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Abstract. Collective intelligence (CI) captures a team’s ability to work together across
a wide range of tasks and can vary significantly between teams. Extant work demon-
strates that the level of collective attention a team develops has an important influence
on its level of CI. An important question, then, is what enhances collective attention?
Prior work demonstrates an association with team composition; here, we additionally
examine the influence of team hierarchy and its interaction with team gender composi-
tion. To do so, we conduct an experiment with 584 individuals working in 146 teams in
which we randomly assign each team to work in a stable, unstable, or unspecified hier-
archical team structure and vary team gender composition. We examine how team
structure leads to different behavioral manifestations of collective attention as evi-
denced in team speaking patterns. We find that a stable hierarchical structure increases
more cooperative, synchronous speaking patterns but that unstable hierarchical struc-
ture and a lack of specified hierarchical structure both increase competitive, inter-
ruptive speaking patterns. Moreover, the effect of cooperative versus competitive
speaking patterns on collective intelligence is moderated by the teams’ gender compo-
sition; majority female teams exhibit higher CI when their speaking patterns are more
cooperative and synchronous, whereas all male teams exhibit higher CI when their
speaking involves more competitive interruptions. We discuss the theoretical and
practical implications of our findings for enhancing collective intelligence in organiza-
tional teams.
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A growing body of research demonstrates that teams
exhibit a characteristic level of collective intelligence
(CI), which is a team’s ability to work together across a
wide range of tasks (Woolley et al. 2010, Riedl et al.
2021). Furthermore, teams vary in the level of CI they
develop; CI appears to form relatively early in teams’
work, and early measures of it successfully predict per-
formance weeks and months later (Engel et al. 2015, Kim
et al. 2017, Woolley and Aggarwal 2020). Ongoing
research focuses on identifying the factors that lead one
team to have higher CI than another. Recent studies
suggest that one such factor is the team'’s level of collec-
tive attention (Chikersal et al. 2017, Mayo and Woolley
2021, Tomprou et al. 2021) which, along with collective

memory and reasoning, is theorized as one of the core
cognitive functions underlying the emergence of collec-
tive intelligence (Gupta and Woolley 2021). A team’s
level of collective attention refers to the quality and coor-
dination of members’ focus. Recent research demon-
strates that the level of collective attention in a team is
manifested in various forms of interactional synchrony
(Tickle-Degnen and Rosenthal 1990, Bernieri and Rosen-
thal 1991), which are operationalized as facial expression
and/or vocal (prosodic) synchrony in teams working
contemporaneously (Chikersal et al. 2017, Tomprou et al.
2021) and temporal “burstiness” in activity in distrib-
uted collaborations (Riedl and Woolley 2017, Mayo and
Woolley 2021).
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A team’s level of collective attention is associated
with team member characteristics, such as members’
social perceptiveness or ability to pick up on subtle
cues (Chikersal et al. 2017, Tomprou et al. 2021). How-
ever, many teams have little control over their composi-
tion, so identifying other leverage points for increasing
collective attention could have important practical util-
ity for improving collective intelligence. Team structure
is one widely recognized lever for affecting team proc-
ess (Hackman 1987, Ilgen et al. 2005), and classic work
in organizational behavior treats structure as a key
mechanism for managing attention in organizations
(March and Simon 1958). Yet how team structure and
composition jointly affect collective attention and CI
is an important question about which little systematic
evidence exists. Here we ask the following: do the
same team structures and patterns of interaction benefit
all teams regardless of member characteristics or only
those in which it matches members” preferred style of
interaction?

To investigate these questions, we conduct a ran-
domized controlled experiment in which we inde-
pendently manipulate team structure and composition
in face-to-face teams. We examine the effect of team
structure on the pattern of collective attention teams
develop as observed in their verbal communication
patterns. We manipulate team structure via the crea-
tion of a status hierarchy, which is shown to have
significant implications for team cooperation versus
competition (Greer et al. 2018) and which we theorize
as operating via effects on collective attention. We also
explore whether team composition moderates the
effect of cooperative versus competitive patterns of
collective attention on collective intelligence. In exam-
ining the impact of team composition, we specifically
focus on gender as that is the characteristic most con-
sistently associated with differences in response to the
cooperative or competitive conditions that team hier-
archy can create (Niederle and Vesterlund 2011).

In examining these issues, this study makes three
key contributions to the literature. First, we experimen-
tally manipulate team structure and examine how this
important team design element alters collective atten-
tion as reflected in team interaction patterns, demon-
strating a potentially important mechanism underlying
the effect of team structure on team emergent states.
Second, we introduce a novel automated and unobtru-
sive methodology for robustly characterizing collective
attention in teams via patterns in verbal communica-
tion. This new approach enables future researchers to
more readily study these rich team process variables in
larger samples and in more settings than is practical
with traditional methods. Finally, we contribute to the
emerging literature on CI by examining the influence of
team structure and team composition via new mecha-
nisms that explain why some teams develop higher

CI than others. Understanding these mechanisms fa-
cilitates the ability of organizations to proactively
design teams that can develop high levels of collective
intelligence.

Collective Intelligence and Collective Attention

A growing body of work demonstrates that collective
intelligence emerges as a product of team collaboration
and composition (Riedl et al. 2021) and is a strong pre-
dictor of future team performance (Engel et al. 2015,
Kim et al. 2017, Woolley and Aggarwal 2020). In devel-
oping theory about collective intelligence in human
systems, recent work builds on the observation that
intelligence in any system—whether biological, tech-
nological, or a hybrid—emerges from the integration
of memory, attention, and reasoning functions (Gupta
and Woolley 2021). In groups, these collective cogni-
tive functions emerge from individual cognition which,
via metacognition, combine in the form of transactive
memory systems (Wegner 1987, Ren and Argote 2011),
transactive attention systems (Gupta and Woolley
2020), and transactive reasoning systems (Fitzsimons
and Finkel 2018). Together, these transactive systems
emerge and mutually adapt to environmental com-
plexity to give rise to collective intelligence (Gupta and
Woolley 2021). Extant work further demonstrates that
the level or quality of the collective reasoning, collec-
tive memory, and collective attention that develops
can each be evaluated via observable and measurable
collaborative processes (Gupta and Woolley 2021, Riedl
etal. 2021).

Here, we focus on collective attention, which extant
work demonstrates is strongly associated with collective
intelligence (Chikersal et al. 2017, Mayo and Woolley
2021, Tomprou et al. 2021). Collective attention, also
referred to interchangeably by some as group, mutual,
or shared attention (Kaplan and Hafner 2006, Shteyn-
berg 2015, Lorenz-Spreen et al. 2019, De Domenico and
Altmann 2020), is operationalized in a variety of ways in
different parts of the literature. In some research, the
amount of collective attention is operationalized as the
total number of people paying attention to a particular
piece of information or event, such as by viewing an
online article or sharing things on social media (Lorenz-
Spreen et al. 2019, De Domenico and Altmann 2020).
Taking a slightly different perspective, Shteynberg (2015)
identifies collective or shared attention as present when
individuals are coattending to an object or event with
others, resulting in a shared psychological experience
with implications for motivation, judgment, and behav-
ior. Yet another perspective, from the developmental
psychology literature, conceptualizes shared or mutual
attention as occurring when young children attend to
their caregivers for cues as to what is important to attend
to in their shared context (Butterworth and Jarrett 1991)
or how to feel about it, which also helps them learn
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emotion regulation (Trevarthen and Aitken 2001). Thus,
across these literatures, collective attention is concep-
tualized as the contemporaneous focus of participants in
a shared social context on the same target and/or one
another, resulting in a shared emotional or psychological
experience and influencing a behavioral response. Im-
portantly, extant work does not differentiate the level
of collective attention in different interactions in terms
of how undivided individuals” attention is or how coor-
dinated they are in timing or content of focus beyond
identifying, in some cases, how many individuals are
involved (e.g., De Domenico and Altmann 2020).

We build on extant work and conceptualize the level
of collective attention in a team as the quality and coor-
dination of members’ focus. Quality refers to the degree
to which team members are giving their full, undivided
attention to team-related targets. Coordination refers to
alignment on both the timing of attention and the con-
tent, which can include other team members or team-
relevant objects or events. Thus, a team exhibiting a high
level of collective attention is one on which all members
are prioritizing and coordinating their attention to team-
related activities and members, resulting in a greater
amount of attentional resources available to accomplish
team goals. In contrast, a team in which all members are
dividing their attention between the team and other
unrelated targets or attending to the team at different
times is not considered to have a high level of collective
attention.

Collective attention is strongly influenced by team
composition, specifically by members’ level of social per-
ceptiveness (Chikersal et al. 2017, Tomprou et al. 2021).
Individuals who are strong in social perceptiveness are
able to pick up on a wide range of subtle, nonverbal cues
to draw inferences about what others are thinking and
feeling (Baron-Cohen et al. 2001), which allows them to
anticipate others’ behavior and responses. Team mem-
bers’ social perceptiveness is associated with increases in
behaviors indicative of high levels of collective attention,
such as a high level and even distribution of communi-
cation among members (Woolley et al. 2010, Engel
et al. 2014) and facial expression and vocal synchrony
(Chikersal et al. 2017, Tomprou et al. 2021). However,
many teams have little control over their composition,
and thus, identifying other potential levers for increas-
ing collective attention is important. Another element
of team design that is highly relevant to collective atten-
tion is team structure. Team structure includes team
member roles, norms, and intermember status relation-
ships (Forsyth 2006). The benefits of structure in organi-
zations are theorized to operate largely through their
effects on attention (March and Simon 1958); thus, team
structure is likely to shape team collective attention.

One dynamic that existing work demonstrates devel-
ops directly from the quality of mutual or collective
attention in an interpersonal exchange is interactional

synchrony (Tickle-Degnen and Rosenthal 1990). How-
ever, whereas interactional synchrony is typically associ-
ated with more cooperative, harmonious interaction,
other work suggests that is not the only way collective
attention manifests in group interaction. For instance,
some propose that conversational interruptions, a situa-
tion in which team members talk over one another, can
also be an indicator of high levels of collective attention
and engagement (Kennedy and Camden 1983, Mulac
et al. 1998). Therefore, we consider extant work suggest-
ing that each of these patterns—interactional synchrony
and interruptions—can be indicators of collective atten-
tion as manifested in verbal communication.

Interactional Synchrony and Interruptions as
Indicators of Collective Attention

In the context of interpersonal interactions, a broadly
accepted definition of synchrony is the degree to which
the behaviors in an interaction are nonrandom, pat-
terned, and complementary in function and timing
(Bernieri and Rosenthal 1991). Sometimes, the timing
can be contemporaneous in nature (i.e., occurring at the
same time) as in body movements, such as leg move-
ments (Wiltermuth and Heath 2009), physical gestures
(Burgoon et al. 1995, Richardson et al. 2007), body pos-
ture sway (Lakens 2010), rocking (Valdesolo et al.
2010), finger tapping (Oullier et al. 2008), and dancing
(Kirschner and Tomasello 2010), all of which are shown
to positively influence team attitudes, physical coor-
dination, and performance (von Zimmermann and
Richardson 2016). In other cases, synchrony occurs in
behavior that is complementary in function and timing
but not necessarily identical in form (Delaherche et al.
2012). In other words, synchrony can be intermodal,
such as when speaking and listening or tossing a
ball for another to catch or playing different musical
instruments. In this manner, synchrony is distinct from
concepts such as mirroring or mimicry (Lakin and
Chartrand 2003, Chartrand and Lakin 2013) in which
behavior matches in form and is close in timing.
Whereas some forms of mimicry involve a small time
lag (such as nonverbal mimicry), the timing aspect is
central to synchrony in that synchrony requires antici-
pation of others’” behaviors to maintain minimal delays
(Schmidt and Richardson 2008).

Synchrony can be seen as a special case of the
broader concept of entrainment (Bernieri et al. 1988,
Levitan and Hirschberg 2011, Wynn and Borrie 2020),
a phenomenon in which two or more objects or actors
simultaneously adjust their behavior so as to match the
others. Communications researchers studying entrain-
ment focus on both how similar speech characteristics
are (i.e., rate, pitch, prosody; Wynn and Borrie 2020) at
any given moment of time as well as how they become
more similar over the course of a conversation. In
organizational research, work on entrainment focuses
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on pacing and cyclical behavior that results when
group members are aligning their activity to calendars,
deadlines, and requirements serving to regulate the
tempo of work (Kelly 1988, Ancona and Chong 1999,
Zellmer-Bruhn et al. 2004). Similar to entrainment,
interactional synchrony is concerned with temporal
alignment of a focal behavior among participants but,
in contrast to entrainment, is not focused on its regu-
larity in tempo or cyclicality (Bernieri et al. 1994).

Interactional synchrony is considered by some as
fundamental to normal social discourse (Jasnow et al.
1988), in which interaction partners look to each other
for cues for when to talk, how much to talk, and when
to remain quiet so as to minimize the likelihood of
simultaneous starts (Wilson and Wilson 2005). Doing
so requires highly coordinated timing, during which
participants attend closely to one another’s cues, auto-
matically adapting to each other’s communicative
behaviors by adjustments in intonation, tempo, fre-
quency, and duration (Giles et al. 1991). We contend
that the result is interactional synchrony or alignment
in periods of speaking versus quiet, which teams
achieve by attending to one another’s cues and being
responsive to each other’s signals (Riedl and Woolley
2017). Importantly, whereas most normal social inter-
actions are characterized by some level of interac-
tional synchrony, there is still variation in the degree
to which interactional synchrony develops. We sug-
gest that this variability in the level of interactional
synchrony across teams can be interpreted as a signal
of their level of collective attention. To illustrate, we
expect that teams with high levels of interactional syn-
chrony exhibit patterns in which members engage in
focused discussions separated by periods without
communication. That is, their speech occurs in tempo-
rally coordinated clusters. By contrast, teams with low
levels of interactional synchrony may have one mem-
ber talking or narrating aloud what the member is
doing with no response from team members, possibly
followed by another who delivers a monologue about
the member’s ideas while other members say very lit-
tle throughout. That is, one member’s speaking is not
temporally clustered with the speaking of the others.
We interpret such patterns as evidence of low levels
of collective attention as the members who are not
responding to the speaker are likely not attending to
the speaker, and those who are communicating in a
one-sided manner are likewise not attending to their
team members’ cues, possibly even disrupting their
ability to focus on the team’s work. Accordingly, we
theorize that interactional synchrony in verbal com-
munication is a measurable indicator of a team’s level
of collective attention.

However, interactional synchrony need not be the
only way that collective attention can manifest in a
team; some argue that another form is through verbal

interruptions. Whereas one interpretation of interrup-
tions is a lack of attention to the cues signaling the
transition of turns in conversation (French and Local
1983), others point out that interruptions can serve as
a means of voicing support or supplying helpful cor-
rections (La France 1974, Lerner 2002), which only
occurs if people are paying attention and engaged in
the interaction (Bakker et al. 2011). For this reason,
some assert that interruptions are, at least for some
individuals, an important sign of engagement (Farley
et al. 2010, Pfander and Couper-Kuhlen 2019).

In an attempt to reconcile conflicting findings about
when interruptions could be beneficial versus detrimen-
tal in collaborative settings, researchers identify different
types of interruptions, distinguishing those that could
be supportive from those intended to assert dominance
or control (Kennedy and Camden 1983, Murata 1994).
These can also be distinguished empirically in that,
for potentially supportive interruptions—referred to by
some as “keep” interruptions—the original speaker
typically keeps the floor after a brief interjection from a
listener in contrast to more aggressive “yield” interrup-
tions when a speaker yields the floor to the interrupter
(McLaughlin 1984). Whereas some keep interruptions
may actually be aggressive but failed attempts to over-
take the floor from the speaker, there is broader consen-
sus that yield interruptions are more unambiguously
assertive and competitive. Consequently, in evaluating
how team structure results in different patterns of collec-
tive attention, we focus on the contrast of interactional
synchrony and competitive (or yield) interruptions as
the cooperative and competitive manifestations of col-
lective attention, respectively.

Team Structure and Collective Attention: The
Influence of Hierarchy

One of the most fundamental aspects of team structure
is the type of hierarchy that is present (Fiske 2002,
Gould 2002, Magee and Galinsky 2008, Gruenfeld and
Tiedens 2010). Hierarchy is commonly manifested via
the rank ordering of individuals within the team with
one or more individuals having more power (i.e., con-
trol over valued resources; French and Raven 1959,
Keltner et al. 2008), status (Barkow et al. 1975), and
influence than others. All of these dimensions can be
expressed through the formal structure of a team with
a team leader or leaders holding the highest rank in the
team.

Hierarchy is theorized to provide functional value
in teams (Weber 1947, Anderson et al. 2006, Halevy
et al. 2011) by introducing expectations about role-
appropriate behaviors and, thus, simplifying social
interaction (Tiedens et al. 2007). Rank-related role dif-
ferentiation helps by specifying who should defer
to whom and reducing conflict (Tiedens et al. 2007,
de Kwaadsteniet and van Dijk 2010, Zitek and Tiedens
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2012). Consistent with this possibility, professional ath-
letes who are members of hierarchically differentiated
sports teams are more cooperative with one another,
leading to greater team success than those lacking a hier-
archy (Halevy et al. 2012). Across a number of fields, a
sizable body of work suggests that hierarchy is beneficial
by helping team members know who does what, when,
and how (Halevy et al. 2011). Thus, the function that
hierarchy serves in shaping expectations suggests that it
is likely to have implications for collective attention.

The potential benefits of hierarchy are not unqualified,
however, with some work showing a negative effect
of steeper hierarchies on attitude-related outcomes (i.e.,
lower satisfaction, motivation, and commitment) and
mixed effects on team performance (Anderson and
Brown 2010). Although a variety of potential moderat-
ing factors are discussed, such as type of task (independ-
ent versus interdependent; Halevy et al. 2012, Ronay
et al. 2012) or the type of leader (Anderson and Brown
2010), our focus is on the characteristics of the stability of
the hierarchy itself.

Hierarchy stability refers to the susceptibility of an
existing hierarchy to change. Stable hierarchies are those
that are relatively set after being put in place, whereas
unstable hierarchies are those in which individual rank-
ings are mutable. When the hierarchy is unstable, team
members are more likely to engage in competitive be-
haviors to increase their status (Charness et al. 2014,
Greer et al. 2018) even at the expense of the team’s ability
to coordinate (Garcia and Tor 2007, Groysberg et al.
2011). Team hierarchy instability increases intrateam
conflict, which manifests via verbal interruptions, and
harms performance (Greer et al. 2018).

In contrast to the competitive contexts engendered by
unstable hierarchies as well as contexts lacking a clear
hierarchy (Tiedens et al. 2007), stable hierarchy is likely
to lead to a (relatively) cooperative context in which
one’s own actions and plans are likely to correspond to
others” actions and plans (Carpendale and Lewis 2004,
Tani et al. 2014). When all team members are focused
on the same desired outcome, the ability to cooperate
becomes easier because it is easier to anticipate team-
mates’ thoughts and behaviors (e.g., Brownell et al. 2006,
Cortes Barragan and Dweck 2014, Jin et al. 2017). Taken
together, if stable hierarchies are more likely to foster
team members’ ability to understand or anticipate the
thinking, feeling, and behavior of others, the result
should be a more cooperative form of collective atten-
tion. Consequently, we predict that teams with a stable
hierarchy exhibit higher levels of interactional syn-
chrony compared with teams with an unstable hierarchy
or those lacking a hierarchy.

Hypothesis 1a. The presence of a stable hierarchy in
teams leads to higher levels of interactional synchrony than

the presence of an unstable hierarchy and the lack of a
hierarchy.

Whereas we anticipate that the more cooperative
behavior associated with a stable hierarchy will lead to
higher levels of collective attention as indicated by inter-
actional synchrony, there is reason to believe that more
competitive contexts can lead to increased attention as
well, albeit in a different form. For instance, evidence
from neuroimaging research shows that brain regions
associated with theory of mind activation are recruited
to a greater extent when individuals are in competitive
contexts than in cooperative ones (Decety et al. 2004, Lis-
sek et al. 2008; cf. Tsoi et al. 2016, who do not observe
a difference). This occurs because, whereas both compet-
itive and cooperative contexts often involve interde-
pendence in which others’ actions affect one’s outcomes,
competition involves greater uncertainty about others’
behavior and intentions than does cooperation. This can
lead to more difficulty in accurately judging others’
mental states (Tomasello et al. 2005), leading individuals
to pay more rather than less attention to others’ cues.

Furthermore, one common manifestation of status
competition in social situations is verbal interruption
(Farley et al. 2010). Interrupting others and not allow-
ing them to complete their utterance is a dominance
display and a tactic for managing other members’
attention. Rather than signaling a lack of attention,
interrupters are attending to the social context and
behaving in ways designed to manipulate how others
view them. As such, a team whose members exhibit a
high level of interruptions can also be demonstrating
a high level of collective attention, albeit one that is
more competitive in form than in the case of interac-
tional synchrony.

Taken together, if unstable hierarchies are more likely
to foster team members’ uncertainty about the thinking,
feeling, and behavior of others or to trigger concerns
about relative status within the team, the result should
be more competitive manifestations of collective atten-
tion. Consequently, we predict that teams with an unsta-
ble hierarchy or lack of a hierarchy exhibit higher levels
of competitive verbal interruptions compared with
teams that have a stable hierarchy.

Hypothesis 1b. The presence of an unstable hierarchy or
the lack of hierarchy in teams leads to higher levels of com-
petitive interruptions than the presence of a stable hierarchy.

Importantly, whereas we discuss the ways in which
extant literature can be interpreted as suggesting that
interactional synchrony and competitive interruptions
are both manifestations of collective attention, we
anticipate that the degree to which they facilitate
development of collective intelligence likely depends
on how members of the team respond to such behav-
ior. As others point out, competitive situations often
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result in more verbal interruptions (Zimmerman and
West 1975, Farley 2008), which, at least for some, are a
sign of interest and engagement (Makri-Tsilipakou 1994,
Conti et al. 2001). For individuals who find competitive
contexts more engaging, then, a lack of interruptions
might be less engaging. In contrast, for individuals who
are more motivated by cooperative contexts, a high level
of interactional synchrony could be more engaging. Put
differently, whether interactional synchrony or competi-
tive interruptions positively impact a team’s collective
intelligence likely depends on how team members
respond to cooperative or competitive team contexts.

Team Gender Composition, Cooperative vs.
Competitive Speech Patterns, and Cl

Whereas there are many ways that teams can differ in
terms of their composition, a growing body of research
points to the possibility that the effects of team struc-
ture—in particular, the type of hierarchical structure—
on team process depends on the gender composition
of the team. For example, in the absence of externally
imposed conditions, female-dominated teams tend to
engage in more equal participation, which is related to
higher levels of interactional synchrony (Tomprou etal.
2021). In addition, evidence from a variety of studies
shows that women tend to avoid competitive situa-
tions, particularly if there is a potential for conflict or
need for negotiation (Niederle and Vesterlund 2007,
Small et al. 2007) and tend to feel more uncomfortable
than men when working in competitive environments
and, thus, perform less effectively (Gneezy et al. 2003,
Lee et al. 2016). Moreover, women appear to respond
particularly negatively to interruptive behavior and
dislike being interrupted to a greater degree than do
men (Bresnahan and Cai 1996). Taken together, these
findings strongly suggest that women, all else equal,
prefer more cooperative contexts and perform better in
them. If this is true, then we anticipate that it is only
when collective attention takes a more cooperative
form—interactional synchrony—that the collective
intelligence of female-dominated teams in particular is
enhanced.

In contrast, competition is argued to be more behav-
iorally normative for men (Moscovici and Nemeth
1974, Eagly 1987, Schmid-Mast 2001). Whereas compe-
tition can reduce the level of intrinsic motivation that
women experience, it tends to increase motivation in
men (Weinberg and Ragan 1979, Deci et al. 1981). As
discussed, one way in which competition manifests is
through interruptions. Some studies suggest that
men’s level of engagement in conversation (as signaled
by nonverbal behavior, such as nodding) actually
increases when they are being interrupted by a confed-
erate (Farley et al. 2010). Similarly, Gnisci et al. (2012)
find that high levels of disagreement interruptions are
seen positively because they are taken as a sign of

interest and attention by those who are interrupted. In
summary, these findings strongly suggest that men, all
else equal, prefer more competitive contexts and per-
form better in them. If this is true, we anticipate that it
is only when collective attention takes a more competi-
tive form—competitive interruptions—that the collec-
tive intelligence of male-dominated teams in particular
are likely to benefit.

Taken together, we expect that team gender composi-
tion moderates the effects of both forms of collective
attention—interactional synchrony and interruptions—
on collective intelligence. Specifically, we anticipate that
interactional synchrony is more beneficial in female-
dominant teams, whereas interruptions are more benefi-
cial in male-dominant teams.

Hypothesis 2a. Team gender composition moderates the
association between interactional synchrony and CI such
that synchrony enhances CI in majority female teams.

Hypothesis 2b. Team gender composition moderates the
association between interruptions and CI such that inter-
ruptions enhance CI in majority male teams.

Figure 1 depicts the constructs in our conceptual
model and our hypotheses as well as our operationali-
zation of them in our experiment, which we describe
further in the next section.

Method

Design and Participants

We recruited 600 participants from a university research
participant pool in the Mid-Atlantic United States to a
two-hour laboratory study on “group behavior.” All
participants were paid $20 for their participation.

The study followed a 3 X 5 between-groups design
with hierarchy (stable, unstable, or no hierarchy)
crossed by the team’s gender' composition (zero, one,
two, three, or four women). Participants were ran-
domly assigned to teams of four, and teams were ran-
domly assigned to a hierarchy condition. Four teams
were excluded for technical reasons (e.g., failure of
audio recording equipment), leaving 584 participants
(50.1% men; Myge = 25.94, SD,g = 8.77, Mingge = 19,
Max,ge = 71) in 146 groups.

Tasks and Manipulation

Teams worked together in a private room with members
seated around one table, each with the member’s own
laptop, each connected to the Platform for Online
Groups Studies (POGS; pogs.wiki) to enable collabora-
tion. Teams completed a preliminary team decision-
making task to get to know each other, following which
the stable and unstable hierarchy teams voted for a team
leader, which comprised our hierarchy manipulation.
To vote, members ranked the other three team members
in order of preference; the experimenter privately tallied
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Figure 1. Conceptual Model
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the rankings and then announced the resulting decision.
To manipulate hierarchy stability, teams in the unstable
hierarchy condition were told that later they could vote
again and choose a different leader. Stable hierarchy
teams were told that the person selected would be the
leader for the remainder of their session (for a similar
manipulation, see Maner and Mead 2010, Case and
Maner 2014). Teams in the no hierarchy condition did
not vote to select a leader nor did the experimenter
assign leadership.

Next, teams completed the Test of Collective Intelli-
gence (TCI; Kim et al. 2017) as described as follows. At
the conclusion of their work, team members completed
a postexperiment survey, which included our experi-
mental manipulation check and measure of task conflict
along with demographic variables (e.g., age, race).

Measures

Collective Intelligence. Teams completed the TCI to-
gether to measure team collective intelligence, adminis-
tered via POGS and timed to take exactly 23 minutes.
The TCI captures 176 different measurements across dif-
ferent task types requiring different collaborative proc-
esses for completion (McGrath 1984, Larson 2010). To
calculate a CI score for each team, we standardized and
weighted the team’s score on each task using norms and
weights derived in a meta-analysis of more than 1,300
teams (Riedl et al. 2021) and calculated the average.
The reliability of the TCI in this sample is Cronbach’s
a=092.

Interactional Synchrony. During the experiment, each
participant wore a microphone that recorded individ-
ual vocal communication. The audio stream for each
person was then binarized into indicators (ones and
zeros) of whether a person was talking or not, using a

sampling rate of 100 ms because the minimum length
of meaningful utterances is 300 ms (Swingle 1984), and
the sampling rate should be at least double the shortest
signal one wishes to detect (Shannon 1998). This
allowed us to capture even short utterances with high
precision (see Figure 2 for a schematic illustration).

We analyzed the binarized speaking data for each
team using the R package synchrony and the function
community.sync (Gouhier and Guichard 2014). The re-
sulting index ranges from zero to one, capturing the
cooccurrence of speaking across all pairwise combina-
tions of members through the duration of the team’s
work. Whereas zero indicates that the timing of team
members’ speaking is random and unrelated to one
another, values closer to one reflect that all people in
the team are clustering their talking together in the
same time windows, such as when a group is singing
or reciting a prayer.

Competitive Interruptions. Using the same binarized
audio data we used for the interactional synchrony
measure, we identified every instance in which the
speaking onset of a team member occurred at a time
when one of the other team members was already
speaking. We then identified and counted the instan-
ces in which the initial speaker ceases speaking and
yields the floor to the interrupter to serve as our meas-
ure of competitive interruptions (McLaughlin 1984,
Swingle 1984).

Task Conflict. At the end of the experiment, participants
completed a four-item measure of task conflict (adapted
from Behfar et al. 2008) using a one-to-seven scale to
respond to items such as “to what extent did members of
your team engage in debate about different opinions
or ideas?” This served as a means of triangulating and
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Figure 2. (Color online) Audio Data Processing Steps for Calculating Interactional Synchrony and Competitive Interruptions
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validating our behavioral measures of intragroup com-
petition. Team member responses were averaged (o =
0.84) and aggregated at the group level (intraclass corre-
lation coefficient ICC (1) = 0.28, ICC (2) = 0.61, p < 0.01,
median 7, = 0.86).

Observer Ratings of Team Cooperative Work and
Team Challenge/Debate. Two independent coders,
blind to teams’ assigned experimental conditions, re-
viewed recordings of team interaction and evaluated
(on a one-to-five scale) the extent to which (1) teams
worked cooperatively and interdependently (versus
dividing up and working independently) and (2)
team members challenged each other and debated
task details and work strategy. One coder rated all 146
recordings, and to check reliability, a second coder
rated a randomly selected subset of 45. The intraclass
correlation for the two sets of ratings was 0.79 for
cooperative work and 0.85 for team challenge/debate.
We used the ratings from the one coder who coded all
of the recordings for our analyses.

Social Perceptiveness. Social perceptiveness was meas-
ured in a survey administered before the team activities

using the Reading the Mind in the Eyes (RME) test
(Baron-Cohen et al. 2001). Participants completed 18
items,” and scores were calculated as the percentage of
items answered correctly. The team’s mean was then cal-
culated to reflect the team'’s social perceptiveness.

Control Variables. Because age and race can serve as
sources of status and, thus, hierarchy (Ridgeway 2001),
we controlled for these variables in our analyses. Team
age diversity was calculated as the standard deviation of
team member ages, and racial diversity was calculated
using Blau’s (1977) index.

Results
Descriptive statistics and correlations among study
variables are included in Table 1.

Manipulation Checks and Measure Validation

Hierarchy Manipulation Checks. In order to check our
leadership and hierarchy stability manipulations, on the
posttask survey participants were asked (1) whether
their team selected a leader, and (2) if it chose a leader,
whether their leader could change. Overall, 98% of sta-
ble hierarchy and 99% of unstable hierarchy participants
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Table 1. Descriptive Statistics and Correlations
Standard

Variable Mean deviation 1 2 3 4 5 6 7 8 9 10 11
1. Collective intelligence 0.01 1.00
2. Interactional synchrony 0.25 0.03 0.05
3. Competitive interruptions 9.72 812  -0.03 -0.56**
4. Observations rating cooperation 1.38 073  -0.04 0.34** —0.24**
5. Observations rating challenge/debate 2.02 059  -0.20* -0.23** 0.25* —0.33**
6. Task conflict 4.59 086 -0.08 -0.13  0.23** -0.14 0.22*
7. Number of women (centered) 0.01 142 -0.07 0.01 0.06 -0.01 0.06 -0.03
8. Stable hierarchy (dummy) 0.33 047  -0.05 0.22** —-0.23**  0.05 0.09  0.00 -0.03
9. Unstable hierarchy (dummy) 0.33 0.47 0.02 -0.09 0.12 0.05 011 -0.01 0.00 —0.49**
10. Equal status (dummy) 0.34 0.48 003 -013 011 =010 -0.20* 0.01 0.04 -0.51** —0.51**
11. Age diversity 5.86 583  —-040" -0.04  0.09 0.04 012 0.05 0.09 003 -0.06 0.03
12. Racial diversity 0.52 0.18 0.08 001 -0.04 -014 -0.08 -0.02 -0.14 -0.03 0.00 0.04 -0.11

*Correlation is significant at the 0.05 level (two-tailed).
** Correlation is significant at the 0.01 level (two-tailed).

indicated they selected a leader versus 2% of those in the
no hierarchy condition, )(2 (2) = 421.01, p < 0.001, and
96% of unstable hierarchy participants indicated they
could change their leader versus 4% of stable hierarchy
participants, )(2 (2) = 685.33, p < 0.001. These measures
support the effectiveness of our manipulations of hier-
archy instability.’

Speaking Pattern Measurement Validation. We created
two independent computational measures of group
speaking patterns: interactional synchrony and competi-
tive interruptions. Theoretically speaking, these two
measures are orthogonal; it is entirely possible that a
team could both synchronize the time periods of its
speaking during its work and interrupt each other as
they do so, or they could do just one of those or neither.
Empirically, the two measures are significantly corre-
lated (r = —0.56, p < 0.05; see Table 1) but not to the
extent that they should be considered indicators of one
single dimension, and thus, we analyze them separately.

To evaluate the content validity of our computa-
tional measures of interactional synchrony and com-
petitive interruptions, we compared them with our
observers’ qualitative evaluations of cooperative work
and team challenge/debate as well as participants’
self-report measure of task conflict (see Table 1). There
is a significant positive correlation between observer-
rated cooperative work and computational measures
of interactional synchrony (r = 0.34, p < 0.001) as well
as between observer-rated team challenge/debate and
computational measures of competitive interruption
(r = 0.25, p = 0.004). In addition, self-reported task
conflict is significantly and positively correlated with
observer-rated team challenge/debate (r = 0.22, p =
0.01) and computational measures of competitive
interruption (r = 0.23, p = 0.005). Taken together, this
evidence of convergent and divergent validity sup-
ports the conclusion that our computational measures

of interactional synchrony and competitive interrup-
tions are capturing dynamics reflecting team coopera-
tion and competition, respectively.

Tests of Hypotheses

To test the hypotheses suggested by our conceptual
model (depicted in Figure 1), we employed structural
equation modeling (SEM) using maximum-likelihood
estimators (Bollen 2005), which we carried out using
the lavaan package (Rosseel 2012) for SEM imple-
mented for R. SEM is shown to be a more robust
method for testing more complex models, including
mediation effects, compared with the hierarchical
regression approach (Cheung and Lau 2008). We use
Bollen-Stine’s model-based bootstrapping (drawing
1,000 samples) to determine statistical significance and
the adjusted bootstrap percentile method to construct
confidence intervals. We dummy-coded our hierarchy
stability conditions to include in the SEM analyses,
using the no hierarchy condition as a reference ca-
tegory. We used z-scores for continuous variables
and zero-centered the gender composition variable to
enhance model convergence and for ease in interpret-
ing interactive effects.

Effect of Hierarchy Stability. Figure 3 displays the SEM
estimated to test the model of the predicted relation-
ships of our experimental variables with interactional
synchrony, which was a good fit to the data (x> (13) =
13.93, p = 0.645; comparative fit index (CFI) = 0.99; root
mean square error of approximation (RMSEA) = 0.02;
standardized root mean squared residual (SRMR) =
0.05; see Figure 3). In Hypothesis 1a, we predict that a
stable hierarchy enhances interactional synchrony rela-
tive to teams with an unstable or no hierarchy. Our
results support our predictions; the stable hierarchy
condition led to more interactional synchrony than the
unstable hierarchy condition (B = 0.44, p = 0.036) and
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Figure 3. SEM Model Examining Effects of Hierarchy Stability on Interactional Synchrony and CI as Moderated by Gender

Composition
Gender
Composition
Interaction: 0.12*
Hierarchy Interactional | § \_‘\ Collective
Stability Synchrony Intelligence

0.51** (Stable vs. No Hierarchy)

0.44* (Stable vs. Unstable)

0.06 (Unstable vs. No Hierarchy)

*p <0.05, **p < 0.01. ¥ (13) = 13.93, p = 0.645, RMSEA = 0.02, CFI = 0.99, SRMR = 0.05.

Conditional effect of cooperative synchrony on ClI for different gender compositions:

All Women: 0.32, p = 0.015
3 Women: 0.20, p = 0.024
2 Women: 0.09, p =0.250
1 Woman: -0.03, p = 0.770
All Men: -0.15, p =0.322

Notes. Dashed lines are not significant. Controlled relationships include age and racial diversity effects on interruptions and collective intelli-
gence, gender composition effect on interruptions, and hierarchy stability effects on collective intelligence. Covariances include unstable and sta-
ble hierarchy conditions, gender composition and racial diversity, and age and racial diversity.

the no hierarchy condition (B = 0.51, p = 0.011). We find
no significant difference between the unstable and no
hierarchy conditions in their effect on interactional syn-
chrony (linear hypotheses for equal coefficients in the
SEM model; p = 0.748). Gender composition did not
predict interactional synchrony (B = 0.02, p = 0.755).
Figure 4 displays the SEM estimated to test the pre-
dicted model of relationships of our experimental var-
iables with competitive interruptions; this model was
also a good fit to the data (x* (13) = 9.86, p = 0.827;
CFI = 1.00; RMSEA = 0.00; SRMR = 0.04; see Figure 4).

As predicted in Hypothesis 1b, the unstable hierarchy
condition led to more competitive interruptions than
the stable hierarchy condition (B = 0.50, p = 0.009) as
did the no hierarchy condition (B = 0.48, p = 0.006).
The unstable and no hierarchy conditions did not sig-
nificantly differ in competitive interruptions (linear
hypotheses for equal coefficients in the SEM model;
p = 0.918). Gender composition did not predict com-
petitive interruptions (B = 0.03, p = 0.670).

As a robustness check, we also examined the role
of the team’s average social perceptiveness, which is

Figure 4. SEM Model Examining Effects of Hierarchy Stability on Interruptions and CI as Moderated by Gender Composition

Gender

Composition

Hierarchy
Stability

Interaction: —0.013*

Competitive
Interruptions

—0.48** (Stable vs. No Hierarchy)
—0.50** (Stable vs. Unstable)

0.03

(Unstable vs. No Hierarchy)

Collective
Intelligence

*p <0.05, *p < 0.01. 2 (13) = 9.86, p = 0.827, RMSEA = 0.00, CFl = 1.00, SRMR = 0.04.

Conditional effect of interruptions on ClI for different gender compositions:

All Men: 0.28, p = 0.044
1Woman: 0.15, p =0.117
2 Women: 0.02, p =0.811

3 Women: -0.11, p =0.301
All Women: -0.24, p = 0.120

Dashed lines are not significant. Controlled relationships include: age diversity and racial diversity effects on
interruptions and collective intelligence; sex composition effect on interruptions. Included covariances include
those between sex composition and social perceptiveness, unstable and stable hierarchy conditions, sex
composition and racial diversity, and age diversity and racial diversity.

Notes. Dashed lines are not significant. Controlled relationships include age and racial diversity effects on interruptions and collective intelli-
gence, gender composition effect on interruptions, and hierarchy stability effects on collective intelligence. Covariances include unstable and
stable hierarchy conditions, gender composition and racial diversity, and age and racial diversity.



Woolley et al.: Collective Attention and Collective Intelligence
Organization Science, Articles in Advance, pp. 1-17, © 2022 INFORMS

11

Figure 5. Interaction of Synchrony and Gender Composition on CI
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shown to be a significant predictor of team synchrony
in prior research (Chikersal et al. 2017). First, we added
social perceptiveness to our primary analysis focused
on interactional synchrony specifically as an outcome
of the team composition variables (i.e., gender) and as a
predictor of interactional synchrony. The model was a
good fit to the data (x* (17) = 17.10, p = 0.672; CFI =
1.00; RMSEA = 0.01; SRMR = 0.05). Consistent with
extant research, we observed that social perceptiveness
is a significant predictor of interactional synchrony (B =
0.108, p = 0.039). As in our primary analysis, team gen-
der composition is not directly related to interactional
synchrony (B = —0.005, p = 0.935), but it is related to
social perceptiveness (B = 0.39, p = 0.028). The indirect
effect of gender composition on interactional syn-
chrony via social perceptiveness is marginally signifi-
cant (B = 0.031, p = 0.088). The effect of stable hierarchy
on interactional synchrony remains significant even
when controlling for team social perceptiveness and
gender composition (versus no hierarchy: B = 0.51, p =
0.010; versus unstable hierarchy: B = 0.41, p = 0.042). By
contrast, when predicting competitive interruptions,
we find that neither gender composition nor social per-
ceptiveness are significant predictors and teams in the
unstable and no hierarchy conditions exhibited signifi-
cantly more interruptions than stable hierarchy teams
even when controlling for team social perceptiveness
and gender composition (B = 0.50, p = 0.007; B = 048,
p = 0.010; respectively).

Taken together, these analyses underscore the strength
of the hierarchy manipulation in shaping interactional
synchrony and competitive interruptions. Whereas social
perceptiveness is a significant predictor of interactional
synchrony, the effect of stable hierarchy is substantially
larger, and we saw no team composition effects on com-
petitive interruptions. This suggests that team structure
is a very important point of leverage for encouraging
more cooperative versus competitive manifestations of
collective attention.

+1'SD +2'SD

Effects of Interactional Synchrony and Interruptions
on Cl. Next, we examined the effect of interactional
synchrony on CI. The direct effect of interactional syn-
chrony on CI was not significant (B = 0.09, p = 0.249);
rather, as predicted by Hypothesis 2a, the relationship
was qualified by the gender composition of the team,
which moderated the effect of interactional synchrony
on CI (B =0.12, p = 0.048). Upon probing this interac-
tion to examine the simple slopes (see Figure 5), we
found that interactional synchrony had a positive
effect on CI in teams with majority women (three
women: B = 0.20, p = 0.024; four women: B = 0.32; p =
0.015). The effect of interactional synchrony on CI was
not significant for other gender compositions. This
suggests that interactional synchrony is beneficial in
female-dominated teams.*

In examining the effect of competitive interruptions
on CI, we observe that they also did not have a direct
effect: (B = 0.02, p = 0.811); however, as predicted by
Hypothesis 2b, the interaction effect of competitive
interruptions with gender composition was significant
(B = =0.13, p = 0.035). In probing this interaction to
examine the simple slopes (see Figure 6), we found
that competitive interruptions had a significantly posi-
tive effect on CI when the team was all male (B = 0.28,
p = 0.044), whereas the effect was not significant for
teams with three men (majority male) or other gender
compositions.

Discussion

A growing number of studies point to the influence of
collective attention on collective intelligence. How, then,
can we enhance collective attention? Here, we conduct
a randomized controlled experiment to test the causal
effect of team structure in shaping collective attention
and its interaction with team gender composition to af-
fect collective intelligence. What we find provides a
more nuanced picture than previously understood; more
cooperative manifestations of collective attention, such
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Figure 6. Interaction of Competitive Interruptions and Gender Composition on CI
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as interactional synchrony, are facilitated by stable
hierarchy and beneficial for CI but only in teams that
are predominantly female. By contrast, teams with no
hierarchy or unstable hierarchies manifest more com-
petitive, interruptive patterns of collective attention,
which also enhance CI but only in all-male teams.
These findings have important theoretical implica-
tions for research on team structure, team composi—
tion, and collective attention.

First, our finding that the presence and stability of
hierarchy can shape different manifestations of collec-
tive attention is an important nuance for the functional
perspective of hierarchy (Gruenfeld and Tiedens 2010).
An underlying conclusion of this work and others is that
hierarchy in and of itself is neither good nor bad for
team functioning. Our work here serves to reinforce this
point and provides greater clarity on two dimensions
that impact the effect of hierarchy on team performance:
its stability and the gender composition of the team.
Moreover, we add to this research stream by showing
that the functional benefits of hierarchies derive, at least
in part, from their ability to enhance collective attention.
In highlighting the impact of hierarchy stability on col-
lective attention, we reinforce the idea suggested in
extant work that hierarchical relationships and struc-
tures can impact unconscious interpersonal processes
(Tiedens et al. 2007) in ways that have implications for
team performance. In building on work suggesting that
the effects of hierarchy are both implicit and explicit
(Caza et al. 2011), our findings demonstrate the value of
behavioral measures of intragroup processes that cap-
ture interaction patterns that can go unnoticed by team
members themselves. For example, in the present work,
the effects of team hierarchy stability on the competitive
versus cooperative communication patterns in the team
are likely occurring outside of participants’ explicit
awareness or conscious intent in ways that self-report
survey measures of group process might miss.

Furthermore, our findings contribute to the communi-
cations literature by clarifying the role of structure,

+1SD

particularly unstable hierarchy, in increasing the inci-
dence of competitive interruptions. Furthermore, our
study clarifies the conditions under which interruptions
are harmful versus helpful to the quality of collaboration
by demonstrating the impact of team gender com-
position. In doing so, our work reinforces and builds on
findings showing that men and women differ in their
interpretations of interruptive speech (Bresnahan and
Cai 1996) with implications for performance. These
results also bolster prior work demonstrating that com-
petition benefits the performance of men, but not
women, when working individually (Gneezy et al. 2003)
as well as in teams (Baer et al. 2013). In doing so, our find-
ings also contribute to answering the question of how
gender composition affects team performance (Walker
et al. 1996, Chatman and O’Reilly 2004, Woolley et al.
2010, Apesteguia et al. 2012, Hoogendoorn et al. 2013). In
extant work, the relationship between gender com-
position and team performance is not straightforward;
some find that female-dominated teams have worse per-
formance as compared with other team compositions
(Apesteguia et al. 2012), whereas others find the opposite
(Woolley et al. 2010, Riedl et al. 2021). This study adds an
important insight by showing that the effect of gender
composition on team performance depends greatly on
the compatibility between a team’s composition and the
team process encouraged by its structure.

Finally, these results suggest an important caveat
to the previously identified link between more coopera-
tive forms of coordination and CI, such as synchrony
(Chikersal et al. 2017) or more equal conversational turn
taking (Woolley et al. 2010, Engel et al. 2014, Tomprou
et al. 2021). Again, prior work shows that female-
dominated teams tend to have more cooperative and
egalitarian norms such that even male members of
female-dominated teams engage in cooperative behav-
ior; the reverse is true of male-dominated teams, in
which all members, including women, tend to engage
in more competitive behaviors (Chatman and O’Reilly
2004). Our findings suggest that, when team members
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adapt their pattern of communication to match what is
normative for team members, this may be a functional
adaptation that facilitates effective collaboration. Nota-
bly, these results indicate that effective communication
in one team does not necessarily look like effective com-
munication in another team; “smart” coordination may
take different forms depending on who is on the team.

Aside from its theoretical contributions, our study
also has methodological implications for research on
constructs, such as collective attention. Here, we develop
unobtrusive measures of verbal communication pat-
terns, and through triangulation with self-report and
qualitative observational measures, we demonstrate the
construct validity of our computational measures of
interactional synchrony and competitive interruptions
in teams. We hope the development of such measures
enables these and other important group process varia-
bles to be studied in a broader range of settings with
larger samples enabling more robust analyses. Here, we
find that these measures uncover some important and
largely misunderstood mechanisms; had we simply
examined the impact of the team composition and struc-
ture on outcomes, we would have drawn some errone-
ous conclusions. Our approach, therefore, highlights the
important benefits of capturing and analyzing detailed
process data, which we hope has been made more tract-
able for researchers through the application of our pre-
sented methodology.

We would be remiss if we did not acknowledge some
of the limitations of the present work. First, the degree to
which these findings, which are based on short-term,
laboratory-based teams, generalize to longer term col-
laborations in other settings is an aspect that requires
further examination in future work. No single study can
address all aspects of internal validity and generalizabil-
ity; here, our use of random assignment and experimen-
tal manipulation enables the establishment of causality,
which provides a stronger basis on which to examine
these dynamics in organizational settings, in which
randomized controlled experiments of composition and
structure are typically not possible. It is interesting to
observe the strong effects elicited by the internal context
created by group structure and composition even in
these ad hoc groups; if coupled with an external context,
such as a competitive organizational culture, one can
only imagine how much stronger these effects could
become. We hope that future research is able to examine
similar situations in organizations in which both internal
and external context can be considered (Maloney et al.
2016) and contribute additional insights and nuances.

Despite these limitations, there are several practical
implications of the work. First, consistent with other
recent reviews of the literature (Greer et al. 2018), we
find that the effect of hierarchy in teams is nuanced.
Organizations that induce competition among team
members via their performance review and promotion

processes, for instance, are likely to undermine the abil-
ity of their teams to collaborate effectively unless they
are able to instill general norms and expectations around
more competitive interaction styles. The same is likely
true for organizations that fail to institute a hierarchy
and allow employees to collaborate as peers as our find-
ings demonstrate that no hierarchy teams behaved very
similarly to unstable hierarchy teams. Second, in terms
of gender composition, our findings show that the con-
ditions conducive to effective collaboration in predomi-
nantly female teams are different than those conducive
to collaboration in all-male teams. This suggests that
organizations that are predominantly male or female are
likely to cultivate collaboration climates that are inhos-
pitable to the minority gender. It also raises the question
as to how to foster collaboration in teams that are
gender-balanced. Future work might explore the use of
interventions that either help individuals who are of the
minority gender understand and operate within differ-
ent styles of interaction or help teams more explicitly set
norms and expectations about how to work together.

In conclusion, the findings of the current study add to
a growing body of evidence that a team’s level of collec-
tive attention provides an important basis for collective
intelligence to develop. Organizational leaders would
do well to enhance the likelihood that their teams
develop high CI. An open question has been whether CI
can be encouraged systematically; the evidence pre-
sented here suggests that the composition of the team
and how it is structured are two important foundations
for collective attention and collective intelligence.
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Endnotes

' Our categorization of gender is based on participant drivers’ licenses
used for study registration. We use the term “gender” rather than
“sex” to be consistent with the American Psychological Association’s
guidelines on the use of bias-free language: https://apastyle.apa.org/
style-grammar-guidelines /bias-free-language/gender.

2The original RME scale is 36 items. We used a shortened 18-item
version, which we validated by having participants in 57 of the
groups (228 individuals, 38% of the sample) complete the full
36-item version of the RME scale. We calculated scores for these
participants based on 18 items as well as the full 36 item test; the
correlation between the two versions was r = 0.94, p < 0.001.

3 Of the 96 teams that selected leaders, 37 were female. The effect of
having a female leader was not significant for interactional syn-
chrony (r = —0.025, p = 0.805), competitive interruptions (r = 0.109,
p = 0.291), or collective intelligence (r = 0.039, p = 0.710), and we,
therefore, do not include this as a variable in our analysis.

4 As mentioned in the methods section, we controlled for both
racial and age diversity in our analyses. We did not find any
significant effects of racial diversity on interactional synchrony,
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competitive interruptions, or CI. Age diversity also did not signif-
icantly affect interactional synchrony or competitive interrup-
tions. However, age diversity was negatively related to CI in
both the model analyzing interactional synchrony (B = —0.39, p <
0.001) and the model analyzing competitive interruptions (B =
—0.41, p < 0.001).

5 As a robustness check, we explored whether our results for inter-
actional synchrony hold when controlling for competitive interrup-
tions and vice versa, and we observed that they did. There was no
substantive change in our pattern of results in terms of both the
effect of team structure in the development of interactional syn-
chrony or competitive interruptions or the interaction of each with
gender composition in affecting CI. As a second robustness check,
we also explored whether our results hold if, instead of using the
competitive yield interruptions, we conducted our analysis using
keep interruptions. In our data, there are more than four times as
many keep interruptions as yield interruptions. However, in esti-
mating an SEM using keep interruptions, we observe patterns that
are very similar to the results with the competitive yield interrup-
tions: the unstable hierarchy condition led to more keep interrup-
tions than the stable hierarchy condition (B = 0.36, p = 0.046) as did
the no hierarchy condition (B = 0.35, p = 0.058), and the interaction
effect of interruptions and gender composition on Cl is consistent in
direction though only marginally significant (B = —0.12, p = -.060)
likely because of the difficulty of separating supportive keep inter-
ruptions from those that are actually failed yield interruptions.

References

Ancona DG, Chong C (1999) Cycles and synchrony: The temporal
role of context in team behavior. Mannix E, Neale MA, eds.
Research on Managing Groups and Teams, vol. 2 (JAI Press, Green-
wich, CT), 33-38.

Anderson C, Brown CE (2010) The functions and dysfunctions of
hierarchy. Res. Organ. Behav. 30:55-89.

Anderson C, Srivastava S, Beer ]S, Spataro SE, Chatman JA (2006)
Knowing your place: Self-perceptions of status in face-to-face
groups. |. Personality Soc. Psych. 91(6):1094-1110.

Apesteguia J, Azmat G, Iriberri N (2012) The impact of gender com-
position on team performance and decision making: Evidence
from the field. Management Sci. 58(1):78-93.

Baer M, Vadera AK, Leenders RTAJ, Oldham GR (2013) Intergroup
competition as a double-edged sword: How sex composition
regulates the effects of competition on group creativity. Organ.
Sci. 25(3):892-908.

Bakker AB, Albrecht SL, Leiter MP (2011) Key questions regarding
work engagement. Eur. |. Work Organ. Psych. 20(1):4-28.

Barkow JH, Akiwowo AA, Barua TK, Chance MRA, Chapple ED,
Chattopadhyay GP, Freedman DG, Geddes WR, Goswami BB,
Isichei PAC (1975) Prestige and culture: A biosocial interpreta-
tion. Current Anthropology 16(4):553-572.

Baron-Cohen S, Wheelwright S, Hill ], Raste Y, Plumb I (2001) The
“Reading the Mind in the Eyes” test revised version: A study
with normal adults, and adults with Asperger syndrome or
high-functioning autism. . Child Psych. Psychiatry Allied Disci-
plines 42(2):241-251.

Behfar KJ, Peterson RS, Mannix EA, Trochim WM (2008) The critical
role of conflict resolution in teams: A close look at the links
between conflict type, conflict management strategies, and
team outcomes. J. Appl. Psych. 93(1):170-188.

Bernieri FJ, Rosenthal R (1991) Interpersonal coordination: Behavior
matching and interactional synchrony. Feldman RS, Rimé B,
eds. Fundamentals of Nonverbal Behavior (Cambridge University
Press, Cambridge, England), 401-432.

Bernieri FJ, Reznick ]S, Rosenthal R (1988) Synchrony, pseudo-
synchrony, and dissynchrony: Measuring the entrainment

process in mother-infant interactions. J. Personality Soc. Psych.
54(2):243-253.

Bernieri FJ, Davis JM, Rosenthal R, Knee CR (1994) Interactional syn-
chrony and rapport: Measuring synchrony in displays devoid of
sound and facial affect. Personality Soc. Psych. Bull. 20(3):303-311.

Blau PM (1977) Inequality and Heterogeneity: A Primitive Theory of
Social Structure (Free Press, New York).

Bollen KA (2005) Structural Equation Models (Wiley Online Library,
New York).

Bresnahan MI, Cai DH (1996) Gender and aggression in the recogni-
tion of interruption. Discourse Processes 21(2):171-189.

Brownell CA, Ramani GB, Zerwas S (2006) Becoming a social part-
ner with peers: Cooperation and social understanding in one-
and two-year-olds. Child Development 77(4):803-821.

Burgoon JK, Poire BA, Rosenthal R (1995) Effects of preinteraction
expectancies and target communication on perceiver reciprocity
and compensation in dyadic interaction. J. Experiment. Soc. Psych.
31(4):287-321.

Butterworth G, Jarrett N (1991) What minds have in common is
space: Spatial mechanisms serving joint visual attention in
infancy. British |. Developmental Psych. 9(1):55-72.

Carpendale JI, Lewis C (2004) Constructing an understanding of
mind: The development of children’s social understanding
within social interaction. Behav. Brain Sci. 27(1):79-96.

Case CR, Maner JK (2014) Divide and conquer: When and why
leaders undermine the cohesive fabric of their group. J. Person-
ality and Soc. Psych. 107(6):1033-1050.

Caza BB, Tiedens L, Lee F (2011) Power becomes you: The effects of
implicit and explicit power on the self. Organ. Behav. Human
Decision Processes 114(1):15-24.

Charness G, Masclet D, Villeval MC (2014) The dark side of compe-
tition for status. Management Sci. 60(1):38-55.

Chartrand TL, Lakin JL (2013) The antecedents and consequences of
human behavioral mimicry. Annual Rev. Psych. 64(1):285-308.

Chatman JA, O'Reilly CA (2004) Asymmetric reactions to work
group sex diversity among men and women. Acad. Management
J. 47(2):193-208.

Cheung GW, Lau RS (2008) Testing mediation and suppression
effects of latent variables: Bootstrapping with structural equa-
tion models. Organ. Res. Methods 11(2):296-325.

Chikersal P, Tomprou M, Kim Y], Woolley AW, Dabbish L (2017)
Deep structures of collaboration: Physiological correlates of col-
lective intelligence and group satisfaction. Proc. 20th ACM Conf.
Comput. Supported Cooperative Work Soc. Comput. 873-888.

Conti R, Collins MA, Picariello ML (2001) The impact of competition
on intrinsic motivation and creativity: Considering gender, gen-
der segregation and gender role orientation. Personality and
Individual Differences 31(8):1273-1289.

Cortes Barragan R, Dweck CS (2014) Rethinking natural altruism:
Simple reciprocal interactions trigger children’s benevolence.
Proc. Natl. Acad. Sci. USA 111(48):17071-17074.

De Domenico M, Altmann EG (2020) Unraveling the origin of social
bursts in collective attention. Sci. Rep. 10(1):4629.

Decety ], Jackson PL, Sommerville JA, Chaminade T, Meltzoff AN
(2004) The neural bases of cooperation and competition: An
fMRI investigation. Neuroimage 23(2):744-751.

Deci EL, Betley G, Kahle J, Abrams L, Porac J (1981) When trying to
win: Competition and intrinsic motivation. Personality Soc.
Psych. Bull. 7(1):79-83.

de Kwaadsteniet EW, van Dijk E (2010) Social status as a cue for
tacit coordination. J. Experiment. Soc. Psych. 46(3):515-524.

Delaherche E, Chetouani M, Mahdhaoui A, Saint-Georges C,
Viaux S, Cohen D (2012) Interpersonal synchrony: A survey
of evaluation methods across disciplines. IEEE Trans. Affec-
tive Comput. 3(3):349-365.

Eagly AH (1987) Sex Differences in Social Behavior: A Social-Role Inter-
pretation (Erlbaum, Hillsdale, NJ).



Woolley et al.: Collective Attention and Collective Intelligence
Organization Science, Articles in Advance, pp. 1-17, © 2022 INFORMS

15

Engel D, Woolley AW, Jing L, Chabris CF, Malone TW (2014) Read-
ing the mind in the eyes or reading between the lines? Theory
of mind predicts team collective intelligence online and face-to-
face. PLoS One 9(12):e115212.

Engel D, Woolley AW, Aggarwal I, Chabris CF, Takahashi M, Nemoto
K, Kaiser C, Kim YJ, Malone TW (2015) Collective intelligence in
computer-mediated collaboration emerges in different contexts and
cultures. Proc. Conf. Human Factors Comput. Systems 3769-3778.

Farley SD (2008) Attaining status at the expense of likeability: Pilfer-
ing power through conversational interruption. . Nonverbal
Behav. 32(4):241-260.

Farley SD, Ashcraft AM, Stasson MF, Nusbaum RL (2010) Nonver-
bal reactions to conversational interruption: A test of comple-
mentarity theory and the status/gender parallel. J. Nonverbal
Behav. 34(4):193-206.

Fiske ST (2002) What we know now about bias and intergroup con-
flict, the problem of the century. Current Directions Psych. Sci.
11(4):123-128.

Fitzsimons GM, Finkel EJ (2018) Transactive-goal-dynamics theory:
A discipline-wide perspective. Current Directions Psych. Sci.
27(5):332-338.

Forsyth DR (2006) Group Dynamics (Thomson Wadsworth, Belmont, CA).

French JR, Raven B (1959) The bases of social power. Cartwright
DP, ed. Studies in Social Power (University of Michigan, Ann
Arbor, MI), 150-167.

French P, Local ] (1983) Turn-competitive incomings. J. Pragmatics
7(1):17-38.

Garcia SM, Tor A (2007) Rankings, standards, and competition:
Task vs. scale comparisons. Organ. Behav. Human Decision Proc-
esses 102(1):95-108.

Giles H, Coupland N, Coupland J (1991) Accomodation theory: Commu-
nication, context, and consequence. Giles H, Coupland J, Coupland
N, eds. Contexts of Accommodation: Developments in Applied Sociolin-
guistics (Cambridge University Press, Cambridge, England), 1-68.

Gneezy U, Niederle M, Rustichini A (2003) Performance in competitive
environments: Gender differences. Quart. |. Econom. 118(3):1049-1074.

Gnisci A, Sergi I, De Luca E, Errico V (2012) Does frequency of
interruptions amplify the effect of various types of interrup-
tions? Experimental evidence. ]. Nonverbal Behav. 36(1):39-57.

Goubhier TC, Guichard F (2014) Synchrony: Quantifying variability
in space and time. Methods Ecology Evolution 5(6):524-533.

Gould RV (2002) The origins of status hierarchies: A formal theory
and empirical test. Amer. ]. Sociol. 107(5):1143-1178.

Greer LL, de Jong BA, Schouten ME, Dannals JE (2018) Why and
when hierarchy impacts team effectiveness: A meta-analytic
integration. J. Appl. Psych. 103(6):591-613.

Groysberg B, Polzer JT, Elfenbein HA (2011) Too many cooks spoil
the broth: How high-status individuals decrease group effec-
tiveness. Organ. Sci. 22(3):722-737.

Gruenfeld D, Tiedens L (2010) Organizational preferences and their con-
sequences. Fiske ST, Gilbert DT, Lindzey G, eds. Handbook of Social
Psychology (John Wiley & Sons, Inc., Hoboken, NJ), 1252-1287.

Gupta P, Woolley AW (2020) The emergence of collective intelli-
gence behavior. Proc. Collective Intelligence.

Gupta P, Woolley AW (2021) Articulating the role of artificial intelli-
gence in collective intelligence: A transactive systems frame-
work. Proc. Human Factors Ergonomics Soc. (Sage Publications,
Los Angeles), 65(1):670-674.

Hackman JR (1987) The design of work teams. Lorsch ], ed. Hand-
book of Organizational Behavior (Prentice-Hall, Englewood Cliffs,
NJ), 315-342.

Halevy N, Chou EY, Galinsky AD (2011) A functional model of
hierarchy: Why, how, and when vertical differentiation enhan-
ces group performance. Organ. Psych. Rev. 1(1):32-52.

Halevy N, Chou EY, Galinsky AD, Murnighan JK (2012) When hier-
archy wins: Evidence from the National Basketball Association.
Soc. Psych. Personality Sci. 3(4):398-406.

Hoogendoorn S, Oosterbeek H, van Praag M (2013) The impact of
gender diversity on the performance of business teams: Evidence
from a field experiment. Management Sci. 59(7):1514-1528.

Iani C, Anelli F, Nicoletti R, Rubichi S (2014) The carry-over effect
of competition in task-sharing: Evidence from the joint Simon
task. PLoS One 9(6):€97991.

ligen DR, Hollenbeck JR, Johnson M, Jundt D (2005) Teams in organi-
zations: From input-process-output models to IMOI models.
Annual Rev. Psych. 56:517-543.

Jasnow M, Crown CL, Feldstein S, Taylor L, Beebe B, Jaffe ] (1988)
Coordinated interpersonal timing of Down-Syndrome and non-
delayed infants with their mothers: Evidence for a buffered
mechanism of social interaction. Biological Bull. 175(3):355-360.

Jin X, Li P, He ], Shen M (2017) Cooperation, but not competition,
improves 4-year-old children’s reasoning about others” diverse
desires. |. Experiment. Child Psych. 157:81-94.

Kaplan F, Hafner VV (2006) The challenges of joint attention. Inferac-
tion Stud. 7(2):135-169.

Kelly JR (1988) Entrainment in individual and group behavior.
McGrath JE, ed. The Social Psychology of Time: New Perspec-
tives (Sage Publications, Inc., Thousand Oaks, CA), 89-110.

Keltner D, Kleef GA, Chen S, Kraus MW (2008) A reciprocal influ-
ence model of social power: Emerging principles and lines of
inquiry. Adv. Experiment. Soc. Psych. 40:151-192.

Kennedy CW, Camden CT (1983) A new look at interruptions. West-
ern |. Speech Comm. 47(1):45-58.

Kim Y], Engel D, Woolley AW, Lin JY, McArthur N, Malone TW
(2017) What makes a strong team? Using collective intelligence to
predict performance of teams in League of Legends. Proc. ACM
Conf. Comput. Supported Cooperative Work Soc. Comput.

Kirschner S, Tomasello M (2010) Joint music making promotes pro-
social behavior in 4-year-old children. Evolution Human Behav.
31(5):354-364.

La France M (1974) Nonverbal cues to conversational turn taking
between Black speakers. Personality Soc. Psych. Bull. 1(1):240-242.

Lakens D (2010) Movement synchrony and perceived entitativity. J.
Experiment. Soc. Psych. 46(5):701-708.

Lakin JL, Chartrand TL (2003) Using nonconscious behavioral mimi-
cry to create affiliation and rapport. Psych. Sci. 14(4):334-339.

Larson JR (2010) In Search of Synergy in Small Group Performance (Psy-
chology Press, New York).

Lee SY, Kesebir S, Pillutla MM (2016) Gender differences in
response to competition with same-gender coworkers: A rela-
tional perspective. J. Personality Soc. Psych. 110(6):869-886.

Lerner GH (2002) Turn-sharing: The choral co-production of talk-in-
interaction. Ford CE, Fox BA, Thompson SA, eds. The Language of
Turn and Sequence (Oxford University Press, Oxford, UK), 225-256.

Levitan R, Hirschberg J (2011) Measuring acoustic-prosodic entrain-
ment with respect to multiple levels and dimensions. 12th
Annual Conf. Internat. Speech Comm. Assoc.

Lissek S, Peters S, Fuchs N, Witthaus H, Nicolas V, Tegenthoff M, Juckel
G, Briine M (2008) Cooperation and deception recruit different sub-
sets of the theory-of-mind network. PLoS One 3(4):e2023.

Lorenz-Spreen P, Mensted BM, Hével P, Lehmann S (2019) Acceler-
ating dynamics of collective attention. Nature Comm. 10(1):1759.

Magee JC, Galinsky AD (2008) Social hierarchy: The self reinforcing
nature of power and status. Acad. Management Ann. 2(1):351-398.

Makri-Tsilipakou M (1994) Interruption revisited: Affiliative vs. dis-
affiliative intervention. . Pragmatics 21(4):401-426.

Maloney MM, Bresman H, Zellmer-Bruhn ME, Beaver GR (2016)
Contextualization and context theorizing in teams research: A
look back and a path forward. Acad. Management Ann. 10(1):
891-942.

Maner JK, Mead NL (2010) The essential tension between leadership
and power: When leaders sacrifice group goals for the sake of
self-interest. J. Personality Soc. Psych. 99(3):482—497.

March JG, Simon HA (1958) Organizations (Wiley, New York).



16

Woolley et al.: Collective Attention and Collective Intelligence
Organization Science, Articles in Advance, pp. 1-17, © 2022 INFORMS

Mayo AT, Woolley AW (2021) Variance in group ability to trans-
form resources into performance, and the role of coordinated
attention. Acad. Management Discoveries 7(2):225-246.

McGrath JE (1984) Groups: Interaction and Performance (Prentice-Hall,
Englewood Cliffs, NJ).

McLaughlin ML (1984) Conversation: How Talk Is Organized (Sage
Publications, Inc., Beverly Hills, CA).

Moscovici S, Nemeth C (1974) Social influence II: Minority influ-
ence. Nemeth C, ed. Social Psychology: Classic and Contemporary
Integrations (Rand McNally, Chicago, IL).

Mulac A, Erlandson KT, Farrar W], Hallett JS, Molloy JL, Prescott ME
(1998) “Uh-huh. What's that all about?” Differing interpretations
of conversational backchannels and questions as sources of
miscommunication across gender boundaries. Comm. Res. 25(6):
641-668.

Murata K (1994) Intrusive or co-operative? A cross-cultural study of
interruption. J. Pragmatics 21(4):385-400.

Niederle M, Vesterlund L (2007) Do women shy away from compe-
tition? Do men compete too much? Quart. |. Econom. 122(3):
1067-1101.

Niederle M, Vesterlund L (2011) Gender and competition. Annual
Rev. Econom. 3(1):601-630.

Oullier O, de Guzman GC, Jantzen KJ, Lagarde ], Kelso JAS (2008)
Social coordination dynamics: Measuring human bonding. Soc.
Neuroscience 3(2):178-192.

Pfinder S, Couper-Kuhlen E (2019) Turn-sharing revisited: An
exploration of simultaneous speech in interactions between
couples. ]. Pragmatics 147:22-48.

Ren Y, Argote L (2011) Transactive memory systems 1985-2010: An
integrative framework of key dimensions, antecedents, and
consequences. Acad. Management Ann. 5(1):189-229.

Richardson MJ, Marsh KL, Isenhower RW, Goodman JR, Schmidt
RC (2007) Rocking together: Dynamics of intentional and
unintentional interpersonal coordination. Human Movement
Sci. 26(6):867-891.

Ridgeway CL (2001) Gender, status, and leadership. J. Soc. Issues
57(4):637-655.

Riedl C, Kim Y], Gupta P, Malone TW, Woolley AW (2021) Quanti-
fying collective intelligence in human groups. Proc. Natl. Acad.
Sci. USA 118(21):2005737118.

Riedl C, Woolley AW (2017) Teams vs. crowds: A field test of the
relative contribution of incentives, member ability, and emergent
collaboration to crowd-based problem solving performance. Acad.
Management Discoveries 3(4):382—403.

Ronay R, Greenaway K, Anicich EM, Galinsky AD (2012) The path
to glory is paved with hierarchy: When hierarchical differentia-
tion increases group effectiveness. Psych. Sci. 23(6):669—677.

Rosseel Y (2012) lavaan: An R package for structural equation mod-
eling. |. Statist. Software 48(2):1-36.

Schmid-Mast M (2001) Gender differences and similarities in domi-
nance hierarchies in same-gender groups based on speaking
time. Sex Roles 44(9-10):537-556.

Schmidt RC, Richardson MJ (2008) Dynamics of interpersonal co-
ordination. Fuchs A, Jirsa VK, eds. Coordination: Neural, Behav-
ioral and Social Dynamics (Springer, Berlin), 281-308.

Shannon CE (1998) Communication in the presence of noise. Proc.
IEEE 86(2):447-457.

Shteynberg G (2015) Shared attention. Perspect. Psych. Sci. 10(5):
579-590.

Small DA, Gelfand M, Babcock L, Gettman H (2007) Who goes to the
bargaining table? The influence of gender and framing on the ini-
tiation of negotiation. J. Personality Soc. Psych. 93(4):600-613.

Swingle PG (1984) Temporal measures of vocalization: Some
methodological considerations. J. Personality Soc. Psych. 47(6):
1263-1280.

Tickle-Degnen L, Rosenthal R (1990) The nature of rapport and its
nonverbal correlates. Psych. Inquiry 1(4):285-293.

Tiedens LZ, Unzueta MM, Young M] (2007) An unconscious desire
for hierarchy? The motivated perception of dominance com-
plementarity in task partners. J. Personality Soc. Psych. 93(3):
402-414.

Tomasello M, Carpenter M, Call J, Behne T, Moll H (2005) Under-
standing and sharing intentions: The origins of cultural cogni-
tion. Behav. Brain Sci. 28(5):675-691.

Tomprou M, Kim Y], Chikersal P, Woolley AW, Dabbish LA
(2021) Speaking out of turn: How video conferencing reduces
vocal synchrony and collective intelligence. PLoS One 16(3):
€0247655.

Trevarthen C, Aitken KJ (2001) Infant intersubjectivity: Research,
theory, and clinical applications. |. Child Psych. Psychiatry
42(1):3-48.

Tsoi L, Dungan J, Waytz A, Young L (2016) Distinct neural patterns
of social cognition for cooperation versus competition. Neuro-
image 137:86-96.

Valdesolo P, Ouyang ], DeSteno D (2010) The rhythm of joint action:
Synchrony promotes cooperative ability. . Experiment. Soc.
Psych. 46(4):693-695.

von Zimmermann J, Richardson DC (2016) Verbal synchrony and
action dynamics in large groups. Frontiers Psych. 7:2034.

Walker HA, Ilardi BC, McMahon AM, Fennell ML (1996) Gender,
interaction, and leadership. Soc. Psych. Quart. 59(3):255-272.
Weber M (1947) The Theory of Social and Economic Organization

(Oxford University Press, New York).

Wegner DM (1987) Transactive Memory: A Contemporary Analysis of
the Group Mind. Mullen B, Goethals GR, eds. Theories of Group
Behavior (Springer, New York), 185-208.

Weinberg RS, Ragan ] (1979) Effects of competition, success/failure,
and sex on intrinsic motivation. Res. Quart. 50(3):503-510.

Wilson M, Wilson TP (2005) An oscillator model of the timing of
turn-taking. Psychonomic Bull. Rev. 12(6):957-968.

Wiltermuth SS, Heath C (2009) Synchrony and cooperation. Psych.
Sci. 20(1):1-5.

Woolley AW, Aggarwal I (2020) Collective intelligence and group
learning. Argote L, Levine JM, eds. Handbook of Group and Organi-
zational Learning (Oxford University Press, London), 491-506.

Woolley AW, Chabris CF, Pentland A, Hashmi N, Malone TW (2010)
Evidence for a collective intelligence factor in the performance of
human groups. Sci. 330(6004):686—-688.

Wynn CJ, Borrie SA (2020) Classifying conversational entrainment of
speech behavior: An updated framework and review. Preprint,
submitted September 28, https://psyarxiv.com/nrj2z/.

Zellmer-Bruhn ME, Waller MJ, Ancona DG (2004) The effect of tem-
poral entrainment on the ability of teams to change their rou-
tines. Blount S, ed. Time in Groups Research on Managing Groups
and Teams, vol. 6 (Emerald Group Publishing Limited, Bingley,
UK), 135-158.

Zimmerman DH, West C (1975) Sex roles, interruptions and silences
in conversation. Thorne B, Henley N, eds. Language and Sex
Difference and Dominance (Newbury House, Rawley, MA),
105-129.

Zitek EM, Tiedens LZ (2012) The fluency of social hierarchy: The
ease with which hierarchical relationships are seen, remem-
bered, learned, and liked. J. Personality Soc. Psych. 102(1):98-115.

Anita Williams Woolley is a professor of organizational
behavior and theory at Carnegie Mellon’s Tepper School of
Business. Her research focuses on collective intelligence and
how artificial intelligence can be used to enhance teamwork
and collaboration. She earned her doctorate in organiza-
tional behavior from Harvard University.


https://psyarxiv.com/nrj2z/

Woolley et al.: Collective Attention and Collective Intelligence
Organization Science, Articles in Advance, pp. 1-17, © 2022 INFORMS

17

Rosalind M. Chow is an associate professor of organiza-
tional behavior and theory at Carnegie Mellon’s Tepper
School of Business. Her research focuses on the impact of
social hierarchy on intergroup relations and on intragroup
processes. She earned her doctorate in organizational behav-
ior from Stanford University.

Anna T. Mayo is an assistant professor of management
and organization at Johns Hopkins” Carey Business School.
Her research focuses on organizational teamwork. She
earned her doctorate in organizational behavior and theory
from Carnegie Mellon University.

Christoph Riedl is an associate professor of information
systems at Northeastern University’s D’Amore-McKim School
of Business. His research interests are to understand how
social and economic networks shape collaboration and deci-
sion making on the individual, group, and community levels.

Jin Wook Chang is an assistant professor of management
at Korea University Business School. His research examines
hierarchical dynamics in teams, specifically how people
manage their hierarchical positions and how their endeavors
influence team process and performance. He received his
PhD from Carnegie Mellon University.



	TF1



