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Abstract— The success of human-robot interaction is strongly
affected by the people’s ability to infer others’ intentions and
behaviours, and the level of people’s trust that others will abide
by their same principles and social conventions to achieve a
common goal. The ability of understanding and reasoning about
other agents’ mental states is known as Theory of Mind (ToM).
ToM and trust, therefore, are key factors in the positive outcome
of human-robot interaction. We believe that a robot endowed
with a ToM is able to gain people’s trust, even when this may
occasionally make errors.

In this work, we present a user study in the field in which
participants (N=123) interacted with a robot that may or may
not have a ToM, and may or may not exhibit erroneous
behaviour. Our findings indicate that a robot with ToM is
perceived as more reliable, and they trusted it more than a
robot without a ToM even when the robot made errors. Finally,
ToM results to be a key driver for tuning people’s trust in the
robot even when the initial condition of the interaction changed
(i.e., loss and regain of trust in a longer relationship).

Index Terms— Theory of Mind, Social Robotics, Trust,
Human-robot interaction, Robot’s mistakes

I. INTRODUCTION

Theory of Mind is a multi-modal system that allows
people to naturally communicate and understand each other
by inferring others’ intentions, desires, and beliefs [1]. This
often results in people’s expectation of a similar ability when
interacting with social robots. In particular, robots’ social
characteristics, such as a human-like appearance and the
ability to express social motions and behaviours, lead people
to believe that robots are capable of having the same social
abilities as humans, including ToM [2].

Trust is a fundamental factor that plays a significant
role in interpersonal and economic interactions, both in
Human-Human (HHI) and Human-Robot (HRI) Interactions.
People’s ability to trust robots can substantially affect their
success in establishing and keeping effective relationships
with robots over time [3]. Trust is also an interdisciplinary
interest and, therefore, is investigated in many disciplines. As
a consequence, there are several definitions of trust. Two of
the most well-known definitions of trust are strongly related
to the perception of reliability ([4], [5]), and to the people’s
willingness to take the risk to help the counterpart ([6], [7]).
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Fig. 1. A participant plays the “Sci-fi Book Game”.

However, such trust can also be very feeble, and it can be
undermined or completely lost when robots exhibit erroneous
behaviours [8] whether these are unexpected behaviours
perceived as failures by people (e.g., slow navigation) or
actual errors (e.g., mechanical and functional malfunctions).

ToM also plays an important role in building trust in HRI.
On the one hand, it allows people to establish the reliability
of the information and capabilities of a robot, which helps
to build people’s trust in robots. On the other hand, ToM
allows robots to evaluate the situational context and plan
accordingly to achieve a goal either in collaboration with
humans or without any human direct intervention.

While ToM has been investigated in relation to machines
for several years, it has only recently attracted the attention
of the HRI community. As a result, there are still few studies
looking into the effects of ToM on people’s trust in robots
([9], [10]). Similarly, the state-of-art literature showed that
several repair mechanisms exist that allow robots to recover
people’s trust after a breach. For example, the robot in
Fratczak et al. [11] study, was able to substantially recover its
users’ trust by apologising for the error it made. Cameron
et al. [12] showed that when a robot recognises its errors
and communicates its intention of rectifying the situation,
it can recover from the negative effects of such errors on
people’s trust. Other strategies also include letting the robot
explains the errors, either by providing justifications for the
failure [13] or by providing a higher level of information
[14]. Others also include the possibility of prompting the
intervention of a human in support of the robot [15]. These
studies provide mechanisms to calibrate people’s trust in
robots either once this has been already lost, or by letting the
robot actively explain its behaviour or communicating it has
a ToM. These studies also imply that the robot has awareness
of itself and the task, but not necessarily that other agents
have a ToM. To the best of our knowledge, no previous
studies investigated the relationship between robot errors in
correlation to the robot’s ability of displaying ToM skills, i.e.,



by providing the robot with awareness of the context and the
other agents (humans or machines) in the environment and
using this information to consequently plan and act.

In this work, we investigate whether the presence of ToM
in a robot would affect people’s trust in the robot even
when the latter makes mistakes. To this extent, we designed
a between-subjects study where participants played with a
robot in a variation of a known guessing game (i.e., Price
Game [16]). The study was composed of several trials carried
out with participants who were attending an international
public event. During the interaction, participants and robots
exchanged the roles of the guesser, in which one was aware
of the correct answer and the other needs to guess it (see
Figure 1). For each trial, the robot may exhibit erroneous or
flawless behaviour to calibrate people’s trust in the robot. We
hypothesise that a robot with a ToM can influence people’s
trust in the robot [10], even if the robot presents occasional
erroneous behaviour. We believe that the presence of ToM
in a robot may be a mitigating factor for a loss of people’s
trust in the robot, similar to a human-human trust recovery.

II. APPROACH

To investigate our hypothesis that a robot endowed with
ToM can gain more trust during an HRI, we designed a 2x2
between-subjects study where a robot engaged participants in
a three-phase interaction, exhibiting behaviour that varied ac-
cording to its ToM and erroneous (EB) or flawless behaviour
(CB).

In particular, each participant was assigned to one of
the following experimental conditions: 1) in the ToM-CB
condition, the robot had ToM and did not make any errors;
2) in the ToM-EB condition, the robot had ToM and made
errors; 3) in the nToM-CB condition, the robot did not
have ToM and had flawless behaviour; and in the nToM-
EB condition, the robot had not ToM and had erroneous
behaviour.

In this work, we used a variation of the Price Game
developed by Rau et al. [16], and designed a Sci-fi Book
Game scenario that consisted of three phases, in which the
interaction between the robot and a participant was supported
by an actor. The first phase of the interaction was designed
considering previous findings which highlighted that people’s
impression of a robot is formed during their first encounters
([17], [18]). Here, the robot was the player that was requested
to guess the date with the suggestions provided by the human
assistants (actor and participant). In the second phase, the
robot engaged the participant and the actor in some small
and flawless talks about books. In particular, this phase has
been conceived to allow the robot to regain people’s trust in
its capabilities in the conditions with errors (i.e., ToM-EB
and nToM-EB). People’s trust in robots is strictly connected
to the reliability of a robot’s behaviour, and consequently to
their perception of the usefulness of the information provided
by the robot [5]. The last phase was aimed to assess people’s
trust in the robot. Specifically, the participant was requested
to guess the correct date with a hint provided by the robot.

Fig. 2. In Figure, the three phases of the experiment. In the first, we
manipulate the four experimental conditions. In the second, the robot builds
trust. Finally, in the last, we measure trust with respect to one of the four
experimental conditions of phase one.

In order to assess people’s trust in the robot and analyse its
interaction with the participants, we asked the participants to
answer two sets of questionnaires at the beginning and the
end of the interaction trails. Objective measures were also
used to confirm whether participants followed the robot’s
advice (i.e., observing their choices during the final phase).

A. Apparatus

A TIAGo1 robot was endowed with the ability to engage
participants in multi-modal interactions (voice, facial expres-
sions, and head motions). Its effectiveness in interacting with
people with very diverse abilities has been shown in previous
works ([19], [20]). Since the main objective of our study was
to simulate that the robot had ToM, the latter was controlled
by the experimenter in a Wizard of Oz (WoZ) manner [21].
The experimenter followed a script and only decided when
to provide a given action.

Headsets with noise cancellation were provided to each
player in order to limit the sources of distraction and keep
participants focused on the task.

B. Procedure

The study was conducted in a booth at the Fantasy
Genre Festival in Barcelona (Spain)2, in which people were
wandering around, attending workshops, keynote sessions,
and visiting the pavilions of the exhibition. Three researchers
were in charge of the experimental setup: one was responsi-
ble for the pre- and post-sessions, one controlled the robot
during the three phases, and the other acted as a player
alongside the participants according to a script.

The experimental procedure was organised as follows:
1) Briefing session (5 min): During the briefing of the

study, people were informed of the procedure and gave
their consent to participate and being recorded during the
study. Videos and images were recorded only for those
participants who expressed their consent. The experimenter
also explained the objective of the game without providing
any details on the robot’s capabilities, and asked participants
to interact naturally by following the robot’s instructions

1https://pal-robotics.com/robots/tiago/
2Festival 42: https://www.barcelona.cat/festival42/en
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