammates who
originally may not be part of the discussion. It also saves the team time and frustration from
dealing with duplicated requests, since an earlier discussion may have contained the answer to
the challenges another teammate may later face.
Indeed, as an aspect of monitoring behaviors, team monitoring simultaneously reflects
both cognitive and behavioral mechanisms (Porter et al., 2010). However, team processes are
infused with cognitive, behavioral, and affective processes (Ilgen et al., 2005; J. Mathieu et al.,
2008) and it is likely that some constructs may contain a bit of all processes, i.e., cognitive,
behavioral, and affective. Findings contained in this dissertation, alongside other empirical
work elsewhere (e.g. Smith-Jentsch et al., 2009), motivates the conclusion that team monitoring
does capture a bit of the cognitive, behavioral, and affective components of team processes.
Since the cognitive and behavioral aspect is already established (e.g. Porter et al., 2010), below,
I focus only on how team monitoring reflects affective processes and the implication for team
performance.
Team monitoring, as theoretically defined (e.g. Marks et al., 2001) and operationally
defined in this dissertation and other studies (e.g. Barnes et al., 2008; Porter et al., 2003; Porter,
Itir Gogus, & Yu, 2011) overlaps with the construct of prosocial motivation (Grant, 2008; Grant
& Berry, 2011). Prosocial motivation is the desire to expend effort to benefit others as
demonstrated by sensitivity to others needs and concern for their failure (Grant, 2008). When
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team members exhibit prosocial motivation, they demonstrate a commitment to their group
(Vogus et al., 2014) as well as receptivity to the perspectives and information that their
teammates bring along (Grant & Berry, 2011). Together, these processes are means of building
positive affect within the team.
Furthermore, team monitoring satisfies an important social need, the need for
relatedness (Deci & Ryan, 2008) which is the need to care for and to be cared for by others.
Following on from social identity theory (Tajfel, 1982) helping behaviors, assistance, and
coaching are the beginning of the journey towards forging a strong team identity, where each
team member transitions from seeing themselves as performing their exclusively assigned task
to seeing themselves performing a task integrated with the rest of their teammates (Levine &
Moreland, 1999; McComb, 2007). Increased team monitoring in the form of giving and
accepting feedback increases teammates familiarity (Smith-Jentsch et al., 2009) which has the
effect of producing liking and trust among teammates. This suggests that team monitoring
involves affect and helps build affect within the team. Such an insight is an important
development in our understanding of team monitoring as involving both cognitive, behavioral,
and affective aspects.

Explaining the relation between STMM similarity and team performance
Although previous studies—for instance, Sander and colleagues (2015)—have
questioned the importance of STMM similarity to team adaptation, an aspect of team
performance, I argue that STMM similarity is important for team performance, especially in
response to new information which demands novel ways of knowledge integration. At both the
individual and team level, knowledge integration is either through assimilation or
accommodation (Fiske & Taylor, 2013; McComb, 2007). In assimilation, the new information
is included into our knowledge structure, whereas in accommodation, we broaden our
knowledge structure to deal with a hitherto unknown knowledge. At the team level, STMM
similarity is important for both accommodation and assimilation processes (McComb, 2007).
Better STMM similarity will enable better team performance through faster knowledge
integration than poorer STMM similarity because the new knowledge will be fused into a
compatible knowledge structure (Gentner & Markman, 1997). STMM similarity also deals with
how the team orients themselves to new information (Rentsch et al., 2012) such that teammates’
agreements enable them to attach the same meaning and importance to necessary features in
their task.
As Article 3 (Chapter 4) indicated, once we consider the underlying structural relations
among the variables, we will unearth the potential to use STMM similarity in predicting a
team’s performance, uniquely of the contribution of STMM accuracy. I conceptualized and
evaluated STMM similarity using agreement indices similar to other researchers (e.g. Levesque
et al., 2001). Recent theoretical propositions (Healey et al., 2015) suggests that mental model
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agreements could have a surface dimension and a deeper dimension. Mismatches between
dimensions may be the reason that STMM similarity may not yield the same outcomes to team
performance, as STMM accuracy would have yielded.
Healey and colleagues (2015) suggest that mental models formed through reasoning and
deliberation (C-system representations) could compete with automatic, intuitive and affective
mental models (X-system representations). This could create either illusory concordance, where
there is a similar C-system mental model but dissimilar X-system representations, or surface
discordance, where teammates have X-system representations but dissimilar C-system
representations (Healey et al., 2015). As Article 3 has focused on measuring STMM similarity
after deliberative processes in each scenario, it used a C-system representation of STMM.
However, because the perceptual ratings of STMM similarity were related to team performance,
I can speculate using Healey and colleagues’ framework that there was full concordance in the
teams’ evaluation of the most important dimensions of their tasks. This may explain why the
perceptual agreements significantly relate to the team performance (DeChurch & MesmerMagnus, 2010a).
In Chapter 4, I suggested and found support for the role of STMM accuracy and
similarity on team performance. STMM accuracy describes the correctness of task mental
model content (Edwards et al., 2006) and STMM similarity’ describes the degree of overlapping
or converging structural representation of the STMMs (Mohammed et al., 2010; Mohammed et
al., 2000). In dynamic settings, STMM accuracy is important for the core content of the task
whereas the team must maintain agreement about the how different aspect of the task is
important in order to organize and understand the central elements of their teams task, a
precondition for effective team performance.

General Discussion
In sum, the three articles included in this dissertation make the following contributions.
Firstly, findings contribute to the action team literature by providing a detailed exposition of
the relation between monitoring behaviors, STMM accuracy, and team performance. The extant
literature has reported both positive and negative effects between monitoring behaviors and
team performance (e.g. Barnes et al., 2008; Pitariu, 2007; Porter et al., 2010). My proposal is
that since monitoring behaviors have a predominant cognitive orientation, the effect of
monitoring behavior on team performance is through emergent cognitive phenomena,
specifically STMM accuracy. The findings indicate that there exists an indirect effect of
monitoring behaviors on team performance through STMM accuracy.
When we examined the finer details of this effect, the studies indicated that whereas
progress monitoring demonstrates an indirect effect on team performance through STMM
accuracy, the effect varies according to the individuals on the team. In other words, the effect
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differentiates high performing team members from low performing team members. Our results
suggest an information processing mechanism especially with respect to the effect of progress
monitoring on team performance. Our results from Article 2 also indicate that it is better for the
team performance that a dedicated teammate is in charge of progress monitoring than when all
the team members perform progress monitoring at random.
The findings in Article 2, when we examined the relation between team monitoring and
team performance, seem to suggest that beyond the well-known cognitive and behavioral
mechanisms underlying team monitoring (Porter et al., 2010), there could also be an affective
process (Grant & Berry, 2011; Vogus et al., 2014). This affective process overrides the resource
demanding nature of team monitoring (Barnes et al., 2008) such that team monitoring
differentiates high performing individuals and teams from one another. Team monitoring
demonstrates high benefits to the team because of the reciprocity it engenders among the
teammates, such that teammates provide unsolicited help (Smith-Jentsch et al., 2009), are more
willing to devote attention to each other, and readily take another teammates perspective (Grant
& Berry, 2011).
Another important contribution of this dissertation is to our understanding of multilevel
phenomena. Multilevel phenomena are widespread within organizational contexts, but few
studies have devoted attention to accessing these phenomena directly in order to describe how
individual level relations and variables morphs into a team level variable/relation (Bell &
Kozlowski, 2012; Kozlowski, 2015; Kozlowski, Chao, Grand, Braun, & Kuljanin, 2013). The
first two studies contained in this dissertation have sought to contribute to our understanding of
multilevel processes by modeling individual and team level phenomena and seeking to
understand how the pattern of relation differs across levels. Our findings address Kozlowski
and colleagues (2012; 2000) argument that some phenomena are isomorphic in that the same
constituent pattern existing at a lower level (e.g. individual) exists at a higher level (e.g. team).
We can extend Kozlowski’s theorizing to a consideration of relations, where the relation
between variables at the individual level may not be the same as the relation between variables
at the team level. Specifically, our results indicate that the relation between progress monitoring
and team performance through STMM accuracy at the individual level is not the same as that
same relation at the team level. Such non-isomorphism has important implication for how we
consider progress monitoring within autonomous teams, where any team member may be
responsible for monitoring behaviors (Langfred, 2004).

Limitations and suggestions for future research
When the entire dissertation is considered, a number of limitations stand out. Firstly, the
participant samples were homogenous. These are averaged age Norwegian business school
students with considerable parity in gender representation. The extant research has indicated
gender disparities in performance on cooperative and competitive tasks, such that females
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perform better on cooperative tasks whereas males perform better on competitive tasks (Van
Vugt, De Cremer, & Janssen, 2007). Thus, the gender parity in the second and third studies is
especially important in preventing skewed observations. Because of the relatively young age of
the sample, the results could reflect cohort/generational bias. However, age disparities rarely
influence performance in decision-making task such as is contained in this study (Blanco et al.,
2016). Age differences in decision-making tasks exist when the task involves using strategies
that depend on accumulated experience (Blanco et al., 2016), but not much experience is needed
to engage in this simulation. In addition, most of these students are familiar with decisionmaking tasks since the average Norwegian student begins their semi-professional work life very
early (51.1 per cent of 15 -24 years old begin some job-related activities; Statistics Central
Bureau- Norway, 2014). It will be interesting to see whether future studies can replicate these
findings in a less homogenous sample. A larger sample size with a more robust implementation
of the experimental design would be an interesting study to conduct in the future.
Additionally, it is difficult to compare an emergent property developed in the lab setting
to an emergent team property developed within a more naturalistic setting. We know that
emergent properties rapidly develop and remain stable in a laboratory setting (Allen & O’Neill,
2015). What we do not know is whether the form of emergent properties in the lab has the same
robustness as within a naturalistic setting. However, the essence of an emergent STMMs are to
describe, predict, and to explain (Rouse & Morris, 1986). Therefore, as long as the STMMs can
perform such a function, then the question about STMM robustness may not be vital. STMM
is very specific to the context in which it developed (Cannon-Bowers et al., 1993) and the
concern is about how the team can use it to engage in anticipatory behaviors. Thus, comparison
of STMM across multiple study settings (lab and field) but identical team tasks may be a
suitable objective for future studies.
It is a challenging undertaking in most research to test relations where a lower level
construct predicts a higher level construct (Kozlowski, 2015; Lachowicz et al., 2015).
Furthermore, estimating relation between behavior and cognition often reveal weak
coefficients. Thus, this dissertation, which conceptualizes a cross-level linkage between a
behavioral construct and a cognitive construct at different levels exponentially increases the
complexity. For this reason, I have focused on team behaviors that involve using cognitive
resources to reduce the complexity and achieve a fit between conceptualization and the
underlying processes between cognition and behavior. It may be that future studies need to
follow this monitoring behavior as a ‘practice’ using a more process-oriented design in order to
provide further evidence of the link between a behavioral construct and a cognitive
phenomenon (Marshall, 2008).
This dissertation cannot ignore the philosophical question of whether knowledge
precedes action or action precedes knowledge. In other words, does a team member monitor
progress because they possess more knowledgein which case they already have higher task
mental model accuracyor do they understand their task better as they engage in monitoring
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behaviors with other teammates? I have motivated my research with the latter reason in the
sense that teammates engaged in monitoring behaviors during the task whereas STMM
accuracy focused on the whole scenario experience. However, it is possible that the team
member who possesses better STMM accuracy is more likely to subsequently monitor their
teammates because they observe and notice when teammates are not doing the right thing. As
observed in cognitive interference (Sarason, Pierce, & Sarason, 1996), building STMMs
depends on teammates who share relevant rather than irrelevant knowledge (Cannon-Bowers
et al., 1993; Rouse & Morris, 1986). It could also be that individual cognitive capacity or
personality variables differentiate those who monitor from those that do not monitor (Pearsall
& Ellis, 2006). Future studies will have to control for individuals’ cognitive capacity and
personality profiles that may predict an orientation to engage in either form of monitoring
behaviors; progress monitoring or in team monitoring.
One of the advantages of a laboratory experiment is that it enhances control and
increases the relevance of the variables measured. When repeated measurements are included,
this further enables assessment of the trajectory of processes that develop over time (Kozlowski
et al., 2013). However, the major challenge for laboratory experiments when participants
engage in repetitive tasks is boredom and exhaustion. After the second scenario, we observed a
drop in all the variables of interest, and this is an observation for other experimental studies
(Mohammed & Hamilton, 2012). I anticipated and controlled for the effect of task load, and
whereas this variable did not reveal any significant effect, there was a noticeable drop in
performance scores in the third scenario across all three studies. I cannot discount the influence
of boredom and fatigue on the participants in this series of studies. In spite of this, the
consequence of these findings in modern high-paced organizations filled with so much stress
and fatigue (Barnes, Lucianetti, Bhave, & Christian, 2015; Fritz, Lam, & Spreitzer, 2011;
Hobfoll, 1998; Scott & Judge, 2006) is that these results may have broader applications than
anticipated. It will be interesting if future studies can either replicate or make findings under
conditions where boredom and fatigue will have less effect.
Another limitation of this dissertation is that I could have added a representation of
structure to reveal the nature of STMMs similarity in this setting. This is achieved by using
network approaches such as Pathfinder (DeChurch & Mesmer-Magnus, 2010b; Mohammed et
al., 2010) to augment the questionnaire approach I adopted. The advantage of a structural
representation is that it reveals the association of each concept to every other concept, such that
we do not just obtain a global measure of similarity but a fine-grained understanding of the
relation between the various constructs simultaneously. Although the rating scales with Rwg
statistics are common (e.g. DeChurch & Mesmer-Magnus, 2010b; Levesque et al., 2001) and
address the main aims of this study, the information about the network structure is an interesting
study on its own. This would have yielded insight that has broad implications for understanding
representational schemes in a dynamic decision-making context, an obvious need for further
research.
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Another possible limitation is that the simulation was overhauled to improve its features
between the first data collection and the second data collection. With improved features, we
could map teammate’s locations relative to the location of a critical action (for instance, to
attack an enemy target). Team performance was broadened to include these additional measures,
which was not the same as the team performance on Article1. Although we replicated the main
hypothesized relations on both Article 1 and Article 2, it is important to consider that team
performance contained additional components in Article 2.
Narrow operationalization of constructsin this case STMM accuracyis a potential
risk to construct validity and challenges the linkage of the constructs I used in this dissertation
to general theories (Shadish et al., 2002). Construct validity is the extent to which an
operationalization measures the construct it is supposed to measure (Bagozzi, Yi, & Phillips,
1991; Shadish et al., 2002). According to Shadish and colleagues, “construct validity involves
making inferences from the sampling particulars of a study to the higher-order construct they
represent” (Shadish et al., 2002, p. 65). My studies may thus suffer from ‘inadequate explication
of constructs’ (Shadish et al., 2002), which occurs when constructs are measured too narrowly.
For instance, my measurement of STMM accuracy might be too narrow and could have been
broadened to include other task relevant considerations, such as general taskwork behaviors
(e.g. Lim & Klein, 2006) .
Related to construct validity, there could be random and systematic errors, which could
potentially bias interpretations. Random errors can either attenuate or inflate parameter
estimates in statistical analyses (Bagozzi et al., 1991). In this direction, multilevel analyses
serve an important function, and specifying relationships as random ensures better statistical
estimations and lower random errors (Lüdtke et al., 2008; Marsh et al., 2009). However,
multilevel analyses may not reveal systematic errors that exist in the studyfor instance due to
features of the setting, or the confounding of constructs with other important variables in the
study. As Shadish and colleagues (2002, pp. 68,82) observed, “it is never possible to establish
a one-to-one relationship between the operations of a study and corresponding constructs ”, and
“disagreements about how well a given study represents various constructs are common”.
Therefore, I do acknowledge potential construct validity issues within this dissertation, noting
however, that I have tried as much as possible to reduce the errors within the possible limits.
These limitations need to be borne in mind when applying the findings of the dissertation.

Practical implications
The results presented in this dissertation have practical implications specifically for
teams in both organizational and crisis management settings, e.g. emergency response teams.
Firstly, our studies address the core mechanism of informal learning (Noe et al., 2014) in the
workplace. Most learning theories have noted that individuals often learn together, and may be
regarded as a form of guided participation (Rogoff, 1991). In addition, equal contribution and
144

evaluation of ideas between peers may lead to changes in perspective (Kruger, 1993) which
trigger learning. The process by which teammates resolve task demands together as they engage
in joint reflection and guided participation is the means through which monitoring behaviors
facilitate the correctness of their task mental models. Since learning is by definition a change
in mental models, this implies that teammates enable each other to learn through information
elaboration and developing insight.
Another important practical implication is how we conduct leadership within
autonomous teams. We suggest a mixture of shared leadership (Nicolaides et al., 2014) and
directed leadership (McIntyre & Foti, 2013). Our results indicate that to ensure higher team
performance, it is better to have a single teammate in charge of progress monitoringi.e.,
tracking the team’s progress and ensuring everyone is staying on course. However, each
teammate must consider how to offer help, especially when solicited by their teammates.
Teammates must understand that when they interpret information to another member, they are
not only helping the recipient directly but they are indirectly helping themselves to develop
better insight into their task. In addition, they are creating an environment to understand each
other readily and to benefit from the norms of reciprocity that develop when teammates share
knowledge.
Another practical application is to the orientation of new teammates in order for them
to perform well. It is assumed that when teammates know each other’s task and they engage in
progress monitoring then the team can ensure effective performance. As our study indicates,
progress monitoring has a more limited implication to team performance, most likely because
some tasks can be performed without the individual sharing in the team’s knowledge (STMM).
On the other hand, team monitoring facilitates team performance because engaging in it
suggests an affective consideration of the teammate. Through team monitoring, team members
communicate to their teammates that they have a shared interest, exploring their own
vulnerabilities and challenges in dealing with the task. Thus, team orientations for new
teammates should consider ways in which the teammates can explore their insecurities about
the task before and during task performance. Considering our study used participants who have
low familiarity with their teammates, this result can have far-reaching implications for newlyformd action teams who have to deal with unanticipated tasks within dynamic settings.

Conclusion
The three articles presented in this dissertation indicate that a detailed understanding of
variables residing at different levels can reveal surprising findings. The findings reported here
indicate that monitoring behaviors affect team outcomes in various ways because they instigate
different processes. Whereas progress monitoring strongly instigates individual level cognitive
processes, team monitoring instigates team level processes and is more relevant for team
performance than progress monitoring. Additionally, the dissertation highlights the role of
STMM accuracy and similarity in facilitating team performance within dynamic settings. In
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these settings, task performance does not depend only on understanding the taskreflected in
STMM accuracybut in the teammates sharing the agreement on the most important elements
of the taskreflected in their STMM similarity. Going forward, I hope that training
practitioners can find useful insight into the skills that is needed for monitoring behaviors since
team members often voluntarily perform monitoring behaviors.
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