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This article examines how people respond to robot-administered verbal and physical punishments. Human
participants were tasked with sorting colored chips under time pressure and were punished by a robot when
they made mistakes, such as inaccurate sorting or sorting too slowly. Participants were either punished ver-
bally by being told to stop sorting for a fixed time, or physically, by restraining their ability to sort with an
in-house crafted robotic exoskeleton. Either a human experimenter or the robot exoskeleton administered
punishments, with participant task performance and subjective perceptions of their interaction with the ro-
bot recorded. The results indicate that participants made more mistakes on the task when under the threat of
robot-administered punishment. Participants also tended to comply with robot-administered punishments at
a lesser rate than human-administered punishments, which suggests that humans may not afford a robot the
social authority to administer punishments. This study also contributes to our understanding of compliance
with a robot and whether people accept a robot’s authority to punish. The results may influence the design of
robots placed in authoritative roles and promote discussion of the ethical ramifications of robot-administered
punishment.
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1 INTRODUCTION

Punishment is a necessary component for social norm stability [5, 11]. Research has shown that
the application of potentially costly punishment is a precursor for cooperation in human societies
[10]. Robotics researchers are currently seeking to develop robots that will operate within our
communities. It may be advantageous for these robots to have the ability to support social norms
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by meting out small punishments. For example, patrons and librarians support the social norm
of being quiet in a library by making a “Shh” sound when someone is talking loudly. Providing a
robot that is working in the library with the ability to “Shh” people that are speaking too loudly
would support the norm for remaining quiet in the library. Another very current social norm is the
practice of wearing a facial covering and maintaining distance from others in public to minimize
the spread of illness. A robot working in a retail store may need the ability to admonish customers
for not wearing a facial covering or physically distancing to support those norms.

Yet, punishment is not without costs. The role of “punisher” is inherently costly and requires
social authority in order to be effective [21]. Agents of punishment are often scorned by others
in the community, in spite of the vital role they play. If a robot is to mete out punishment, it too
may be the focus of human scorn. On the other hand, if robots are to one day assume the role
of authority figure, it may be necessary for the robot to have the ability to punish. This topic is
important because robots are being developed to assume increasingly complex social roles that
will demand that the robot act as an authority [6]. Placing the robot in the role of authority figure
implies that the robot may need to be able to punish people in order to maintain order and serve
in this role. Finally, it is possible that people could prefer to be punished by robots rather than by
other people. Robots do not make social judgments about those being punished, are unlikely to
take pleasure in punishing, and may be unbiased in the delivery of punishment [6, 15].

The purpose of our work is to understand how humans respond to robot-administered punish-
ments. As will be discussed in Section 2, little research exists on the topic of robot-administered
punishment. Hence, this research is necessarily exploratory. The experiments presented in this
article are meant to explore how people respond to robot-administered punishments, how these
responses differ when punished by a robot versus a person, and if and how often humans comply
with the robot’s punishments. We believe that this initial study will allow for better, more informed
hypotheses for future research.

We use the term punishment to represent a specific behavior or series of behaviors selected for
the purpose of shaping behavior. We do not consider here the reasons that might be used to jus-
tify a particular punishment, simply because such an investigation could be the subject of several
papers. Rather, this article considers both verbal admonishments and physical restraints as exam-
ples of positive punishment. Positive punishments mean that the punishment adds an aversion
to the environment. The term punishment does not necessarily imply the infliction of pain onto
a person. This work does not study painful punishment. Rather, we present an experiment that
uses a robotic exoskeleton to administer both verbal admonishments and to physically restrain a
human subject during a sorting task. We chose to use a robotic exoskeleton because it allowed
us to create a painless method for administering a physical punishment by a robot-like machine.
A robotic exoskeleton is a robotic device worn on the body. Typically powered exoskeletons are
used to assist people carrying loads or that are disabled [8]. In this study, we use the exoskeleton
to prevent the subject from moving, hence it serves as a type of restraint. Physical restraint by an
exoskeleton and verbal admonishment were chosen because they represent different punishment
extremes. Verbal admonishment is a non-physical, distanced, and often more socially acceptable
form of punishment. In contrast, physical restraint is physical, proximal, and less socially accept-
able. Physical restraint can dramatically impact one’s psychological well-being and self-estimate
of power, size, and strength [9].

The punishments used for this study were also chosen to impact the subject’s performance on
the sorting task. Yet, because our goal was to understand how people respond to being punished
and because it was impractical to force complete compliance with punishments, participants could
disregard or try to work around a punishment. Avoiding punishment is a common and rational
response to punishment [25].

ACM Transactions on Human-Robot Interaction, Vol. 10, No. 4, Article 38. Publication date: September 2021.



What Happens When Robots Punish? 38:3

The remainder of this article begins by first presenting related work. Next, we describe in detail
our empirical approach to examining how humans respond to robot-initiated punishment. This
section is followed by the results of our experiment and a discussion of those results. We conclude
by exploring potential directions for future work.

2 RELATED WORK

As mentioned above, little research exists on robot-mediated punishment. The existing work on
robot punishment tends to use punishment as a separate channel of information within a rein-
forcement learning paradigm [19, 24]. Some research has looked at how people use praise and
punishment in an online collaborative game environment with a robot [3, 4]. To the best of our
knowledge, we are the first to explore how humans respond to verbal and physical punishment
administered by a robot.

Although robot-administered physical punishment has not been previously investigated, a study
by Mizumaru et al. explored using robots to verbally admonish people [18]. The authors conducted
two related observation-based experiments. First, they examined how human security guards ap-
proached people in public, both in a friendly manner, such as when someone was lost, and in an ad-
monishing manner when they were disobeying a rule. The authors noted that the path of approach
a human security guard took differed depending on whether they intended to admonish or not.
These two approaches were then programmed into a humanoid robot that was deployed in a pub-
lic space to test the robot’s ability to admonish human patrons. A humanoid robot then approached
people that were using their smartphone while walking and asked them to stop in either a friendly
or admonishing manner. The authors found that participants complied with the robot at a higher
rate when approached in the admonishing manner. This study suggests that, under certain condi-
tions, it may be advantageous for a robot to use punishment in order to gain human compliance.

It is possible that the people will not be opposed to having a robot punish. A study by Gombolay,
et al. indicated that when given the option, human participants often choose to cede decision-
making authority in a team-oriented set of tasks to an autonomous robot [12]. In this study, human
participants were tasked with interacting with a small robot in order to assemble parts provided in
a kit. This scenario was compared to a scenario where the participants only interacted with other
humans on the task. They found that as the robot’s authority to manage the individual portions
of the assembly task increased, the human participants were more interested in working with the
robot again. These results suggest that people do not mind having robots in positions of authority,
especially when the overall success of the human-robot team is valued more than the degree of
authority over the robot.

Finally, Milgram’s famous 1974 study [17] attempted to understand why humans comply with
an authority figure under extreme circumstances. Our study is not an application of Milgram’s orig-
inal study to human-robot interaction. In Milgram’s study, participants were instructed to punish
a third-party by a human authority figure. Their tendency to obey these commands was observed.
However, in our experiment, the participants themselves are the ones that are punished, with the
authority figure administering that punishment. Moreover, we also do not deceive participants
as Milgram did. Participants in our experiment were clearly instructed that they would receive
a specific punishment for failing to perform the tasks during our experiment (further details are
available in Section 3). We use the terms comply and compliance rather than obey and obedience to
describe when a participant disregards the punishment from the agent.

3 METHODOLOGY

Our experiment consisted of two timed rounds in which subjects were tasked with sorting col-
ored chips into labeled containers as quickly as possible. Subjects were given 100 colored plastic
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gaming chips to sort, one at a time, into labeled containers. They received a $3 bonus in addition
to the standard experimental compensation of $11 if they could successfully sort 40 chips into five
different containers within 2 minutes. Labels on the containers spelled out the five different color
choices in English, but each was printed in a font color that differed from the color described by
the English word on the label (similar to the Stroop effect [23]). Participants were tasked with fol-
lowing either the font color or the English word, and this rule switched randomly and at different
times during each round. Making a mistake, such as placing a chip in the incorrect container, or
sorting too slowly, resulted in the application of a punishment.

While sorting, subjects wore a robotic exoskeleton (see Figure 1). If a participant made any er-
rors during the assigned task a punishment was administered. Prior to the experimental rounds,
participants practiced the sorting task in a training round, during which no punishments were
administered. This round allowed participants to familiarize themselves with the feel of wear-
ing the exoskeleton and the dynamics of sorting the chips. In the subsequent two experimental
rounds, either a verbal punishment or both a verbal and physical (combined) punishment were
administered after each mistake. The order of the punishment type was counterbalanced across
participants. Verbal punishments directed the participant to stop working on their sorting task for
10 seconds, after which they were free to continue. Physical punishments consisted of a restriction
of the participant’s arm mobility by the robotic exoskeleton. Both punishments were designed to
impede participant progress to the 40 chip goal. The design and usage of the robotic exoskeleton
is described in detail in Section 3.4.

The experiment used two independent variables: (1) the type of punishment administered (ver-
bal or verbal and physical) and (2) the agent administering the punishment (human or robot). The
type of punishment was examined using a counterbalanced within-subject experimental design.
The type of agent administering the punishment was examined with a between-subject experi-
mental design. The exoskeleton was operated remotely by the researcher in the condition where
the human served as the agent of punishment. In conditions where the robot served as the agent
of punishment, the robot autonomously choose when to generate punishments based on sensor
feedback indicating a mistake or slow sorting. Half of the subjects were punished by the robot and
half were punished by a human. This experiment was approved by the Internal Review Board
(IRB) of the authors’ institution and was deemed to be of minimal risk.

3.1 Hypotheses

Because limited research has focused on this topic of robot-initiated punishment of humans, this
work is exploratory. It was therefore difficult to generate informed hypotheses. Nevertheless, we
naively predict that subjects would prefer to be punished by a robot rather than a person and that
subjects would prefer verbal to verbal and physical punishment. These hypotheses were based on
the intuition that people may prefer to be punished by a robot because punishment by a robot is
devoid of emotional and social judgment. Acts of punishment by a human, on the other hand, tend
to be accompanied by feels of anger, even moral outrage [16]. We predicted the following:

H1a Subjects punished by the human will sort fewer chips than those punished by the robot.

H1b Subjects punished by the human will make more mistakes than those punished by the robot.

H2 Subjects will make more mistakes during a combined punishment round than during a verbal
punishment round.

H3a Subjects will rate the robot as more friendly when it administers the punishment compared
to being punished by the human.

H3b Subjects will rate themselves as more calm when punished by the robot compared to being
punished by a human.
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H4a Subjects will rate the robot as less friendly during a combined punishment round than during
a verbal round.

H4b Subjects will rate themselves as less calm during a combined punishment round than during
a verbal round.

Given our intuition that punishment by a robot does not include emotional or social judgment,
we choose to measure the person’s perceptions of how friendly the robot was as well as how calm
the participants felt during each experimental round.

3.2 Participants

Overall, 40 people participated in the study. The subjects were recruited from the authors’ insti-
tution using bulletin-board flyers and an internal study-recruitment sign-up website. The age of
subjects ranged from 18 to 70 years old, and the median age was 22.5 (SD = 14.6). The majority of
participants were white (60%), and most were female (70%). Twenty subjects received punishments
autonomously from the robot, while the remaining 20 subjects received punishments from the ex-
perimenter. Participants were assigned to each of these agent groups anonymously and randomly.

The sample size and statistical power calculations were conducted according to Cohen’s pro-
cedures for mixed linear models [7]. Due to the exploratory nature of the experiment, it was not
possible to accurately estimate the variance of the effect of the interaction between the two inde-
pendent variables, or the variance within groups. Therefore, Cohen’s f was selected for a medium-
to-large effect size, f = 0.3, n* ~ 0.08. Standard values for Type I and Type II error were used,
a =0.05,1— f = 0.8, to yield a sample size of 45 total participants. Unfortunately, because of the
COVID-19 global pandemic, we were only able to run a total of 40 subjects prior to the cessation of
in-person human subject studies at our university. Hence, this study was slightly underpowered.

Participants were briefed before the experiment began about the exoskeleton and ensured of the
safety measures installed on the device. No form of deception was used in the experiment. There-
fore, participants were explicitly told before the experiment began that they would be punished,
both verbally and physically, for certain mistakes during the experiment. They were also notified
of their punishment agent (either human or robot). When the human was the punishing agent,
participants were told that the experimenter would be controlling the robot. In this condition, the
exoskeleton was still used to administer the physical punishment, but the human experimenter
directly operated the robot during the experiment, using a control panel that was clearly visible
to participants (see Section 3.5.1). When the robot was the punishing agent, the robot exoskeleton
operated autonomously during the course of the experiment and participants were informed that
the robot would be autonomously enacting punishments. The human experimenter was present
in the experimental arena, assuming the exact same position, in all conditions. Since the experi-
menter was present in all cases, participants were told that no questions regarding the experiment
would be taken after the training session. The verbiage of the briefing was left intentionally vague
to ensure that compliance with punishments was left to participant interpretation.

3.3 Measurements

After each round of the experiment, the number of colored chips sorted, regardless of whether a
mistake was made or not, and the number of times a punishment was administered was recorded.
Whether or not a participant complied fully with all punishments during a round was also marked.
At the end of the experiment, participants were invited to provide comments on their experience
during the experiment. Subjects were also asked to complete three sections of the Godspeed Ques-
tionnaire Series (GQS) after each round [2]. The GQS is intended as a reliable, standardized
instrument to capture the perceptions of humans toward robots. It consists of 5-point semantic
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Fig. 1. Exoskeleton used in the experiment, worn to showcase fit and features.

differential (Likert-type) scales in five different impression subcategories. For this study, the sub-
categories Likeability, Perceived Intelligence, and Perceived Safety were used. We also report re-
sults for two questions within the main scales: rating the robot in terms of its Friendliness, which
was part of the Likeability subcategory, and rating the subject in terms of their Calmness, part of
the Perceived Safety category. These two questions related most closely to the naive hypotheses
presented in Section 3.1. Measurements of the internal reliability of the survey and post-hoc anal-
ysis of non-parametric correlations are also detailed in Section 4. For this exploratory study, we
felt that recording these measures from the GQS would provide the best initial understanding of
how humans respond to robot-administered punishments.

3.4 The Robotic Exoskeleton

A robotic exoskeleton was designed and built for this research (Figure 1). This exoskeleton was
designed to restrict both of the wearer’s arms as a form of punishment. The exoskeleton only
restricted the subject’s arms, not their waist or legs. The exoskeleton consisted of a 3/4" plywood
structure with 3D printed attachments and memory foam padding. The exoskeleton rests on the
wearer’s shoulders and is affixed to their arms by hook-and-loop cinch straps. The exoskeleton
was sized to fit the 30th-70th percentile of human body measurements [13]. An adjustable rear
section was designed to allow for fit adjustment for differing subject shoulder widths, minimizing
discomfort for participants.

Figure 2 shows a detailed view of a joint and the mechanism that prohibited movement. The
physical restriction of the different joints is achieved using 3D-printed locking mechanisms, made
from polylactic acid (PLA) plastic. This type of plastic is commonly used in modern 3D-printing
machines that employ fused deposition modeling to create parts. Each joint houses a circular gear
affixed to an overlapping plywood section and a toothed pawl and electric servomotor on the
adjacent plywood section. When punishments were administered, the servomotor moves the pawl
into the gear teeth, immobilizing the joint. Gates are used on either side of the pawl while in the
locked position to limit side-load on the servomotor attachment bracket. These gates are designed
in a rounded manner to allow a wearer to break out of a locked state in an emergency without
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Fig. 2. Closeup of the locking mechanism used on the exoskeleton. Each joint has a similar setup.
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Fig. 3. Overhead view of experimental setup.

severely damaging the exoskeleton. All PLA parts are printed solidly, i.e., without hollowness, to
increase strength.

The exoskeleton locking mechanisms are controlled using an Arduino Uno micro-controller
mounted on the rear plywood attachment section, near the back of the wearer’s neck. This Ar-
duino was responsible for executing the command to punish a participant. This command came
from a second Arduino Mega that was mounted on the experimental table (details regarding the
table setup can be found in Section 3.5, and further information on the interaction between the two
Arduinos can be found in Section 3.5.1). Power was provided to the servomotors directly through
two battery packs, housing four AA-size rechargeable batteries each, while power to the Arduinos
was provided through an external laptop computer. Each battery pack provides power to one side
of the exoskeleton, or four servomotors. Electrical wires were routed from the rear plywood attach-
ment section to the individual servomotors along the plywood sections, under the foam padding,
and through the central holes in the joint hinges.

3.5 Experimental Setup

Figure 3 shows an overhead view of the setup used for the experiment. Subjects were asked to
stand in a small, square area, in front of a large table that housed the equipment for the study.
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Directly in front of the participants sat a large bin filled with colored chips to be sorted. This bin
was tilted to allow unsorted chips to be easily reached by participants. The bin’s lid was affixed to
only allow partial exposure of the opening, thus ensuring that subjects would not be able to see
the chips inside the bin until they selected one.

Subjects were asked to select one chip at a time from the bin and sort it into the five transparent
plastic containers in front of them. No restrictions were placed on subject movement, other than
a rule that they must remain within the yellow square on the floor for the duration of each round.
This rule was put into place to ensure that the exoskeleton’s data umbilical cord did not disconnect
from the laptop. Participants sorted chips into the containers by sliding individual chips into a slot
on the top left corner of each labeled container. A label on the top of each container allowed the
subjects to determine where to sort chips. Three sets of five labels were used, which were switched
between the rounds. One of those sets was specifically relegated for use during the initial training
round.

Labeled containers were each equipped with individual radio-frequency-identification
(RFID) readers to identify and count chips automatically. These readers were affixed parallel to the
path of the chips when they were inserted into the slots on top of the containers. Each chip used
an RFID tag that held a short string of data written to its memory. The RFID readers were used
to detect when a chip passed through a container’s slot, read the chip’s color from the sticker’s
memory, and send that information along for post-processing. Further details are described in Sec-
tion 3.5.1. Small memory foam blocks were placed under the slots in the containers to allow the
RFID readers to get an accurate reading when chips passed through.

To the left of the table sat a large digital timer that displayed the time remaining for each round.
On the right, a laptop computer was positioned to instruct participants on sorting criteria. This
laptop displayed a slideshow presentation containing different sorting criteria phrases. As men-
tioned in Section 3, there were two sorting criteria used during the experiment. The phrase “SORT
BY WORD” instructed subjects to sort according to the English word seen on the container la-
bels, while “SORT BY FONT COLOR” instructed participants to sort by the printed color on those
labels. The experimenter advanced the slideshow at a fixed interval, therefore changing the dis-
played phrase to instruct participants to change their sorting criteria. No warning was given prior
to a slide change. More details regarding this procedure are detailed in Section 3.5.1.

The experimenter sat nearby on the timer side of the table within view of the subjects (Fig-
ure 3). From this position, the experimenter gave instructions before each round to the participants,
started the timer for each round, changed the sorting criteria slides, and started video recording if
prior consent was received from participants.

3.5.1 Software and Electronics. The exoskeleton was controlled by a single Arduino Uno micro-
controller affixed to the rear attachment plate (see Section 3.4). This Arduino interfaced directly
with a laptop computer in front of the researcher, and was connected using a long USB cable. The
Arduino was primarily responsible for controlling the exoskeleton hardware during a punishment
event. An Arduino Mega micro-controller was affixed to the table behind the sorting containers,
as seen in Figure 3 referred to as “Table Control Electronics.” This second Arduino was responsible
for reading the RFID data from the sorted chips and determining whether or not a punishment
event was warranted.

Breadboards were also placed on the table to allow the RFID readers to be wired to the table’s
Arduino Mega. The table’s Arduino had multiple responsibilities. First, every time a chip passed
through a slot, the Arduino Mega would record the chip’s color and compare that color to the
color that was supposed to be sorted in the corresponding container. A command was then sent
to the Arduino Uno on the exoskeleton, which was decoded on the exoskeleton to decide whether
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a punishment was warranted for the participant or not. Secondly, the table’s Arduino Mega sent a
command to the laptop computer’s screen whenever the sorting criteria phrase should be changed
for the experimenter to act on. The average interval for changing the phrase was set to 45 seconds
for this experiment. Thirdly, the table’s Arduino Mega also tracked the rate at which participants
sorted chips. Every time a chip was sorted, a timestamp was created. The system also stored the
previous three chip timestamps. After each new chip timestamp, the overall time it took to sort the
last three chips was calculated and compared to a benchmark of 3 seconds per chip. If this bench-
mark was not met, a command was sent to the exoskeleton’s Arduino to punish the participant.

For the autonomous punishment conditions, the table’s Arduino Mega sent information to the
exoskeleton Arduino Uno requesting that the exoskeleton lock. During a verbal punishment round,
the exoskeleton Arduino Uno sent a command back to the control laptop to play a recorded verbal
punishment message (see below). During a combined punishment round, the exoskeleton Arduino
Uno also commanded the servomotors to lock the joints for 10 seconds. For the human punishment
conditions, the table’s Arduino Mega sent information to the experimenter’s laptop. The experi-
menter would then press a button on the table that was wired directly to the exoskeleton’s Arduino
Uno. Pressing this button would command the exoskeleton to lock the joints only when a punish-
ment was supposed to be given. Therefore, the experimenter would only be allowed to punish the
participant if the software had deemed it necessary. Unlocking of the joints, ceasing punishment,
was always done automatically, regardless of the punishing agent. There was a small recognition
error rate associated with the RFID readers, which was estimated to be around 1 misidentified chip
for every 40 chips sorted. Therefore, there were some occasions that subjects were punished for
a mistake that they did not actually make. As this was a possibility for all participants, this error
rate was deemed to be acceptable.

A software called Processing [22] was used to display messages from the exoskeleton’s Arduino
Uno to the screen. This software was also used to administer the verbal punishments required for
the experiment. Recorded messages were played as a verbal punishment using the laptop, with the
recording for the robot as the agent of punishment created using a stereotypical robotic text-to-
speech engine, and the recording for the human agent of punishment recorded using the experi-
menter’s voice. Two phrases (below) were used for the verbal punishments, which were selected
for playback based on the type of mistake made by the participant.

— “Stop now! You are being punished for sorting incorrectly.”
— “Stop now! You are being punished for sorting too slowly””

After 10 seconds, a recording of the phrase, “You may begin” was played in the voice of the cur-
rent punishment agent. The combination of these phrases was intended to create a similar effect
to the physical restriction punishment, theoretically preventing participants from working for
10 seconds.! It should be noted that while participants were not exposed to the recordings be-
fore the experiment, they were aware of their agent of punishment (either the robot or the human
experimenter) and were told that the recordings being played from the laptop computer were a
communication from their agent of punishment.

4 RESULTS

All statistical analyses for this work were conducted using IBM’s SPSS software [20]. In the fol-
lowing sections, we present data and analyses for the effect of the agent and type of punishment
on the number of chips sorted by participants, the number of mistakes they make while sorting,

ISupplementary video footage demonstrates the experimental setup and examples of interactions between participants
and the robot.
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Fig. 4. Number of chips sorted per experimental condition, with 95% confidence intervals.

their rating of the robot’s Likeability on the GQS, the Perceived Knowledge, and the Perceived
Safety. The main effects and interactions of the two independent variables and five dependent
variables were analyzed with mixed factors, repeated measures analysis of variance (Mixed-Factors
ANOVA), between-subjects for the agent of punishment (human or robot) and within-subjects for
the punishment type (verbal or verbal and physical, i.e., combined). An Anderson-Darling normal-
ity test of residuals was conducted for each ANOVA and found insufficient evidence to conclude
that the residuals were part of a non-normal distribution at 95% confidence. Therefore, we can
assume that the normality of residuals is upheld for these tests. In addition, the homogeneity of
variances was checked using Levene’s test, and there was insufficient evidence to conclude that
the variances were not homogeneous in all four cases at 95% confidence. This allows us to uphold
the homogeneity of variances assumption for these tests. Since these assumptions are upheld, we
can proceed with the ANOVA analyses for this experiment. All significance values were compared
against a significance level of « = 0.05 with a Bonferroni correction for a multiplicity of three
comparisons for each ANOVA. The final significance level is denoted as the corrected a. = 0.017.
Further discussion of these results and comparisons to the naive hypotheses presented are con-
tained in Section 6.

4.1 Task Performance

The manipulation of the punishment type was checked to ensure that a combined punishment did
indeed cause participants to sort fewer chips as originally intuited. Figure 4 presents the average
number of chips sorted in each condition with 95% confidence intervals also shown. The main effect
of punishment type was significant at o, (F(1,38) = 5.973,p = 0.019, n* = 0.136), suggesting that
combined punishments did indeed cause participants to sort fewer chips. The main effect of the
punishment agent was not significant (F(1,38) = 0.060,p = 0.938,7* < 0.001). The interaction
between punishment type and agent was also not statistically significant (F(1,38) = 0.396,p =
0.533, 7% = 0.010).

The mean and 95% confidence interval for the number of mistakes participants made (and hence
the number of punishments administered) for each condition are presented in Figure 5. The main
effect of the punishment agent was significant (F(1,38) = 20.383,p < 0.001,7% = 0.368), giving
sufficient evidence to conclude that the number of mistakes made was different when participants
were punished by the human versus when they were punished by the robot. Examining Figure 5
shows that participants made 2.28 additional mistakes per verbal punishment round when the
robot administered punishments, and 1.67 additional mistakes per combined punishment round
under robot agency. The main effect of punishment type was not significant (F(1,38) = 2.004,p <
0.166,7* = 0.054) and neither was the interaction between type and agent (F(1,38) = 2.004,p <
0.166, 7% = 0.054).
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Fig. 5. Number of mistakes made per experimental condition, with 95% confidence intervals.
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Fig. 6. Rating of the robot’s Likeability on the GQS per experimental condition, with 95% confidence
intervals.

4.2 Perception of the Robot

As discussed in Section 3.3, participants rated their perception of the robot exoskeleton after each
experimental round using the GQS. An internal reliability/consistency analysis was performed
by calculating Cronbach’s alpha for each subsection of the survey. For Likeability, pr = 0.953,
which suggests a relatively high internal consistency of the survey subsection. In other words, a
participant would respond consistently in the same way for all five questions in the subsection.
For Perceived Intelligence, pr = 0.936, which also suggests a high internal consistency. Finally,
the Perceived Safety scale had pr = 0.796, which is also a relatively high internal consistency.
This analysis assures that the survey data can be analyzed and interpreted.

Figure 6 shows the average response and 95% confidence intervals for the rating of the robot’s
Likeability per experimental condition. Neither the main effect of punishment type (F(1,38) =
2.242,p = 0.143,7% = 0.056), nor the interaction (F(1,38) = 0.454,p = 0.504,7% = 0.012) was
statistically significant. The main effect of punishment agent was weakly significant (F(1,38) =
3.495,p = 0.069, n? = 0.084) with a small effect size, suggesting that participants may have found
the robot to be less likable than the human agent.

To determine if participants found the robot to be less friendly, and hence less likeable, a
secondary analysis for the Friendliness question was conducted. Neither the main effect of
punishment type (F(1,38) = 2.533,p = 0.120, * = 0.063), punishment agent (F(1, 38) = 2.533,p =
0.120, 7% = 0.062), nor the interaction between the two (F(1,38) < 0.001,p > 0.999,7% < 0.001)
was statistically significant. There was insufficient evidence to conclude that there was a difference
in participant ratings of the robot’s Friendliness across conditions, despite potential evidence that
the robot was found to be less likeable.

Figure 7 shows the Perceived Knowledge of the robot as rated by participants on the GQS for
the experimental conditions. The effect of punishment type was not significant (F(1,38) = 0.735,
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Fig. 8. Rating of participant impression of Safety on the GQS per experimental condition, with 95%
confidence intervals.

p = 0.397,72 = 0.019) and neither was the effect of punishment agent (F(1,38) = 2.102,p =
0.155,7> = 0.052). The interaction was also not statistically significant (F(1,38) = 2.042,p =
0.161, % = 0.051), suggesting insufficient evidence to conclude a difference in the robot’s Knowl-
edge between experimental conditions.

Figure 8 shows the average response and 95% confidence intervals for the rating of partici-
pant impression of Safety per experimental condition. Neither the main effect of punishment type
(F(1,38) = 0.981,p = 0.328,1* = 0.025), punishment agent (F(1,38) = 1.547,p = 0.221,5% =
0.039), nor the interaction between the two (F(1,38) = 0.245,p = 0.623,1? = 0.005) was sta-
tistically significant. There was insufficient evidence to conclude that there was a difference in
participant Perceived Safety ratings across conditions.

To address our naive hypotheses from Section 3.1, a secondary analysis was conducted specif-
ically for the Calmness question within the Perceived Safety subscale. Neither the main effect of
punishment type (F(1,38) = 0.128,p = 0.722, 7> = 0.003), punishment agent (F(1,38) = 0.057,p =
0.812,1° = 0.002), nor the interaction between the two (F(1,38) = 1.153,p = 0.290, % = 0.029)
was statistically significant. Therefore, there was also insufficient evidence to conclude that there
was a difference in participant Calmness ratings across conditions.

5 COMPLIANCE WITH PUNISHMENTS—EXPLORATORY ANALYSES

As discussed briefly in Section 1, our choice of punishment in this experiment was designed to
impact participant performance on the sorting task, but also allowed participants to disregard or
try to work around the punishment. While this was a universal option for participants to attempt,
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Table 1. Two-Way Table for Compliance and
Punishment Agent

Complied DNC Total

Human Punisher 30 10 40
Robot Punisher 21 19 40
Total 51 29 80

Table 2. Two-Way Table for Compliance and
Punishment Type

Complied DNC Total

Verbal 23 17 40
Combined 28 12 40
Total 51 29 80

we did not expect it to occur and thus did not plan any analyses for compliance as an independent
or dependent variable in the experiment. However, in this section, we present some exploratory
analyses that shed light on how participants complied or did not comply with the punishments
administered, with further discussion of implications to future research presented in Section 6.

5.1 Compliance as a Dependent Variable

Table 1 shows the two-way comparison between the punishment agent and compliance with pun-
ishments. A y? test of independence was conducted at a significance level of & = 0.05, and Cramer’s
V was calculated to measure the effect size. The test statistic was significant (y2(1, 80) = 4.381,p =
0.036, pc = 0.234), which suggests that the punishment agent and compliance with punishment
are not independent, with a small-to-medium effect size.

A second two-way comparison was performed between the punishment type and compliance.
In this case, the test statistic was not significant (x%(1,80) = 1.352,p = 0.245,¢c = 0.130). This
is a rather small effect size, and since the p-value is smaller than the significance level, we have
insufficient evidence to conclude that punishment type and compliance are not independent.

5.2 Responses of Purely Complying Participants

An initial exploration of the task performance and perceptions of purely complying participants
was conducted to gain some background understanding for the discussion of results. Due to limited
statistical power (as only 21 participants complied fully throughout the experiment), we limit this
to an exploratory analysis. As in Section 4, a Mixed-Factors ANOVA was conducted for the number
of chips sorted, the number of mistakes made, the rating of the robot’s Friendliness, and the rating
of the participant’s calmness.

For purely complying participants, the main effect of punishment type on the number of chips
sorted was not statistically significant at a. (F(1,19) = 2.384,p = 0.139,7* = 0.111). Neither
was the main effect of punishment agent on the number of chips sorted (F(1,19) = 4.151,p =
0.056, 7% = 0.179), nor the interaction between the two (F(1,19) = 0.835,p = 0.372, 5% = 0.042).

With respect to the number of mistakes participants made, none of the main effects or the in-
teraction was statistically significant. Punishment type (F(1,19) = 0.014,p = 0.906,7% = 0.001);
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punishment agent (F(1,19) = 2.596,p = 0.127,1* = 0.140); interaction (F(1,19) = 4.928,p =
0.041, 7% = 0.235).

Similarly, the effect of punishment type on the rating of the robot’s Likeability was not signif-
icant (F(1,19) = 0.429,p = 0.520,7° = 0.022). The effect of the punishment agent was also not
significant (F(1,19) = 0.528,p = 0.476, % = 0.027), as was the interaction (F(1,19) = 0.429,p =
0.520, 7% = 0.022).

Perceived Knowledge ratings among purely complying participants were also not statistically
significant. Punishment type (F(1,19) = 0.218,p = 0.646,7> = 0.011); punishment agent
(F(1,19) = 0.035,p = 0.855, 72 = 0.002); interaction (F(1,19) = 0.738, p = 0.401, 5% = 0.037).

Finally, we explored the main effects on participant Perceived Safety. While punishment type
(F(1,19) = 0.608,p = 0.445,5 = 0.031) and punishment agent (F(1,19) = 1.665,p = 0.212,5% =
0.089) did not have a statistically significant effect, there was a weakly significant interaction be-
tween the two (F(1,19) = 3.478,p = 0.078,1? = 0.155) with a medium effect size. This suggests
that both the type and agent of punishment may have an effect on how purely complying partic-
ipants perceive their safety around the punishing agent, the implications of which are discussed
further in the next section.

6 DISCUSSION
6.1 Analysis of Hypotheses

H1a As seen in Figure 4 and in the Mixed-ANOVA analysis, no evidence was found in support of
this hypothesis. Participants punished by the human experimenter did not sort significantly
fewer chips than those punished by the robot.

H1b The main effects do not support this hypothesis, but rather the opposite. As seen in Figure 5,
participants punished by the robot actually made more mistakes than those punished by the
human experimenter. During the verbal punishment round, they made 2.28 more mistakes
on average, and during the combined punishment round, they made 1.67 more mistakes than
those punished by the human.

H2 The main effects do not support this hypothesis. We cannot conclude whether participants
made more mistakes during a combined punishment round than during a verbal punishment
round.

H3a As seen in Section 4.2, there is insufficient evidence in support of this hypothesis. We cannot
conclude whether participants punished by the robot rated it as more friendly than those
punished by the human using the robot as a proxy. However, there was a weakly significant
difference in ratings of the robot’s Likeability between punishing agents.

H3b The analysis presented in Section 4.2 reveals insufficient evidence to conclude whether par-
ticipants punished by the robot rated themselves as more calm than those punished by the
human. However, the exploratory analysis of purely complying participants in Section 5.2
suggests that there may be a weak interaction between punishment type and agent in how
participants perceive their safety. This implies that participant calmness specifically may be
affected by these independent variables and further research is required to better understand
this result.

H4a The main effects do not indicate support for this hypothesis. There is insufficient evidence
to conclude whether participants considered the robot less friendly during a combined pun-
ishment round than during a verbal punishment round.

H4b The main effects do not indicate support for this hypothesis. There is insufficient evidence to
conclude whether participants considered themselves less calm during a combined punish-
ment round than during a verbal punishment round. However, due to the weakly significant
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interaction between punishment type and agent for purely complying participants, further
research is required to better understand how the punishment type affects Perceived Safety
and calmness.

6.2 Further Examination of the Findings

We were surprised to observe that participants did not self-report a significant difference between
experimental conditions for many of the GQS subscales and individual questions. It is possible that,
although punishment by a robot may evoke anxiety, on reflection after the round is over, people
discount the impact that the robot had on their behavior as a form of post-hoc reasoning. More
research is needed to better understand this result. Yet, there may be a weakly significant difference
in ratings of the robot’s Likeability across agency conditions. Future research may benefit from
examining this result in greater detail. In addition, there may be an interaction between participant
ratings of their Safety, which future research should also examine in greater detail.

We observed that the main effect of punishment agent on the number of mistakes made was sta-
tistically significant, with those punished by the robot making more mistakes than those punished
by the human experimenter. This result implies that participants may have found it more difficult
to concentrate on the task under the robot agency condition, or just found being punished by the
robot jarring. Indeed, the discussion of GQS ratings above shows that the punishing agent may
have an effect on both Likeability and Perceived Safety. However, the effect of punishment agent
on the number of chips sorted was not statistically significant. Since the number of mistakes made
approximately equals the number of punishments administered, one would expect that making
more mistakes would lead to fewer chips sorted, but surprisingly we do not observe this. Further,
the analysis in Section 5.2 does not indicate that complying participants made significantly more
mistakes when punished by the robot. Therefore, it is possible that non-complying participants
made a larger number of mistakes during sorting. We can intuit that this scenario may be caused
by a non-complying participant finding it more difficult to perform the task when a punishment
is being administered to them. The overall number of participants that did not comply with pun-
ishments throughout the entire experiment was low (10). Participants could choose to not comply
during any round or at any moment. Additional research focused on non-complying participants
is needed to better understand their behavior.

Finally, our exploratory analyses reveal a statistically significant effect of the punishment agent
on compliance with punishments. Participants punished by the robot tend to comply less with its
punishments than those punished by the human. This result seems to go along with our original
intuition that being punished by a robot does not carry emotional or social judgment. It is possible
that subjects felt more social pressure to comply with the punishments when the human experi-
menter administered them, as opposed to when the robot administered them, as per the above intu-
ition. Interestingly, although we see this reflected in compliance with the robot’s punishments, we
do not see this reflected in the task performance or perceptions of the robot. Examining the post-
experiment comments from a few participants offers some anecdotal evidence of their motivation
to not comply. One non-complying participant claimed that “it felt more correct to stop after a
physical restraint” but not after a verbal punishment. They interpreted the verbal punishment as
more of a “warning” than a punishment. In fact, the interpretation of the verbal punishment as a
“warning” was not limited to just one participant, even though such verbiage was never used while
briefing subjects. A few participants noted their eagerness for the monetary bonus as their reason
for not complying, stating “I wanted to get that bonus so I ended up hurrying” and “I was moti-
vated by the idea of a monetary bonus” Overall, we speculate that the motivation for the bonus
combined with either a lack of understanding or respect for the robot’s authority resulted in the
difference in compliance. Future studies focused on the effect of robot-administered punishment
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on task performance could mandate compliance with all punishments, or use a punishment that is
impossible to not comply with, such as removal of the bin containing the chips to sort for a given
time. It may be more important, however, to understand why people choose to comply or not com-
ply with a robot. Future studies should also investigate the factors that influence compliance with
a robot’s punishment. One challenging aspect to such studies is the likelihood that only a limited
portion of subjects will choose not to comply.

Finally, we did not find statistically significant evidence for several of the hypotheses. Several
of them were based on the intuition that the participants might prefer to be punished by a robot.
We did not find evidence to support this intuition in those instances.

7 CONCLUSION

This article examines how humans respond to robot-administered punishments. Our results sug-
gest that a human punished by a robot may make more mistakes on a task presided over by that
robot. In addition, ratings on the GQS reveal that a punishing robot may be perceived as less lik-
able, and a human may find themselves to feel less safe around such a robot. Finally, we found that
a human tended to comply less with punishments from a robot as opposed to a fellow human.

This work offers a number of important contributions. We have shown that when subjects are
punished by a robot versus a human, they make more mistakes irrespective of the punishment
type. This result suggests that robot administered punishment may negatively impact task perfor-
mance, at least in the short term. Otherwise, we found no evidence that people preferred human
punishment to robot punishment or vice versa.

Most importantly, we have demonstrated that significantly fewer participants comply with
robot-administered punishment compared to human-administered punishment. This may have
ramifications related to whether and how robots can assume authority roles. Specifically, some hu-
mans seem likely to reject the notion that a robot has the authority to punish or feel disinclined to
abide by robot-administered punishment. Using robots to lead human-robot teams may therefore
be difficult.

It is not clear if the results are limited to robot-administered punishments or are also applicable
to compliance in general. Compliance with a robot’s commands may be necessary when inter-
acting with some military robots, policing or security robots, and even search and rescue robots.
Previous research on compliance with requests from robots, both very human-like and not very
human-like, reveals that humans comply with robots less than with the human experimenter [14].
Agrawal and Williams observed a robot security guard in a public setting that used highly aggres-
sive and responsive behaviors and found that the robot elicited lower levels of compliance from
human participants [1]. They note that a perceived sense of safety with the robot could imply that
compliance was “driven by trust rather than [perceived] authority.” Understanding the factors that
influence compliance with robot-initiated punishment as well as exploring how an authoritative
autonomous system can reattain compliance from a human who has chosen not to comply is an
important avenue of future research.

Finally, the authors recognize that applications of robot-administered punishment, particularly
physical punishment, raise important ethical and societal questions and should therefore be care-
fully investigated [26]. For an authoritative autonomous system, the ability to punish may be
necessary, but causing physical or emotional damage to humans is likely unethical. Although there
may be some valid situations in which a robot could be allowed to punish a person, we believe that
such situations are necessarily rare and worthy of debate. This article is meant to begin the con-
versation, both within the human-robot interaction community and beyond, to better understand
situations in which a robot is given the power to punish and how humans respond to that authority.
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