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1. Abstract

This paper presents a theory that allows us to better understand motivation in human-robot teamwork.
Teamwork with robots often involves both physical and mental activities. This implies that motivation might be
particularly important to the success of human robot teams. Unfortunately, there is much we do not know with
regards to the role of motivation in effective teamwork with robots. In this paper we propose the “Motivational
Theory of Human—Robot Teamwork” to better understand teamwork in human—-robot teams. In doing so, we

leverage the research on robot personality.
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4, Introduction

Human-robot teams, teams of humans and robots,
are being deployed across many work settings [1].
This is reflected in the increased use of robots in
the workforce, where they are expected to replace
as much as half the workforce in 10-20 years [2-4].
The ability to effectively integrate robots into
teams can either hinder or facilitate successful
teamwork [5]. However, advances in technology
have far outpaced our theorizing with regard to the
relationships between humans and robots [5-7].

Motivational theories of teamwork highlight the
role of effort or a lack of effort when it comes to
promoting effective teamwork. Motivation is
defined as an individual or team’s intention of
achieving a goal, which is followed by an allocation
of effort to achieve this goal [8]. In this paper, more
effective teamwork is assumed to lead to better
performance, team satisfaction and viability. All
three outcomes are widely recognized as
important measures of successful teamwork [7].
Motivational theories have been used to explain
both individual and team performance [9-12].

Working with robots often involves both physical
and mental activities. This implies that motivation
might be particularly important to the success of
these teams. Unfortunately, despite the potential
importance there is much we do not know with
regard to the role of motivation in effective
teamwork with robots [13-15]. With this in mind,
our goal in this paper is to advance our
understanding of teamwork with robots through a
motivational view [see Figure 1].

In this paper we propose the “Motivational Theory
of Human-Robot Teamwork” to better understand
teamwork in human-robot teams. In doing so, we
leverage the research on robot personality.
Personality has consistently demonstrated an
impact on the actions and outcomes of teamwork
among humans and with robots [16]. In this paper
we present a theory that allows us to better
understand motivation in human-robot teamwork.
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Figure 1: Theoretical Model

Here we make three key contributions. First, we
theoretically integrate the literature on human-
robot personality with theories of individual and
team motivation. In doing so, we put forth a more
coherent explanation of the relationship between
prior HRI research on personality and future HRI
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research on motivation. Second, we identify the
robot’'s competence as a key theoretical
mechanism linking robot personality and human
motivation in human-robot teams. Finally, the
proposed theory goes beyond the individual level
of analysis to explicate the mechanisms driving
motivation at the team level as well linking both
individual and team outcomes.

The following section presents the general
relationships between a robot’s personality traits,
motivation, and individual and team outcomes.
This first set of propositions presents the impacts
of the robot’s personality on a human’s perceptions
of its competence. The next section discusses the
effects of the robot’s competence on human
motivation. This is followed by propositions
related to the impact of motivation on individual
and team outcomes. Finally, we conclude the

paper.
5. Theoretical Model

Emotional Stability

A robot’s display of emotional stability should
positively impact a human’s perception of its
competence. Emotional stability refers to the
degree to which someone is calm, well-adjusted,
secure and self-confident [17,18]. It reflects the
ability of an individual to remain calm in the face of
adversity or a difficult situation [18]. Emotional
stability is normally viewed as a positive trait. This
is in part because it has been associated with the
positive expectation that an individual is capable of
getting things done [19]. This is in stark contrast to
neuroticism, which is associated with anxiety,
depression, anger, worry and insecurity [20].
Generally, research has posited and found several
examples of emotional stability being positively
related to teamwork with robots [21,22].

Proposition 1a: Robot’s display of emotional stability
is positively related to a human’s perception of its
competence.

Proposition 1b: Robot’s display of emotional stability
is positively related to the team’s perception of its
competence.

Extraversion

A robot’s display of extraversion should facilitate
human’s  perception of its competence.
Extraversion represents the degree to which
someone is outgoing or sociable with others [22].
Extraverts are often assertive and more likely to
initiate and carry out team tasks [17]. Extraversion
has also been associated with better cognitive
abilities like memory, technical knowledge and
strong communication skills [23]. Extraversion has
been  positively associated with  better
interpersonal relationships and performance
outcomes among humans and robots (for a review
see Robert [16]).

Proposition 2a: Robot’s display of extraversion is
positively related to a human’s perception of its
competence.

Proposition 2b: Robot’s display of extraversion is
positively related to the team’s perception of its
competence.

Openness to Experience

A robot’s display of openness to experience should
be positively associated with a human’s perception
of its competence. Openness to experience is the
extent to which someone is imaginative and
broadminded [24]. It is often used to reflect the
intellectual, cultural and creative interest of
individuals [18]. Although openness to experience
is associated with many positive attributes,
flexibility and the ability to learn quickly are often
touted as its most salient benefits to teamwork
[17]. Openness to experience has been positively
related to individual and team learning,
satisfaction and performance [ 19,25,26].

Proposition 3a: Robot’s display of openness to
experience is positively related to a human’s
perception of its competence.
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Proposition 3b: Robot’s display of openness is
positively related to the team’s perception of its
competence.

Agreeableness

A robot’s display of agreeableness should be
positively associated with a human’s perception of
its competence. Agreeableness often reflects
whether someone is cooperative or friendly [18 ].
Agreeableness is often synonymous with words
like kindness, trust and warmth [17]. Agreeable
individuals are also considered to be more honest
and supportive [27]. Individuals low in
agreeableness are consider to be uncaring, critical,
unsupportive and uncooperative [28]. This
explains why agreeableness has been a strong
predictor of individual and team performance in
teams with and without robots [29].

Proposition 4a: Robot’s display of agreeableness is
positively related to a human’s perception of its
competence.

Proposition 4b: Robot’s display of agreeableness is
positively related to the team’s perception of its
competence.

Conscientiousness

A robot’s display of conscientiousness should be
positively associated with a human’s perception of
its competence. Conscientiousness is the extent to
which someone is thoughtful and self-aware [27].
It reflects careful, deliberative and responsible
behavior [18]. Individuals high in
conscientiousness have been shown to be
hardworking, well-prepared, organized and
reliable [17]. Conscientiousness has been found to
be positively associated with individual
satisfaction and performance [20]. Similarity, it has
also been strongly related to team performance
and satisfaction [18, 27, 30, 31]. There has been
less work on the topic in the HRI literature when
compared to other types of personality [16].
However, Meerbeek et al. [32] did examine how
robots could display conscientiousness.
Nonetheless, similarly to the impact of human’s
displaying conscientiousness, we would expect it to

lead to positive perception of the robot’s
competence.

Proposition 5a: Robot’s display of conscientiousness
is positively related to a human’s perception of its
competence.

Proposition 5b: Robot’s display of conscientiousness
is positively related to the team’s perception of its
competence.

Theorizing Motivation in Human-Robot Teams
at the Individual Level

Motivation can be described as the willingness of
an individual to exert and sustain effort [33]. It
reflects those forces that focus, propel and sustain
effort [8]. Most human behavior begins with a goal
or objective [34]. Theories of motivation help
explain how goals and objectives are developed
and maintained throughout an activity [35]. In the
context of a team, that willingness to exert effort
can be directed toward accomplishing one’s own
role or helping others accomplish their roles on
behalf of the team [33]. Similar positive effects of
motivation have been found in the few studies
linking it to personality in the HRI literature [13,
14].

Theories of motivation posit that individual
motivation comprises three core components: goal
choice, goal striving and self-belief in goal
attainment [36]. Goal choice represents the
process of deciding which objectives to pursue
while goal striving reflects the actual effort
allocated and sustained to pursue the chosen goals
or objectives [11]. Overall self-belief in efficacy
helps drive goal choice, which in turn influences
the amount of effort and persistence individuals
allocate toward achieving their objective [11,37].
Taken together, self-efficacy, goal choice and goal
striving make up the motivational process that
explains the amount of effort an individual
allocates toward achieving a goal [10].

Proposition 6a: An individual’s perception of the
robot’s competence in teams working with robots is
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positively related to that individual’s motivation in
the team: self-efficacy, goal choice and goal striving.

Proposition 6b: An individual’s motivation in teams
working with robots is positively related to their
outcomes: performance, willingness to continue to
work with the team (i.e. viability) and satisfaction.

Theorizing Motivation in Human-Robot Teams
at the Team Level

Research has found similar effects at the team level
[9, 33, 38, 39]. However, several differences
between the team and individual motivational
processes should be highlighted. Team self-efficacy
is related but clearly distinct from individual self-
efficacy. It can differ in the sense that individuals
might not believe that they as an individual can
achieve their objective but that the team can, or
vice versa. At the team level, the degree to which all
members believe they can achieve their team goals
helps determine which goals as a team they choose
to take on [33]. Team goal choice represents the
degree to which the team agrees on which set of
objectives to pursue, while team goal striving
reflects the actual effort the team as a whole
allocates and sustains to pursue the team’s chosen
goals or objectives [11]. Team goal choice has been
found to be positively related to the amount of
effort the team allocates and maintains to achieve
its objectives [33]. Goal striving at the team level
has also been positively related to team
performance [39].

Proposition 7a: Team members’ perception of their
robot’s competence is positively related to that
team’s motivation: self-efficacy, goal choice and goal
striving.

Proposition 7b: Motivation in teams working with
robots is positively related to individual team
members’ outcomes: performance, viability and
satisfaction.

6. Conclusion

Overall, the purpose of this paper has been to
present the Motivational Theory of Human-Robot
Teamwork. Drawing from a large body of literature
on motivation and human-robot interaction, the
model seeks to explain how team and individual
motivational factors impact human and robot
teams. The theoretical model is a first step in
advancing our understanding of human-robot
teamwork. However, the theoretical model is far
from comprehensive and more work is needed
with regard to both theoretical development and
empirical verification.
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