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ABSTRACT

In this paper, we examined how inclusive turn-taking in team con-
versation improves performance. Inclusive turn-taking is defined
as a collective speaking pattern where different team members
speak in succession. This stands in contrast to exclusive turn-taking,
where individual members monopolize the speaking turns. We de-
veloped an algorithm to measure inclusive turn-taking in team dia-
logue. We theorized and tested the indirect effects of team inclusive
turn-taking on performance via team skill use, and the moderation
effects of team task strategy using a sample of 150 participants
randomly assigned to three-person teams.
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1 INTRODUCTION

Individuals and organizations often look to teamwork to address
their most difficult problems. Teams offer the possibility of accom-
plishing goals that individuals cannot accomplish on their own by
achieving synergy in the combination of skills and effort of individ-
ual members. Communication is the main vehicle for accomplishing
the coordination needed to make synergy possible. Teams need to
share their unique knowledge and skills, and jointly integrate these
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inputs for collaborative problem solving [1, 2]. The improved skill
use of team members and better coordination of task strategy are
thought to be among the products of equal contribution to conver-
sation in groups, which extant work demonstrates is a predictor of
collective intelligence [3, 4].

In this paper, we explore the patterns of team member contribu-
tion to conversation in deeper detail to understand how and why
patterns of equal contribution to conversations are beneficial. It
may be the case, for example, that not all patterns of equal contri-
bution are helpful. For instance, by most commonly-used metrics, a
group could exhibit equal contribution to conversation even if one
person does all of the talking for one portion of the interaction, fol-
lowed in sequence by other members dominating the conversation.
But we theorize that the involvement of multiple team members
in successive speaking turns is an important aspect of truly pro-
ductive team conversation, and a key driver of the benefits that
lead to synergy. To examine this, here we analyze the effects of
more specific, inclusive speaking patterns rather than more global
measures of distribution of speaking time or turns.

Building on extant work on collective intelligence [5], we theo-
rize that inclusive turn-taking, which is a collective speaking pat-
tern where different team members speak in succession, can en-
hance team performance by improving team collaboration pro-
cesses. Specifically, we anticipate that the consistent engagement
of all members enabled by inclusive turn-taking will enhance team
member skill use, which we expect will mediate the effect of in-
clusive turn-taking on performance. Another important input will
be the quality of the team’s task strategy, as teams that manage to
coordinate member inputs to insure that work gets accomplished
will also reap the most benefit from using members’ skills [6]. Fig-
ure 1 depicts the conceptual model. To test these predictions, we
examined the speech and process data of 150 participants working
in 50 teams. We conducted sequence analysis [7] on teams’ conver-
sational turn-taking to develop a measure of inclusive turn-taking
in teams, and examined its relationship with team skill use and task
strategy.

2 THEORY DEVELOPMENT

We theorize that inclusive turn-taking in team conversation—
defined as a turn-taking pattern in conversation in which different
team members speak in successive turns—reflects an open envi-
ronment where members feel psychologically safe to share their
ideas and thoughts as well as listen to others. Consequently, teams
exhibiting such conversational patterns are more likely to discover
and use members’ skills. If teams also coordinate effective task
strategy, they will achieve even more benefit from members’ skills,
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Figure 1: Theorized model

as the team will accomplish a larger volume of work and this will
be reflected in even better performance. Here we draw on work on
inclusive climate [8], knowledge specialization [9], and collabora-
tive and open communication in teams [10] to theorize and test the
implications of team inclusive turn-taking on team performance.

2.1 Inclusive turn-taking and the mediating
role of team skill use

Discussion in teams can allow members to demonstrate who is good
at what, facilitating the identification of member expertise [11]. In
particular, researchers have found that frequency and amount of
task-oriented communication in the early phase of team develop-
ment predicted expertise location and cognition-based trust [12].
In an extension of this approach, we suggest that team members
can figure out faster who has expertise in a particular knowledge
domain if their communication involves inclusive turn-taking.

Specifically, as more members participate in the discussion more
regularly, inclusive turn-taking is likely to surface more ideas, in-
formation, and facilitate integration of diverse perspectives in a
collaborative manner. This results in a more consistent level of
engagement of all members, and provides the team with more op-
portunities to become familiar with the knowledge of each member.
Doing so also provides the team with more opportunities to build on
each other’s knowledge to generate synergy by actively integrating
the different perspectives [8].

We theorize that an inclusive turn-taking pattern in conversation
reflects a psychologically safe environment where members will
feel more comfortable talking openly with others [13] and conse-
quently can demonstrate their expertise more, making their knowl-
edge more accessible, such that they can more precisely determine
who is well-versed in which knowledge domain. Consequently, in-
clusive turn-taking allows for members to be more aware of where
expertise and skills reside. This improved shared knowledge of
member expertise is, in turn, likely to enable appropriate use of
differentiated team member skills. That is, team members will be
better able to step forward and/or defer to fellow members to “take
the lead” when a task demands their unique knowledge or ability.
The result is better team skill use, as reflected in specialized effort
in teams, where member effort is allocated to tasks for which their
particular knowledge and skills are highly applicable. By contrast,
in teams where members are unequally engaged in communication,
either during certain periods or throughout their work, the team is
less likely to discover each other’s specialized knowledge or skills
nor feel empowered to step forward to declare it when appropriate.

In this regard, we expect such teams will exhibit poor skill use, re-
flected in less specialized effort, where member work contributions
will have a very weak relationship with their relative knowledge
and skill on different tasks.

Hypothesis 1: Team inclusive turn-taking will be positively associ-
ated with team skill use.

Team skill use will improve team performance by facilitating
efficient division of cognitive labor and matching problems with the
most skilled member [14, 15]. Specifically, when team members ac-
curately recognize team member expertise, they are better equipped
to make the most use of each member by delegating effort, such
that on a given task, the most skilled member contributes the most
while the least skilled member contributes the least to problem
solving. Importantly, such a high congruence of team member skill
and effort will allow for a team to align member expertise with par-
ticipation and influence, thereby generating better solutions. That
is, effective team skill use is a reflection of team members negotiat-
ing their respective roles in a way that most skilled members are
encouraged to participate and contribute more, and have a greater
influence on determining appropriate actions for given tasks. Con-
sistent with this argument, Mayo and colleagues [16] found that
the alignment of member expertise and participation is associated
with the alignment of member expertise and influence, which in
turn predicted improved team decision-making performance. Taken
together, we predict the following:

Hypothesis 2: Team skill use will be positively associated with team
performance.

Hypothesis 3: Team inclusive turn-taking will have an indirect
effect on team performance through skill use.

2.2 The moderating role of team task strategy

While team skill use is an important process for teams to perform
at the highest level possible, another important consideration is
the coordination of team task strategy [6]. Indeed, extant work
demonstrates that teams of experts can underperform non-expert
teams when they fail to coordinate and integrate their inputs ap-
propriately [17]. For example, some teams may use expertise by
delegating all of the work in an expertise domain to the most ex-
pert member while the rest of the team does not contribute. This
can occur when members other than the most skilled member feel
demotivated and disengaged, or fear making a mistake in front of
others who are more capable in a particular area. Consequently,
while the team may be making good use of expertise, they would
also be underutilizing the rest of their resources to get all of the
work accomplished. This will typically manifest in areas of work
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left unfinished, as often the expert member cannot both solve the
more difficult expertise-relevant problems and finish all of the other
work without the help of the team.

On the other hand, in a well-coordinated team, members will
be better able to strategically regulate collective goal striving and
attend together to the task at hand, such that they can cover more
required elements of each task. Non-expert members could handle
parts of a task where expertise is less essential, or else assist expert
members in other ways. Therefore, we posit that team skill use, as
reflected in member specialized effort, will have a stronger positive
relationship with team performance when the team also exhibits
stronger coordination in task strategy, manifested in less unfinished
work or higher task completion rates.

Hypothesis 4a: Team task strategy will moderate the effects of
skill use on team performance, such that the positive relationship is
stronger when the task completion rate is higher.

Hypothesis 4b: Team task strategy will moderate the indirect effect
of team inclusive turn-taking on team performance through skill use.
Specifically, the indirect effect will be stronger when teams also exhibit
strong task strategy compared to average or weak task strategy.

3 METHOD

3.1 Participants and procedures

We recruited 150 participants through the subject pool of a univer-
sity in the northeastern US (mean age = 22.77, sd = 4.01; female
= 50%). Participants were randomly assigned to 50 three-person
teams. Participants completed a battery of problem-solving tasks,
administered through the Platform for Group Studies (POGS) [3, 18].
The platform provides task instructions, a tutorial, and a shared
workspace for team members to work synchronously and see the
work of team members throughout their collaboration. Each team
member worked on a separate laptop, seated face-to-face around a
table with teammates, and they wore a headset during the interac-
tion to capture their individual speaking behavior. POGS captures
a detailed log of each member’s keystrokes across all tasks which
enables us to construct detailed metrics of team collaboration pro-
cess.

3.2 Measures

3.2.1  Team inclusive turn-taking. To measure team inclusive turn-
taking, we first took each individual members’ audio data, convert-
ing each individual member’s utterances into a binary data stream
(0 = no speech activity; 1 = speech activity) using a 30 millisecond
sampling rate via WebRTC Voice Activity Detector (VAD). We then
superimposed the data streams of all three members to identify
speaking turns. All contiguous sequences of a particular member
speaking were considered part of one speaking turn; when a second
person spoke, that was coded as the beginning of a new speaking
turn. Periods of silence were excluded; however, when one person’s
speaking turn was followed by a period of silence and then the same
person spoke again, that was coded as two consecutive speaking
turns by the same person. In determining a unit of analysis for
analyzing speaking turn sequences, we decided that sequences of
three speaking turns constituted a theoretically-meaningful unit
of analysis, as teams consisted of three members in this study, and
within a set of three speaking turns we can examine how many of
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the three team members contributed. Thus, we programmed the
algorithm to label each three-turn sequence based on how many
different members spoke within it. Team inclusive turn-taking was
operationalized as the number of speech segments or units where
all three team members spoke, irrespective of the order in which
they spoke—that is, a sequence in which member A spoke, then
B, then C is treated the same as another that started with member
C, then B, then A, and all other permutations including all three
members in the sequence.

3.2.2  Team skill use. To gauge the degree to which a team made
use of member skills, we analyzed both the level of skill each mem-
ber demonstrated for each of the tasks, and also how much relative
effort they put into each task. To evaluate individual member skills,
for each task we measured the number of accurate or correct re-
sponses each member contributed as a percentage of their total
responses attempted. We examined the amount of effort each mem-
ber contributed to each task by counting the number of keystrokes
each participant made as a percentage of the team’s total keystrokes
for the task, consistent with measures of effort in existing studies
[5]. Then, to evaluate team skill use, we calculated the congru-
ence of member skill level and amount of effort for each task, and
used the average of skill congruence coefficients across tasks to
operationalize team skill use for each team.

3.2.3  Team task strategy. Team task strategy provides a measure
of the quality of the team’s coordination of members’ work by
capturing the degree to which the team completed all parts of each
task versus the leaving tasks incomplete [5]. This reflects team task
strategy, as it differentiates teams that choose to divide the work
when possible to cover everything from those that work together
more to achieve high accuracy or quality on a portion of the work.
For team task strategy, we first computed the percentage of work
completed on each task (regardless of its quality or accuracy), and
then calculated the average completion across all tasks for each
team.

3.24 Team performance. Team performance was measured based
on the weighted standardized performance score teams earned on
three different sets of problems, including matrix reasoning, Sudoku
puzzle, and word unscramble problems. Specifically, each set of
problems was scored for accuracy, and the scores were standardized
for each using the means and standard deviations from a recent
meta-analysis that included the same problems [5]. Then using the
weights of each task, an overall performance score for each team
was calculated.

3.3 Analysis

To test our hypotheses, we performed path analysis using MPlus
8.3 [19]. Study variables were standardized. In testing the indirect
effects, we used the bootstrapping application of Preacher and
Hayes [20] to construct bias-corrected confidence intervals based on
10,000 resamples. In testing Hypothesis 3 (the indirect effect of team
inclusive turn-taking on team performance via team skill use), to
control for the number of inputs used to measure skill use to insure
comparability between teams, we controlled for team task strategy.
The interaction term of team skill use and task strategy was included
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Table 1: Descriptive statistics and intercorrelations of study variables?

Variable Mean SD 1 2 3 4
1. Team inclusive turn-taking 58.54 30.80 -
2. Team task strategy 0.47 0.11 -.04 —
3. Team skill use 0.75 0.24 35 -.16 -
4. Team performance -0.27 0.66 .04 68" 12 —

a Note. n=50. p<.05." p<.001

Table 2: Path analysis results?

Main/Interaction Effect Skill Use Team Performance

Team inclusive turn-taking 35 (0.13) -.01 (0.07) -.01 (0.07)
Team task strategy 47 (0.07) 44 (0.06)
Team skill use 16" (0.07) 17" (0.07)
Team skill use X task strategy 16 (0.07)
R? 0.12 0.54 0.59

Indirect Effect Estimate 95% Bias-corrected CI

Team inclusive turn-taking — Performance (via Skill use)

05 [.012, .132]

a Note. n = 50. Standard errors in parentheses.  p <.05.  p<.01." p<.001.

in the model to test the moderation predicted in Hypothesis 4a and
the conditional indirect effect predicted in Hypothesis 4b.

4 RESULTS

Descriptive statistics and intercorrelations for the study variables
are reported in Table 1. The results of path analysis and indirect
effects are reported in Tables 2 and 3

Hypothesis 1 predicted that inclusive turn-taking in teams will be
associated with skill use, or the level of agreement between relative
member skills and effort on each task. The result shown in Table 2
indicates that team inclusive turn-taking was positively associated
with team skill use (b = .35, p < .01), lending support to Hypothesis
1. Hypotbhesis 2 predicted a positive relationship between team skill
use and team performance, controlling for team task strategy. The
effect of team skill use on performance was positive and significant
(b = .16, p < .05). In addition, Hypothesis 3 predicted that there
would be an indirect effect of team inclusive turn-taking on per-
formance via skill use; the results of the indirect effects analysis
were consistent with this prediction and the confidence interval
excludes zero (indirect effect = .05, 95% bias-corrected CI = .012,
.132; 99% bias-corrected CI = .002, .161).

Hypothesis 4a predicted that team task strategy will moderate
the effects of skill use on team performance, such that the positive
relationship is stronger when the task completion rate is higher.
The statistical interaction between team skill use and task strategy
is significant (b = .16, p < .05; see Table 2). The interaction is graph-
ically depicted in Figure 2. Simple slopes analysis at one standard
deviation above and below the sample mean [21] reveals that when
team strategy was highly coordinated, such that team members
completed all or most of all tasks, the relationship between team
skill use and performance is significant (simple slope = .34, t = 3.60,

p < .001), but not when team task strategy was weak (simple slope
=.01, t = .14, p = ns).

Last, with respect to Hypothesis 4b, we examined the conditional
indirect effect of team inclusive turn-taking on performance via
skill use at high (1 standard deviation above the mean), moderate
(mean), or low (1 standard deviation below the mean) levels of
task strategy (see Table 3). Significant conditional indirect effects
were observed when levels of task strategy were moderate (indirect
effect = .06; 95% bias-corrected CI = .014, .136) to high (indirect
effect = .12, 95% bias-corrected CI = .014, .284). Across all levels,
however, the 95% confidence interval of the index of moderated
mediation included zero (index = .06, 95% bias-corrected bootstrap
CI = -.011, .153). We further explored the conditional effects of task
strategy at more finely-specified levels with the Johnson-Neyman
technique. For teams who scored above the 38th percentile on task
strategy, the strength of their task strategy significantly moderated
the indirect effect of inclusive turn-taking on performance via skill
use. In other words, inclusive turn-taking was particularly helpful
to teams in translating their use of member skill into performance if
they were also performing at a moderate-to-high level with respect
to task strategy. Thus Hypothesis 4b was partially supported.

5 CONCLUSIONS AND DISCUSSION

Extant research has demonstrated the importance of a high level and
relative equality of contribution to communication for collective
intelligence. In this study, we dig more deeply into the patterns
of communication that drive potential benefits. In doing so, we
developed a new construct and measure to capture team inclusive
turn-taking, based on a sequence analysis, and theorized and tested
the mechanism of inclusive turn-taking. In particular, we focused
on the mediating role of a team’s appropriate use of team member
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Figure 2: Moderation effects of team task strategy on the relationship between skill use and performance

Table 3: Conditional indirect effects at high, mean, low levels of team task strategy for inclusive turn-taking

Independent variable Mediator Moderator Indirect effects LL 95% BC UL 95% BC
bootstrap CI bootstrap CI
Inclusive turn-taking Skill use Strong task strategy 116 014 .284
Moderate task strategy .060 .014 136
Weak task strategy .004 -.079 .061

skills and the moderating role of a team’s task performance strategy.
We found that inclusive turn-taking is positively related to team
skill use, and when this is combined with strong task strategy, it
enables higher team performance.

While this research highlights a number of new insights about
group communication and collaboration, there are also many dif-
ferent directions this work suggests for future research. For in-
stance, an important question relates to the conditions that lead
groups to develop inclusive turn-taking patterns. We theorize a
role for group climate and psychological safety, although an im-
portant unanswered question concerns which of these comes first?
Do psychologically-safe groups engage in inclusive turn-taking in
their communication, or does this communication pattern create
psychological safety? Future work could look for settings in which
these variables could be experimentally manipulated in a meaning-
ful way to assess this kind of question. In addition, there are likely
a host of variables related to team composition and group member
relationships which play an important role and should be evaluated
in future research as well.

This research represents an important contribution to research
on multimodal human interaction, and ultimately human-computer
interaction. This study builds on traditional research on group pro-
cess by creating machine-based measures of communication and
team collaboration processes that capture the quality of group inter-
action and predict performance. Such measures lay the groundwork
for the eventual involvement of machine-based tools and inter-
ventions to help groups whose communication and collaboration

patterns diverge from those we have shown to be productive. Con-
sequently, this work provides both a conceptual framework and
methodological pathway for both improving human collaboration
and enabling artificial social intelligence for enhancing teamwork.
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