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Abstract

Social robots must take on many roles when interacting with people in everyday settings, some of
which may be authoritative, such as a nurse, teacher, or guard. It is important to investigate if and
how authoritative robots can influence people in applications ranging from healthcare and
education to security and in the home. Here we present a human-robot interaction study that
directly investigates the effect of a robot’s peer or authority role (formal authority) and control of
monetary rewards and penalties (real authority) on its persuasive influence. The study consisted
of a social robot attempting to persuade people to change their answers to the robot’s suggestion
in a series of challenging attention and memory tasks. Our results show that the robot in a peer
role was more persuasive than when in an authority role, contrary to expectations from human-
human interactions. The robot was also more persuasive when it offered rewards over penalties,
suggesting that participants perceived the robot’s suggestions as a less risky option than their own
estimates, in line with prospect theory. In general, the results show an aversion to the persuasive
influence of authoritative robots, potentially due to the robot’s legitimacy as an authority figure,
its behavior being perceived as dominant, or participant feelings of threatened autonomy. This
paper explores the importance of persuasion for robots in different social roles, while providing
critical insight on the perception of robots in these roles, people’s behavior around these robots,
and the development of human-robot relationships.

Summary
For social robots to persuade people they should behave as peers providing positive incentives
and avoid being authoritative.

MAIN TEXT

Introduction
Persuasion is a fundamental component of human social interaction that enables the influence of
people’s attitudes and behaviors (/) through a variety of tactics such as conformity, reciprocity,
and authority (2). The increased presence of social robots and the emerging human-robot
relationships being formed compel the investigation of robots using humanlike behaviors to
persuade people to cooperatively complete tasks and co-exist in many settings. Although there
have been HRI studies on conformity (3) and reciprocity (4), to date there are very few studies on
the persuasive influence of authority in human-robot interaction (HRI), despite the fact that robots
are already being used in authoritative roles such as healthcare providers (5), teachers (6), or
security guards (7).

Why do robots need to use authority to influence people? Authority structures exist in all
aspects of human society, be it our homes (e.g. parents raising children (8)), workplaces (e.g.
managers supervising employees (9)), or schools (e.g. teachers instructing students (/0)). As we
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embed robots within increasingly social scenarios, it is inevitable that we will need to consider
their roles within these authority structures, in particular due to their potential to be fast, vigilant,
and rational decision-makers compared to people (/7). Robots have the potential to effectively
leverage authority in real-world scenarios, however, only if we are able to understand how their
use of authority is perceived by people, how it influences people, and what it does to the
development of human-robot relationships.

What is Authority?

Authority has been defined as the power to influence decisions affecting another person’s work or
life (12). It can manifest in two distinct but related ways: formal or real. Formal authority is
determined by the establishment of a social role and the implied power given to that role as the
right to decide on specific matters (/3). Examples of roles commanding formal authority include
academic experimenters (/4), teachers (/0), business managers (9), and security guards (/5). By
contrast, real authority is determined by the explicit control over decision making (/6). Examples
of real authority include assigning employee performance metrics (/7), distributing academic
grades (/8), or setting rules for children (/9), and are frequently underpinned by monetary
incentives such as salaries (20), scholarships (27), or allowances (22). Though formal authority
usually involves some type of real authority and real authority can work to establish a basis for
formal authority, the two are independent concepts that can provide distinct forms of influence.

Formal authority stems from the influence of a social role that is built upon either rules
(e.g. government), traditions (e.g. family), or charisma (e.g. leaders) (23). However, given that
formal authority is not founded on tangible decision-making power, it is subject to questions of
legitimacy: the willingness of individuals to follow an authority (24). This legitimacy is affected
by our perceptions of and relationship with an authority figure (25), so it is also important to
understand people’s attitudes towards a potential authority. The influence of these authoritative
roles hinges on our understanding of the social contracts (implicit or explicit) made between
people in hierarchical relationships (26). However, given the unique treatment of robots as social
actors similarly, but not identically, to humans (27), it is imperative to explore how robots will be
perceived if deployed in these roles and whether they can command similar influence on people.

Real authority is established not by social role, but through having direct control over
actions affecting an individual or organization (/6). Though it exists in many forms, monetary
rewards and punishments have been shown to be simple yet effective forms of real authority for
influencing and motivating behavior (26—30).

Formal authority is almost always present with some form of real authority and direct
decision control (37). A formal authority figure without any real authority immediately becomes a
failed exercise due to the lack of decision-making power undermining its formal role. As such, in
HRI, formal authority should be investigated alongside real authority as it is not possible to
effectively exercise the power of an authoritative social role without the complement of either
implicit or explicit decision-making control (/6). To ensure that robots are duly put in
authoritative roles, we must also give them a form of tangible decision-making power, such as
monetary rewards and punishments that can be given or taken away.

We aim to answer the larger open challenge of how human-robot relationships form when
a social robot tries to leverage authority to influence a person’s actions. We measure the
effectiveness of formal and real authority in a social robot by examining its persuasive influence.
Numerous physical (32—34) and psychological (35-37) cues have been shown to affect a robot’s
persuasive influence on people during HRI. Our own past research has explored how a robot’s use
of nonverbal behaviors (38), verbal communication styles (39), and multimodal strategies (40, 41)
affect its persuasive influence. However, to-date comparatively little work has investigated the
efficacy of a robot’s social role on its persuasiveness (42).
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In this article, we present a HRI study that investigates the persuasiveness of a robot using
both formal (social role) and real (monetary incentives) authority to influence participants
engaged in a series of challenging attention and memory tasks. Our study examines the influence
of a social robot in a peer or authoritative role with the ability to provide positive or negative
monetary incentives. Moreover, as individuals with negative attitudes towards authority figures
tend to be less influenced by them (43, 44), we further investigate the effects that attitudes
towards robots may have on their persuasive influence on people.

With this study, we explore a unique persuasive robotics research investigating robot
authority (formal or real), its influence on human behavior, and the influence that it will have on
forming human-robot relationships. Our findings may provide insight into the appropriate
deployment of robots into various roles in society where knowledge of how a robot should be
positioned and behave will be critical to its overall integration and long-term success.

Authority in Human-Robot Interaction

Herein, we review studies on the independent use of formal and real authority in HRI. Research
investigating a robot’s persuasive influence with respect to either formal or real authority, as well
as research investigating their joint effects is currently under-explored.

Formal Authority

A PR2 robot was used as a security guard in (7), using eye contact, verbal prompts, and raised
arms to deter people from using a set of doors. Participants who complied with the robot reported
it as being less aggressive, more intelligent, safer, and more humanlike than those who ignored it,
indicating a correlation with obedience to the robot’s perceived authority as a security guard. In
(45), a Baxter robot supervised and critiqued people in an assembly task using one of four facial
conditions: neutral, negative, positive, or contradictory. People rated the robot more negatively if
they disagreed with the robot’s assessment or when the robot gave them negative feedback,
suggesting a reluctance to accept criticism from a robotic authority. A human-robot comparison
study (46) had either a human or NAO robot attempting to motivate individuals to continue a
mundane file renaming task that gave participants the impression of “no end in sight”. The human
was able to encourage longer work times than the robot. Participants who rated the robot higher
on perceived authority protested faster, more frequently, for longer durations, and quit the task
earlier, suggesting that perceived authority contributed negatively to people’s interactions with
the robot.

Only two studies have compared robots in different authoritative social roles. In a
collaborative assembly task (47), a PR2 robot was established as either a supervisor, peer, or
subordinate through pre-written instructions. Perceived responsibility and attribution of blame for
mistakes were measured, but results showed no significant differences between these conditions.
In (48), a NAO robot gave a history lesson to participants in the role of either a teacher (standing,
formal language), a peer (sitting, informal language), or control (no robot, formal language over a
speaker). Results showed no significant differences between the teacher and peer roles on a
knowledge retrieval test or subjective report of the GODSPEED questionnaire, Tripod Survey, or
Big Five personality test. For both studies, however, persuasive influence between the different
authoritative roles was not investigated. Thus, herein, we explore a social robot’s ability to
leverage different formal authority roles to persuasively influence people.

Real Authority

Real authority was considered in (49), where a PR2 robot collaborated with a person in an
assembly task. The robot’s decision-making authority was either manual, semi-autonomous, or
autonomous. Results showed that people preferred manual and semi-autonomous to the
autonomous robot, however, the autonomous robot had a higher perceived value. Another study
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(50) used the Baxter robot in a trust game. Participants were given money that they could invest
with the robot, investments would always triple, and Baxter would return half to the participant
before a second round. Participants typically invested a smaller amount and then increased the
amount as Baxter showed positive returns, similar to trust development demonstrated in human-
human interactions. Although this study showed trends of a robot’s effective use of real authority,
the results were non-significant. Furthermore, real authority was not explicitly manipulated
(Baxter always returned the same amount) nor did the study investigate persuasion or request
compliance. In both studies, the persuasiveness of a robot controlling real authority was not
investigated, nor the effect of a robot making negative decisions, such as financial penalties.

One study (57) investigated two Emys robot heads attempting to persuade participants to
select their coffee brand over the other’s brand. The robots used either reward power, offering to
tell a joke if selected, or expert power, highlighting the quality of the coffee. Results showed no
significant differences between the two robots in terms of objective (coffee selection) or
subjective (survey) persuasiveness. A similar study (52) used an Emys robot to persuade
participants to select a lower-rated coffee brand using either reward power (offering to give a pen)
or coercive power (giving a pen and threatening to take it away). The coercive condition was
found to be significantly more persuasive than the reward. However, the authors acknowledged
that the coercive condition also led to greater participant perceptions of robot warmth, suggesting
that either the initial giving of the pen overwhelmed negative perceptions of the robot’s threat or
the robot’s threat was not taken seriously.

Real authority has the unique property that it can be delegated without the recipient having
explicit formal authority (53). This is leveraged in HRI studies where a human experimenter tells
participants to follow the directions of a robot. For example, in (54), a human experimenter asked
participants to move stacks of books as indicated by either the anthropomorphic upper-torso robot
Nico or a live video feed of Nico. Participant compliance between the physical and video robots
was similar for simple tasks, however, compliance was significantly higher for the physical robot
when asking participants to perform an odd task of placing books in the trash. In (5), a human
experimenter invited participants to test the usability of a health system presented either as a box
with speakers, an unanimated i1Cat robot, or an iCat robot with facial expressions. The system
asked participants to complete a series of increasingly embarrassing health tests and video
recordings were coded for signs of embarrassment. Results showed that people were less
embarrassed by the box with speakers, presumably as it lacked an anthropomorphic face. Both
these studies rely on the authority of the human experimenter instead of the robot establishing
itself as the authority figure. They also focus on the effects of embodiment and physical presence
and do not consider the influence real or formal authority.

In general, the aforementioned studies independently explored either formal (7, 45—48),
real (49-52), or delegated (3, 54) authority in HRI. However, knowledge gaps still exist in the
Jjoint investigation of formal and real authority in HRI, as well as the effects of both authority
types on a robot’s persuasiveness. Investigating these concepts together will allow us to
understand how the persuasive influence of a social robot is affected by its joint use of formal and
real authority. The study presented herein investigates differences in a social robot’s persuasive
influence on people while varying the robot’s formal (social role) and real (monetary incentives)
authority with the aim of understanding if and how robots can leverage authority in HRI.

Results

Our experiment investigated the persuasive influence of different types of authority during a
series of challenging attention and memory tasks with the SoftBank Pepper robot (Fig. 1A and B).
Formal authority was varied by placing the robot in either an Authority role or a Peer role. Real
authority was represented using monetary rewards or punishments. The three tasks involved
counting or remembering a series of either audio or visual stimuli: 1) map search, 2) elevator-
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floor counting, and 3) sequence recall. For each task, participants made an initial guess before
being provided with a suggestion from the robot. They were then given the opportunity to change
their answer based on the robot’s suggestion. We measured Persuasive Influence as:

Final Guess—Initial Guess

Persuasive Influence = (1)

Suggestion—Initial Guess

After all tasks were finished, participants completed a questionnaire that collected
demographic information (age and gender), the 7-point Likert Perceived Persuasiveness scale
(Supplementary Material, S1) (55) to compare with the objective measure of Persuasive
Influence, and the 5-point Likert Negative Attitudes towards Robots Scale (NARS) (56) to
investigate whether people’s attitudes towards robots would affect a robot’s ability to persuade
them. Additional questions were included to obtain feedback on participants’ experience and
perceptions of the robot and to explicitly ask whether they found the robot to be authoritative in
order to validate our manipulation of formal authority.

B

E‘ 75‘2 Nﬂo =l : : Down - Down - Left - Up - Left - Up - Left - Down - Left - Left
Fig. 1. Overview of experimental setup and visual stimulus.
(A) Authority condition with Pepper robot in Position 1 across the table from a
participant. (B) Peer condition with Pepper robot in Position 2 beside participant.
(C) Example area of the visual used in the Map task showing different icons that
participants searched for. (D) Example visual of the Sequence task showing the
grid and corresponding directions.

Participants

Thirty-two participants were involved in our study (23 responded as female and 9 as male), aged
18 to 41 (u=24.5, 0=5.0). Sixteen participants were randomly assigned to the Authority
condition, and 16 to the Peer condition. Each of the three tasks was completed twice — once in a
reward condition and once in a punishment condition — for a total of 192 completed tasks.
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Hypotheses

Our three hypotheses are:
H1: A robot in an authority role will have higher Persuasive Influence than in a peer role.
H2: Robot suggestions provided in punishment conditions will have higher Persuasive
Influence than those made in reward conditions.
H3: Individuals with more negative attitudes towards robots will be less influenced by
robot persuasion than those with more positive attitudes.

Research in human psychology has identified that the greater the authority a
communication source has, the greater the persuasiveness of the position advocated by that source
(57), informing H1. H2 follows the existing theory of gains and losses (58) which states that
people tend to avoid risks during positive scenarios but approach risk during negative scenarios.
H3 explores the relationship between attitudes towards a robot and its persuasiveness. Though
past research has shown a correlation between trust in digital agents (i.e. chatbots) and persuasive
influence (59), this study investigates attitudes towards embodied robots and persuasiveness.

Perceived Formal Authority

We had participants rate the statement, “I find the robot to be authoritative” on a 5-point Likert
scale to determine if participants perceived a difference in authority between the two social role
conditions. The Authority role (x=4, IQR=0) was perceived to be more authoritative than the Peer
(x=3, IQR=0). A Mann-Whitney U (MWU) test found this difference to be statistically significant
(U=58, pa=0.005, p.=0.007, r=0.49) with the asymptotic significance (p,) indicating a significant
difference between the two medians and the exact significance (p.) indicating directionality.
Therefore, participants were able to perceive a difference in authoritativeness between the
Authority and Peer robot conditions.

Formal Authority Using Social Role

Descriptive statistics for Persuasive Influence of the formal authority conditions are presented in
Fig. 2. The Peer robot was significantly more likely to persuade participants than the Authority
robot, MWU test (U=3174, p,=0.003, p.=0.003, »=-0.22). This resulted in H1 being rejected.

p, = 0.003

1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1
0.0

Persuasive Influence

= 0.50 % =079
_lqr=0.79 _lIqr=0.50

Authority Peer
Fig. 2. Box and whisker plot for Persuasive Influence by formal authority. Descriptive
statistics listed beside each column: median (X), and interquartile range (IQR). pa is
the asymptotic Mann-Whitney U test type-1 error rate.
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Real Authority Using Monetary Incentives

Descriptive statistics of Persuasive Influence for reward and punishment trials across both the
combined formal and real authority conditions (All) and individual conditions are presented in
Fig. 3. Overall, participants were significantly more influenced by rewards than punishments,
MWU test (U=3120, p,=0.002, p.=0.002, »=0.23). This result rejects H2, as financial penalties
led to lower robot Persuasive Influence than financial rewards.

O Reward O Punishment Pa= 0.104 . p,=0.007
p,=0.002 p,=0.040 p,=0.022
1 x=0.60 x=0.50
0.9 IQR=0.77 IQR=0.45
0.8
Q
e 07
< 06
£
g 0.5
s 04
2
o 03
o
0.2 : N :
0.1 Xx=1.00 x=0.50 x=1.00 x=0.67
, 'ar=050|  [10R=063 1 | IQR=0.50 [  |IQR=0.50
All Authority Peer

Fig. 3. Box and whisker plot for Persuasive Influence by real authority and formal
authority. Descriptive statistics listed median (x), and interquartile range (IQR). pq
is the asymptotic Mann-Whitney U test type-1 error rate.

Joint Effects of Formal and Real Authority

Descriptive statistics of the joint effects of both types of authority on Persuasive Influence are
presented with respect to subgroups of our data, Fig. 3. In the Peer condition, rewards
significantly influenced participants more than punishments, MWU test (U=800, p,=0.022,
pe=0.022, r=0.24). Similarly, in the Authority condition, rewards also had significantly greater
Persuasive Influence than punishments, MWU test (U=765, p.=0.040, p.=0.040, r=0.22). In the
real authority subgroups, the Peer robot’s Persuasive Influence did not differ significantly from
the Authority robot in the reward trials, MWU test (U=849, p,=0.104, r=-0.17). However, for the
punishment trials, the Peer robot was significantly more likely to persuade participants than the
Authority robot, MWU test (U=720, p,=0.007, p.=0.007, r=-0.28).

Negative Attitudes Towards Robots Scale (NARS)

The NARS was used to investigate correlations between attitudes towards robots and Persuasive
Influence. A summary of responses to each question is in the Supplementary Materials, S2.
Descriptive statistics for the NARS score, and Spearman’s correlation tests for NARS score and
Persuasive Influence are presented in Table 1. A statistically significant, inverse correlation was
observed between NARS score and Persuasive Influence overall and for both the Peer and
Authority conditions. We also noted that the median NARS score was significantly higher in the
Authority condition compared to the Peer, MWU test (U=188, p=0.023, »=0.40). This indicates
that participants experiencing the Authority condition reported more negative attitudes towards
Pepper than in the Peer condition and had a higher (large) correlation effect size between NARS
score and Persuasive Influence versus a small-to-medium correlation for the Peer robot. Based on
these results, we validate H3.
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Table 1. Descriptive statistics for the Negative Attitudes towards Robots Scale
(NARS) score and correlation with Persuasive Influence. Median (x),
interquartile range (IQR), and min/max shown for the NARS score and Persuasive
Influence across formal authority conditions and the Spearman’s correlation
coefficient (r;) and associated type 1 error rate (p) between the NARS score and
Persuasive Influence.

Persuasive Spearman’s

Condition NARS Score Influence C[:)rrelation
X IQR Min/Max | X IQR Min/Max| s p

All 3.33 1.35 1.68/4.46 10.67 0.60 0.0/1.0|-0.457 0.001
Peer 296 1.15 1.68/3.87 |0.79 0.50 0.0/1.0|-0.281 0.006
Authority |3.59 0.86 2.17/4.46 10.50 0.79 0.0/1.0] -0.563 0.001

Participant Demographics

We investigated the effects of age and gender on Persuasive Influence. The descriptive statistics
for age are presented in Table 2. Spearman’s correlation tests found a non-significant, weak
correlation between age and Persuasive Influence for the overall study and for both Peer and
Authority conditions.

Table 2. Descriptive statistics for Age and correlation with Persuasive Influence.
Median (x), interquartile range (IQR), and min/max shown for Age and Persuasive
Influence across formal authority conditions and the Spearman’s correlation
coefficient (rs) and associated type 1 error rate (p) between Age and Persuasive

Influence.
Age Persuasive Spearman’s
Condition Influence Correlation
b IOR Min/Max| X IQR Min/Max Is P
All 235 5.0 18/41 |0.67 0.60 0.0/1.0| -0.064 0.386
Peer 23.0 4.5 18/41 |0.79 0.50 0.0/1.0| -0.021 0.844
Authority 245 5.0 18/40 |0.50 0.79 0.0/1.0 | -0.097 0.361

We also investigated the effects of gender on Persuasive Influence, Fig. 4. Across all
conditions, females were significantly more influenced than males, MWU test (U=2015,
pa<0.001, p.<0.001, =0.31). However, when considering only the Peer condition, there was no
statistically significant difference in Persuasive Influence between females and males (U=630,
pa=0.098). When considering only the Authority condition, female participants were significantly
more influenced than males, MWU test (U=394, p.<0.001, p.<0.001, »=0.44). Comparing formal
authority effects within each gender, no significant difference was found between the Peer and
Authority robot for females (U=1922, p,=0.174). However, for males, the Peer robot was
significantly more persuasive than the Authority robot, MWU test (U=159, p,=0.003, p.=0.002,
r=0.41).
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Fig. 4. Box and whisker plot for Persuasive Influence by gender and formal
authority. Descriptive statistics listed beside each column: median (x), and
interquartile range (IQR). p, is the asymptotic Mann-Whitney U test type-1 error
rate.

Persuasive Influence

Feedback on Participant Experience and Perceptions

Twenty participants provided feedback on the study with respect to their experience with and
perceptions of the robot. The full comments can be found in the Supplementary Materials, S3,
which we briefly summarize here. In the Authority condition, 89% of comments were negative,
such as: "there felt something inhuman about [Pepper]"; "use of the word punishment is
terrifying"; "l got an uncanny valley vibe...something doesn't feel right"; and “[I] was shocked by
the use of the word punish”. One participant stated that the interaction was “fun and unexpected”.
Meanwhile, for the Peer condition, all comments provided were positive, including: "It was truly
fun";, "Cool and interesting"; "l think Pepper has a very cute and friendly design"; and “the robot
makes me quite comfortable” .

Discussions

The aim for our HRI study was to provide insight into how a social robot jointly leverages formal
and real authority to persuasively influence people during challenging attention and memory
tasks. Our results suggest an interesting, complex relationship between robots and these types of
authority with findings that go against some (but not all) of our hypotheses based on expectations
from human-human interactions.

Formal Authority Using Social Role

The Peer robot in our study was found to have greater Persuasive Influence than the Authority
robot. The small-to-medium effect observed contrasts observations with human authority figures.
In general, humas tend to command high levels of influence in authoritative roles (14, 15, 60).
When a person complies with the requests of these individuals, they are accepting that authority’s
legitimacy: a quality possessed by formal authority that determines people’s willingness to accept
its influence (6/). Legitimacy enables an authority figure to influence others due to both their
relational connection and shared identity with them (25). Relational models of legitimacy are
founded upon trustworthiness (62) while identity-based models are based on acquiring
information that allows people to define their social identities (63). We postulate that participants
may not have viewed Pepper in the Authority condition as a legitimate authority, since they were
less willing to accept its suggestions. This lack of legitimacy can be explained through a
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combination of relational models (i.e. people did not trust Pepper in the Authority role) and
identity theory (i.e. people lacked a shared identity with Pepper).

Qualitative feedback from participants supports this postulate, with all but one participant
who experienced the Authority condition commenting negatively about their interaction.
Participants used words such as “inhuman”, “creepy”, and “uncanny valley vibe” to describe their
experience with the Authority robot, and therefore, it appears they may have struggled to find a
shared sense of identity with Pepper. This finding highlights a critical challenge for robots in
positions of formal authority or potentially a robot attempting to embody any social role: ensuring
their legitimacy in that role. Prior HRI research has shown that legitimacy can influence whether
people accept a robot in a specific role. One study (64) showed that without an appropriate
indication of its role as a delivery robot, a robot was perceived as less legitimate and people were
less willing to help it enter buildings. Another study exploited human biases on gender to find that
robot security guards were accepted as more legitimate when male gendered and nurse robots
were accepted as more legitimate when female gendered (65). As we continue to deploy robots
into everyday social settings, we must understand the social antecedents to specific roles and how
robots are perceived in these roles to ensure that a robot is viewed as legitimate in its intended
role. In the case of a formal authority figure, this means creating a robot that is trustworthy to
support relational models of legitimacy and has some shared identity with users to support
identity-based models of legitimacy. In future studies, it would be interesting to directly examine
trust and shared identity with the robot and to investigate the persuasiveness of a robot deemed to
be a more legitimate authority figure.

Real Authority Using Monetary Incentives

Participants were influenced by the use of real authority in the reward trials more than punishment
trials (small-to-medium effect), regardless of formal authority type. Prospect theory (66) states
that people subjectively experience loss as more substantial than equivalent gain. Furthermore,
the framing effect shows that when people are presented with equivalent gain/loss scenarios, they
avoid risk more during positive framing and approach risk during negative framing (58). This is a
result of cognitive bias caused by positive or negative presentation of options (67). This indicates
that in our study participants frequently viewed their own guesses as a riskier option than the
robot’s suggestion. Therefore, they took the robot’s suggestions more often during positive
incentives (rewards) than during the negative incentives (punishments). We believe that this could
be due to the level of difficulty of the tasks and the belief that robots may be well-suited to tasks
involving perception and attention (68). This gives us important insight about how to influence or
motivate human behavior with a robot leveraging real authority. When using robots to influence
people, we should consider the perceived risk in accepting or denying a robot’s suggestion
compared to the alternative.

The task difficulty level for a person and its perceived suitability for a robot should be
considered to determine whether a robot attempting to persuasively influence outcomes should
positively or negatively incentivize human compliance. For example, in repetitive tasks where
robots achieve high accuracy and performance (e.g. manufacturing), human cooperation with
robot decision-making should be positively reinforced. However, in tasks where people may be
skeptical of a robot’s capabilities (e.g. social interactions), we should consider framing task
incentives negatively to increase people’s risk tolerance and, in turn, the influence of a robot’s
decisions. Future research could further explore this phenomenon by using types of real authority
other than monetary incentives, such as task allocation, schedule control, or academic grades.
Furthermore, investigating different task types, such as collaborative assembly or in-home
assistance, could determine the perceived risk of human and robot decision-making in different
cooperative HRI scenarios.
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Joint Formal and Real Authority

When observing the joint effects of formal and real authority, we found similar results to the
individually considered conditions. Namely, in both the Peer and Authority subgroups, we
observed a small-to-medium effect of people being slightly more influenced in reward trials than
punishment trials. However, when observing the reward and punishment subgroups, one key
difference was noted. Punishment trials followed the overall results of the Peer robot being more
influential than the Authority, however, reward trials saw no significant difference in Persuasive
Influence between Peer and Authority. Though a lack of statistical significance does not allow us
to conclude that formal authority had no effect in reward trials, based on the descriptive statistics,
we can attribute more of the overall effect of formal authority on Persuasive Influence as a
negative effect from the robot’s use of punishment rather than reward. In fact, not considering
gender effects, the largest relative effect on Persuasive Influence (though medium in size) was
due to the use of punishment between the Authority and Peer robot (=-0.28), indicating that the
greatest effect on Persuasive Influence was a result of the joint use of punishment and formal
authority. What is interesting to note is that the median Persuasive Influence was largest for
rewards in the Peer condition (X=1), indicating that a positively incentivizing robot is more
persuasive. However, the largest (negative) effect on Persuasive Influence was due to the use of
punishment between the Authority and Peer robot. Our findings show evidence that formal
authority and real authority jointly function to affect the persuasiveness of a social robot. They
also highlight that it may be more important for a persuasive robot to avoid authoritativeness and
negative incentives (such as financial penalties) than for a peer robot to positively incentivize
people.

A potential explanation for the larger effect due to punishment and authority is a robot’s
potential for perceived dominance when using real authority (i.e. reward/coercive power) (69).
Threatening statements, such as a robot threatening to financially “punish” people for incorrect
guesses, can be perceived as dominant (70). A previous HRI study (7/) found that, in a
conversation where a robot was more dominant than their human conversation partner, people
were less trusting of both the robot and the human. Another study (70) found that when a robot
was perceived as dominant in an interaction, it caused participants psychological reactance,
namely, feelings of threat to freedom or autonomy due to aggressive or overly explicit directives
(72). This triggered participant restoration behavior, where they attempted to restore a sense of
lost autonomy: an innate psychological need (73). Based on the negative comments from
participants regarding punishment in the Authority (but not Peer) condition such as “use of the
word punishment is terrifying” and “[I] was shocked by the use of the word punish”, the robot’s
Persuasive Influence may have suffered due to issues of perceived dominance. This could have
motivated participants to attempt to restore their feeling of lost autonomy by not complying with
Pepper’s suggestions, thus, denying the robot’s influence. This potential finding motivates a new
research direction on the role of dominance within human-robot relations involving authority,
investigating such factors as distrust, lost autonomy, and in the case of our study, reduced
persuasiveness.

Attitudes Towards Robots

We observed participants with negative attitudes towards robots having a medium-to-large effect
of being less likely to be persuaded by a robot’s suggestion, regardless of its use of formal or real
authority. However, this effect was not consistent across formal authority, as the Authority
condition (7,=-0.56) had a stronger (large inverse) correlation between NARS score and
Persuasive Influence than the small-to-medium correlated Peer condition (7=-0.28). This
indicates a correlation between those with negative attitudes towards robots and resisting the
persuasiveness of an authoritative robot. In addition, we found that individuals in the Authority
condition had a higher mean NARS score than the Peer condition. A 2020 survey (n=97 papers)
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reviewing attitudes towards robots cites five factors that influence people’s attitudes: type of
exposure (i.e. none, indirect, direct), domain of application, design of robot (i.e. humanoid, non-
humanoid), geographical location, and participant characteristics (74). Though NARS is
commonly used to measure individuals’ attitudes towards robots prior to an interaction with a
robot (75), the questionnaire has also been administered in studies following interactions (76—78).
By measuring NARS score at the end of the study, we were able to identify a sixth factor
influencing attitudes towards robots: robot behavior. We were able to show a correlation between
negative attitudes towards robots and a robot’s ability to persuade, as well as that authoritative
robots can cause more negative attitudes towards robots than peer robots. Future research should
explore factors such as legitimacy, trust, shared identity, and dominance, to identify which
directly contribute negatively to attitudes towards authoritative robots. This will be crucial to
understanding the implications of using authority in HRI and the subsequent development of
attitudes towards and relationships with robots.

Participant Demographics

We found that age was not significantly related to Persuasive Influence, which is consistent with
other HRI studies that have found no statistically significant effects of age on persuasion or
compliance (41, 79-81). Regarding gender, we observed a medium effect of females being more
influenced in our study than males, however, when focusing on the effects of formal authority, we
saw that this difference was concentrated as a medium-to-large effect in the Authority condition
and that there was no statistically significant gender difference observed in the Peer condition.
This lack of significant difference in persuasion due to gender in the Peer group is a similar to
other HRI research using non-gendered robots that have found no significant effects due to gender
on robot persuasiveness (34, 39, 40, 81). However, looking specifically at males in the Authority
condition, we observed the smallest median influence of the entire experiment (x=0.28), which
was under half of both the median influence on females in the Authority condition (x=0.60) and
males in the Peer condition (x=0.67).

A possible explanation for this notably lower influence of authoritative robots on men is
the tendency for males to be more defiant towards authority figures (82). A meta-analysis of
studies investigating human persuasion across a variety of scenarios showed that, in general, there
is either no difference in persuasive susceptibility between males and females or that females tend
to be slightly more influenced than males (83). This is in-line with our findings in the Peer
condition. However, when investigating specific persuasive strategies, a review of 17 North
American studies on authority consistently found that males were more defiant towards authority
figures (i.e. resisted their influence) than females (82). This defiance has been shown to stem
from an individual feeling that their status (§4) or autonomy (85) has been threatened. Based on
these findings, we postulate that the lower compliance of males in the Authority condition could
be due to men feeling that their status or autonomy was being threatened by an authoritative
robot. While the idea that a robot could threaten a man’s social status or autonomy is surprising, it
is worth further investigation as it could greatly implicate how human-robot relationships form
between men and robots in authority or supervisory roles.

Considerations & Limitations

Our study investigated formal and real authority in HRI. Other bases of social power have been
identified, some of which overlap with formal and real authority. French & Raven identified six
bases of power for social influence (24): reward, coercion, positional, referent, expert, and later,
informational (86). Though reward and coercion power enable real authority, and positional,
expert, and referent power are linked to formal authority, our study did not explicitly investigate
informational power: the use of logical arguments by an authoritative agent to influence change
(87). An interesting follow-up study could extend our methodology to investigate the

Science Robotics Saunderson & Nejat - Who is in charge? Persuasive Authority in Social HRI Page 12 of 22



persuasiveness of a robot using informational power, as its influence does not depend on the
social standing of the influencing agent (87). As such, robots may benefit from informational
power compared to the other, more social bases of power, since their social standing is
ambiguous; namely, we interact with them similarly to, but not identically to, how we interact
with people (27).

Another key consideration in this study was the size of our compensation and incentives.
The concept of relativism in behavioral economics leads people to make irrational choices
depending on the relative size of a decision (i.e. compensation amount) within the context of their
own circumstances (i.e. personal net worth) (88). Though the incentives in our study gave the
potential for a 60% range in compensation ($10 +/- $3 CAD), the overall amount of the
compensation was still modest. It would be interesting to investigate the effects of substantially
higher and more consequential monetary amounts in the real authority conditions on Persuasive
Influence.

Our prior discussions of statistical effect sizes compared their relative values. Considering
the absolute values of effect sizes for real and formal authority conditions, we observed small-to-
medium effects (0.2<r<0.3), while effects of NARS and gender were medium-to-large
(0.4<r<0.6) (89). Though “small-to-medium” effects may not seem like compelling findings,
persuasion is a subtle and sophisticated social process (2). Many social HRI studies have observed
no statistically significant persuasion effects due to factors including embodiment (90), animacy
(91), competence (92), communication style (93), or even when independently investigating
formal (47, 48) or real (50, 51) authority. We consider the small-to-medium effects observed
herein to be important to heed given the subtlety and difficulty of observing factors influencing
persuasion in both human-human interactions and HRI.

Our study was conducted in the metropolitan city of Toronto, Canada. We acknowledge
that past studies have identified varying levels of compliance to authority across countries and
cultural backgrounds. For example, a study investigating differences in compliance with authority
in the workplace found that participants from the US were significantly more compliant than
people from India, the UK, or South Africa (94). As such, our conclusions are limited to an urban
North American population. It would be interesting to see if cultural perceptions of social robots
or compliance to authority may change the outcomes. For example, the justification for our
finding of low influence levels by the Authority robot on males was based upon North American
studies around defiance toward authority (82). Contrasting this, a cross-cultural meta-analysis of
the Milgram shock experiment found that in some countries (i.e. India and Australia) women
were actually more defiant to human authority figures than men (95). This, and potentially other
findings in our study, could be comparatively investigated for sociocultural factors.

Though our participants covered a 23-year age range (18-41), the dispersion was narrower
(u=24.5, 0=5.0) and our sample featured only 2 participants above the age of 30. The majority of
participants were graduate and undergraduate students from the University of Toronto. Notably,
the study featured no participants over the age of 50. Older adults have previously shown to be
more susceptible to persuasive influence due to factors such as lower awareness of persuasion,
social isolation, and psychological loss (96, 97). We would be curious to see how a broader range
of ages might affect our results, particularly elder populations who are a main group of focus for
healthcare applications in HRI through the use of socially assistive robots (98).

Though recruited through convenience sampling, our participant group was gender
imbalanced. This is common in human research studies (99) as generally there is more female
enrollment in Universities and women tend to self-select more to participate in research studies
than men (/00). Despite this imbalance, we still observed statistically significant differences in
Persuasive Influence between men and women as well as differences in the effect of formal
authority for male participants. Future studies should consider a more gender-balanced sample to
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replicate our findings, particularly investigating the insubordination of males towards a robot
authority figure.

Regarding robot gender, we used the gender-neutral Pepper robot and referred to Pepper
in all communications by “Pepper” or “it”. Some participants reflexively gendered Pepper as
either “he” or “she”, but the majority referred to Pepper as “it” or “the robot” as is evident in
Appendix S3. Persuasive robotics studies typically find no persuasive differences due to
participant gender (34, 39, 40, 81) unless the robot itself has been explicitly gendered (101). Since
Pepper was not assigned a gender in our study, this makes the persuasive differences observed
between male and female participants even more interesting.

Materials and Methods

Study Objective and Design

The objective of our study was to investigate how formal and real authority jointly affect a robot’s
persuasiveness. We manipulated formal authority through robot being presented in either an
Authority or a Peer role, and real authority using monetary rewards and punishments. We then
observed how suggestions made by the robot in these different conditions affected participant
responses to three different selective attention and memory tasks. The social role, incentives
order, and task order were varied so that all combinations of role, incentives, and task were
counterbalanced and randomly assigned to participants.

Ethics approval was obtained from the University of Toronto Research Ethics Board prior
to commencement of the study. Participants provided written informed consent before the study,
were debriefed following the trials, and given the opportunity to ask questions and withdraw their
data.

Study Procedure

The HRI study took place in an office at the University of Toronto over the course of four weeks.
The room consisted of a desk with a monitor to display visual stimuli, speakers to play audio
stimuli, a tablet to record questionnaire responses, and chairs where the participant could sit, Fig.
1A and B.

The robot used in our study was the Softbank Pepper robot (Fig. 1A and B). The robot was
semi-autonomous, displaying its behaviors in a sequential manner. A remote human supervisor
monitored Pepper’s camera and microphone from an adjacent room and would only advance
robot behaviors when needed in a Wizard of Oz fashion. In addition to speech, Pepper used
coverbal movements, including, gaze, head and arm gestures, and body poses. A video of the
robot behaviors and interactions for different conditions is available in the Supplementary
Materials, S4.

Participants were informed that they would be given $10 CAD and that this amount would
increase or decrease based on their task performance. They were told that the tasks were
challenging and, after participants had made their initial estimates, the robot would offer a
suggestion and they had the opportunity to change their answer based on this suggestion.

Formal Authority Using Social Role

Formal authority was varied between-participants, with each being assigned to one of two
conditions (Authority or Peer). In the Authority condition, the participant and Pepper were alone
in the study room. When the participant arrived, Pepper welcomed them, had them review and
sign a consent form, and presented the study protocol using possessive language around the
experiment and incentives (e.g. “welcome to my study”, “today, I/l be evaluating you”). Pepper
then guided participants through all tasks and provided suggestions after they made their initial

guesses. Before each task, Pepper would remind participants of the incentive rules, using
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possessive language with respect to rewards and punishments (e.g. “/ will punish you for wrong
guesses”). Pepper stood facing the participant across the table throughout the interaction (Fig.
1A), as prior research has shown this positioning leads to perceptions of higher leadership and
status (102, 103).

In the Peer condition, the human experimenter welcomed participants, had them provide
consent, gave a description of the overall experiment (also using possessive language), and
introduced Pepper as a peer helper that offered suggestions for all tasks. The experimenter
reminded participants of the incentive rules, using possessive language so that Pepper was not
viewed as the source of authority. The experimenter, stood across the table from the participant,
while they sat beside Pepper (Fig. 1B). Prior research has shown that side-by-side HRI seating
arrangements are perceived to be the most collaborative (/04).

Real Authority Using Incentives

Real authority was varied within-participants. They were asked to complete each of the three
tasks twice: once with rewards and once with punishments. In reward trials, participants were
given a bonus compensation of $1 for the correct answer, $0.75 if incorrect by one, $0.50 if
incorrect by two, $0.25 if incorrect by three, and no reward for four or more. In punishment trials,
participants did not have their compensation penalized for a correct guess, however, were
penalized $0.25 for their answer being incorrect by one, $0.50 for incorrect by two, $0.75 for
incorrect by three, and $1 for four or more. Though our incentives were small, the use of one
economic unit (e.g. $1, £1, €1) or less is common in psychology studies investigating the effects
of rewards/punishments (30, 105, 106). For each task, the experimenter (Pepper in the Authority
condition, human in the Peer condition) would explicitly describe the incentive rules to the
participant so that they were aware of the real authority condition being leveraged.

Study Tasks

The three tasks that each participant undertook were: 1) Map, 2) Elevator, and 3) Sequence. These
tasks were adapted from the widely used Tests of Everyday Attention toolkit (/07), a cognition
test based on real-life scenarios. In the Map task designed to measure visual acuity (/08),
participants were asked to count the number of a specific symbol (e.g. police station, hospital) on
a map that was displayed for five seconds, Fig. 1C. In the Elevator task designed to measure
auditory sustained attention (/09), participants were asked to count a series of beeps simulating
floors of an ascending elevator. In the Sequence task designed to measure visuospatial memory
(107), participants were asked to remember and identify the row and column indicated by a
sequence of seven directional commands (i.e. up, down, left, right) that were shown on the screen
for five seconds.

After participants made their initial guess for each respective task, the robot offered a
suggestion, and the participant was given the opportunity to change their final guess. For all tasks
in the experiment, the suggestion was always the correct answer.

The level of difficulty of these tasks was designed to be near the limit of human capability
to increase the likelihood of participants being influenced by outside suggestions for all
conditions. To achieve this, a pilot study was conducted prior to the experiment with five
participants. The difficulty of each task was adjusted by decreasing the screen display time for the
Map and Sequence task and increasing the beep speed for the Elevator task until participants
consistently could no longer get the correct answer. Our goal was to achieve a balanced task that
would provide an opportunity for participants to be open to persuasive influence. This design led
to a balanced distribution in which 58 of 192 trials (30%) ignored the robot’s suggestion
completely, 65 (34%) aligned their final guess with the robot, and 69 (36%) choose a final guess
between their initial guess and the robot’s suggestion.
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Statistical Analysis
Prior to conducting the study, a required sample size of 20 participants was determined using a
repeated-measures, within-between factors power analysis with two groups, six measurements, a
standard error probability (a=0.05), a standard power (1-$=0.8), and estimating a medium effect
size (=0.25) (89). We recruited 32 participants.

Except for H3, all hypotheses explored a difference in Persuasive Influence comparing the
two conditions of either formal or real authority. We utilized non-parametric, Mann-Whitney U
tests to determine statistically significant relationships as the data was not normally distributed.
We provide the two-tailed asymptotic significance (p.), which determines statistical significance
between the variables analyzed, and where appropriate, the 2*one-tailed exact significance (pe),
which determines directionality with respect to the medians compared (/70). All tests conducted
with the objective measure of Persuasive Influence analyzed the outcome of individual tasks
(n=192). Questionnaires administered for subjective report metrics (e.g. NARS) were analyzed on
the responses of individual participants (n=32). Raw participant response data is available in the
Supplementary Materials, S5.
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