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Abstract

As social robots become increasingly advanced, the rules of human-robot interaction (HRI) may diverge from those of
interpersonal communication. In this light, scholars have proposed that the Computers-Are-Social-Actors (CASA) para-
digm, which proposes that we respond to machines as we do with humans, may need to be revised. The aim of this study
was to investigate whether original CASA findings on interdependence in human-computer interaction hold in interactions
with an advanced (i.e., augmented) social robot. To this end, we conducted a 2 (display of augmented cognitive capabili-
ties: control vs. augmented) x 2 (interdependency: interdependent vs. non-interdependent) between-subjects experiment
with 260 participants. We measured behavioral conformity, entitativity, and interactivity as outcomes. Interdependency did
not have any effect on any of the variables. However, augmentation increased behavioral conformity. These results pres-
ent tentative evidence that further research on CASA is warranted and suggest the need for a comprehensive theoretical

framework to account for technological advancements and explain interactions with advanced media agents.

Keywords Computers-are-social-actors - Human-machine communication - Human-robot interaction - Human-robot

teams - Anthropocentric bias - Group behavior

1 Introduction

With autonomous machines pervading various sectors of
everyday life, ranging from healthcare [1, 2] to education
[3, 4], machines are no longer just a medium of communi-
cation but also participants in communicative interactions
[5]. As such interactions become increasingly ubiquitous, it
is essential to have a comprehensive understanding of the
underlying mechanisms of human-machine communica-
tion (HMC). An important framework that has widely been
used to explain these mechanisms is the Computers-Are-
Social-Actors (CASA) framework [6]. CASA proposes that
humans see media agents (e.g., computers, mobile phones,
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robots, etc.) as social actors and mindlessly apply social
scripts from human-to-human communication while inter-
acting with them [7].

While the CASA framework has been widely supported
[7, 8], recent research has criticized it for being somewhat
outdated [9, 10] and showing an “anthropocentric bias”
(e.g., [9]). Specifically, this anthropocentric bias refers to
the importance placed on an exclusively human-centered
point-of-view along with an understanding of communica-
tion as derived from human-human communication only
[11, 12]. In this context, Gambino et al. [9] have pointed
out that research in the CASA framework largely focuses on
“what makes media agents human, rather than what makes
them special” ([13], p. 494, as quoted in [9]).

The anthropocentric bias seems particularly problematic
in the context of human-robot interaction (HRI), which may
resemble, but also differs considerably from, interpersonal
interactions (e.g., [14]). While social robots are similar
to humans in that they are created specifically to interact
socially with humans [15], their abilities may, in some
respects, supersede those of humans [10]. With advanced
artificial intelligence (AI) networks, social robots may for
instance soon be able to access and process vast amounts
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of data in real-time [16]. Such Al skills may be considered
augmented versions of ‘human’ skills (e.g., information
processing, logical reasoning). However, the ubiquity of
the anthropocentric bias in our understanding of commu-
nication with media agents has led to such ‘superhuman’
elements of social robots being underrepresented in HRI
research [10].

In the present study, we responded to this critique by
investigating whether ‘special’ skills of social robots
challenge the anthropocentric bias and, by extension, the
equation of media agents with humans. To this end, we
conceptually replicated and extended a study by Nass et
al. [17] on the applicability of the interdependency social
script in human-computer teams. More specifically, we con-
ducted an experimental study to investigate the impact of a
social robot’s display of augmented cognitive capabilities
on human-robot team behavior (e.g., perceiving the robot
as a team member and conforming to the robot’s decisions).
If our findings mirror those presented by Nass et al. [17],
this provides further evidence for the robustness of the
CASA paradigm. If not, our findings present tentative evi-
dence of an anthropocentric bias that may call for rethinking
the CASA framework in the light of recent technological
developments.

2 Theoretical Background

The CASA framework was inspired by Reeves and Nass’
[18] The Media Equation, which posits that the human brain
has not evolved to distinguish between media and real-world
agents. When media agents present humanlike social attri-
butes (e.g., human voices), users will thus perceive these
agents as autonomous social actors, leading to an activa-
tion of social scripts. The CASA framework, specifically,
proposes that these social scripts are mindlessly activated
in interactions with machines after repeated and continuous
exposure to social cues in human-human communication
[19]. The social scripts learned in human-human communi-
cation are thus automatically (i.e., mindlessly) applied also
to media agents [20].

CASA has been supported by several studies, including
multiple experiments conducted by Nass and colleagues
from the late 1990s onwards [7]. These experimental stud-
ies demonstrated that social responses towards computers
were easy to generate: Among others, people applied gen-
der stereotypes to computers [21]; exhibited polite behav-
ior toward them [22]; responded differently to computers
equipped with different voices [21]; and preferred comput-
ers that flattered them [21]. More recently, similar findings
have been obtained in HMC research focusing on different
interfaces (e.g., embodied conversational agents [23, 24];
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mobile phones [25]). Looking specifically at social robots,
empirical replications of original CASA studies found, for
example, that male- rather than female-gendered robots
were preferred as security guards [26], and that people are
more likely to help robots that are familiar, perceived as
peers, and make smaller requests [27].

However, several scholars have also questioned CASA’s
claims (e.g., [9, 28]), both theoretically and empirically. At
a theoretical level, scholars have criticized the conceptual
underpinnings of CASA (e.g., [29]). In proposing the Media
are Social Actors (MASA) paradigm as a more refined and
structured extension of CASA, Lombard and Xu [10], for
example, maintain that explicit propositions that could be
examined, tested, and refined are missing in CASA. Simi-
larly, Gambino and colleagues [9] have argued that the idea
that people apply human-human interaction scripts to inter-
actions with media agents is outdated for three key reasons.
First, people’s increased knowledge and experience with
media agents have resulted in the development of special-
ized scripts for interactions with media agents. Second,
technological advancements have made media agents more
humanlike, reducing the mindlessness of social responses
toward them. Third and finally, interactions between media
agents and people have changed due to agents’ increased
social affordances (i.e., abilities to accommodate the user’s
communication [30]), personalization, and bandwidth of
communicative (social) cues [9].

At an empirical level, and in line with these critiques,
multiple studies on different forms of HMC have obtained
findings that are incompatible with the predictions of the
CASA paradigm. For instance, Lang et al. [28] failed to
fully replicate the application of politeness norms to com-
puters and suggested that computers are no longer perceived
as well-defined physical partners to which politeness norms,
and social norms more generally, apply [28]. In addition,
Bastiansen and colleagues [31] demonstrated that gender
cues did not elicit stereotypical social responses toward a
chatbot, and a recent study by Liu et al. [32] found no effect
of assigned names (i.e., identity cues) on self-disclosure
toward chatbots.

In a direct replication of the politeness study [22], Hey-
selaar [33] also found no difference in the evaluation of a
computer when being interviewed by the same or a different
computer. Heyselaar [33] highlights that the lack of polite-
ness of people to computers in her investigation may indicate
a novelty effect in the original study, in which people with
less exposure to technology exhibited a social-desirability
effect in being polite to computers. Finally, in the context
of HRI specifically, Leichtmann and Nitsch [34] also failed
to replicate Nass and Moon’s [22] politeness effect (i.e.,
participants did not evaluate a robot as more likeable when
they were being asked for their opinion by the robot itself
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as opposed to a different robot or a tablet) and pointed to
a potential replicability crisis in HRI research. Altogether,
then, empirical research on the CASA paradigm more gen-
erally and its applicability in HMC is currently inconsistent
and may need more and continued attention to explain users’
responses to modern and advanced technologies.

2.1 Interdependency Between Humans and Social
Robots

Of the original CASA studies, the results on interdepen-
dency in human-agent teams have received strikingly little
attention in follow-up research. The concept of interde-
pendency plays an important role in social psychological
research studying group behavior, in which a key theory
is the minimal group paradigm [35]. This paradigm holds
that, even in groups where members have no experience,
interaction, or commonalities with each other, a small set of
social cues indicating group membership elicits favoritism
towards the in-group and discrimination towards the out-
group [36, 37].

In line with this paradigm, Nass et al. [17] found that
when participants perceived themselves to be on the same
team as a computer (i.e., “blue” participant teamed with a
“blue” computer), they rated the computer more favorably
than when the computer was not perceived as a teammate
(i.e., “blue” participant teamed with a “green” computer).
Moreover, when participants were on the same team as the
computer and their performance was rated together (i.e.,
when participants were interdependent on the computer in
this evaluation), their behavioral conformity (i.e., changing
behavior to match the computer) and perceptions of team
affiliation increased [17]. Consequently, Nass et al. [17]
concluded that the interdependency social script that guides
all-human teams also guides human-computer teams.

Recent empirical research suggests that the minimal group
paradigm can indeed be extended to diverse HMC contexts.
For instance, Xu and Lombard [38] found that minimal cues
can lead to group identification, even with multiple disem-
bodied computer agents, which in turn influences users’
affiliation with the group (i.e., group conformity, attraction,
and trustworthiness). In addition, Schneider [39] showed
that participants were more likely to help an Amazon Echo
and to empathize with the voice assistant when they were
being evaluated on their joint performance with it. With
robots, Eyssel and Kuchenbrandt [40] reported that people
rated an in-group robot more favorably than an outgroup
robot in terms of warmth, mind attribution, and psycho-
logical closeness. Similarly, Kang and Sundar [41] found
that when a robot was perceived as an ingroup member and
correctly identified sarcasm, participants felt closer to the
robot but also more threatened in their sense of uniqueness

than when they perceived the robot as an outgroup member.
Overall, these findings confirm the idea that people experi-
ence group membership with, and exhibit group behavior
toward, media agents and social robots specifically.

Given these findings and consistent support for the mini-
mal group paradigm more generally (e.g., [36, 37, 42]), we
expected that, in principle, similar interdependency effects
would extend to team affiliation and behavioral conformity
in an HRI context. To study interdependency effects on
team affiliation, Nass et al. [17] focused on team perception,
perceived similarity, cooperation, openness to influence,
and perceived information quality. In the present study, we
instead focused on entitativity and interactivity as proxies of
team affiliation. Entitativity refers to the extent to which an
individual recognizes a social unit as a group, while inter-
activity encompasses the reciprocal processes that occur
within groups [43]. Entitativity and interactivity are thus
more closely aligned not only with the concept of team affil-
iation but also align better with recent HRI research [43—45]
than the measures used by Nass et al. [17]. Moreover, like
Nass et al. [17], we also studied interdependency effects on
behavioral conformity, that is, users’ adapting their behavior
to align with robot behavior.

While the overarching idea of the present study was to
examine how the predictions of CASA are altered with
advanced technologies, as a starting point, we needed to
hypothesize the traditional predictions as inspired by CASA.
In line with the CASA framework and earlier research, our
first hypothesis thus stated:

Hypothesis 1 (H1). When participants are interdependent
on a social robot, this increases (a) entitativity, (b) interac-
tivity, and (c¢) behavioral conformity, compared to when par-
ticipants are not interdependent on the social robot.

2.2 Augmented Capabilities in Social Robots

When advanced and augmented robots are concerned, an
influential hypothesis in research on HRI is the uncanny
valley hypothesis [46]. This hypothesis posits that humans’
emotional responses to an entity are linearly related to the
entity’s human likeness, both in terms of physical appear-
ance and behavior: more humanlike entities thus evoke
more positive emotional responses. However, when the
entity reaches an intermediate level of human likeness,
the positive emotional response drops sharply— i.e., an
‘uncanny valley’ emerges— and only recovers at very high
levels of similarity between humans and humanlike entities
[47, 48, 49]. More recently, a second uncanny valley has
been proposed, which occurs affer rather than before human
likeness. According to the second uncanny valley hypoth-
esis, humans will experience negative affect towards entities
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not only when they are slightly less-than-human (the first
uncanny valley), but also when they are more-than-human
(the second uncanny valley; [50, 51]).

At least two independent explanations of the uncanny
valley hypotheses have been proposed [51, 52]. First, feel-
ings of uncanniness may stem from an evolutionary need
to identify and avoid people suffering from an illness [51].
Humanoid robots seem almost human but, like people with
an illness, their behavior and/or physical movements are
slightly unnatural- which may cause people to experience
a negative emotional response. Second, people attribute
mind to robots [52]: a characteristic that is usually con-
sidered fundamental to humans and lacking in robots [53].
Accordingly, humanoid robots may be unnerving because
they may threaten our sense of human uniqueness [41, 52].
A recent review of neural evidence [54] supports an inte-
grated approach. Insufficient human-likeness leads to less
activation of brain areas processing social stimuli, and, by
extension, to negative responses toward robots. However,
low brain activation does not hinder people’s tendency to
attribute mental states to robots. This implies that feelings
of uncanniness result from a combination of both physical
cues and mentalization [54].

For understanding the second uncanny valley hypothesis,
it is crucial to acknowledge that feelings of uncanniness are
not solely evoked by a robot’s morphology [14], but may
also result from more-than-human features such as aug-
mented cognitive, emotional, or sensual capabilities [55]. In
the present study, we investigated the effects of a robot’s
display of augmented, more-than-human cognitive skills.
As posited by the second uncanny valley hypothesis, when
robots have more-than-human cognitive skills, they may be
seen as challenging human uniqueness [41, 52], which may
result in feelings of uneasiness. In the context of the present
study, we thus expected that robots with more-than human
cognitive skills would reduce feelings of entitativity and
interactivity when humans interact with these robots.

For people’s behavioral conformity with social robots,
however, we expected a different pattern. Salomons et al.
[56] found that participants conformed to robots just because
they believed the robots were smarter than them. This idea
resembles the concept of algorithmic appreciation, which
suggests that people trust algorithmic advice because they
believe that decisions made by algorithms are more reli-
able than those made by humans [57]. Similarly, research
on conformity indicates that the influence of Al on people’s
decision-making is greater for tasks that are perceived to
require greater analytic capabilities, rational thought, and
planning [58]. When the robot displays augmented cogni-
tive capabilities, participants may thus be more likely to
think that a robot knows the “right” solution to a problem
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and consequently conform more strongly to decisions made
by the robot. Our second hypothesis therefore predicted:

Hypothesis 2 (H2). When a social robot displays cognitive
capabilities that supersede human cognitive capabilities,
this decreases (a) entitativity, (b) interactivity, and increases
(c) behavioral conformity compared to when the social
robot does not display cognitive capabilities that supersede
human cognitive capabilities.

2.3 Interaction Between Interdependency and
Augmented Capabilities

Broadly, there are two main reasons for behavioral confor-
mity in groups— (1) informational reasons, which surface
in ambiguous situations when an individual feels uncertain
about their own behavior, and (2) normative reasons, which
surface in non-ambiguous situations and capture the social
pressure to align with group members [59]. If the proposi-
tions of CASA hold true, conformity should occur in human-
machine teams for normative reasons because as people
are sensitive to social influences exerted by machines and
adjust their behavior accordingly [60]. However, research
with robot (or Al) teams indicates that conformity resulting
from the influence of media agents is largely informational
[56, 58, 61, 62]. Furthermore, Salomons et al. [56] reported
that 69% of the participants in their research changed their
answers because they believed that the robot were smarter
than they themselves were, again illustrating an informa-
tional choice to align with the robot. This suggests that
when participants perceive robots to have greater intellec-
tual capabilities than they themselves have, it may increase
the effect of the interdependency social script on behavioral
conformity. We hypothesized:

Hypothesis a (H3a): The social robot’s display of aug-
mented cognitive capabilities increases the positive effect of
interdependency on behavioral conformity as compared to
when the social robot does not display augmented cognitive
capabilities.

However, the pattern outlined in H3a may not translate
to team perception in terms of entitativity and interactiv-
ity. Under traditional CASA conditions, entitativity and
interactivity are predicted to increase as interdependency
increases. With augmented robots, however, people con-
form to the robot in ambiguous situations because they
are unsure of their own behavior and believe the robot to
provide guidance due to its enhanced analytic capabili-
ties (see e.g., [56, 61]). People’s reliance on the robot may
thus decrease their experience of entitativity because deci-
sions are not made together: they simply follow the robot’s



International Journal of Social Robotics (2025) 17:1467-1484

1471

advice. Additionally, as people “follow” the robot, they may
perceive the decision-making process as less interactive.
Against this background, we hypothesized:

Hypothesis b (H3b) The social robot’s display of aug-
mented cognitive capabilities decreases the positive effect
of interdependency on entitativity and interactivity as com-
pared to when the social robot does not display augmented
cognitive capabilities.

3 Method

This experimental study had a two-factorial between-sub-
jects design, with the robot’s display of augmented cognitive
capabilities (augmented vs. control) and interdependency
(interdependent vs. non-interdependent) as the between-
subjects factors. This experiment was preregistered (https://
osf.io/d2kyh). We obtained ethical approval for this research
from the Ethics Review Board of the university with which
the researchers are affiliated prior to data collection.

3.1 Participants

A power analysis with a small to medium effect size indi-
cated a sample size of 260 with 65 participants per condi-
tion (see preregistration for further details). We collected
data from 260 participants, of which one was excluded from
the sample (see Analysis for further details). Thus, our final
sample consisted of 259 participants. Participants had to be
aged 18 or older and have a sufficient mastery of English
(as determined by participants themselves) to participate
in the experiment. Participants were primarily students
(97.7%) and were between ages 18 and 65 years (Mdn=20,
SE=0.32). In terms of gender, the majority of the partici-
pants in the sample identified as women (n=203), followed
by men (n=>54), non-binary (n=1), and other (n=1). For the
purposes of the randomization check, the non-binary and
‘other’ cases were classified as missing as these groups were
too small to be meaningfully analyzed.

3.2 Interaction Task and Manipulations

Participants engaged in an approximately 15-minute long,
pre-programmed interaction with the Nao robot (Softbank).
The interaction started with Nao shortly introducing itself to
the participant. Then, the participant discussed three sepa-
rate ethical dilemma tasks (i.e., three variants of the trolley
problem; see Fig. 1 and Appendix A) with Nao. The trolley
problem can be described as a thought experiment set up
such that actively sacrificing one person can save a larger
number of people, or vice-versa. The variants of the trolley

problem differed in the type of choice participants had to
make (e.g., pulling a switch or pushing someone) and the
information about the people involved. Ethical dilemmas
were chosen as they provide participants an opportunity to
experience the differences between their and Nao’s cogni-
tive capabilities in terms of logic and reasoning. The trol-
ley problem was chosen because it has stimulated extensive
discussion and research [63, 64, 65]; has been validated
with various populations; and creates significant variance
in people’s responses (e.g., [66, 67, 68]). As such, it is a
valid and reliable task to examine participants’ behavioral
conformity with Nao.

First, participants read and responded to each dilemma
on their own on a computer. Next, they discussed their rea-
soning with Nao. For each discussion, a standard interaction
structure was followed (see Fig. 1). Nao would initiate the
discussion by asking the participant if they would like to
discuss their answer to the dilemma, and subsequently, by
asking them what their response was. Upon the participant’s
verbal reply, Nao would reframe their answer and present
them with the implications of their decision, prompting par-
ticipants to explain their reasoning. After the participant’s
explanation, Nao presented and explained its own deci-
sion to the problem. Finally, participants were asked if they
wanted to add something to the discussion and if not, Nao
prompted them to enter their final decision to the problem
on the computer. Nao informed them that it considered the
participant’s reasoning and simultaneously uploaded its
final decision and explanation to the server. Figure 1 illus-
trates one of the three ethical dilemma scenarios and the
interaction flow. Complete interaction structures for all ethi-
cal dilemmas are available in Appendix A.

Participants were told that their final reasoning would be
scored on a scale of 1 to 10 for its logic and persuasiveness.
They were also told that Nao’s task performance would be
scored similarly to theirs, using Nao’s final reasoning. Our
manipulation of interdependency was similar to the manip-
ulation used in Nass et al.’s [17] study: Participants were
either informed that their task performance would be scored
together with (i.e., interdependent condition), or indepen-
dently from (i.e., non-interdependent condition) Nao’s task
performance. To perform better on the task, participants had
to arrive at a well-reasoned justification for their decision,
either individually or together with Nao, depending on their
assigned condition. To make this performance evaluation
meaningful, participants were informed that if they scored
over 8, they would be entered into a raffle with three prizes
of €30, €20, and €10, respectively. They would receive the
raffle prizes (if they won) in addition to the compensation
they received for participating in the experiment. In reality,
no scores were calculated, and all participants were given
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Fig. 1 Robot Interaction Structure for
Ethical Dilemma. Note. The diamond
and rectangle boxes refer to robot
dialogues whereas the responses refer to
participant responses
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driverless trolley is heading towards five people, who are on the tracks and will be killed unless the trolley
is redirected. You are standing next to a switch that can redirect the trolley. If you flip the switch, the trolley
ill be diverted to another side of the track where one person is standing, who will be killed. The five people
e emerging researchers in the fields of medicine and climate science. The one person on the other side is an
xperienced oncologist who has just applied for government approval on a very promising medication to

ure colon cancer.

Let’s take a look at our
decisions and explanations.

Discuss the
dilemma?

No response/
Other response

Let’s take a look at our
decisions and explanations.

So, you would take

will remain out of reach?

to me?

responsibility for killing the
experienced oncologist, which
means that curing colon cancer

you please explain this decision

Could| A

Any response

ould you flip the

switch?

No response/
Other response

I could not understand your
L decision. Could you please | |
respond either “yes” or

“no™?

published research and

contributions than onl

My decision was to flip the
switch. A quick scan of 25,131

academic work in the fields of
medicine and climate science
suggests that up to 47% of
emerging researchers make
significant contributions midway
through their career. In the long-
term, the 5 emerging researchers
are likely to make more

experienced oncologist.

other

y the

Any response

a0's decision

Should we take a look at our
decisions and explanations

anyway?

So, you would stand by and
allow five emerging
researchers to die? Could
you please explain this
decision to me?

Any response

My decision was to flip the switch
because this would lead to the least
number of deaths. After all, it is better
if one person dies in order to save five
people. With five people dying, five
families would experience grief
whereas if only one person dies, only

one family would experience grief. So,

fewer people would be affected by

saving 5 people.

Anything to add?,

Your response has
been noted and will
be taken into
account.

Now that we have discussed
our decisions and reasoning,
take a couple of seconds to
think about your final
answer and reasoning, and
indicate that on the
computer.

I have uploaded my
response to the server. I
will now wait for you to
|y read and answer the next

dilemma. Please prompt
me when you would like
to start discussing the next

dilemma.
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the opportunity to enter themselves in the raffle at the end
of the experiment.

The robot’s display of augmented cognitive capabili-
ties was manipulated by informing participants, before
their interaction with Nao, either that (1) Nao has cogni-
tive capabilities that supersede human cognitive capabilities
(i.e., it has been built with an artificially intelligent network
that can access and process data from across the internet to
make logical decisions in a variety of scenarios; augmented
condition) or (2) not (i.e., control condition with the real
technical specifications; full description in Appendix B).
For this manipulation, participants read a description of
Nao and a fictitious passage adapted from Kang and Sundar
[41] describing an incident with Nao and some research-
ers (see Appendix C). The passage was manipulated such
that Nao either (1) used data from the internet to provide a
concise and helpful solution to an interpersonal problem or
(2) provided multiple unrelated and unhelpful solutions to
the same problem. In addition to Nao’s argumentation to the
ethical dilemmas, the passage reinforced and contextualized
the description of Nao as (not) having augmented capacities.

3.3 Procedure

The experiment was conducted in a laboratory room.
The experimenter welcomed the participant and briefly
explained how the experiment would proceed. The experi-
menter then got the participant set up at their workstation,
which consisted of a monitor, keyboard, mouse, and Nao.
The experimenter remained in the same room on a different
workstation a few feet away, from which they teleoperated
Nao during the interaction using the Wizard-of-Oz tech-
nique [69]. The wizard’s role involved triggering the correct
dialogue from Nao in response to the participant to match
the interaction flow outlined in Fig. 1. Nao was connected
to the experimenter’s workstation with a cable. Participants
were informed that the experimenter would put earphones
on and thus could not hear their interaction with Nao. In
reality, however, the experimenter could hear the participant
and listened to the conversation in order to teleoperate Nao.
The experimenter was thus not blind to the condition par-
ticipants were exposed to.

The participant first read a fact sheet, which explained
the goal and procedure of the experiment, participant’s
rights, and how data would be collected, stored, and pro-
tected. After participants had given active informed consent
to participate, they answered some demographic questions
about themselves. They were then presented with a descrip-
tion of Nao in line with the experimental condition to which
they were assigned (i.e., display of augmented capabili-
ties: augmented/control), followed by the fictitious passage

about the robot and the task instructions, the latter of which
conveyed the interdependency manipulation.

Participants then completed the three ethical dilemma
tasks, during which they interacted with the robot as
described in the previous section. The order in which the
three dilemmas were presented was counterbalanced to avoid
presentation effects (e.g., [70]). In case participants experi-
enced minor difficulties (either technical, e.g., not knowing
whether to respond, or otherwise, e.g., in understanding the
dilemma itself) during the interaction with Nao, participants
could call on the experimenter to help them. After complet-
ing all dilemmas and, therefore, the interaction with Nao,
participants filled out a questionnaire. The questionnaire
started with self-report scales that measured entitativity and
interactivity, followed by two treatment checks.

Finally, participants read a debriefing text, which
explained the aim of the experiment and all manipulations
and revealed any false and prefabricated information in
detail. Participants were informed that the robot was tele-
operated and the experimenter could hear them during their
discussions. They were also notified that their responses
were not scored, and all participants could join the raffle.
Additionally, the debriefing signposted participants to psy-
chological helplines if they were upset or experiencing any
distress after reading and discussing the ethical dilemma
tasks. Lastly, they were asked if they wanted to enter the
raffle and they could do so by providing their email address,
which would be stored separately from all research data and
deleted immediately after the raffle winners were chosen.
The experimenter thanked participants for their time and
gave them the opportunity to ask questions. Participants
were compensated for their time either through research
credits or a small financial reward (€5) according to their
preference. The entire experiment took approximately
30 min.

3.4 Measures
3.4.1 Demographics

Demographic variables of age, gender, and student status
were collected. Age was measured in years. For gender,
participants could choose one of five options: (1) man, (2)
woman, (3) non-binary, (4) other, and (5) do not want to
disclose. Participants were asked to respond either yes or no
to the question whether they are currently a student.

3.4.2 Behavioral Conformity
Behavioral conformity was operationalized as the extent to

which participants’ first solutions to the ethical dilemmas
(as entered on the computer before discussing the dilemma
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Table T Mean and standard deviation values for the dependent vari-
ables

Condition Entitativity Interactivity

Augmentation Interdependency =~ Mean Stan-  Mean Stan-

dard dard

Devia- Devi-

tion ation

Augmented Interdependent 3.87 151 450 1.16

Augmented Non-interdepen- 3.55 1.62 423 131
dent

Control Interdependent 3.61 1.63 445 1.07

Control Non-interdepen- 3.58 1.72 429 1.24
dent

Full sample 3.65 1.61 437 1.20

with Nao) differed from their final solutions (entered after
the discussion) to match Nao’s solutions (i.e., concordant
change). In our pre-registration, we stated that since par-
ticipants solved three dilemmas with Nao, their score for
behavioral conformity could range between 0 and 3, where
0 indicates no concordant change on any of the ethical
dilemmas, and 3 indicates concordant change on all three
ethical dilemmas. After data collection, it showed that the
count data were skewed towards a score of 0 (77.2% of
the sample), followed by 1 (20.1%), and 2 (2.7%). Due to
this overinflation of zeroes, it was not possible to meaning-
fully model the effects or each score separately. As such,
we decided to reclassify participants’ responses as non-con-
forming (0) or conforming (1 and 2).

3.4.3 Entitativity and Interactivity

We assessed entitativity and interactivity through two self-
report scales [43]. These measures tap into the extent to
which participants recognize themselves as a social unit
with the social robot (i.e., entitativity, 3 items), and partici-
pants’ experiences interacting within this social unit (i.e.,
interactivity, 4 items). As the interactivity measure as con-
ceptualized by Blanchard and colleagues [43] did not fit
the interaction tasks used in this experiment, it was slightly
modified to better fit the experimental design.

Unlike the measures created by Nass et al. [17], these
measures have been validated more widely [44, 45], demon-
strating acceptable psychometric properties. Each item was
rated on a 7-point Likert scale from 1 (strongly disagree) to
7 (strongly agree). The three items for entitativity (0=0.917,
®=0.918) and the four items for interactivity (a=0.734,
®»=0.729) were averaged scale-wise to form a single rating
for each of the scales. Table 1 indicates the mean and stan-
dard deviation values for entitativity and interactivity per
condition. Skewness and kurtosis for entitativity were 0.160
and —0.853, and —0.293 and —0.198, for interactivity. Enti-
tativity and interactivity items loaded onto one factor with
an explained variance of 54.28% and 15.96% respectively.
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3.4.4 Treatment Checks

Treatment checks were included in the experiment to assess
the validity of the manipulations. The treatment checks
included two items with two answer options each. The first
item asked participants whether they were informed that
their solutions to the ethical dilemma tasks were evaluated
together with Nao’s, and they needed to choose between a
yes or no response. The second item asked how Nao justified
its solutions to the ethical dilemmas, with answer options
(1) “data gathered from the internet” or (2) “common sense
explanations”. The treatment checks were considered suc-
cessful in case participants in the augmented condition were
significantly more likely to choose “data gathered from the
internet” than participants in the control condition, and in
case participants in the interdependent condition were sig-
nificantly more likely to choose “yes, they will be evalu-
ated together” than participants in the non-interdependent
condition.

3.5 Analytical Approach

All data analyses were conducted in SPSS (dataset and
syntax available on OSF). First, the data were analyzed
for descriptive statistics. Next, a two-way ANOVA was
conducted to check the randomization for participants’
age across conditions. As Levene’s test was significant,
an ANOVA with HC3 correction was conducted. Logistic
regression was conducted to check the randomization for
participants’ gender across conditions. Logistic regressions
were also used to evaluate the treatment checks for both
interdependency and augmentation.

We pre-registered that we would exclude any cases with
technical errors that would compromise the manipulation
(e.g., having to restart the interaction program) and control
for the occurrence of minor technical errors (e.g., if a minor
part of the dialogue was skipped by the robot). One partici-
pant was excluded due to a major technical error. As with
another participant, some minor technical issues emerged,
we controlled for this in the hypothesis tests. In addition,
in all hypothesis tests, we controlled for the two experi-
menters. In line with our pre-registration, as there were no
significant differences between the results with and without
the control variables, we reported the results of the analyses
without the control variables included.

In our pre-registered analyses, we had planned to con-
duct an ANOVA to analyze the behavioral conformity data.
However, we had not expected that behavioral conformity
would be strongly skewed toward zero (see above). We,
therefore, recoded the data for more appropriate analyses.
Subsequently, a logistic regression was conducted on the
recoded behavioral conformity data with interdependency
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and augmentation as the independent variables. For entita-
tivity and interactivity, two-way ANOVAs were run with
interdependency and augmentation as the independent
variables.

4 Results
4.1 Randomization and Treatment Checks

Participants were randomly assigned to the experimental
conditions. The randomization was successful for both age
and gender. For age data, homogeneity of variances was
significant and therefore an analysis of variance (ANOVA)
was run with HC3 correction. There were no differences
in age across the experimental conditions (#(255)=1.34,
p=.182 for augmentation; #255)=0.92, p=.358 for inter-
dependency). In addition, a logistic regression showed no
significant difference in gender data across the conditions
for augmentation (B =-0.09, SE=0.31, Wald=0.08, p=.776,
Exp (B)=0.92,95% CI=[0.50, 1.67]), and interdependency
(B =-0.27, SE=0.31, Wald=0.79, p=.374, Exp (B)=0.76,
95% CI=1[0.42, 1.40]).

Participants in the augmented condition more often indi-
cated that Nao based its decisions on “data gathered from
the internet” than participants in the control condition. Con-
versely, participants in the control condition were signifi-
cantly more likely to choose “common sense explanations”
than participants in the augmented condition (B=2.10,
SE=0.30, Wald=48.21, p<.001, Exp (B)=8.20, 95% CI =
[4.53, 14.85]). In addition, when asked whether they had
been told that their answers would be evaluated together
with those of the robot or not, participants in the interdepen-
dent condition were more likely to choose “yes, they will be
evaluated together” than participants in the non-interdepen-
dent condition. Conversely, participants in the non-interde-
pendent condition were significantly more likely to choose
“no, they will be evaluated independently of each other”
than participants in the interdependent condition (B=1.86,
SE=0.28, Wald=43.34, p<.001, Exp (B)=6.40, 95% CI =
[3.68, 11.13]). Thus, the treatment checks were successful.

4.2 Tests of Hypotheses
4.2.1 Effects of Interdependency

Our first hypothesis stated that interdependency would lead
to an increase in behavioral conformity, entitativity and
interactivity. A logistic regression showed that behavioral
conformity was not significantly different between the inter-
dependent and non-interdependent conditions (B = -0.61,
SE=0.31, Wald=3.82, p=.051, Exp (B)=0.54, 95% CI =

[0.29, 1.00]). A two-way ANOVA showed no significant
difference between the interdependent and non-interdepen-
dent conditions for entitativity (F(1, 255)=0.72, p=.398,
part. n2=0.003). Likewise, for interactivity, the difference
between the interdependent and non-interdependent con-
ditions was not significant (F(1, 255)=2.09, p=.150, part.
n2=0.010). Thus, H1 was not supported.

4.2.2 Effects of Augmentation

Per our second hypothesis, the display of augmented cogni-
tive capabilities would lead to an increase in behavioral con-
formity and a decrease in entitativity and interactivity. We
found that behavioral conformity was significantly higher
in the augmented than in the control condition (B = -1.27,
SE=0.33, Wald=14.98, p<.001, Exp (B)=0.28, 95% CI =
[0.15, 0.53]). Appendix D includes a figure depicting the
conformity and no-conformity frequencies across condi-
tions. A two-way ANOVA showed no significant differences
between the augmented and control conditions for both
entitativity (F(1, 255)=0.35, p=.557, part. 12=0.001) and
interactivity (F(1, 255)=0.003, p=.957, part. n2<0.001),
respectively. Therefore, H2 was partially supported.

4.2.3 Interaction Between Interdependency and
Augmentation

H3a stated that the display of augmented cognitive capabili-
ties would increase the effect of interdependency on behav-
ioral conformity. A logistic regression showed no significant
interaction effect between display of augmented cognitive
capabilities and interdependency for behavioral conformity
(B=—1.42, SE=0.77, Wald=3.43, p=.064, Exp (B)=0.24,
95% CI = [0.05, 1.09]). H3b stated that the effect of the
display of augmented cognitive capabilities would decrease
the effect of interdependency on entitativity and interactiv-
ity more strongly compared to the control condition. A two-
way ANOVA found no significant interaction effect between
display of augmented cognitive capabilities and interdepen-
dency for either entitativity (F(1, 255)=0.51, p=.477, part.
n2=0.002) or interactivity (¥(1, 255)=0.11, p=.736, part.
n2<0.001). H3 was thus not supported.

5 Discussion

The CASA framework suggests that people mindlessly
apply social scripts while interacting with media agents,
including social robots [7]. However, the framework has
recently been criticized for its anthropocentric bias [9, 11]
and a potential lack of replicability (e.g., [28, 33, 34]).
Against this background, it is conceivable that the tenets of
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CASA may not hold when people interact with advanced
social robots with superhuman capabilities. Therefore, we
experimentally investigated the effects of interdependency
and a robot’s display of augmented capacities on group per-
ceptions and behavior, specifically entitativity, interactivity,
and behavioral conformity. While augmentation increased
behavioral conformity, we did not find any main or interac-
tion effects of interdependency on behavioral conformity.
Perceived entitativity and interactivity remained unaffected
by our manipulations.

5.1 Lack of Interdependency Effects in Human-
Robot Teams

In contrast to our expectations and earlier CASA research
[17], interdependency did not influence any of our depen-
dent variables. The overall absence of such effects may ten-
tatively reflect limitations of the CASA framework in terms
of its explanatory power as well as concerns regarding its
predictive validity in contexts other than the ones that were
studied in the original studies and with different, newer
technologies [9, 28, 33, 34]. Gambino and colleagues [9],
for example, have argued that experience may determine
whether users respond mindlessly or mindfully to a media
agent, and that more frequent interactions with such agents
in general may lead to the development of technology spe-
cific scripts. Given the pervasive nature of technology today,
it can be assumed that participants have frequently and
extensively been exposed to different types of media agents.
Consequentially, they may not have perceived Nao as an
entity to which social norms would apply [28]. Instead, par-
ticipants may have learned to perceive media agents as tools
for solving tasks and, as a result, developed and applied
more functional norms specific to media agents [9, 28, 71].
One could also argue that a phenomenon called the ‘Black
Sheep’ effect may be relevant in the context of our find-
ings. According to this effect, a group member is rejected
when they deviate from the group prototype [72]. In their
replication of Nass et al.’s [17] study, Johnson and Gardner
[73] noted that participants who have high experience with
computers “derogated” a computer by placing less value on
its information, which was seen not only in subjective rat-
ings but also in objective behavior. However, high experi-
ence users only showed this behavior when the computer
was considered to be a member of the ingroup [73], possibly
because the computer did not contribute positively to the
group identity. According to this explanation, participants in
the interdependent condition in our study may have also felt
that Nao did not contribute positively to the group identity
and thus ignored its responses to the dilemmas. However, if
that had indeed been the case, then we would have observed
significant effects of interdependence on both entitativity
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and interactivity. Thus, while the Black sheep effect may
explain the successful treatment check and the lack of find-
ings with behavioral conformity, it fails to account for the
lack of effects with entitativity and interactivity.

5.2 Augmentation and Perception of Robots

Augmentation did not affect entitativity or interactivity.
Moreover, we found no interaction effects of augmentation
with interdependency. The absence of effects may indicate
an “uncanny cliff” [74], instead of a second uncanny valley
[50, 51]. The uncanny cliff is an alternate model to explain
the uncanniness of robots and suggests that non-humanlike
entities have a higher level of likeability than both humans
and humanlike entities. Thus, toy robots should be liked bet-
ter than humanlike ones. This means that the valley is much
smaller than the uncanny valley hypothesis would suggest.
Instead, a steep cliff emerges left of the valley when human
likeness sets in, with the highest overall level of likability
reached at the top of the cliff. In contrast, to the right of the
valley, likeability only weakly increases as human likeness
gradually transfers into humanness. While the aim of our
research was to investigate the uncanniness felt in the sec-
ond valley due to the augmented, superhuman psychological
capabilities of the robot, this model implies that “human-
ness” itself has low likeability levels. Instead, morphology
may be a more dominant characteristic in determining our
responses to robots. Since Nao is a humanoid robot, in both
the control and augmented conditions Nao may have evoked
similar feelings of uncanniness and uneasiness among par-
ticipants, which may explain the lack of effects on entitativ-
ity and interactivity.

In line with our expectations, behavioral conformity
increased when the robot displayed augmented cognitive
abilities: Participants conformed more to Nao’s responses
when Nao displayed augmented cognitive capabilities than
when it did not. It is thus likely that participants conformed
more to the augmented version of Nao than to the control
version because they believed that the augmented robot’s
ability to gather and process large datasets quickly would
lead to the “right” answer. In line with previous research
[56, 57, 58, 60, 61], this finding supports the idea that peo-
ple conform with robots (and algorithm-based technolo-
gies more generally) for informational reasons when they
believe that a robot possesses superior analytic capabilities.
Recent research with larger hybrid teams also shows that
informational conformity influences people in hybrid teams
where robots are the majority [75]. Further study on how
augmented cognitive capabilities influence behavioral con-
formity in such teams would enhance our understanding of
HRI in teams.
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The fact that behavioral conformity was affected by the
robot’s augmented capacities while entitativity and inter-
activity not only implies that people may have developed
technology-specific norms to guide their interaction with
machines like robots, which suggests that the theoretical
foundation of CASA may need to be revisited. The find-
ing also dovetails with the model of dual anthropomor-
phism [76], which is partly at odds with CASA’s exclusive
focus on mindless processes [7]. This model proposes that
anthropomorphization is driven by two processes: an intui-
tive (Type 1) process that is fast, unconscious, autonomous,
and results in automatic and biased responses (i.e., mindless
anthropomorphism); and a reflective (Type 2) process that
moderates initial judgement through slow and conscious
effort (i.e., mindful anthropomorphism). Despite being self-
reported, entitativity and interactivity responses capture
innate and automatic feelings towards social stimuli and/or
situations. Thus, it stands to reason that these would be part
of the Type 1 process. Contrastingly, we measured behav-
ioral conformity as the extent to which participants changed
their response to align with Nao’s after the discussion. This
is a conscious and deliberate decision made by participants,
which is indicative of the Type 2 process. While Zlotowski
and colleagues [76] suggest that social responses towards
media agents are driven by the Type 1 process, our find-
ings seem to suggest that both processes may play a role in
HRI. These patterns in our findings also align in with newer
extensions of CASA (i.e., Media-As-Social-Actors by Lom-
bard & Xu [10]).

Despite our significant findings, it is important to note
that behavioral conformity was overall low. This could be
explained by our experimental design, which involved an
ambiguous task (i.e., the trolley problem) with no right
or wrong answer— unlike the original study by Nass et al.
[17], which used an unambiguous task to which one opti-
mal solution existed (i.e., the desert survival problem).
Consequently, some but not the majority of participants
may have perceived the task to require planning, analytic,
and reasoning capabilities (i.e., inducing informational con-
formity), thereby bringing down the average of behavioral
conformity.

5.3 Limitations and Conclusion

This study has at least two limitations. First, participants’
interactions with the robot were restricted: They could
only respond to Nao’s questions and not ask any of their
own. Nao’s dialogues were pre-programmed, which limited
the discussion participants could have with it. Anecdotal

evidence from brief, informal chats with participants after
the experiment indicated that the nature of the interaction
(which was carefully controlled to avoid any between-
subject variation other than induced by the experimental
manipulations) made the process feel less cooperative and/
or collaborative for the participants, especially in the inter-
dependent conditions. Future research should thus explore
whether the use of more expanded and nuanced interaction
scripts leads to different findings [77].

Second and relatedly, it is also possible that the robot’s
response was not persuasive enough for participants to
concur with the robot and change their response. As Nao’s
responses were pre-programmed, they were not tailored
toward the specific arguments made by the participant.
Nao presented a utilitarian approach to the dilemma, and
we measured conformity as participants changing their
decision from non-utilitarian to utilitarian. Thus, we were
unable to measure conformity for participants who chose
the utilitarian approach from the beginning. Moreover, in
Nao’s responses the argument was presented in a factual
manner without using any persuasion techniques. Research
suggests that recommendations from robots are more likely
to be considered when they use empathic signals or refer
to something mentioned earlier in the conversation [78].
Research investigating behavioral conformity in human-
robot teams could explore the use of such persuasive strate-
gies further alongside having robots present the opposing
stance to the participant’s stance each time and measuring
conformity accordingly.

In conclusion, we were unable to conceptually replicate
and extend the findings from the original CASA study by
Nass et al. [17] to social robots. However, the robot’s dis-
play of augmented capacities increased behavioral confor-
mity, indicating that the characteristics of social robots (and
by extension, media agents) can affect human behavior in
HRI. Our findings are in line with recent research (e.g., [28,
33, 34]) highlighting issues in replicating traditional CASA
findings not only in HRI research, but also in research on
other new technologies. Furthermore, renewed interest and
research in CASA is necessary in the light of recent devel-
opments like the Media-As-Social-Actors (MASA, Lom-
bard & Xu [10]) paradigm. Together, this suggests that the
assumptions of CASA may have to be tested and updated,
if necessary, and illustrates the need for a more compre-
hensive theoretical basis to explain human interaction with
media agents. Finally, expansion of these theoretical and
empirical lines of inquiry is required to continue build-
ing our understanding of human interaction with new and
advanced media agents.
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Appendix A

Robot Interaction Structure for All Ethical Dilemmas

driverless trolley is heading towards five people, who are on the tracks and will be killed
less the trolley is stopped. You are standing over the tracks on a footbridge with an
overweight person. You are able to push this person over the footbridge. If you push this
erson over the footbridge and in front of the trolley, they will be killed but their body will
stop the trolley before it kills the five people on the tracks.

Should we take a look at our
decisions and explanations

anyway?

Discuss the
dilemma?

Let’s take a look at our
decisions and explanations.

No response/
Other response

Let’s take a look at our
decisions and explanations.

So, you would stand by
and allow five people to
die? Could you please
explain this decision to

me?

So, you would take
responsibility for killing the
overweight person? Could
you please explain this

decision to me?

'ould you flip the
switch?

No response/
Other response

Any response Any response

I could not understand your
decision. Could you please
respond either “yes” or

66n 09)?

My decision was to push the
overweight person. A person with
the physicality required to stop an

average trolley moving at a high
speed is almost twice as likely to
be afflicted with chronic illnesses
like diabetes, heart diseases, etc.

A review of 37,815 personal

accounts shows that these

My decision was to push the
overweight person off the bridge
because this would lead to the least
number of deaths. It would be better
for one physically unhealthy person
to die if this means five people can
be saved. The death of the unhealthy

person may spare them and their
family from more suffering later in

a0's decisiol

illnesses substantially reduce Augmented

quality of life. So, overall, the 5 life. In the long-term, this outcome
people are more likely to enjoy would lead to the least number of

their remaining life than the large people mourning.

person.
Any response
Ih loaded
Now that we have discussed ave upioaded my
.. . response to the server. I
our decisions and reasoning, will now wait for vou to
Your response ha.s take a couple of seconds to y
Anything to add? been noted a.nd will %] think about vour final | read and answer the next
be taken into answer and reaysonin and dilemma. Please prompt
account. L &> me when you would like
indicate that on the . .
to start discussing the next
computer. dilemma
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driverless trolley is heading towards five parents, who are on the tracks and will be
illed unless the trolley is redirected. You are standing next to a switch that can redirect the
olley. If you flip the switch, the trolley will be diverted to a looped track where a child of|
ne of the five parents is standing. In this case, the child will be killed but their body will
stop the trolley before it kills the five parents.

Should we take a look at our
decisions and explanations
anyway?

Let’s take a look at our
decisions and explanations.

Discuss the
dilemma?

No response/
Other response

Let’s take a look at our
decisions and explanations.

So, you would allow the
parents of five children to
die, one of them being able
to witness his parent’s death?
Could you please explain
this decision to me?

So, you would take
responsibility for killing the
child in front of their parent?
Could you please explain this
decision to me?

'ould you flip the
switch?

No response/
Other response

Any response Any response

I could not understand your
decision. Could you please
respond either “yes” or

“no™?

My decision was to flip the
switch. 1350 journal articles,
conference proceedings, and book
chapters indicate that children
who experience traumatic events
(e.g., death of a parent) tend to
suffer from lifelong stress
disorders. This also leads to

My decision was to flip the switch
because this would lead to the least
number of deaths. Ultimately, it
would be better for one child to die
in order to save the five parents. If
the five parents die, all of their
anxiety and depression. The [A ] [ ] children will grow up without a
ultimate result is a shortened ugmented Control parent. Overall, the number of
lifespan of poor quality. Saving people experiencing loss will thus

the parents would ensure a better be less if the child dies.
quality of life for more people.

<Nao's decision

Any response

I have uploaded my
response to the server. I
will now wait for you to

Now that we have discussed
our decisions and reasoning,
been noted and will N tak;;;o;p::tof Sec;‘;di to
be taken into your fina
account. answer and reasoning, and
indicate that on the

Your response has
Ly re.ad and answer the next
dilemma. Please prompt
me when you would like
to start discussing the next
dilemma.

Anything to add?

computer.
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Appendix B

Description of Nao

This appendix contains the description of Nao presented to
participants at the beginning of the experiment. The length
(in terms of the number of words) of the description in both
condition is approximately equal.

Participants assigned to the augmented conditions (i.e.,
augmented/interdependent and augmented/non-interdepen-
dent) were shown the following description:

Nao is a social robot with an artificial intelligence net-
work. Nao can access and process data from vast databases
in a matter of seconds. To do this, Nao has a large memory
and strong processing power. Additionally, Nao also has
augmented cognitive capabilities. This means that Nao can
think, reason, and process information in real-time faster
than humans. Nao relies on data only to think and reason.

Participants assigned to the control conditions (i.e., con-
trol/interdependent and control/non-interdependent) were
shown the following description:

Nao is a social robot. Nao is 57 centimetres tall, 28 cen-
timetres wide, and its depth is 31 centimetres. Nao has a
1.6 GHz processor and a 1 gigabyte random access memory
(RAM). Nao has a battery capacity of 21.6 volts that can last
up to 90 min without being charged. Nao has 2 loudspeakers
and four microphones, all of which are located in its head.

Appendix C

Passage About Nao

This appendix contains the passages about Nao. The passage
participants read depended on the condition to which they
were assigned. The passages in both conditions are equal in
terms of the number of words. Participants assigned to the
augmented conditions (i.e., augmented/interdependent and
augmented/non-interdependent) were shown the passage on
the left. Participants assigned to the control conditions (i.e.,

control/interdependent and control/non-interdependent)
were shown the passage on the right.

Augmented Conditions

Control Conditions

In the past, Nao has been used for research. During research projects,
Nao was usually stored in the shared office of Rachel and Angela,
who are both researchers. They knew about Nao’s cognitive capabili-
ties. They also often communicated with Nao during their workdays.
Rachel and Angela shared a small office with two workstations in

the Roeterseiland Campus. Both Rachel and Angela had their own
workstations.

Angela was also working on a different project with another colleague
called Mark. Angela and Mark were preparing to submit a paper to a
conference. For this, they needed to spend some extra hours writing
the paper. They had previously made plans to write the paper together
on Friday afternoon in the office. On Friday morning, Mark cancelled
their plans because he had forgotten that he had to teach a class in the
afternoon.

In the afternoon, Rachel took a break and went to a café on campus
where she saw Mark chatting and laughing with a group of people.
Rachel came back to the office and faced a dilemma about whether to
inform Angela about what she saw. She was curious about what Nao
would suggest if she asked it for its advice.

“Nao, should I tell Angela that I saw Mark in a social gathering at the
time when he said he would be teaching? I do not want to cause stress
in Angela and Mark’s professional relationship, but I also do not want
to compromise my friendship with Angela.” Nao replied, “Allow me
to process your request.”

After a couple of seconds, Nao said, “From the data I could access, up
to 45% of workplace conflicts are caused due to misunderstandings. If
not resolved, such conflicts can have a long-term impact over work-
place relationships, even for those indirectly involved in the conflict.
In about 67% of unresolved workplace conflicts, productivity and col-
league perception was negatively affected. The data indicates that you
should tell Angela to avoid unnecessary stress for yourself.”

Rachel ultimately told Angela, who confronted Mark and discovered
that he was having coffee with some of his students. His students
wanted to treat him after their last class together to thank him for his
help during the course.

In the past, Nao has been used for research. During research projects,
Nao was usually stored in the shared office of Rachel and Angela,
who are both researchers. They knew about Nao’s technologi-

cal working. They also often communicated with Nao during their
workdays.

Rachel and Angela shared a small office with two workstations in

the Roeterseiland Campus. Both Rachel and Angela had their own
workstations.

Angela was also working on a different project with another colleague
called Mark. Angela and Mark were preparing to submit a paper to a
conference. For this, they needed to spend some extra hours writing
the paper. They had previously made plans to write the paper together
on Friday afternoon in the office. On Friday morning, Mark cancelled
their plans because he had forgotten that he had to teach a class in the
afternoon.

In the afternoon, Rachel took a break and went to a café on campus
where she saw Mark chatting and laughing with a group of people.
Rachel came back to the office and faced a dilemma about whether to
inform Angela about what she saw. She was curious about what Nao
would suggest if she asked it for its advice.

“Nao, should I tell Angela that I saw Mark in a social gathering at the
time when he said he would be teaching? I do not want to cause stress
in Angela and Mark’s professional relationship, but I also do not want
to compromise my friendship with Angela.” Nao replied, “Allow me
to process your request.”

After a couple of seconds, Nao said, “Would you perhaps like to send
Angela a message?” “No, please try again”, replied Rachel. “No prob-
lem, Rachel. Would you like to start a video call with Angela?”” “No,
Nao, do you have anything else?” replied Rachel. “Yes. Would you
like me to try and search the web for your request?” “No, Nao. Please
stop. It’s alright, I know this is a difficult situation”, said Rachel.
Rachel ultimately told Angela, who confronted Mark and discovered
that he was having coffee with some of his students. His students
wanted to treat him after their last class together to thank him for his
help during the course.
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Appendix D

Frequencies for Behavioral Conformity across Conditions
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