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ARTICLE INFO ABSTRACT

Keywords: This paper presents the results of a behavioral experiment conducted between February 2020 and March
Prisoner’s Dilemma 2021 on a sample of about 500 university students that were randomly matched with either a human or a
Communication humanoid robot partner to play an iterated Prisoner’s Dilemma, to test whether their choices were influenced

Human-Robot interaction

. . by the nature and behavior of their partner. The results show that subjects are more likely to cooperate
Behavioral experiment

with human rather than with robotic partners; that they are more likely to cooperate after receiving a verbal
reaction following a sub-optimal social outcome; and that the effect of the verbal reaction is not dependent
on the nature of the partner. Our findings provide new evidence on the effects of verbal communication
in strategic frameworks that involves humanoid robotic partners. The results are robust to: the exclusion of
students of Economics-related subjects, the inclusion of a set of psychological and behavioral controls, the
subjects’ perception on robots’ behavior, and gender biases in human-human interactions.

1. Introduction and more people will begin to interact with artificial intelligence in
their daily lives.

In recent years, the use of robots has expanded from research To analyze and improve the understanding of Human-Robot In-

labs and manufacturing plants to the service sector offices and, most teractions (henceforth: HRI), we devised a randomized experiment in

which human subjects were randomly matched to either a human or an
anthropomorphic robot partner (NAO, produced by Softbank Robotics)
and asked to perform an iterated Prisoner’s Dilemma (PD). In each
of the two experimental conditions, after the first round of the game
(played online), and prior to a second round being proposed (in the
lab), half of the subjects were randomly assigned to a treatment in
which the partner provides a Verbal Reaction (henceforth, VR) if a
sub-optimal social outcome had occurred in the first round of the PD.

The aim of our experiment is threefold: first, to investigate whether
the subjects’ behavior depends on the (human or robotic) nature of their
partner; second, to analyze whether a VR — which implicitly refers to
cooperation as a socially desirable strategy — influences the subjects’
subsequent choices; third, and most importantly, to check whether the
effect of the VR depends on the (human or robotic) nature of the
partner.>

Our main result shows that facing a robot partner, when no VR is
performed, decreases the subjects’ cooperation rate between 16 and 22

importantly, facilities — such as hospitals, care centers, schools, and
even private homes — where their main task is to interact with “fragile”
human beings (elderly, children, sick), paving the way for these tech-
nologies to play an increasingly important role in daily life interactions
with humans. People have consequently raised their expectations re-
garding robots: More than one-third of respondents in a recent survey
by Ipsos say that robots “will look like, think like and speak like
humans” in the near future.! It has therefore become increasingly
crucial that robots act in a reliable and transparent way to be perceived
as trustworthy by their human partners in terms of their actions, capa-
bilities and motivations (Felzmann, Villaronga, Lutz, & Tamo-Larrieux,
2019; Zorner et al., 2021).

Although the use of robots in experimental economics can be traced
back at least to Walker, Cox, and Smith (1987) and Andreoni and Miller
(1993), the economic literature on Human—-Robot Interactions (HRI) is
still limited, while it is expected to become more significant as more
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E-mail address: mario.maggioni@unicatt.it (M.A. Maggioni).
1 Based on 15,700 online interviews in the period October 23rd — November 6th 2020, and across 31 countries, see https://www.ipsos.com/en/global-
predictions-2021.
2 In a sense, our third research question can be thought of as a sort of modified Turing Test. In the original three-person “imitation game” (Turing, 1950)
an ‘interrogator’ chats with two respondents, located in separate rooms, asking questions to detect which of the two is a machine. If the ‘interrogator’ cannot
reliably distinguish machines from human beings, the machine is said to have passed the test.
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percentage points, depending on model specifications, while being ex-
posed to a VR increases the subjects’ cooperation rate in the next round
by 20 to 25 percentage points, depending on model specifications.
Interestingly, the difference in the effect for subjects facing human vs
robot partners is not statistically significant. In other words, despite
the fact that the VRs do not affect the players’ payoffs, as long as the
partner subtly evokes cooperation — either in the form of an apology,
a reprimand or disappointment — the subject’s subsequent choice is
nudged towards cooperation, irrespective of whether their partner is
a fellow human being or an anthropomorphic robot.

This paper contributes to the existing literature by providing new
evidence on the effectiveness of communication in affecting decision-
making and extending this result to HRL In the paper, we show that the
effect of a VR on cooperation is positive, significant, and independent of
the human vs. artificial nature of the agent, thus contributing to an area
in the field of economic interactions between human and non-human
subjects that, while still relatively under-researched in the literature, is
likely to become more relevant in the near future.

2. Related literature

In the economic literature, the decision to trust another agent to
behave as a trustworthy partner in a transaction, or to cooperate in a
social dilemma® is generally seen as inconsistent with the pursuit of
individual self-interest. For this reason, trustful decisions are usually
explained either in terms of repeated interactions within a finite uncer-
tain time horizon, or assuming: agents endowed with “self-regarding
preferences”, an appropriate time discount rate, a certain degree of
uncertainty over the type of opponent, a “warm glow effect” (Andreoni,
1990), or “gift-giving” behavior (Akerlof, 1982). In the case of agents
endowed with “other-regarding preferences”, they tend to be explained
by referring to concepts such as equity and fairness (Fehr & Schmidlt,
1999; Rabin, 1993).

Relatively few papers explicitly consider the real relational di-
mension of agents’ interactions in social dilemmas. In those papers,
cooperative and trustful behaviors are explained as being motivated by
an acknowledgment of the other party’s attitudes and intentions. Simi-
larly, the literature on so-called psychological games addresses the role
of subjects’ intentions, by making payoffs belief-dependent (DeAngelo
& McCannon, 2020; Dufwenberg & Kirchsteiger, 2004; Geanakoplos,
Pearce, & Stacchetti, 1989; Rabin, 1993).

Communication, and even cheap talk (Farrell, 1995; Farrell & Rabin,
1996), have been shown to be crucial in affecting the outcome of
social dilemmas. In particular, face-to-face communication has been
shown to both promote and sustain cooperation between subjects even
in strategic settings such as social dilemmas (Bicchieri, 2002; Braver
& Wilson, 1986; Ostrom, 2000; Ostrom & Walker, 1997). Charness
and Dufwenberg (2006) and Miettinen and Suetens (2008) showed that
communication may ignite guilt aversion and therefore increase coop-
eration rates in social dilemmas. Similar evidence has been provided
by Ben-Ner, Putterman, and Ren (2011), even when communication
is not binding, and by Charness, Feri, Meléndez-Jiménez, and Sutter
(2021), which explores the role of communication in network games.

Overall, the empirical literature has shown that verbal commu-
nication increases trust and cooperation which in turn are pivotal
in fostering positive social interactions. Sally (1995) published the
first meta-analysis of this stream of the literature and concluded that
communication exerts the strongest effect, relative to other variables
known to influence cooperation, such as group size, the magnitude of
the reward for choosing not to cooperate, and group identity. Subse-
quently, Balliet (2010) addressed the same issue through an improved

3 Commonly, operationalized within a game-theoretical framework through
a Centipede Game, a “lost letter” experiment, a Trust Game, or a Prisoner’s
Dilemma. See, among others, Dasgupta (1988), Kreps (1990) Yezer, Goldfarb,
and Poppen (1996) and Skeath (1999).
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meta-analysis, adopting mediation-analysis techniques, and confirmed
that communication has a strong positive effect on cooperation within
social dilemmas.

Finally, support for the importance of attitudes, intentions and
verbal and non-verbal cues in communication emerges from behavioral
economics, as well as psychology and neuroeconomics experiments,
where players show different behaviors and neurological activation
when playing incentivized tasks and games with human counterparts
as opposed to automata - ranging from PCs, to robots with varying
degrees of humanization, to different forms of A.L. - despite facing
identical material payoffs (Andreoni & Miller, 1993; Bicchieri & Lev-
On, 2007; Chugunova & Sele, 2020; Cominelli et al., 2021; Crandall
et al.,, 2018; Ishowo-Oloko et al., 2019; Kiesler, Sproull, & Waters,
1996; Klockmann, von Schenk, Villeval, et al., 2021; Krach et al., 2008;
McCabe, Houser, Ryan, Smith, & Trouard, 2001; de Melo, Carnevale, &
Gratch, 2011; Miwa & Terai, 2012; Nouri & Traum, 2013; Paeng, Wu,
& Boerkoel, 2016; Pelikan & Broth, 2016; Rilling et al., 2002; Rilling,
Sanfey, Aronson, Nystrom, & Cohen, 2004; Tahir, Dauwels, Thalmann,
& Thalmann, 2018; Terada & Takeuchi, 2017; Wu, Paeng, Linder,
Valdesolo, & Boerkoel, 2016; Zorner et al., 2021). In a pioneering work
matching human with automata Andreoni and Miller (1993) assigned
subjects to two specific computer partners playing an imitative tit-for-
tat strategy with different probabilities. Their findings indicate that in
the early rounds of a repeated Prisoner’s Dilemma, subjects who were
paired with the algorithm programmed to adopt the imitative strategy
with high probability exhibited a higher cooperation rate.

More recently Cominelli et al. (2021) show that subjects receiving
a promise from a humanoid robot have greater trust in their partner,
especially when they perceive the robot as very similar to a human
being, while this does not happen when the partner is a computer box.

Academic research has accompanied the technological evolution in
robotics, although by developing two sub-fields: Social Robotics (SR)
and Human-Robot Interactions (HRI). The first (see, among others,
Fong, Nourbakhsh, & Dautenhahn, 2003; Sung, Grinter, & Christensen,
2010) is devoted to the design and development of mechanical objects
that are able to communicate, both verbally and non-verbally, and to
act as “artificial subjects” and “social partners” towards human beings;
the second (see, among others, Dumouchel & Damiano, 2017; Gaggioli
et al., 2021) is devoted to the analysis of the interactions between these
“artificial subjects” and human beings.

Notwithstanding the pioneering work by Walker et al. (1987) who
introduced computer algorithms to imitate three different risk-averse
bidders, the use of artificial agents as a substitute for human partic-
ipants in strategic interactions has not been widely adopted in the
experimental and behavioral economics literature.

In a series of studies, Hsieh, Chaudhury, and Cross (2020), Hsieh
and Cross (2022) investigated human-robot cooperation in the context
of Prisoner’s Dilemma games, focusing on the impact of incentive
structure and emotional displays by robots on people’s willingness to
cooperate with a robot opponent. In these studies, subjects were facing
a non-humanoid social robot (Cozmo), exhibiting a strong reciprocal
tendency, which surpasses the influence of the reward value of their
decisions (Hsieh et al., 2020). Further, in Hsieh and Cross (2022) the
same personal factors predicting cooperation in human-human settings
were also important in shaping human-robot interactions.

Although social robots like Cozmo were important at earlier stages
of HRI studies, more recently, empirical research in HRI has imple-
mented experimental frameworks in which human subjects have been
partnered with humanoid robots in social dilemmas (see, among others,
DeSteno et al., 2012; Krach et al., 2008; de Melo et al., 2011; de Melo
& Terada, 2020; Paeng et al., 2016; Zorner et al., 2021). This process
has almost seamlessly led to the question of whether communication
also promotes cooperation in these new settings where people interact
with robotic agents.

Among studies involving humanoid robots, the use of NAO has
become increasingly popular due to the robot’s features and capabil-
ities, which make it appropriate for experimental (especially clinical)
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research. Robaczewski, Bouchard, Bouchard, and Gaboury (2020) doc-
ument 70 experimental studies in which subjects are involved in a
HRI with NAO. Of these, 26 studies are specifically designed to assess
social interactions between humans and robots, and only 5 of them
specifically focus on communication as the main moderating feature.
In particular Sandoval, Brandstetter, Obaid, and Bartneck (2016) ask
subjects to play a Prisoner’s Dilemma — and an Ultimatum Game - but
their paper does not focus on the possible effects of partners’ verbal
messages on subjects’ behavior.*

Our paper explicitly deals with the interaction between humanoid
robots and humans,® focusing on the possible differential effect of
the partner’s communication in determining the behavior of human
subjects within a series of strategic interactions.

3. Research design

Our research design addresses three specific questions that relate to
the way humans interact with humanoid robots in a repeated Prisoner’s
Dilemma.

RQ1. Do subjects’ cooperation rates differ according to partner
types? Following recent developments in empirical research in eco-
nomics, psychology, and social robotics, we aim to understand whether
subjects interacting with a robot partner — as opposed to a human —
display a different cooperation rate.

RQ2. Does a VR affect the subjects’ cooperation rate? Empirical ev-
idence in the literature on social dilemmas shows that communication
tends to promote cooperation. We aim to investigate whether subjects
are more likely to cooperate once the partner has activated a VR, after
observing a sub-optimal outcome in the previous round of the game.

RQ3. Are subjects’ reactions to a VR dependent on the partner’s
nature (Human vs Robot)? This question originates directly from the
former two. Since our experiment is designed as a two X two matrix
(see Table 1 below) we might expect subjects’ decisions to be affected
by either the nature of the partner or exposure to a VR (or both). In
other words, we want to explore whether the potential effect of VR is
characterized by heterogeneity in the nature of the partner.

To address our RQs, we devised a twoxtwo experimental design, as
summarized in Table 1: first, we randomly assigned subjects to either
a Human or Robot partner in the interactive situation (the Prisoner’s
Dilemma); second, we randomly administered a stimulus (treatment)
to a fraction of our subjects in both the Human and Robot exper-
imental conditions. The treatment consisted of a ‘“Verbal Reaction”
(VR) that the partner delivered after observing a sub-optimal outcome
of the interaction.® Different stimuli were administered depending on
the observed outcomes in the Prisoner’s Dilemma,” as summarized in
Table 3.

4 In Sandoval et al. (2016) human partners were asked to be neutral, to
interact as little as possible with subjects, and to avoid conversations so as to
behave in a similar way to robots. For this reason, they were instructed not to
talk but only to nod at subjects in return for their greetings at the beginning
of the experiment. Furthermore, an experimenter (called the “referee”) was
always present during the interactions in the lab room, thus likely introducing
a strong bias in subjects’ behavior.

5 For a survey of research contributions on Human-Robot Interactions see
also Gaggioli et al. (2021).

6 Attanasi, Garcia-Gallego, Georgantzis, and Montesano (2013), in a po-
tentially infinitely repeated PD, used a different strategy and obtain implicit
dialogic interactions between players through the communication of pro-
posals and counterproposal. In our design, verbal reactions are exogenously
determined by the experimenter.

7 No VR is activated when the aggregate CC Pareto optimal outcome is
obtained, i.e when both subject and partner cooperate since the aim of the VR
is to move the interaction towards the social optimum.
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Table 1
Experimental design.

Treatment group

No VR VR
Experimental condition Human Baseline Reaction
P Robot Robot Interaction

To investigate how subjects behave when faced with a robotic rather
than a human partner, we could not rely on an entirely anonymized
series of interactions, since the purpose of the investigation was focused
on the possible effects that may arise from interactions with partners
of different types. At the same time, we also needed to exclude that
a specific type of player (with either a pro-robot or a pro-human
cooperation bias) was systematically selected into a specific treatment
condition.

For this reason, we designed an experimental procedure with two
distinct phases, one online (Phase 1) and one in-person at our lab
(Phase 2). In Phase 1, we administered to the subjects (university
students) an online questionnaire where they were asked to play an
incentivized task against an unknown (human or artificial) anonymous
partner and were told that previous research has shown that the cooper-
ation rate of Italian people is about 50%. This was the only information
they were given on their partner’s behavior. Before making their choice,
the subjects were administered a test to assess their comprehension of
the task.®

At the end of the online questionnaire, subjects were asked whether
they wanted to come to the University Lab, and proceed to Phase 2.
In Phase 2, as summarized in Fig. 1, they: (i) met the partner; (ii)
discovered the Human or Robot type of the partner; (iii) learned the
result of the interaction; (iv) were randomly assigned to the treatment
group (VR or No VR); (v) chose - if asked — to have other interactions
with the partner; (vi) played another round of the game if that was the
case; (vii) were rewarded; (viii) chose whether to donate 1 euro to an
NGO of their choice; (ix) signed a confidentiality agreement and exited
the lab.

To ensure that the effect of communication in the Robot and Human
conditions were comparable, we enrolled a number of Ph.D. students
to act as “confederate agents”.” They played according to the same
random algorithm, which ruled the choices of the robot partner and
their verbal reactions were the same as those performed by the robot.
To ensure they performed the VRs at the right moment, and only when
required by the randomized treatment assignment, we devised a visual
cue that they were trained to identify.! Ph.D. students were paid an
hourly salary for their involvement in the experiment in accordance
with university regulations and Italian fiscal rules. In addition, they
were told that all of the money corresponding to the payoffs they
obtained in the games would be collected and divided fairly among all
Ph.D. students involved in the research, weighing each individual share
by the number of games he/she played. Please note that none of this

8 The test consisted in a simulated version of the interaction: subjects were
presented the same instructions as when they would actually take part in the
experiment and were asked the subject what the outcome would be in case of
a hypothetical choice: half of the subjects were given the CC outcome, while
the other half were given the NN outcome. We then verified that this test
did not affect the subsequent choices of the subjects: the average cooperation
rates in the first round of the game are 0.665 in the NN and 0.682 in the CC
version of the tests. This difference is not statistically different from 0 (p =
0.729), therefore we can exclude that the test’s instruction exerts any priming
effect on subjects’ choices.

9 According to the APA Dictionary of Psychology, a confederate agent in an
experimental situation is defined as “an aide of the experimenter who poses
as a subject but whose behavior is rehearsed prior to the experiment.”, see
https://dictionary.apa.org/confederate.

10 The visual cues are displayed as ITEM 6 in Appendix A.
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PHASE 1: ONLINE
SURVEY AND EXPERIMENT
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PHASE 2: LAB
EXPERIMENT

1819
valid quest.

541
subjects

Invitation
email sent
to students

Subjects were matched to an

Respondents randomly assigned
to Robot or Human type

anonymous partner and played PD.

Type and choice of partner (Human
or Robot) was not revealed

Type and choice of partner
was revealed to subjects

Payoff of Round 1
was revealed

STEP 2 STEP 3
490 78
subjects subjects
Full sample
PD PD
(- Round 2 Round 3
305 subjects No VR
eligible for treatment
VR treatment assigned
Main sample

Note:

Not all subjects performed all stages:

1756 subjects agreed to proceed to

Phase 2

Treatment (VR)
randomly assigned
dependent on outcome

Progression to Step 2 was randomly
proposed to 504 subjects (prob.= 95%;
progression to Step 3 was randomly
proposed to 89 subjects (prob.= 15%).

Fig. 1. Flow chart of the experiment. Blue and green boxes and frames refer respectively to Phase 1 (Online) and Phase 2 (Lab).

information was known to the subjects, and thus could not influence
their beliefs or choices.!!

Our experimental design explicitly aims at comparing Human-
Human with Human-Robot Interactions. Therefore, verbal reactions
were designed for this purpose. We are aware that alternative designs
could have explored further mechanisms, such as a voice-over vs. a
partner’s VR to test the mere reminder effect of the social desirability
of cooperation. However, including more treatment arms in an already
complex twoxtwo design would have not been feasible under our
financial and time constraints. Nonetheless, we believe that further
research could expand our protocol (or a subset of it) to address this
specific question.

3.1. Experimental procedures

The design of our experiment is summarized by the flowchart in
Fig. 1.

We sent invitation emails to all freshmen and sophomore under-
graduate students of Universitda Cattolica del Sacro Cuore, enrolled and
attending lectures at the Milan campus. The email included a link to an
online survey consisting of Phase 1 of the experiment. In addition to a
set of psychological, attitudinal, and socio-demographic questions, the
survey included the first round of a repeated Prisoner’s Dilemma (as
in Kreps, Milgrom, Roberts, & Wilson, 1982). At the beginning of each
round of the Prisoner’s Dilemma (both online and in the lab phases),
each player is assigned 3 euros - as initial endowment — and can choose
between two alternative actions: if he/she chooses “Cooperate”, the
entire sum is transferred to the partner who thus receives twice the
initial sum (i.e. 6 euros). If he/she chooses “Not Cooperate”, he/she
keeps the original sum (see Fig. 2).

11 We are aware that, as an alternative strategy, we could have matched
each participant to a subject truly playing his/her preferred strategy, but, in
this way, it would not have been possible to: (i) control for the occurrence of
a verbal reaction (VR), which requires human partners express a VR similar
to the one given by robots in order to compare the effects; (ii) make sure that
the rate of cooperation among partners was the same in the Human and in the
Robot groups, recalling that the strategy of the robot was fixed at a probability
of cooperation equal to 50%. For these reasons, we believe that the strategy we
chose was the preferable way to address the trade-off between having partners
always play their preferred strategy and the possibility of comparing choices
after a VR, which is the main goal of this paper.

Table 2
Experiment’s monetary payoff matrix.

Partner’s choice

Cooperate (C) Not Cooperate (N)

Cooperate (C) (6,6) 0,9
Not Cooperate (N) 9,0) 3,3)

Subject’s choice

In each round, players choose simultaneously, after confirming
that they understood the task. At the end of each round, players are
reminded of their own and their opponents’ choices and are shown the
resulting payoffs. The total payoff is the undiscounted sum of the round
payoffs (plus the one-off show-up fee).'?

The game proposed to subjects in this experiment consists of a max-
imum of 3 rounds of a two-person, two-strategy, game (as summarized
in Table 2).1°

Students who agreed to take part in the incentivized game were
informed that they had been randomly paired with an unknown anony-
mous (human or artificial) partner who was playing the same game and
they were informed of the Italian average cooperation rate in similar
experimental situations.'* If they agreed to participate, they were asked
to make their choice (either “Cooperate”, or “Not cooperate”). The
outcome of the experimental session would only be revealed to subjects’
who agreed to attend and take part (in person) in the second phase
of the experiment at the university Lab. Only at that point would

12 1t seems reasonable to assume that intertemporal discount rate (IDR) is
not relevant for our experimental setting given that: (i) when subjects play
their first round they are unaware of the delay between the first and second
rounds; (ii) this delay is short (on average about 7 days); (iii) all subsequent
rounds are played immediately one after the other in the experiment room.
However, to address potential biases driven by this issue, in Appendix C we
also control for a measure of IDR.

13 The subjects were not aware of the number of iterations, also some
probabilistic “noise” in the number of iterations was added to avoid possible
information spillover across subjects.

14 The partners’ cooperation rate was set at 50%, to be consistent with
the average cooperation rate observed in 8 experimental studies, which are
published in 5 papers, involving Italian subjects, namely Ciardo, Ricciardelli,
Lugli, Rubichi, and Iani (2015), Gallucci and Perugini (2000), Meier, Pierce,
Vaccaro, and Cara (2016), Pepitone et al. (1967, 1970). Furthermore, the
weighted average of the cooperation rate in these studies is 49.23%. Data
retrieved from https://app.cooperationdatabank.org/.
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Fig. 2. Experiment room set. S = subject; P = partner; E = experimenter.

respondents discover whether the partner they had faced in the online
interaction was a human or a robot. The outcome of the interaction
would also be revealed and they might receive an invitation to play
another round of the game (or more). Respondents were informed
that they would receive the payoff and show-up fee only after having
participated in Phase 2 of the experiment.

To proceed to Phase 2, students had to schedule an appointment
through an online third-party application. Phase 2, the proper Lab
Experiment, consisted of (a maximum of) three sequential rounds.
Subjects were unaware of the length of the iteration series. In Step
1, the subject was taken to the lab room by the experimenter, where
he/she met and faced his/her partner, whether Human or Robot,®
with whom he/she was told he/she had played the 1st round of the
PD online in Phase 1. When the subject entered the experiment room,
in the Robot condition, the robot was already there; whereas, in the
Human condition, the human partner entered the room through a
different door (leading to a hidden control room) at the same time as
the subject.

Once the subject entered the lab room and sat down in front of
his/her partner (either robot or human), the experimenter told the
subjects that all instructions would be displayed on the TV screen in
front of them and read aloud by a voice-over device. The experimenter
informed subjects that, as stated in the invitation letter and in the
online questionnaire, they would keep all the money earned in the
experimental sessions (Phases 1 and 2). If the subject was facing the
robot, the experimenter explained that the money earned by the robot
would be kept in a special account used for both robot maintenance
and hardware and software upgrading.'® Finally, the experimenter told
subjects that he would wait outside the lab room and that he could be
called by knocking at the entrance door, in case of need.!”

15 The Robot was NAO, a humanoid robot produced by Softbank Robotics
(see Figure D5 in Appendix D for a picture, Gelin, 2019 and Robaczewski
et al., 2020 for references); human partners were Ph.D. students recruited and
trained for this task. We checked that the choice of subjects in the sample
is not affected by being matched to specific individual Ph.D. students. More
details in Appendix C.

16 In a previous work (see Manzi et al., 2021), we administered a survey to a
sample of young adults (aged 18-29) investigating their expectations regarding
perceived robot needs and desires. From this survey, it emerged that most of
the subjects in the sample consider the improvement of hardware and software
properties as the main expected need for a robot.

17 The English translation of all texts are reported in Appendix A, while the
original Italian layout is available in the Supplementary Materials.

Then the experimenter left the room, and the partner (either a
Ph.D. student or a humanoid robot) greeted the subject and verbally
introduced him/her/itself. In all sessions, the Ph.D. students introduced
themselves by their first name, greeted the subjects and asked the
subject’s first name; while the robot, introduced itself by stating the
following text in all experimental sessions: “Hi, I am ToM, a humanoid
robot developed by Softbank Robotics able to perform complex interac-
tions with human beings. What’s your name?”. Finally, the TV screen
would reveal the outcome of the Prisoner’s Dilemma played online in
Phase 1.

Based on the game outcome, a random algorithm determined
whether to activate the VR with a 50% probability, triggering the
partner — whether human or robot — to deliver the appropriate verbal
stimulus in the treated group as shown in Table 3.

Once the outcome of the first round of the game has been revealed,
that he/she played online, the subject was asked whether he/she would
like to continue to play another round of the game, according to a
random algorithm with a probability of 95%. If the subject accepted,
a second round was then implemented, without any further treatment
assignment. We checked that the probability of both the proposal and
acceptance to proceed to Stage 2 were not conditional on the outcome
observed in Step 1.'8

After the results of the second round were revealed, subjects were
asked (according to a random algorithm with a 15% probability)
whether they wished to continue with a further round of the game.
If the subject agreed to play again, a third round of the PD was
implemented, again without any treatment assigned. Step 3 of the
experiment was of no interest to the analysis. As already explained in
the main text, we devised the possibility of playing 3 rounds of the PD

18 We analyzed the association between a categorical variable, identifying all
4 possible outcomes observed in Step 1, and (i) a binary variable, identifying
whether Step 2 had been proposed to the subject; (ii) a binary variable,
identifying whether this proposal had been accepted. In both cases, we are able
to exclude any non-random pattern. In case (i), a Chi-sq. test (Chi = 4.723,d f =
3,p = 0.193) and an ANOVA (F — stat = 1.58,p = 0.194) allow inferring that
the proposal to continue to Step 2 was independent of the observed outcome
of Step 1. Figure D1 in Appendix D summarizes this outcome; in case (ii) the
result is even stronger since only 16 subjects out of 506 (3.2%) refused to
continue, and any association between acceptance and outcome in Step 1 was
excluded by both a Chi-sq. test (Chi = 1.111,df = 3,p = 0.774) and an ANOVA
(F — stat = 0.37, p = 0.776). Figure D2 summarizes this result.
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Table 3
Outline of Verbal Reactions performed by Partner and description of samples.
Outcome VR type Statement Obs
(Subject, Partner) VR No VR  Total
(C, N) Apology “I realize I made a mistake in our online interaction. I meant to press C to 109 98 207
cooperate. However I pressed N by mistake. I am really sorry! I will be more
careful next time”
N, O Reprimand “I am really upset. If you had chosen to cooperate we would have gained 6 26 27 53
euro each, a reasonable amount! On the contrary you exploited my goodwill
and 1 got nothing”
(N, N) Disappointment ~ “What a pity! If we had chosen to cooperate we would have gained 6 euros 22 23 45
each. Why not cooperate in the next round?”
C, Q None None - - 185

Notes: Observations relate to Step 2 of Phase 2, i.e. the core sample of our analysis. The “Main sample” only includes outcomes in orange-shaded cells;
the “Full sample” includes both the outcomes in the orange-shaded and yellow-shaded cells.

only to generate uncertainty about the total number of rounds so as to
limit the possible effects of any information sharing across students.

Following the last incentivized interaction, the total amount gained
was communicated to subjects through the TV screen. Then, subjects
were asked whether they would like to donate 1 euro out of their total
payoff to a charity of their choice (as shown in Appendix A), along the
line of Eckel and Grossman (1996).'° We decided to include this task to
gather information about individual “types” in terms of generosity, thus
allowing for a subsequent heterogeneity analysis. However, we found
no significant effects of this variable on the probability of cooperation
at any round and therefore omitted any discussion of this specific result
from the paper.

Once this last choice was made, the subject had his/her receipt
automatically printed and he/she was invited to leave the experiment
room and enter the check-out area, where he/she was paid the total
amount (show-up fee plus payoffs minus donation, if this was the case)
in cash. Upon leaving the lab the student signed a confidentiality
agreement requiring him/her not to share any information about the
experiment with fellow students. At the end of the experimental session,
we fully disclosed all experimental procedures to all subjects.

We planned to run the experiment from February 13th to March
13th, 2020. However, due to the outbreak of the COVID-19 pandemic,
we had to stop all activities in the lab on February 21th, which proved
to be our last day of data collection in 2020. In February 2021,
universities in Italy opened again for in-person lectures. We seized the
opportunity and intended to run another wave of the entire experiment
(both Phases 1 and 2) between February 22" and March 31th.2° Again,
due to the resurgence of the Covid-19 pandemic, we had to stop all
activities in the lab on March 4th, complying with the restrictions
imposed by the Italian national law.*

4. Data and estimation methods
4.1. The sample

We sent a total of 23,552 emails and received 2,205 individual
answers and 1,819 valid and completed questionnaires (Phase 1); 1,756
respondents (96.5% of the valid entries) agreed to participate in the
Second Phase of the experiment.

19 The available alternative charities were Médecins Sans Frontiéres and
Greenpeace.

20 Invitations were sent to freshmen and, to avoid duplication to those
sophomores who had not opened the invitation e-mail we sent them when
they were freshmen in 2020.

21 The number of subjects taking part in the experiment is very similar in
2020 and 2021. As explained below, we control for the experimental wave in
all our models and find that in most cases the dummy variable identifying the
experimental wave is not statistically significant.

Out of a total of 541 subjects showing up to Phase 2,?> 490 subjects
(henceforth “Full sample”), agreed to proceed to Step 2 (see Table D3,
bottom panel). Within this subset of subjects, the sample eligible for
an analysis of the treatment effect consists of 305 subjects (henceforth
“Main sample”) who had made their choice in Round 2, having been
assigned either to the Treatment group (Verbal Reaction, VR) or to the
Control group (No VR) (see Table D3, top panel).?* An initial inspection
shows that subjects in both the Full and Main samples are more likely
to cooperate than not to cooperate (see Table D3 in Appendix D).?* The
average payoff obtained by subjects in the Full sample (n = 490) is 8.14
euros, whereas in the Main sample (n = 305) is 6.66 euros.?® In addition
to this, all subjects also received 4 euros as a show-up fee.

Table 4 shows the summary statistics for both the outcome and
control variables by treatment group and experimental condition: the
Robot and Human conditions are shown in the top and bottom panels
respectively; treatment and control values are shown across columns.
As the table shows, all subsamples are well-balanced across treatment
groups in terms of control variables (the only minor imbalances relate
to gender). A summary of balance tests, estimated using a Logit model,
is also displayed in Appendix B, showing that observations are overall

22 As explained above, we had to stop our lab experiments due to COVID-
19-related restriction rules implemented in Italy, both in February 2020 and
March 2021: that is the main reason why only a fraction of all subjects
accepting to proceed to Phase 2 then showed up to the lab. We checked
that the sample of included subjects is representative of the whole sample
of people interviewed online. The balance test’s outcome is shown in Figure
D4, in the Appendix, and reports only an imbalance for Freshmen that are
over-represented in the sample of subjects taking the lab experiment in Phase
2 (61.8% of subjects in Phase 1 are Freshmen while in Phase 2 the share
is 78.4%). Probably, since the winter term is usually less demanding for
Freshmen, they were able to book earlier slots at the lab. To account for
this imbalance, we included a control variable for freshmen in all model
specifications, showing that it is not biasing our results.

23 As illustrated in Table 3 a VR stimulus could only be applied in 3 out of
4 possible outcomes, i.e. excluding the CC outcome.

24 Note that most of the subjects’ cooperative choices, i.e. those yielding an
outcome of “CC” in Step 1, although part of the experiment, and rewarded as
all other subjects, were not included in the Main sample of our analysis, since
they could not be eligible for VR assignment: therefore, by design, subjects in
the Main sample are “less cooperative” than in the Full sample.

25 The difference in the average payoffs for the two samples is easily
explained by considering that CC outcome (and the consequent pay-off: 6,6)
is not included in the Main sample. Although this outcome is possible — and
indeed occurred within the experimental interactions included in the Full
sample — it does not lead to a potential VR, and thus it cannot be included
in the counterfactual analysis. We, therefore, excluded CC outcomes from the
main analysis presented in the paper, although all subjects in the full sample
were indeed paid.
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Summary statistics, by experimental condition.
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Partner=Robot

VR group No VR (control group) T-test

Mean St. Dev. Obs Mean St. Dev Obs Diff. t-stat
Outcome variables
Cooperate (Online) 0.736 0.443 91 0.650 0.480 80 —-0.086 (-1.22)
Cooperate (Lab) 0.630 0.486 81 0.380 0.489 71 —0.249** (-3.15)
Control variables
Female 0.769 0.424 91 0.575 0.497 80 —0.194+* (-2.73)
Freshman 0.857 0.352 91 0.800 0.403 80 —-0.057 (-0.98)
Economics 0.440 0.499 91 0.450 0.501 80 0.010 (0.14)
Test failed 0.099 0.300 91 0.075 0.265 80 —0.024 (-0.55)
Partner=Human

VR group No VR (control group) T-test

Mean St. Dev. Obs Mean St. Dev Obs Diff. t-stat
Outcome variables
Cooperate (Online) 0.640 0.483 86 0.663 0.476 86 0.023 (0.32)
Cooperate (Lab) 0.737 0.443 76 0.558 0.500 77 -0.178* (-2.34)
Control variables
Female 0.628 0.486 86 0.802 0.401 86 0.174* (2.57)
Freshman 0.663 0.476 86 0.791 0.409 86 0.128 (1.89)
Economics 0.302 0.462 86 0.395 0.492 86 0.093 (1.28)
Test failed 0.151 0.360 86 0.186 0.391 86 0.035 (0.61)
Robot vs. Human comparison

Obs Diff. t-stat

Cooperate (Online): VR 177 -0.10 (1.39)
Cooperate (Online): No VR (control group) 148 -0.01 (0.17)
Cooperate (Lab): VR 157 -0.11 (1.44)
Cooperate (Lab): No VR (control group) 148 —0.18** (2.19)

Notes: Summary statistics refer to subjects eligible for treatment, i.e. excluding those yielding “CC” as the outcome of the Online choice. All

Lab choices refer to Step 2 of the Lab Phase, as described in Fig. 1.
* p<0.10, ** p <0.05, *** p <0.01.

well balanced across treatment groups (Figure B1) and partner types
(Figure B2).%°

Interestingly, the baseline measure of our outcome variable (i.e. the
choice to Cooperate in the online Phase 1) is also not statistically dif-
ferent across treatment groups. Conversely, a t-test shows that subjects
assigned to the treatment group (in Phase 2, Step 2, in the lab) are more
likely to cooperate than those in the control group, already suggesting
a potential effect of the VR on subjects’ choices in Step 2.

Finally, the bottom panel of Table 4 provides a summary of the
differences in VR effects by subsample, showing that the only statistical
difference in the mean values is in the No VR condition, where the
cooperation rate is about 18 percentage points lower for subjects facing
a Robot than for subjects facing a Human partner. In the next sections,
we detail specific tests to assess also the heterogeneity of the effect
across partner types.

4.2. Estimation technique

We addressed the aforementioned set of research questions by im-
plementing a Linear Probability Model (LPM) through Ordinary Least
Square (OLS),”” in which the probability that respondent i makes a

26 1In this case, Freshman is statistically significant, and greater in the case of
Robot rather than Human partner. In Figure B3 we also provide a balance test
for the two experimental waves, 2020 and 2021, showing that only Freshmen
are more represented in 2021.

27 The use of LPM instead of Logit models has been debated in the
economics literature, at least since Horrace and Oaxaca (2006). However,
Angrist and Pischke postulate that “if the CEF is linear, as it is for a
saturated model, regression gives the CEF — even for LPM.” (see http:
//www.mostlyharmlesseconometrics.com/2012/07 /probit-better-than-1lpm/).
We replicated all our LPM results using Logit, finding almost identical results,
available upon request.

Cooperative choice in the lab is conditional on a set of control variables
and experimental conditions. Formally:

i

1 if respondent i chooses Cooperate in Step 2 in the Lab
0 if respondent i chooses Not Cooperate in Step 2 in the Lab

Pr(Y; = 1|Robot;, V R;, X;) = fy + 6; Robot; + 6,V R; + 63 Robot; X V R;
+ p1Cooperate(Online); + ﬁjX/-,,- et B Xy
(€]

where Y is the dependent variable, measured at Step 2 in the Lab:
we label this variable Cooperate (Lab); Bos BisBjs - s B and § are the
parameters to be estimated, with §;,6, and §; being respectively the
main coefficients of interest for RQ1, RQ2 and RQ3; Cooperate(Online);
is the choice made by respondent i in the Online Phase; and X --- X, are
a set of k experiment-related and control variables, illustrated below.
To increase the precision of the estimates and to account for po-
tential confounding factors, all models are estimated using different
specifications. Control variables include experiment-related controls
and background characteristics of the subjects. In the former set of
controls, we include Instruction order, a categorical variable that takes
into account which of the potential outcomes of the Prisoner’s Dilemma
is shown first to the subject during the instructions session of the game,
to control for potential priming®®; Wave, to control for the year of the
experiment (either 2020 or 2021); and Experiment day which relates
to the number of days the experiment has been running (e.g. Day 1,
2, 3, ...) when the subject played, to control for potential spillover

28 Subjects received the illustration of all potential outcomes of PD in
random order. We control for the outcome that appears first to the subject,
to account for the instructions having a potential priming effect. We also
replicated our results re-coding this variable to account for the outcome that
was shown last. The results remain unchanged.
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Il Human
I Robot

VR

Fig. 3. Cooperate (Lab) by experimental condition and partner type.

effects. In the latter group of controls we include Female, to control
for subjects’ gender; Freshman, to control for subjects taking the first
year of their BA; Econ, to control for subjects enrolled in BA degrees
in either Economics, Management, or Finance and Banking; and Fail
test, to control for subjects failing the pre-game test designed to verify
their full understanding of the game’s procedures, rules, and payoffs.
Moreover, all models are also estimated excluding this latter group of
subjects. The description of all variables is summarized in Appendix D,
Table D2.

Furthermore, since our experimental design consists of twoxtwo
treatment conditions, in Appendix C, Section C.VI, we test the first two
hypotheses by estimating separately the effects of Robot and V' R using
sample splits.

5. Results
5.1. Cooperation patterns

On average, all subjects eligible for treatment who proceeded to
Step 2 (Main sample) chose to Cooperate 58% of the times, as shown
in the top panel in Table D3. The breakdown by treatment and exper-
imental condition is illustrated in Fig. 3 and summarized in Appendix
D, Table D1.

As Table D1 shows, when no VR is assigned the average cooper-
ation rate in Step 2 is much lower in the Robot condition, by about
17.8 percentage points, and this difference is statistically significant
(p=0.030).

When the VR is assigned, subjects still display higher coopera-
tion rates when the partner is Human, but the difference between
the Human and Robot conditions is no longer statistically significant
(p=0.152). Overall, this descriptive pattern suggests that — in the
absence of any verbal reaction to the observed outcome of the online
Phase 1 - subjects are more likely to cooperate when facing a Human
Partner. However, if a verbal reaction (VR) is delivered by either a
Robotic or Human partner, subjects are more likely to cooperate than
in the case of no reaction. These patterns are summarized in Fig. 3, in
which the bars of the VR group are clearly higher than those of the No
VR group for both the Human and Robot conditions.

Our main hypotheses are tested through the estimation of Eq. (1),
whose outcome is shown in Table 5.%° In this table there are three main
coefficients of interest: Robot, VR and VRxRobot, which we present
separately in the next paragraphs.

5.2. The effect of partner type

The estimated coefficient of Robot in Table 5 provides evidence
that subjects display different behaviors depending on the type of
partner in the No VR condition. Being assigned to a Robot partner,
which does not verbally react, significantly decreases the cooperation
rate, with an estimated probability between 15.2 and 22.1 percentage
points, depending on specifications, compared to a human partner who,
similarly, does not verbally react.

The middle panel of the table reports also the estimated marginal
effects of partner type for subjects assigned to the VR treatment, which
is obtained as the sum of the coefficients of Robot and VRxRobot. Also
in this case, the negative effect of being assigned to a Robot emerges
as a stable pattern, although the size of the effect is a bit smaller and
statistically significant only when the choice in the online Phase 1 is
also included. Overall, these results show that ceteris paribus coopera-
tion is strongly and significantly affected by partner type, especially in
the “control” group where no VR is allowed. This result is aligned with
the evidence provided by a systematic review of experiments involving
computer players performed by March (2019) who finds that player
behavior differs for human vs. computer opponents and that subjects
generally behave more selfishly and rationally when interacting with
computers.

5.3. The effect of VR (verbal reaction)

To evaluate the effect of VR on cooperation rates, we rely on
two coefficients in Table 5. The coefficient of VR shows that a VR
positively affects cooperation rates when subjects face a human partner.
In this case, subjects cooperate more, when a VR is introduced, with
an increase in probability between 15.8 and 17.9 percentage points.
Similarly to the previous Section, the sum of the coefficients of VR

29 Please note that all results are almost identical if control variables are not
included.
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Table 5

LPM: Main outcome, treatment effect, Main sample, including control variables.
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DV: “Cooperate (Lab)”

Benchmark

Main sample

Excl. failed tests®

Including Cooperate (Online)

Main sample

Excl. failed tests®

VR x Robot 0.047 0.095 0.025 0.078
(0.121) (0.129) (0.117) (0.124)

VR 0.179 0.158 0.178 0.150
(0.084)** (0.093)* (0.083)** (0.090)*

Robot —-0.152 -0.199 -0.166 -0.221
(0.088)* (0.093)** (0.086)* (0.092)**

Cooperate (Online) 0.276 0.290

(0.061)*** (0.065)***

VR x Robot + Robot -0.105 -0.104 —-0.142 -0.144
(0.083) (0.087) (0.079)* (0.082)*

VR x Robot + VR 0.227 0.253 0.203 0.223
(0.082)*** (0.085)*** (0.080)** (0.083)***

Controls Yes Yes Yes Yes

Inst. order Yes Yes Yes Yes

Wave Yes Yes Yes Yes

Exp. day Yes Yes Yes Yes

Adj. R-sq. 0.05 0.06 0.11 0.13

Obs 305 268 305 268

LL —200 -174 -190 -164

AIC 441 387 422 367

BIC 515 455 500 439

Notes. LPM model (OLS), dependent variable: choice of Cooperation (Lab) at Step 2, Prisoner’s Dilemma. Observations related to outcome “CC”
in Phase 1 (Online) are excluded from this sample. Robust standard errors are in parentheses. Control variables include: Female, Freshman,

Economics, and Failed test.
* p<0.10, ** p<0.05, *** p <00l

aThis sub-sample excludes all subjects who failed the test assessing their full comprehension of the instructions.

and VRxRobot provides an assessment of the effect of verbal reaction
when subjects are assigned to the Robot condition. As the table shows,
the effect is always positive and statistically significant, implying an
increase in cooperation rates between 20 and 25.1 percentage points.
Therefore, we can conclude that communication clearly induces higher
cooperation rates, for both subjects facing a human and a robot partner.

All types of VR exert a positive influence on the cooperation rate, as
summarized in Figure D3. However, the lack of statistical power, due
to the limited sub-sample sizes, hinders a disaggregated analysis. These
results provide new evidence of the positive effect of communication
in fostering cooperation in strategic decision-making, strengthening
and confirming previous similar findings (such as Kollock, 1998; Sally,
1995).

5.4. Heterogeneity of VR effect across partner types

In the previous section, we showed that the effect of VR is strong
and significant under both (Human and Robot) experimental condi-
tions. In this section, we show the outcome of the test to assess the
heterogeneity of effects across partner types, i.e. whether being faced
with a Human or Robot partner affects the way verbal interactions pro-
mote cooperative choices. In Table 5, the coefficient of the interaction
variable V' R X Robot provides the outcome of this test. As the table
shows, the coefficient is never significantly different from 0.

Note that the coefficients of both Robor and V' R are significantly
different from 0, as shown in the previous sections. Furthermore, the
marginal effect of VR in the Robot condition, given by the sum of
VRXRobot and VR, is also always strongly statistically significant.

Therefore, while the effect of VR is large and significant, this effect
is not heterogeneous across partner types. In other words, once the
respondent is randomly assigned to the VR treatment group, he/she is
more likely to cooperate with his/her partner, irrespective of whether
the partner is a Human or a Robot. The lack of heterogeneity provides a
striking result: as long as the partner in the PD provides a VR, subjects
respond by increasing on average their probability of cooperating.

The results shown in Table 5 may depend on the belief that a robot
which is able to implement a sensible contextual verbal interaction®
is perceived as “more human”, thus elicits a behavior that a subject
normally reserves for fellow human partners. Alternatively, the VR may
produce the effect by simply acting as a soft reminder of the social
desirability of cooperation.®!

As explained in Section 3, our experimental framework is unable
to disentangle between these two competing and/or complementary
explanations. However, it is worth noting that despite being able to
display appropriate gaze and body gesture cues to increase its appear-
ance of “socialness”, NAO is still far from being able to reproduce the
pitch, accent, and expressiveness of a natural human voice.*”

Further research is thus needed to disentangle these two possible
explanations. A possible strategy would have implied an additional ex-
perimental arm in which the VR is provided by the Game Director (the
pre-recorded voice-over) commenting on the realization of socially sub-
optimal results. In this case, the “ethical reminder” would be separated
from the partner (and, in particular, from the robot). Nonetheless,
our results seem consistent with some recent empirical findings that
support the importance of communication in HRI using the same social
robots employed by our experiment (NAO). Pelikan and Broth (2016)
find that subjects tend to use the same signals as in human-human

30 Note that we can exclude that the effect is due to the mere fact of NAO
being able to talk since it greeted any subject it interacted with, regardless of
whether it would perform a VR at a later time.

31 Similar to the role played by mentioning the Ten Commandments as
in Mazar, Amir, and Ariely (2008), or the honor code as in McCabe and
Trevino (1993) in stimulating academic honesty.

32 NAO communicated with the subject via a “Wizard of Oz system” con-
trolled by a laptop PC located in the control room. All moves and speech items
were coded into the system. The robot followed a pre-programmed protocol
where the experimenter did not need to speak or type anything during the
interaction and only had to press a button to start the interaction, as in Laban,
George, Morrison, and Cross (2021).
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interactions, such as adjusting word selection, turn length, and prosody,
thus adapting to the perceived limited capacity of the robot. Tahir et al.
(2018) asses two modalities to deliver the feedback: audio only and
audio combined with gestures and show that when audio and gesture
are combined subjects better understand the feedback delivered by the
robot.

5.5. Robustness checks

We addressed potential sources of bias in our results through a set
of robustness checks, described in detail in Appendix C. Through these
ancillary analyses, we are able to show that our main results are robust
to the exclusion of Econ students from the sample who account for a
relevant share of the sample, (around 36%) and are known to be more
self-interested than their peers either because of a self-selection process
or an indoctrination effect. The coefficients of VR and Robot, shown in
Table C1, are almost identical to those shown in Table 5, although a few
specifications are on the margin of statistical significance, mostly due
to the reduced sample size. The interaction term is never statistically
significant, as in all other cases.

We also tested whether some psychological and/or behavioral traits
of the subject may have influenced our main result. For this reason, we
run another estimation which includes a series of validated psycholog-
ical scales measuring risk, trust, inter-temporal discount and a “raw”
measure of generosity based on Eckel and Grossman (1996). None of
the psychological scales nor the Generosity index appear to significantly
influence our outcome variable, namely Cooperate (Lab), as displayed
in Table C2. Conversely, the main coefficients of interest (V' R, Robot,
and V RX Robot) have similar size and significance as in the main model
specifications.

Another check involved the possible effect of the partner’s choice in
the online phase. Also, this variable, which turns out to be significant
and positive in some specifications, does not influence the main effect
of our treatment, since, also in this case, all the coefficients of interest
(V' R, Robot, and V RX Robot) have similar size and significance as in the
main model specifications. These further results are shown in Tables C3
and C4.

Moreover, we tested whether the previous beliefs about robots®*
might have influenced the subjects’ choices when playing against a
robot. Also in this case, we find no effect for the previous belief,
while all main coefficients of interest keep the same size and similar
significance (with only a few minor exceptions), as shown in Table C5.

In a similar way we tested also whether the partner’s gender influ-
enced the subjects’ choices when playing against a human (confederate)
agent. In this case, we observe no effect of the partner’s gender in
the human subsample, although the significance of V' R is weakened,
probably due to the limited sample size, as shown in Table C7.

Finally, we also checked for potentially different outcomes when
using sample splits, consistently showing that while the effect of VR
can be detected both in the Human and Robot partner conditions, the
effect of partner type is only present in the case of No VR. These further
checks are displayed in Tables C8 to C11.

6. Discussion and conclusions

Human-Robot Interactions are expected to become more and more
common in the near future due to the increase in the employment of
social anthropomorphic robots in many different occupations and en-
vironments. Therefore, it is increasingly important to understand how
human subjects behave when facing a social robot in complex strategic
interactions and how trust might be developed in these contexts.

33 We empirically measured these beliefs as a dichotomous variable based
on the following question: “When interacting with a human, the robots simply
execute a predetermined set of program lines or adapts its behavior to the
interaction?”.
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In this paper, we devised a randomized experiment in which human
subjects are randomly matched to either a human or an anthropo-
morphic robot partner and are asked to perform a repeated Prisoner’s
Dilemma to investigate (i) whether subjects behave differently depend-
ing on the nature of their partner (Human or Robot); (ii) whether a
Verbal Reaction (VR), which implicitly refers to cooperation as a so-
cially desirable strategy, influences the subject’s choice in a subsequent
round of the game; (iii) whether the effect caused by the VR depends
on the nature of the partner (Human or Robot).

We find that facing a robot decreases cooperation rates by about
15 to 22 percentage points on average while being exposed to a VR
when facing a Robot makes cooperation between 20 and 25 percentage
points more likely at the subsequent round of the PD. Interestingly,
and most importantly, the differential effect in cooperation driven by
communication is not statistically different in the Human and Robot
conditions.

Our results thus suggest that: (i) subjects tend to act more coopera-
tively with fellow human beings, rather than with robots; (ii) subjects
are influenced by a VR towards a more cooperative strategy; and (iii)
the effect of a VR is strong enough to make the difference in behavior,
based on the partner’s type, insignificant.

We show that although people are less likely to cooperate with a
robot partner than with a human partner, this difference disappears
when a VR is performed. Our result on the VR may depend on the belief
that a robot that is able to implement a verbal interaction with the
subject appears to be “more human”, and deserve a behavior similar
to that reserved for fellow human partners, thus supporting the notion
of “algorithm aversion” as described by, among others, Burton, Stein,
and Jensen (2020) and Chugunova and Sele (2022).

Alternatively, it may consist of a reminder effect of the social de-
sirability of cooperation. Further research is still needed to disentangle
the effects of verbal interactions in HRI versus the reminder effect due
to the “mere” message delivered.

We are aware of the possible limitation of extending lab experiment
results to the “real world”, as evidenced for instance by Levitt and List
(2007), Rabin (1993) and Levitt and List (2008). Further research may
extend our findings to non-WEIRD (Western, Educated, Industrialized,
Rich, and Democratic) subjects, following the suggestion by Henrich,
Heine, and Norenzayan (2010).

Overall, we are convinced that our findings may have interesting
implications in a number of cases where robots are used to interact
with — especially fragile — human beings (nursing homes, care facilities,
hospitals, kinder gardens, etc.) suggesting that an apologizing robot
can positively influence the cooperative behavior of a human subject,
should a minor contrast occur.
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