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Abstract

Research on organizational teamwork is increasingly highlighting the
patterned nature of the relational processes (e.g., communication, backup
behavior) and psychological states (e.g., trust, shared cognition) that underlie
team effectiveness. However, studies of teams often rely on methodologies
that do not explicitly assess the underlying patterns of relational processes
and states. Social network approaches offer an appealing alternative to the
typical methodologies used in team research given that network approaches
provide both the theory and methodology necessary to conceptualize and
investigate patterns of interactions among group members. Despite the
advantages of social network approaches, many team researchers are unfa-
miliar with the network paradigm and its associated methodologies. The
purpose of this chapter is to clarify how networks can be leveraged to answer
key research questions related to the study of team functioning and effec-
tiveness. We begin by discussing the evolution and eventual convergence of
team research and network approaches. Then, we examine the current state
of the literature at the intersection of teams and networks in order to identify
key takeaways and remaining questions. We conclude by highlighting
opportunities for the future of team network science.

Keywords: Networks; social network analysis; team processes; behavioral
processes; psychological states; input-process-output model

Introduction .
achieve

Organizations rely on teams to ¢omplété important goals by integrating diverse
skills, abilities, and areas of expertise (Mathieu et al., 2017). To achieve shared goals,
teams leverage interaction processes (e.g., communication, advice) and psychological
relationships (e.g., trust, shared cognition) among team members as well as with
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external entities (e.g., stakeholders, other teams, senior leaders; Ilgen et al., 2005;
Marks et al., 2001). There is growing consensus in the team literature that the pat-
terns of social interaction processes and psychological relationships (e.g., who
influences whom, who trusts whom, who communicates with whom) within teams
and across team boundaries can determine team success (e.g., Contractoretal., 2012;
Crawford & Lepine, 2013; Mell et al., 2014). However, the majority of research on
team functioning in organizations has relied on methodological approaches that
conceptualize team phenomena as an undifferentiated “shared” state characterizing
the team as a whole (Kozlowski, 2015; Kozlowski & Chao, 2012).

Social network approaches ofter an appealing alternative to the methodologies
that are typically used in team research given that network approaches provide
both the theory and methodology necessary to conceptualize and investigate
patterns of interactions among group members (Contractor & Forbush, 2017;
Wasserman & Faust, 1994). Social network approaches are well suited for
studying teams because such approaches allow researchers to operationalize the
myriad patterns of relationships within and external to teams and test hypotheses
related to the antecedents and outcomes of relationships among team members.
As a result, organizational scholars are beginning to rely upon social network
approaches to understand the teamwork processes and relationships that underlie
team effectiveness (see Fig. 8.1). For example, team researchers have begun
investigating the relationships between networks in teams and important team
outcomes (e.g., Henttonen, 2010; Katz et al., 2004; Manata, 2019). Further,

2020b researchers have clarified many of the theoretical underpinnings of various
Me social processes that they represent (e.g., Grosser
Q1 et al., 2019; Park et al., 2020; Wolfer et al., 2015) as well as the methodological

avenues in conducting network research in groups (Contractor & Su, 2012).

However, the full potential of social network approaches for understanding
team phenomena has not yet been realized. Indeed, there is still much to be
learned about team processes and emergent states, and social network analysis
provides an array of analytical tools that to date are underutilized. The purpose
of this chapter is to advance understanding of the ways in which social network
analysis can be applied to the study of team functioning. We begin by reviewing
the history of the relationship between social network methods and the study of
teams. Then, we transition to the present to review how social network analysis
has recently been used to understand teams. We seek to unify the existing
literature on team networks by leveraging the overarching input-process-output
(I-P-O) model of team effectiveness (McGrath, 1964) that is commonly used to
understand team functioning. We conclude by looking ahead to the future and
outlining how social network methods can be used to answer emerging research
questions critical to the advancement of network science in teams.

A Brief History of Social Network Analysis within
Group Research

The formal study of groups using networks began in the 1930s when Jacob Levy
Moreno and Helen Jennings brought the mathematical model of graph theory to
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Fig. 8.1. Articles Published Using Network Methodologies. Note:
The solid line represents the cumulative sum of articles published using
network methodologies to study teams since 1960. The dashed line represents
the number of articles published each year.

the study of groups through the creation of sociometry (e.g., Moreno & Jennings,
1938). Kurt Lewin followed with the theoretical contributions of field theory that
drew attention to the importance of both the relationships between individuals,
and the relationships between groups and their environment (Lewin, 1939). Soon
after, scholars began integrating these theoretical and methodological compo-
nents to investigate group functioning. Most prominently, Alex Bavelas (1950)
conducted a series of studies where he compared team performance on a task
under a variety of different communication structures. Ultimately, it was through
the work of Bavelas that social networks began to be used not just to describe
groups and/or an individual’s position but also to analyze the impact of the
structures themselves on group effectiveness.
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Another important shift in the study of teams using networks was acknowl-
edging external influences such as through Granovetter’s (1973) theory of weak
ties. Whereas previous research had focused on strong proximal relationships such
as close friends, Granovetter’s theory argued that individuals possess different
forms of connections in their networks. Granovetter suggested that weak ties may
also have explanatory power for understanding the function of social systems, and
examining networks both within a team as well as across team boundaries helps to
clarify how teams interact with their embedding environments to secure resources
that are critical for team performance.

At the same time that research on networks in groups was developing, research
on team functioning and effectiveness was also emerging as a discipline in its own
right. Fundamental to this growth were heuristic frameworks depicting team
effectiveness such as the I-P-O model (McGrath, 1964). The I-P-O model
describes teams as systems that take individual, group, and organizational
resources as well as team member characteristics as inputs and directs these inputs
by enacting processes in order to accomplish tasks (Kozlowski & Ilgen, 2006;
McGrath, 1964). The processes that convert inputs to team outcomes, such as
performance and viability, consist of observable behavioral processes as well as
more unobservable psychological mediators such as affective, cognitive, and
motivational states (Marks et al., 2001).

Today, team researchers have started to leverage network approaches to study
team processes and emergent states in order to clarify the drivers of team effec-
tiveness. From a social network perspective, individual team members are often
the actors or nodes in a network. The psychosocial relationships among team
members and/or with other external entities are the ties. Networks are often
created by collecting relational data characterizing the connections among all of
the actors in a defined sample (e.g., a team). These data are then used to recreate
the network of relationships among the different actors.

Research on teams from a network perspective is guided by the foundational
theoretical work of Kozlowski and Klein (2000), which proposed that groups are
subject to top-down environmental influences that constrain behavior and
bottom-up (i.e., emergent) processes where the interactions between individuals
coalesce to create group-level phenomena. They further clarified that bottom-up
processes can be compositional or compilational in nature. Compositional
emergence reflects the convergence of team members toward a shared state, such
as a similar perception of the team’s ability to perform tasks. Compilational
emergence reflects patterned properties where through interaction individual
affect, behavior, motivation or cognition become increasingly heterogeneous. For
example, as transactive memory systems emerge within a team, team members
develop increasingly specialized knowledge.

Following this seminal work, several scholars began to develop and test
patterned conceptualizations of many of the processes and states, which had
conventionally only been studied through compositional aggregational approaches
(e.g., Cooke et al., 2013; Crawford & LePine, 2013). Further, team scholars also
began to leverage networks to look beyond the team, acknowledging the influential
role of the embedding environment. For instance, the multiteam system (e.g.,
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Mathieu et al., 2001; Poole & Contractor, 2011), multittam membership
(Lungeanu et al., 2018), social capital (Oh et al., 2004), and boundary-spanning
(e.g., Ancona & Caldwell 1992; Carter et al., 2020; Joshi et al., 2009) literatures
have all, to some degree, relied upon networks to examine internal and external
influences on team resources, processes, and performance.

Review of Research on Team Functioning from a Social
Network Approach

To better understand the current application of social network approaches to
the study of teams, we conducted a literature search for articles on teams
leveraging social network analysis published between the years 1950 and 2020
within the fields of applied psychology, communication, ergonomics and/or
human factors, management, sociology, and sport psychology. Articles within
these fields were retained only if they were from a journal with an impact factor
greater than 1. We searched for articles referencing the following keywords in
the Web of Science, PsycInfo, and Business Source Complete databases to
identify articles: teams or groups and configural, networks, social networks, or
patterned. Then, we examined the reference lists of relevant team/network
review articles to identify any articles that we may have missed. Once our
initial list was compiled, the first author read the abstracts of each article to
eliminate any articles that met the search criteria but were not relevant. Only
empirical articles were considered, although many methodological and/or
review papers were identified. This resulted in a final list of n = 199 articles.

Our literature review revealed that the themes which gradually emerged at the
intersection of social networks and groups — mapping patterns of relationships
among team members and examining the causes and consequences of relational
patterning both inside and outside groups — continue to pervade today’s research.
However, we also find that social network research on teams is beginning to
converge with the broader literature on teams which has long relied on I-P-O
thinking. Specifically, we find that scholars use networks as antecedents, indica-
tors, and outcomes of both behavioral processes and psychological states. In the
following sections, we highlight several studies that exemplify how networks have
been used to advance our understanding of each facet of the I-P-O framework for
explaining the effectiveness of teams.

Networks as Antecedents, Indicators, and Outcomes of Team Behavioral
Processes

Team behavioral processes refer to team members’ efforts to synchronize their
actions and transform resources into outcomes (Marks et al., 2001). Impor-
tantly, recent theoretical work has emphasized that behavioral processes can be
conceptualized as networks of interaction (e.g., Crawford & LePine, 2013).
Behavioral processes represented the most commonly investigated group
process/state in the literature at the intersection of team functioning and social
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networks. Of these behavioral processes, the most popular were communication,
coordination, and leadership.

Networks as Antecedents of Team Behavioral Processes

Twenty-five of the articles (12%) identified in our literature review investigated
social networks as influencing the behavioral teamwork process. Several studies
used these networks to predict coordination processes. For example, Enemark
et al. (2014) conducted a laboratory study that manipulated both the collabo-
ration network structure of the team and the amount of information about the
network structure provided to team members, and then assessed its effect on
distributed coordination. Their findings demonstrated that the amount of
knowledge about the network structure had a positive relationship with coor-
dination, but that this relationship was moderated by the type of actual network
structure. Networks predicting coordinative behaviors, such as monitoring and
backup, were also investigated. Li et al. (2015) looked at the impact of the
network position of a star team member (i.e., a high-performing member) on
team member monitoring and backup behavior. They found that the influence of
the team member with the greatest helping and voice behavior was moderated
by their network position, such that star team members exerted the greatest
influence on team monitoring and backup behavior when they held central
network positions in the team’s workflow network. Finally, several studies used
networks as antecedents of leadership emergence. For instance, Friedrich et al.
(2016) investigated the impact of both leader individual differences and team
network structure on functional leadership behaviors. Through the use of a sales
simulation, they found that network size, density, and embeddedness were
predictive of communication behaviors.

Networks as Indicators of Team Behavioral Processes

Behavioral processes have also been examined by looking at the resultant network
structures that form within the team. Eleven articles in our review (5%) leveraged a
network indicator of a team behavioral process. Communication networks were
one of the most commonly used indicators of behavioral processes. Barth et al.
(2015) conducted a study of surgical team adaptation processes where they found
that as teams adapted their teamwork to changing complexity and task demands
their communication networks also changed to reflect these adaptations, becoming
flatter (e.g., decentralized). Networks were also studied as indicators of leadership
behaviors in teams. For example, Zhang and Peterson (2011) looked at the pre-
dictors of advice networks in teams, finding evidence supporting their hypothesis
that transformational leadership behaviors would predict team advice network
density and that advice network density would predict team performance.

Outcomes of Team Behavioral Process Networks
Fifty of the articles (25%) examined outcomes of team behavioral process net-
works. These articles operationalized a team behavioral process using a network
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approach and investigated the outcomes of such networks. Communication was
one of the most prevalent team processes investigated in the studies from our
review. Grippa et al. (2018) conducted a study of the communication networks
between and within health-care teams at a hospital. They found that the most
successful teams focused on internal communication, and limited the number of
communications with those external to the team. Argote et al. (2018) examined
the effect of communication network structures on team performance and found
that the relationship between communication network structure and performance
was moderated by turnover, such that highly centralized communication net-
works were more accepting of new team members’ contributions, while dense
communication networks disregarded new team members due to their lack of
understanding of the team’s coordination processes.

The outcomes of informal leadership networks have also received attention.
Mehra et al. (2006) studied different leadership structures and their impact on
team performance. They found that distributed leadership did not have an
incremental effect on team performance over centralized leadership, but that
teams with distributed-coordinated leadership (i.e., where emergent and formal
leaders shared reciprocated leadership ties) did have greater team performance.
Networks have similarly been used to look at the influence of behavioral processes
that are centralized around a particular team member. For example, Kane and
Borgatti (2011) found that proficient team members had a greater impact on team
performance when they held central positions in the team workflow and
communication networks. Other studies have examined networks of coordination
and helping behaviors. Pasarakonda et al. (2020) studied the coordination net-
works of surgical teams under different types of demands. In doing so they found
that it was detrimental for teams performing complex tasks to distribute leader-
ship throughout coordination networks, and that it was similarly detrimental for
leaders to be centralized in the coordination network when performing in
uncertain conditions.

In sum, the vast majority of papers looking at the outcomes of behavioral
networks have focused on leadership and communication. However, there is still
more to be learned about other team behavioral processes (e.g., backup behavior
networks; conflict management networks). Our review suggests that there is a
need for more research that leverages network approaches to understand the
patterns of team behavioral processes and leverages methodologies that allow
investigation of the antecedents of team behavioral network emergence.

Networks as Antecedents, Indicators, and Outcomes of Team Psychological
States

Team psychological states represent the cognitive, affective, and motivational
emergent properties of a team. Examples of some of the states investigated in this
review include the affective states of trust (Costa et al., 2018) and cohesion (Beal
et al., 2003); motivational states, such as efficacy and potency (Gully et al., 2002);
and cognitive states, such as mental models and transactive memory systems
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(TMSs; DeChurch & Mesmer-Magnus, 2010). Several scholars have recently
encouraged the use of networks to investigate these emergent states (Monge &
Contractor, 2003; Yuan et al., 2010, 2014), and have highlighted the critical role
of communication in their development (e.g., Pilny et al., 2017; Yan et al., 2021).
Overall, our review revealed a small but growing body of research using networks
to study team psychological states, positioning networks as antecedents and
indicators of team psychological states, and investigating outcomes of networked
team psychological states.

Networks as Antecedents of Team Psychological States

In our review, 35 articles of the 199 identified (17%) used networks as antecedents
of affective, motivational, or cognitive team emergent states. One of the most
commonly investigated cognitive states was TMSs. For example, Lee et al. (2014)
studied the role of network structures on the development of TMSs. They found
that the density of the team information sharing network was negatively related to
TMS development and team performance, but that reciprocity in the information
sharing network was associated with the number of transitive triads in the
network and subsequent TMS quality. Networks have been similarly shown to
predict affective emergent states such as cohesion, trust, and conflict. Mclaren and
Spink (2020) showed that communication networks were associated with task
cohesion. Moreover, Susskind and Odom-Reed (2019) found that formal and
informal communication network centrality predicted team member perceptions
of team cohesion and conflict. Overall, while much of the research using networks
as antecedents of team psychological states has looked at affective and motiva-
tional psychological states, there is a need for more research using networks as
antecedents of team cognitive emergent states, as well as looking beyond TMSs.

Networks as Indicators of Team Psychological States

Eleven (5%) of the articles we reviewed used networks as indicators of team
psychological states. Although there is a relative dearth of research on the
relationship between cognitive emergent states and team network structures,
several studies have used networks as indicators of motivational and affective
emergent states. For example, Nelson (1989) found that teams with different
forms of conflict exhibited different internal and external network structures.
Brenneke and Rank (2016) found that the source of team member motivation
(e.g., internal/external) predicted knowledge exchange networks. Liu et al.
(2014) demonstrated that intrateam trust perceptions were predictive of the
structure of procedural justice networks. Finally, Schulte et al. (2012) showed
that perceptions of team psychological safety predicted the formation of advice,
friendship, and conflict ties.

Outcomes of Networked Team Psychological States
Fifteen (8%) of the articles we identified used a network approach to oper-
ationalize a team’s psychological state and examined the outcomes of that
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psychological state network. We identified several emergent themes in this realm
of research, including the use of networks to study the outcomes of knowledge,
cohesion, and trust among other team psychological states. Team performance
was the most widely investigated outcome of networked team psychological
states. Huang and Cummings (2011) found that knowledge network centrali-
zation was negatively related with team performance, and that this relationship
was moderated by the team’s diversity and the type of knowledge the network
represents. Chung and Jackson (2013) found evidence for a curvilinear rela-
tionship between internal trust networks and team performance. Hood et al.
(2017) examined multiplex networks of conflict and friendship and showed that
relational conflict among friends had a negative relationship with team perfor-
mance, and task conflict had no effect on team performance among friends.
However, relational and task conflicts among nonfriends had a positive
relationship with team performance. Wise (2014) operationalized team cohesion
as the density of e-mail networks errse curvilinear relationship

between cohesion and team performance. and

Future Directions for Social Networks and Group Research

Research at the intersection of social networks and teams has led to important
findings regarding the antecedents, indicators, and outcomes of both behavioral
processes and psychological states. However, our review indicated that even
when researchers use social network-based methodologies they predominantly
incorporate descriptive network indices into traditional modeling frameworks.
Examples of these practices include using counts of network structures, such as
ties as predictors in a regression, paths in a structural equation model, or as
dependent variables in an analysis of variance. Unfortunately, the reliance on
network descriptive indices may be limiting the types of research questions that
can be answered and the inferences that can be drawn. To advance research at
the intersection of teams and social networks, researchers may need to leverage
additional social network methodologies. In the final section of this chapter, we
highlight relatively nascent ways of using networks and social network meth-
odologies that may allow team scholars to address emerging research questions
related to team processes and states in terms of their (a) mechanisms, (b) evo-
lution over time, and (c) role in new forms of teamwork, such as with robots
and/or other forms of technology.

Opportunity 1: Mechanisms

Our review demonstrated that research at the intersection of teams and social
networks predominantly focuses on group-level network structures (e.g., density,
centralization) as antecedents of team processes and states as well as the associ-
ated outcomes of these networks. However, describing team-level configural
properties does not explain how these structures emerge. Indeed, collective
structures develop through the interaction between multiple mechanisms at
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multiple levels of analysis (i.e., Contractor et al., 2006; Monge & Contractor,
2003). As such, research on teams may need to incorporate methodologies that
allow researchers to handle this complexity and advance theoretical mechanisms
to explain how team processes, states, and behaviors emerge.

One methodology that allows scholars to investigate the structural signatures
that drive team level configural patterns is a class of models known as exponential
random graph models (ERGMs). ERGMs enable tests of hypotheses about why
certain structural signatures (e.g., reciprocity, transitivity) emerged, and how
these structural signatures help to explain patterns at the network level. Several
articles from our review utilized ERGMs in this manner (e.g., Kalish & Luria,
2016; Lusher et al., 2014; Zhu et al., 2013). To develop the nomological net of
team networks, however, more research needs to be done. For example,
communication scholars can use ERGMs to examine the networked patterns of
team behavioral processes. That said, ERGMs do have their limitations. For
example, they only examine a snapshot of team property emergence, although
recent developments in separable temporal exponential random graph models
(STERGMs) are overcoming these limitations (e.g., Antone, Gupta et al., 2020;
Krivitsky & Handcock, 2014).

Opportunity 2: Evolution over Time

Another finding from our review was that more attention needs to be paid to the
dynamic nature of team functioning, such as how processes and states emerge
over time. Many of the studies on teams in general as well as those using social
network methodologies specifically focus on cross-sectional relationships.
However, this limits the ability of scholars to clarify the causal sequence. For
example, does the network cause the process/state, or vice versa (Katz et al.,
2004)? This may be due in part to the continued use of the temporally agnostic
I-P-O framework. Theoretical advancements such as the Input, Moderator,
Output, Input (IMOI) model propose that team effectiveness can alternatively
be described as a nonlinear sequence with interacting components and envi-
ronmental influences (Ilgen et al., 2005). Integrating recent theoretical and
methodological advancements may help to advance our understanding of the
dynamic and complex nature of teams.

To study the temporal sequences that drive the emergence of team configural
properties scholars can utilize computational methods such as agent-based models
(ABMs), relational event models (REMs), or stochastic actor-oriented models
(SAOMs). Briefly, ABMs are a class of computational models that enable
scholars to provide simulated individuals (i.e., agents) with a set of theoretically
derived rules guiding their actions. Through the use of simulations, scholars can
then examine how the behaviors of the individual agents interact to influence
collective properties (Harrison et al., 2007; Macy & Willer, 2002). ABMs were
leveraged to investigate networks in teams in a small selection of the articles that
we reviewed. For example, Contractor and Seibold (1993) developed a compu-
tational model to explain the emergence of norms about the use of group decision
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support systems within teams. Moreover, Dionne et al. (2010) developed an ABM
to evaluate the role of participative leadership in mental model convergence.
Several other examples also used ABM to examine phenomena ranging from
learning (Fang et al., 2010) and group behavior (Goldstone et al., 2008), to
creativity (Zu et al., 2019), emergence of shared leadership in multiteam systems
(Sullivan et al., 2015), affective and hindrance ties (Antone, Lungeanu et al.,
2020) and TMS (Palazzolo et al., 2006). There are still, however, numerou
opportunities for scholars to advance our understanding of all forms of tgdm
processes and emergent states through ABM.

REM is similarly conducive to our understanding of team processes (Leenders
et al., 2016; Pilny et al., 2016). For example, Schecter et al. (2018) used REM to
investigate the relationship between team emergent states and rates of commu-
nication. More recently, Pilny et al. (2020) utilized REM to examine the role of
process-based communication networks on team coordination. For a more in-
depth review of REM to study interaction in group networks, we refer the reader
to Schecter (Chapter 23, this volume).

Finally, several studies demonstrated the value of using SAOMs to investigate
how team member attributes coevolve with team processes and emergent states
and network structures. For example, Carnabuci et al. (2018) used an SAOM to
investigate the emergence of leadership in teams, finding that individuals change
their leadership attributions toward other team members depending on the
alignment of these relationships with their leadership schema. Similarly, Kalish
et al. (2015) investigated communication networks in teams where they found that
an individual’s perceived stress influenced their communication ties, which further
impacted their stress levels.

All of these network dynamic methods provide distinct advantages over other
static methodologies for studying teams. First, aligning with more processual
approaches to understanding organizational phenomena, dynamic network
methodologies challenge scholars to make their theoretical assumptions explicit,
turning them into either structural signatures or rules that can be tested over time
(Van de Ven & Poole, 2005). Second, such models enable scholars to empirically
test these theoretically derived, temporally based, microprocesses that underpin
team network structures. Given the relative nascency of the study of networks
over time, there is ample opportunity for communication scholars to contribute to
our understanding of the dynamic nature of team processes by leveraging these
methodologies.

Opportunity 3: Robots and Other Technology

Research is increasingly acknowledging the impact of technology on team
behavioral processes such as communication (e.g., Dobosh et al.,, 2019;
Hollingshead & Contractor, 2002). However, teams (and their respective
networks) are still often assumed to only consist of people (Contractor et al.,
2011; Larson & DeChurch, 2020). Yet, the nature of teamwork is changing as
people are now teaming with technology to complement human capabilities and

Butts, 2008
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address complex challenges (Jones et al., 2020). Unfortunately, our understanding
of human-robot teams is still in its infancy. What we do know from preliminary
research is that teaming with technology changes team processes and states. For
example, Burke et al. (2004) found that team members engaged in search and
rescue efforts with a robot team member struggled to develop situational
awareness, and altered their communication structure to obtain information the
robot could not provide. More fundamentally, the incorporation of technology
into teams highlights that our current theories of group functioning are limited to
teams composed of humans. While research on human-robot interaction and its
impact on behavioral processes (Breazeal et al., 2005) and psychological emergent
states (de Visser et al., 2020; Jung et al., 2015) continues to grow, there is still a
clear need for these questions to be examined through the lens of team theory in
order to fully understand the implications.

Perhaps most importantly, our current understanding of teams is predicated on
the assumption that interactions among team members drive team performance,
and ultimately influence collective constructs (i.e., emergence; Kozlowski &
Klein, 2000). To adapt current teams theorizing to the changing nature of
teamwork, scholars will need to investigate how technology influences these
patterns of interaction between team members. For example, communication
scholars might clarify how human-robot teaming influences information sharing
networks. Doing so will require methodologies that account for the various forms
of interactions that can occur, such as human-to-human, human-to-robot, and
robot-to-robot. For instance, although robots may influence human-to-human
patterns of interaction, humans may also behave differently toward robots, and
groups may engage in different behaviors toward robots than they would toward
individual humans (Sebo et al., 2020). Integrating social networks with theories of
teams and human-robot interaction will be crucial to our understanding of these
emerging forms of teamwork. Luckily, theoretical frameworks that integrate our
current understanding of human-robot interaction and models of team effec-
tiveness have started to surface (Sebo et al., 2020; You & Robert, 2017). As with
teams, it will be important for our understanding of human-robot team func-
tioning to test theoretical models such as these in order to clarify the influence of
human/robot team composition on team behavioral, cognitive, and motivational
states — and ultimately team-related outcomes and boundary conditions.

Contractor et al. (2011) argue that instead of thinking of robots and technology
as tools, scholars should utilize multidimensional networks whereby technologies
are represented by nodes within the network alongside team members. Scholars
will also have to grapple with the type of ties to use to create their networks.
Different forms of tie content are one way human-robot teams can be studied. For
example, bipartite (or two-mode) networks, in which ties between two classes of
nodes (e.g., robots and humans) are modeled, may help to clarify how humans and
robots share information or communicate while working toward an objective.
Similarly, multiplex networks modeling more than one type of relationship within
a single network may allow scholars to consider the complex interdependencies
between different types of relationships. For instance, modeling trust and
communication ties may help to explain differences in communication patterns
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between human and robot team members. As such, creating networks consisting
of multiple forms of ties has the potential to provide valuable insight into the
relationships that drive effective human-robot teaming.

Conclusion

There is a rich history of networks in the study of groups. Indeed, networks study
relationships, and teams are fundamentally defined by patterns of relationships.
Although the use of networks to describe collective structural features of teams
has provided important insights, the next frontier of networks in groups will be
exploring the temporal and multilevel nature of teams. Research that clarifies the
processes that drive the development of these features within traditional and
emerging forms of teamwork will have the potential to leave an indelible mark on
our understanding of teams.
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