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Abstract—Transactive Memory System (TMS) is a mental
representation of the distribution of knowledge between the
members of a team. Can an Embodied Conversational Agent
perform as well as a Human when intervening as a leader
to support the development of the team’s TMS? And, if yes,
are there differences in the way the team perceives their re-
spective interventions? In this paper, a perceptive online study
is conducted on how Human leader interventions affect the
perception of a team’s TMS. The results are compared to the ones
from a previous study evaluating an Embodied Conversational
agent leader rather than a human one. Both the agent and the
human adopt nonverbal behaviors characterizing 2 leadership
styles: Transformational (TFL) and Transactional (TAL). TFL is
expected to stimulate team members curiosity and creativity in
problem-solving; instead, TAL emphasizes the role of the leader
in supervising the team, providing it with feedback when needed.
The results show that the intervention from both the agent and
the human are perceived to potentially improve the perceived
TMS of a team. Another interesting insight is that the TFL style
works better when performed by the Human, where both the
TAL and TFL style perform well when realized by the agent.

Index Terms—Group Dynamics, Transactive Memory System,
Embodied Conversational Agent, Team, Leadership

I. INTRODUCTION

Human-Centered Computing (HCC) investigates how com-
putational artifacts can support human activity, at the individ-
ual, team or society level [1], [2]. Latest progress in HCC and
Al research is aimed at the development of intelligent com-
puter systems able to improve and encourage the collaboration
in teams, as reported in the “Research agenda on Al in team
collaboration” [3]. The rationale behind this, is the shift in the
role of the machine from being just a passive tool to becoming
an effective teammate capable to engage human partners in a
team collaboration [4].

The affective, behavioral and cognitive interactions between
the members of a team, enable the emergence of team-specific
social processes called “emergent states” (e.g., [5]). Among
them, there is the Transactive Memory System (TMS), a meta-

978-1-6654-0019-0/21/$31.00 ©2021 IEEE

memory whose role is to store information about the specific
knowledge owned by each member of a team.

As it emerges from several studies, the more machines, in
the form of virtual agents or robots, exhibit a human-like
embodiment and are capable to adhere to social norms, the
more humans start to like and accept them as teammates [3],
[6].

Embodied Conversational Agents (ECAs, that from now we
call “agents”) are computer interfaces displaying a graphical
representation of a human-like virtual character [7]. Several
studies investigated leadership, teams and agents, with the
latter playing the role of followers, e.g., [8], [9]. Agents in
the role of leaders were also studied, with the agent acting
out different leadership styles in long distance interactions
[10]. We are interested in investigating how an agent vs a
Human teammate, playing the role of a leader with 2 different
leadership styles, affects the perception of the TMS in a team
of humans.

In this paper, we present an online’ study, focused on an
human leader, to inform the design of agent’s interactions
and understand the differences between agent and human
interventions to create more realistic virtual teammates. Then,
we compare our results with those in [11], which describes
a similar study focused on an agent leader. In particular,
we investigate how different leadership styles exhibited by
an agent/human are perceived as facilitators of the TMS
development in a working team.

1

II. BACKGROUND

In this Section we introduce the psychological constructs
we focus on in our study. A list of the abbreviations used in
the paper with their definition can be found in Table I.

IThe study was carried out online through videos and questionnaires, due
to the the restrictions of the COVID-19 pandemics.
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TABLE I
THE ABBREVIATIONS USED IN THIS PAPER.

behaviors.

Transactive Memory System | TMS | A mental representation of the distribution of knowledge between the members of a team.

Transformational Leadership | TFL | Leadership style stimulating followers’ curiosity and creativity in problem solving. It tends to have a
proactive way of influencing followers, using a supportive and collaborative approach.

Transactional Leadership TAL | Leadership style emphasizing the role of the leader in supervising the team and providing it with feedback

when needed. It tends to have a reactive way of influencing followers, using directive and dominant

A. Transactive Memory System

Transactive Memory System (TMS) is defined as a team
memory aimed at storing the knowledge owned by each mem-
ber of a team. It emerges when team members use “who knows
what” in the team to plan “who will do what” and results in:
(1) a more efficient individual and collective performance [12];
(ii) a cooperative work division that allows a team to learn,
remember and communicate the team’s knowledge [13]; (iii)
an improved knowledge transfer and retention of information
[14]; an enhanced specialization of team members in different
but compatible knowledge fields [15].

According to the literature, TMS is composed of 3 di-
mensions [16], [17]: Specialization, i.e., the differentiation
of knowledge between the team members; Credibility, i.e.,
how much the members trust each other’s knowledge; Co-
ordination; i.e., the ability of the members to work together
smoothly [18]. In this paper, aiming at improving team’s
performance and taking inspiration from previous research
on the relationship between leadership and TMS [19], we
focus on how different leadership styles displayed by an
agent/human teammate affect the dimensions of TMS.

B. Leadership Styles

Several definitions of leadership exist, for example, ac-
cording to Thompson: “leadership is the ability to influence
people to achieve the goals of a team” [20]. Additionally,
Forsyth identified some characteristics of this ability such as
organizing, directing, coordinating, supporting and motivating
followers [21]. Leaders, indeed, can coordinate people by
giving clear cues for expertise and motivate the members of a
team to recognize specific roles [22]. Specifically concerning
TMS, previous work shows that leaders can exploit it to
stimulate the emergence of interactions between members and
helping them to recognize how to organize knowledge over
different functions [23].

While different leadership styles are defined in the literature
[24], the studies of Bachrach and colleagues [25] show that
2 types of leadership are positively associated with the de-
velopment of TMS: Transformational Leadership (TFL) and
Transactional Leadership (TAL).

TFL stimulates followers’ curiosity and creativity in prob-
lem solving [26]. According to the literature, TFL is charac-
terized by: articulating a vision (e.g., a common final goal),
providing an appropriate model (e.g., leading by example), fos-
tering the acceptance of team goals, having high performance
expectations, providing individualized support, and promoting
positive moods [27].

TAL instead, emphasizes the role of the leader in super-
vising the team and providing it with feedback when needed
[28]. TAL leadership is particularly efficient to manage crises,
by decreasing affective states such as panic, stress and anxiety
in emergency scenarios [29].

According to Mackenzie et al., [30], TFL tends to have a
more proactive way of influencing followers, whereas TAL
tends to be more reactive. In general, TFL has a more sup-
portive and cooperative approach with respect to TAL which
is characterized by more directive and dominant behaviors. As
Jung & Avolio state, TFL works deeply on the intrinsic values
of the team, while TAL is more directed on intensifying the
extrinsic values of the followers [31].

C. Nonverbal communication in leadership

Literature emphasizes the importance of nonverbal commu-
nication in the context of leadership [32]. In some particular
cases, it can even be more important than verbal communica-
tion [33]. Previous work investigated what specific nonverbal
behaviors are the most suitable to express TFL and TAL.

Awamleh & Gardner identify the following nonverbal be-
haviors related to TFL: maintaining eye contact, exhibiting
vocal fluency (intended as a way of talking without exhibiting
hesitations), using facial expressions (e.g., smiles), and en-
gaging in dynamic hand and body gestures [34]. Furthermore,
Schyns & Mohr report other nonverbal behaviors adopted by
TFL leaders, such as: alternating between pacing and sitting
on the edge of the desk, leaning towards the participant, and
displaying rich facial expressions [35].

The literature on particular non-verbal behaviors charac-
terizing TAL is not clearly reported. However, drawing on
the idea of a direct and dominant leader, inspiration can be
taken from works on dominant nonverbal behaviors [36]. For
instance, dominant people generally adopt more downward
palm gestures which are considered as a hint of something
being wrong or a “power move” [37], [38] and they tend to
display more closed and authoritarian postures (arms crossed)
and neutral facial expressions.

D. Embodied Conversational Agents and Leadership

An Embodied Conversational Agent (ECA) is a Human-
Machine interface designed to replicate human communicative
abilities through the use of a virtual talking character [7].
In previous work investigating leadership, teams and agents,
the latter mainly played the role of followers (e.g. [8], [9]).
Jackson and colleagues investigated the role of an agent as
a leader, acting different leadership styles, in very high dis-
tance interactions (space missions) focusing on the challenges
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coming from the latency of the communication [10]. Hayashi
studied whether and how an agent can facilitate understanding
and learning concepts during a collaborative peer-explanation
activity [39]. This works shows that “a conversational agent
can facilitate a deeper understanding of concept when par-
ticipants are attentive to its presence”. To the best of our
knowledge, however, no research was carried out to investigate
whether an agent playing the role of a leader can impact the
development of the TMS of a team.

III. MATERIAL & METHOD

To investigate how to design and implement teammate
machines capable of developing and supporting TMS in teams,
we needed to compare how people would react to the same
intervention played by an agent vs a human teammate. Here
we present a study focusing on a human teammate and we
compare it with a previous one involving an agent teammate
[11].

In both studies, we carried out an online perceptive study,
where participants were asked to watch audio-visual stimuli
and to provide their ratings on the TMS exhibited by a team
before and after the intervention of a leader. The previous
study in [11] followed the same methodology as the one
presented in this paper (see Section III-A), the only difference
being in the leader’s embodiment (agent vs human).

A. Scenario & Stimuli

Each participant watched a sequence of stimuli composed
as follows: an excerpt of the team acting in a scenario (Team
Stimuli), followed by 2 excerpts of a leader displaying TFL
or TAL leadership multimodal behaviors (Leader Stimuli).

The team acted in a design thinking scenario [40] in which
3 people, a psychologist, an environmental engineer and a
designer, are involved in a design project to find solutions for
improving green areas in urban environments, performing 3
activities. Previous work shows that design thinking is related
to leadership styles and TMS: TFL and TAL are supportive to
design thinking and useful to explain its benefits [41].

1) Team Stimuli

The 3 activities performed by the team were conceived
to replicate steps that normally occur during design thinking
and that also span the 3 dimensions of TMS. Moreover, the
team members were instructed to make it clear through their
behaviors that the team had an inability to leverage one of the
3 dimensions of TMS.

In the first activity, “Division of Work”, we emphasized the
difficulty of the team to differentiate knowledge between its
members (lack of Specialization). The members of the team
discussed together and searched for topics related to green
areas with the goal to acquire a broader knowledge on this
issue.

In the second activity, “Sharing Ideas”, the team members
did not show trust on each other’s knowledge (lack of Credi-
bility). Each member of the team presented their ideas about
the project. Then, the psychologist and the engineer interact

by themselves leaving the designer out, as he was having
infeasible and useless ideas.

In the third activity, “Choosing an Idea”, the team members
could not work together smoothly (lack of Coordination). Once
they selected 3 ideas and discussed which one to implement,
they started to change their mind to a different idea, resulting
in a chaotic interaction. A frame from each activity is depicted
in Figure 1.

The 3 Team Stimuli used in the presented study are the
same ones exploited in [11]. They consist of three 1 minute
long audio-video excerpts, each of which display the team
members performing one of the above activities.

2) Leader Stimuli

We also created 6 Leader Stimuli for the leader (3 associated
to TFL and the other 3 related to TAL nonverbal behaviors),
designed to help the team to develop the dimension lacking
in the corresponding activity excerpt.

In the previous study [11] the leader was played by an Em-
bodied Conversational Agent, implemented through MARC, a
publicly available agent platform [42]. In the present study,
a professional actress could access the agent’s performance
exploited in [11], having the task of mimicking, as closely
as possible, the expression of the complex socio-emotional
behaviors of the agent through gestures, voice and facial
expressions. The Leader Stimuli were recorded on a video-
camera (30 fps, 1920x1080) and edited in Final Cut Pro, to
clear up the sound and to optimize the lighting. The human
actor’s appearance was carefully made up to closely match the
agent’s one in [11] (see Table II). While the appearance of the
actress could impact how she is perceived as a leader [43], it
was not considered in the experimental design.

To design the facial expressions and the body movements of
the agent/human actor, we relied on the literature mentioned
in Section II-C. Despite the 2 leadership styles (TFL and
TAL) sharing a common set of basic nonverbal behaviors
(head nods and facial expressivity while talking), they were
also characterized by some specific behaviors. The TFL-
specific behaviors included: maintaining eye contact, smiling,
dynamic gestures and open body postures. The TAL-specific
behaviors included: authoritarian facial expressions, assertive
palm downward gestures and closed body postures. Table II
reports the agent and human actor’s utterances used in each
of the 3 activities for the 2 leadership styles (corresponding
to the 6 Leader Stimulus).

B. Experimental Procedure

The present study? was carried out online through an ad
hoc application developed on the LimeSurvey online survey
tool®. Participants were mainly recruited via distribution on
University mailing lists. Participation was voluntary and no
information that would allow the identification or tracing of
participants was collected (e.g. name, e-mail, IP address).
Participants could withdraw from the study at any moment.

2The study was granted ethical approval by the Social Research Ethics
Committee (SREC) of the University College Cork.
3https://www.limesurvey.org
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Fig. 1. The 3 activities performed by the working team: (a) “Division of Work”, (b) “Sharing Ideas”, (c) “Choosing an Idea”.

TABLE I

THE AGENT AND HUMAN ACTOR’S UTTERANCES RELATED TO TFL AND TAL LEADERSHIP STYLES, PER TEAM ACTIVITY.

Work Divison

Sharing Ideas

Choosing an Idea

Agent

Human actor

each other in the team.
Tell us what could be your
best contribution with this
project considering your
skills and interests.

trust between teammates.
Look at these previous
works I just sent you by
email. It is possible to
combine original design
and well-established solu-
tions.

TFL | There are many ways this | I think you should all be | So, we need to find a
work could be divided. | inspired by the fact that | way to reach a common

Could you please explain | you have different work | agreement. Let’s do a pros

why you divided it this | approaches. Let’s try to | and cons table for each of

way? find some compromise to- | these ideas, I'll help you

gether. to mediate the debate and

make a decision.
TAL | You must better know | There should be more | You need to reach a com-

mon agreement. Write the
pros and cons of each of
the others’ ideas. Then I
want you to privately vote
for an idea but you can’t
vote for yours. The idea
that will get more votes

wins.

First, the participants were welcomed, given information
on the study and how their data would be treated. If they
gave their consent, participants were able to proceed. Next,
the scenario and the characters acting in the Team Stimuli
were presented. Then, they watched one of the Team Stimuli
and filled out a questionnaire about its perceived TMS. After
that, they watched 2 Leader Stimuli displaying TFL and TAL
behaviors. After each of the Leader Stimuli, they filled out
the same questionnaire again about the team TMS, which
was pre-initialized with the ratings previously entered after
the Team Stimulus. The order of the 3 team activities, as well
as the Leader Stimuli were randomized between participants to
avoid an affect of the ratings provided by participants. Finally,
participants were thanked for taking part in the study and some
demographic information (gender, age group and nationality)
about them were collected.

Thirty-two people (17 males, 13 females, 2 N/A, mean age
= 37y, SD=8y) participated in the study with the human actor,

and twenty-height people (15 males, 13 females, mean age =
33y, SD=10y) in the study with the agent [11]. The two groups
of participants were completely independent and were almost
all European. We can thus consider that the two samples are
almost matching in terms of age, sex and culture.

C. Independent and Dependent Variables

Since the study with the human actor followed the same
methodology as the one presented in [11] (the only difference
being in the leader’s embodiment), this allows for comparing
the results and merging the data in a mixed design. The
independent variables manipulated are:

o Activity, understood as the 3 team activities, with levels:
“Division of Work™ (Division), “Sharing Ideas” (Sharing)
and “Choosing an Idea” (Choosing);

o Intervention, understood as the type of intervention, if
present, of the team leader, with levels: Before, TFL, TAL;
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o Leader Embodiment, understood as the leadership type,
with levels: Agent, Human.

The dependent variables are the 3 dimensions of TMS of
the team as perceived by the participants: Specialization,
Credibility, and Coordination. We measured them using items
from a well-established questionnaire [17] already used in
previous studies (e.g., [18], [44], [45]). We selected 3 items for
each TMS dimension (for a total of 9 items), that participants
were asked to rate on a S-point Likert scale from strongly
disagree to strongly agree. Table III reports the items we
selected for each TMS dimension. These items were used to
assess TMS after each activity as well as after each Leader
Stimulus. Concerning the assessment of TMS after the Leader
Stimulus, the questionnaire items were modified using future
tense. This was because participants were asked to imagine
how the behavior of the leader could affect the future behavior
of the team.

D. Research Hypotheses

We address the following 4 research hypotheses (the first
one focusing on the team, the other ones on the leader):
H1: in each activity, the team is perceived to have an inability
to leverage the correlated TMS dimension (i.e., low scores
of Specialization for the Division activity, of Credibility for
the Sharing activity and of Coordination for the Choosing
activity). This hypothesis aims to verify whether the stimuli
we created were correctly perceived by the participants.
H2: the leader intervention positively affects the perceived
TMS of the team (i.e., TMS scores for TAL and TFL inter-
ventions are higher in the Before level).
H3: TAL and TFL interventions have a different impact on the
perceived TMS dimensions of the team.
H4: there is no effect of Leader Embodiment on the perception
of team TMS (i.e., no effect of Leader Embodiment on TMS
scores).

IV. ANALYSIS AND RESULTS

Since Cronbach o > 0.73 for each TMS dimension and
each condition, we computed for each condition one score for
Specialization, one for Credibility and one for Coordination
by merging the 3 items of each dimension.

A. HI - Activity

To test H1, we checked if each team activity was actually
perceived with low scores for the correlated TMS dimension,
compared to the other activities. In [11], H1 was not validated
for Division, partially validated for Sharing and completely
validated for Choosing. In the following, we report the results
of the same analysis conducted when using a Human as leader.

1) Specialization

We ran a one-way ANOVA with Activity as a within-subjects
variable and Specialization as a dependent variable. The results
show a main effect of Activity: F(2,62) = 9.8,p < 0.001.
Post-hoc pairwise comparisons with Bonferroni adjustment
reveals that Specialization scores are significantly higher for
Division (M = 3.33,SD = 1.04) compared to Sharing

(M = 2.62,SD = 1.18,t(32) = 3.72,paq; < 0.001) and
Choosing (M = 2.44,SD = 1.03,t(32) = 4.15,puq <
0.001). No difference between Sharing and Choosing is found
(Pagj > 0.05).

HI is rejected for Specialization: the participants did not
perceive lower Specialization in the team for the Division
activity compared to the other team activities.

2) Credibility

Since the assumption of normality was not met for Credi-
bility scores, we run a Friedman test with Activity as a within-
subjects variable and Credibility as a dependent variable. The
results show a main effect of Activity: x%(2) = 49, p < 0.001,
Kendall W = 0.78. Pairwise Wilcoxon signed-rank test
reveals that Credibility scores for Sharing (M = 2.16,SD =
1.09) are significantly lower compared to Division (M =
3.84,5D = 0.79,pqq; < 0.001,7 = 0.81), and significantly
higher compared to Choosing (M = 1.32,5D = 0.46,p <
0.01,7 = 0.87).

HI is partially accepted for Credibility: the participants
perceived lower Credibility in the team for the Sharing activity
compared to the Division activity, but higher compared to the
Choosing activity.

3) Coordination

Since the assumption of normality was not met for Co-
ordination scores, we run a Friedman test, with Activity as
a within-subjects variable and Coordination as a dependent
variable. The results show that Coordination scores are signif-
icantly different across each Activity: x?(2) = 56.1, Kendall’s
W = 0.88,p < 0.001. Pairwise Wilcoxon signed-rank test
reveals that Coordination scores are significantly lower for
Choosing (M = 1.31,SD = 0.52) compared to Divison
(M =4.28,5D = 0.94,pqq; < 0.001,7r = 0.87), and Sharing
(M =2.73,5D =1.12,paq; < 0.001,r = 0.85).

HI is fully accepted for Coordination: the participants
perceived lower Coordination in the team for the Choosing
activity, compared to the other activities.

B. H2, H3, H4 - Intervention and Leader Embodiment

1) Specialization

We run a 2x3x3 mixed ANOVA, with Leader Embod-
iment as a between-subjects variable, Activity and Inter-
vention as within-subjects variables and Specialization as a
dependent variable. Results show a main effect of Activity
(F(2,116) = 27.16,p < 0.001) and a main effect of Inter-
vention (F'(1.76,102.01) = 46.86,p < 0.001). In addition, a
two-way interaction is found between Leader Embodiment and
Intervention (F(1.76,102.01 = 3.45,p < 0.05) and between
Activity and Leader Embodiment (F(4,232) = 7.83,p <
0.001). No main effect of Leader Embodiment is found,
supporting H4.

A one-way ANOVA reveals that the main effect of Activity is
significant for every level of the other variables (all p < 0.05),
except for the TFL intervention for the level Human (p =
0.2). In general, Specialization scores are higher for Division
(M = 3.82,SD = 0.99) compared to the other activities
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TABLE III
THE ITEMS OF THE QUESTIONNAIRE [17] USED TO ASSESS TMS.

TMS dimension | Selected Items

Specialization

Different team members were responsible for expertise in different areas.
The specialized knowledge of several team members was needed to complete the project deliverables.
Each team member knew which team member had expertise in specific areas.

Credibility

Team members were comfortable accepting procedural suggestions from the other team members.
They were confident relying on the information that other team members brought to the discussion.
They did not have much faith in other members’ expertise.

Coordination

The team worked together in a well-coordinated fashion.
The team needed to backtrack and start over a lot.
There was much confusion about how they would accomplish a task.

(M = 3.19,5D = 1.13 for Sharing; M = 3.07,SD = 1.17
for Choosing), which is in line with what we found while
testing H1. Pairwise comparisons with Bonferroni correction
show that this difference is significant for every condition
(except for the one mentioned before, all p,q; < 0.05), while
there is no difference between Sharing and Choosing (all
Dadj > 0.4).

A one-way ANOVA reveals that the main effect of Inter-
vention is significant for every level of the other variables
(all p < 0.001). In general, Specialization scores increase
after the intervention, so the scores given for Before (M =
2.87,SD = 1.17) are lower than those given after TAL
(M = 3.55,SD = 1.12) or TFL (M = 3.66,5D = 0.98).
H2 is thus validated for Specialization.

Regarding the interaction effect between Leader Embod-
iment and Intervention, a two-way ANOVA reveals that
this interaction is significant only for the Sharing activity
(F(2,116) = 3.94,p < 0.05).

Regarding the interaction effect between Activity and In-
tervention, a two-way ANOVA reveals that this interaction is
significant only for the level Human (F(4,124) = 6.52,p <
0.001).

Pairwise comparisons with Bonferroni correction show that
for the level Agent of variable Leader Embodiment, the TFL
intervention do not improve Specialization in the Division
activity (pqq; > 0.05), while, for the level Human, TAL
intervention do not improve Specialization in the Sharing
activity (pqq; > 0.05). This seems to indicate that the TFL
strategy works better when used by a human than an agent,
and the TAL strategy better works when used by an agent than
a human. TFL also perform better than TAL in the Choosing
activity for the level Human (t(32) = 2.68,paq; < 0.05). H3
is thus partially validated for Specialization.

To summarize: H2 and H4 can be accepted, whereas H3 can
be only partially accepted. In particular, results show that, to
improve a team’s Specialization, TFL strategy seems to work
better when performed by a human and TAL strategy seems to
work better when performed by an agent, but in general the
intervention of an agent has a similar effect on Specialization
as seen with the intervention of a human.

2) Credibility

We run a 2x3x3 mixed ANOVA, with Leader style as a
between-subjects variable, Activity and Intervention as within-
subjects variables and Credibility as a dependent variable. The

results show a main effect of Activity (F/(2,116) = 124.5,p <
0.001) and a main effect of Intervention (F(1.7,98.35) =
54.28,p < 0.001). In addition, a two-way interaction is found
between Activity and Intervention (F(4,232) = 21.74,p <
0.001). No main effect of Leader Embodiment is found,
supporting H4.

A one-way ANOVA reveals that the main effect of Ac-
tivity is significant for every level of the other variables
(all p < 0.001). In general, Credibility scores for Sharing
(M = 2.75,SD = 1.15) are lower compared to Division
(M = 3.98,5SD = 0.88) and higher compared to Choosing
(M = 2.27,SD = 1.11), which is in line with what we
found while testing H1. Pairwise comparisons with Bonferroni
correction show that these differences are significant for every
condition, except for 2 cases where Credibility scores are not
significantly different between Sharing and Choosing (for TAL
and TFL intervention for the level Agent, p,q; > 0.08).

A one-way ANOVA reveals that the main effect of Inter-
vention is significant for every level of the other variables (all
p < 0.001), except for Division activity (p > 0.3). In the
other cases, Credibility scores increase after the intervention,
so the scores given for level Before of variable Intervention
(M = 2.48,5D = 1.38) are lower than those given after TAL
(M =3.16,SD =1.18) or TFL (M = 3.36,SD = 1.04). H2
is thus partially validated for Credibility.

Regarding the interaction effect between Activity and Inter-
vention, a two-way ANOVA reveals that this interaction is sig-
nificant for both types of leader embodiment (all p < 0.001).

Pairwise comparisons with Bonferroni correction show that
(except for Division activity, where we already said that
Credibility scores do not differ across Intervention) TFL gets
higher scores than TAL for the level Human (p.q; < 0.05).
Conversely, for the level Agent the two leadership strategies
both increase Credibility scores compared to level Before, but
do not significantly differ from each other (poq; > 0.5). This
is in line with the higher performance of TFL when performed
by a human that we found for the Specialization scores. H3
is thus partially validated for Credibility.

To summarize: H4 can be accepted, whereas H2 and H3
can be only partially accepted. In particular, results show that,
to improve team’s Credibility, the TFL strategy seems to work
better when performed by a human, while there is no difference
between TFL and TAL in the case of an agent.
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3) Coordination

We run a 2x3x3 mixed ANOVA, with Leader Embodi-
ment as a between-subjects variable, Activity and Intervention
as within-subjects variables and Coordination as a depen-
dent variable. The results show a main effect of Activity
(F(2,116) = 110.32,p < 0.001) and a main effect of
Intervention (F'(2,116) = 54.85,p < 0.001). In addition,
a two-way interaction is found between Leader Embodiment
and Intervention (F'(2,116) = 3.42,p < 0.05) and between
Activity and Intervention (F'(4,232) = 58.78,p < 0.001). No
main effect of Leader Embodiment is found, supporting H4.

A one-way ANOVA reveals that the main effect of Activity
is significant for every level of the other variables (all p <
0.01). In general, Coordination scores are lowest for Choosing
(M = 2.55,SD = 1.26) compared to the other activities
(M = 3,5D = 1.09 for Sharing; M = 4.12,SD = 1.06
for Division), which is in line with what we found while
testing H1. Pairwise comparisons with Bonferroni correction
show that this difference is significant for every condition,
except for TAL and TFL interventions for both groups, where
the Coordination scores are equally lower for Sharing and
Choosing (all pyq; > 0.3).

A one-way ANOVA reveals that the main effect of Inter-
vention is significant for every level of the other variables (all
p < 0.001), except for Division activity (p > 0.9). In the other
cases, Coordination scores increase after the intervention, so
the scores given for Before (M = 2.69,SD = 1.51) are lower
than those given after TAL (M = 3.41,5SD = 1.13) or TFL
(M = 3.57,SD = 1.11). H2 is thus partially validated for
Coordination.

Regarding the interaction effect between Leader Embod-
iment and Intervention, a two-way ANOVA reveals that
this interaction is significant only for the Choosing activity
(F(2,116) = 3.34,p < 0.05).

Regarding the interaction effect between Activity and In-
tervention, a two-way ANOVA reveals that this interaction is
significant only for both groups (all p < 0.001).

Pairwise comparisons with Bonferroni correction show that
(except for Division activity, where we already said that
Coordination scores do not differ across Intervention) TFL
strategy gets higher scores than TAL for the level Human (all
Padj < 0.05). Conversely, for the level Agent the two lead-
ership strategies both increase Coordination scores compared
to level Before, but do not significantly differ to each other
(Pagj > 0.4). H3 is thus partially validated for Coordination.

To summarize: H4 can be accepted, whereas H2 and H3
can be only partially accepted. In particular, results show that,
to improve team’s Coordination, TFL strategy seems to work
better when performed by a human, while there is no difference
between TFL and TAL in the case of an agent.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented a perceptive online study about
the impact of different leadership strategies on a team’s devel-
opment of Transactive Memory System (TMS). We compared

the effect of such strategies when performed by an Embodied
Conversational Agent and a human. We designed the behaviors
of an agent and a human actor that characterize 2 leadership
styles: Transformational (TFL) vs Transactional (TAL).

Results show that the intervention of both the agent and the
human leader could improve the perceived TMS of the team.
This could be explained by the fact that both the leaders are
anthropomorphic, which is in line with [6]. Further studies
are needed to explore different types of embodiment (e.g., a
robot) and lower levels of anthropomorphism (e.g., a vocal
assistant). Also, it was demonstrated that a female agent is
perceived as more trustworthy than a male agent [46]: again,
further investigation is needed in this direction. When looking
in detail at our results, we observe that the TFL leadership
strategy works better when performed by a human, while both
TFL and TAL strategies generally impact the perception of
TMS when they are performed by an agent. This is interesting
since it would mean that when using a virtual leader, one could
use different leadership styles without reducing the positive
impact it could have on the team’s TMS.

The team stimuli were conceived to exhibit a lack in one
of the 3 TMS dimensions. The perception of these stimuli
differed according to the TMS dimension: the activity that was
best recognized was Choosing an Idea (lack of Coordination),
Sharing Ideas (lack of Credibility) was partially recognized,
while Division of Work (lack in Specialization) was not per-
ceived as we expected. This limits the scope of interpretation
we can do regarding this particular dimension and how it was
perceived after each leaders’ intervention. We are considering
carrying out other experiments in a physical, instead of remote,
environment, to investigate if the perception of the team TMS
improves. This should also offer an environment in which we
can more easily design an interaction scenario where the leader
(an agent or a human) would be part of the team and not only
an external observer.

In summary, this paper shows promising results supporting
the use of Embodied Conversational Agents as effective team
leaders, capable of engaging groups of users and supporting
them in the development of complex affective and cognitive
phenomena, such as TMS. After assessing the potential of
Embodied Conversational Agents as leaders in a first online
study, and comparing it with human leaders in the current one
which replicated the design of the first one, our next step will
be to leverage from these results to study and investigate their
impact on teams’ TMS in real-time interactive scenarios.
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