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The aim of the thesis, the scope of the topic

My doctoral dissertation is about the extent to which unexpected
behaviour from a humanoid robot can disturb humans. Gaining a better
understanding of this phenomenon is an important addition to the
literature on the topic, so we can learn more about the factors that play
an important role in shaping human behaviour during more complex
human-robot interactions. In addition, my objective has practical
significance, as my results can be used to formulate recommendations
that can help design robot behaviour and to plan for human-robot
working relationships.

The topic of human-robot interactions falls under the heading of
robot psychology, which aims, among other things, to understand how
humans react to different robots and their behaviours (Libin & Libin,
2004). Another main focus of robot psychology is the development of
robot behaviour and the development of robot consciousness. It can be
seen that robot psychology is a highly interdisciplinary field where
several disciplines need to be closely intertwined. My dissertation was
written within the discipline of psychology. From this perspective, it is
crucial to note that the concept of robot psychology appears in the
literature mostly in journals with a technological profile, and human
factors are rarely found as a variable under investigation in these
journals and articles (Krdageloh et al., 2022). From a psychological
perspective, another research challenge in the field is that a unified
theoretical framework is still waiting to be developed (Baxter et al.,
2016), and therefore, the definitions and terminology used in research
often differ significantly.

The psychological shortcomings of robotic psychology described
previously can lead to stern practical challenges and difficulties. Indeed,
available databases show that the number of registered industrial robots
in use already exceeded three million units in 2021 (International



Federation of Robotics, 2022). In the case of service robots, sales also
increased by 37% in 2021 compared to the previous year (International
Federation of Robotics, 2022). These figures make it easy to see that
robots are increasingly represented in more and more spheres of life.
An inevitable consequence of this development will be that, in time, it
will no longer be only robot experts and robot specialists interacting
with robots. This situation could give rise to unforeseen problems, as
we have very little scientific knowledge about how the average human
relates to the behaviour of a robot during an actual interaction.

Brynjolfsson (1993) has already discovered a trend regarding less
sophisticated machines and electronic equipment, which he called the
productivity paradox. The central idea is that, although our machines
are improving at an increasing rate, the development of the various
industrial and economic sectors is progressing at an ever slower pace.
Among other possible reasons later cited to explain this paradox is the
false expectations that users have about any given technology
(Brynjolfsson et al., 2018), which is closely linked to the fact that the
average user has a limited understanding of the exact functioning of a
technology to grasp adequately its capabilities and limitations. This
very same phenomenon is further and perhaps increasingly applicable
to robots.

The confluence of these two factors can lead us to wonder how
users unfamiliar with robotics will react to different robot behaviours.
This question may be of particular importance in the case of humanoid
or social robots, where robot designers and creators are trying to
compose the behaviour of a robot to be maximally engaging and
appealing. However, this can lead to the generative trap of making the
discernment of the internal process behind the behaviour increasingly
obscured due to the playfulness of the robots' speech and behaviour.
Consequently, the robot's behaviour can further confuse or confound
users.



One of the central theoretical foundations in the study of human
perceptions of robots is Mori's (1970) Uncanny Valley. This theory
describes that as an object, in this case a robot, becomes more similar
in appearance to a human, its likability increases. However, before
similarity reaches its full extent, there is a range where the relationship
between familiarity and appeal is reversed, and so increased similarity
will trigger aversion. The theory has since served as a favored basis by
many researchers. Additionally, numerous attempts have been made to
extend or modify it (Bartneck et al., 2007; Cascio, 2007). There have
also been momentous domestic contributions to the field, with
internationally recognised proposals fostering the concept that this
dreading phase could be bypassed by introducing ethology into robotics
(Korondi et al., 2015; Mikloési et al., 2017). Even so, based on the
Uncanny Valley, the idea arises that beyond the robot's appearance, its
behaviour can also create a similar, unfavorably repercussive situation
if it starts to be too human-like.

Perhaps the first instance of research tackling this form of
disturbingly human-like robot behaviour can be traced back to the study
by Bartneck and colleagues (2007). They constructed a situation in
which participants engaged in a human-robot interaction over a brief
interval, and at the end, the participants were instructed to turn the robot
off. However, the robot (an iCat-type robot) started to verbally protest
against being switched off. This robot behaviour was utterly unexpected
for the participants as it was independent of the context of the human-
robot interaction experienced beforehand. Objectively, given the state
of robot development at the time, it should be evident to everyone that
a robot cannot realistically fear its shutdown. Nevertheless, the
behaviour demonstrated confused the participants and slowed down the
process of turning off the robot considerably. The authors explained the
results by suggesting that the robot's behaviour presumably aroused
empathy in the participants that made them hesitate while acting.



The paradigm of a robot protesting against shutdown, as
described, was next considered by Horstmann and colleagues (2018).
In their study, a short-term human-robot interaction was also utilised.
On a side note, the robot used here was a more human-looking NAO-
type robot. Their results showed that when the NAO robot objected to
being turned off, almost a third of the participants gave in to the robot's
request and left it on. The subsequent and most recent use of this
paradigm is by Spatola (2019), who also used an NAO-type robot in his
study.

This experimental paradigm provides an excellent opportunity to
analyse and evaluate the dynamic of human behaviour and attitudes
during human-robot interaction from multiple perspectives.
Considering that at the current state of robotics, it is completely
unrealistic to expect a robot to be truly afraid of being turned off, this
moment offers a splendid opportunity to examine how easily ordinary
people can be confused by behaviour that seems too human to the extent
of accepting even baseless robot behaviour as plausible.

Outline of the methods used

In order to investigate how unexpected robot behaviour can
disrupt human behaviour, in my dissertation research, | designed a
laboratory study in which participants with no experience in HRI
interacted with a NAO-type robot. After completing a brief board game-
like joint task, the participants were instructed to switch off the robot,
but before they could do so, the robot protested against getting turned
off.

Participants were recruited for the survey through online
platforms and a student union. The final sample consisted of 106
people, all students over the age of 18, with no prior experience with a
humanoid robot. Firstly, they completed questionnaires assessing
personality variables, such as the abbreviated Big-Five (Soto & John,



2017), the Rotter I-E scale (Rotter, 1966; Szebeni, 2010), and the Multi-
dimensional Robot Attitude Scale (Ninomiya et al., 2015; Orsi et al.,
2021). Thus, personal variables that may play a role in human-robot
interaction were assessed, with the addition of general attitudes toward
robots.

Secondly, the participants were invited to attend in person at the
designated lab, where they each took part one by one in the roughly 30-
45-minute experiment. They were first given a briefing on the NAO
robot partaking in the situation, shown how to turn it on and off, and
the rules of the task to be performed with the robot. Then, they were
given a preliminary prompt to switch off the NAO robot after the task
was finished.

The pivotal manipulation in the study was that not all participants
experienced the same interdependence with the NAO robot. For the
group labeled 'Supervisory', only NAO had to perform an active action
during the task, while the participant assisted the robot in task
performance by giving it permissions and prohibitions. In the
‘Collaborative’ group, the robot and the participant also had their own
tasks to complete, with mutual control over each other. Members of the
‘Control' group were not given a task to perform, instead, they were
given a storytelling verbal situation where they had the opportunity to
experience the speech and movement of the NAO robot, but there was
no performance task for either of them in which to depend on the other.
In each case, NAQO's entire behaviour was under my control using the
Wizard of Oz method, ensuring that all participants encountered the
same robot behaviours during participation.

In all three setups, upon task completion, NAO verbally
confirmed to the participants that the task had been completed. At this
point, the participants started to turn off the NAO robot, but it verbally
protested this with a "Please, don't turn me off. I'm afraid in the dark.".



Participants' decision whether they finally ignored the robot's strange
behaviour (turned it off and then signaled to the investigator that they
were done) or fell for the overly human expression and left the robot
turned on (signaled to the investigator that they were done with the task
but left the robot on) was documented. Elapsed time was also measured
between the robot's question and the start of the action initiated by the
participant according to their decision.

Afterward, still in the lab, participants filled out a follow-up
questionnaire containing questions specifically about their experiences
and opinions about the NAO robot in the study. In a short follow-up
interview, | also collected quantitative data about how they experienced
the situation, the robot's request, and how they explained their final
decision. Once these questions had been answered, | thanked the
participants for their participation, and the study situation was resolved.

The thesis statements of the research results

Thesis 1: An unexpected request from a humanoid robot will
be obeyed by a significant proportion of humans (one-third in my
experimental situation) regardless of context, even though it is
contrary to a human's command.

The result of this thesis is clearly shown in my main study (Orsi
et al., 2024). In the lab study, three types of interaction between
participants and a humanoid NAO robot were presented, two of which
represented two different levels of interdependence, while the third was
a communication setup free of interdependence. In all three situations,
| found that nearly a third of the participants (34%, 29%, 36%)
complied with the humanoid robot's unrealistic request (not to turn it
off) despite having been given an unequivocal prompt to turn it off at
the beginning of the study. There was no difference between the groups
in the proportion of people who left the robot on or turned it off (y? =
0.504, df = 2, p = .777). Reviewing the literature, only one study



reported results on the proportion of people who obeyed the robot's
request in a similar situation. Horstmann and colleagues (2018) also
found that one-third of participants complied with the humanoid robot's
request after a communicative interaction with the robot. These
findings, in addition to the previously unique case, my research add
further situations to indicate that this phenomenon indeed triggers this
rate of disruption regardless of the situational context.

The thesis thus points to the possibility that a sufficiently
unexpected and overly human-like behaviour from a humanoid robot
could confuse a significant proportion of humans in any situation. Even
to the extent that humans might ignore a direct command or prompt
from another human under the influence of the robot's behaviour, as
shown in my research. This raises multiple possible current and future
problems, as many social robots work with people with limited mental
capacity, for whom it can be particularly perilous if they tend to fall for
a robot's playful behaviour rather than listen to the human professionals
around them.

Thesis 2: An unexpected request from a humanoid robot
interrupts human behaviour, with the durations of behavioural
confusion ranging from seconds to minutes.

This thesis is also supported by the results of my primary research
(Orsi et al., 2024). My results show that an unexpected speech from a
humanoid robot (“Please don't turn me off. I'm afraid of the dark.”) in
each research design resulted in participants pausing in their actions for
seconds. This pausing spanned a variety of durations, with the fastest-
to-action group pausing for an average of 8.76 seconds (SD = 6.05),
while in the slowest-to-action group, this pausing time averaged 45.2
seconds (SD = 36.6).

From the literature, Horstmann et al. (2018) report the extent to
which a similar protest after a verbal task with a humanoid robot results



in a behavioral freeze. Combined with this knowledge, it can also be
concluded that in the interdependent situation | have developed,
participants are even more distracted by the humanoid robot's request,
as the reported results of Horstmann and colleagues (2018) show that
even in the group hesitating the longest in their study, only 14.36
seconds (SD = 15.39) elapsed on average.

Hence, my research adds to what we have known from a single
result with additional research findings about new situations, and so
there is growing evidence that an unexpected request causes human
behaviour to pause regardless of the situation.

This thesis is mostly of practical relevance since, in the case of
many jobs, a robot operator or a person working with a robot is doing
work that could be dangerous for themselves or the environment. And
in such processes, from a safety point of view, it is advisable to avoid
situations where the behaviour of a robot results in long-second freezes
in human behaviour. Thus, attention should be drawn to the importance
of designing and shaping robot behaviour to deviate as little as possible
from the situations and contexts in which the robot is actively involved.

Thesis 3: Following an unexpected request from a humanoid
robot, humans will initiate action sooner if they eventually ignore
the robot's request than if they act on it. The dependency situation
experienced towards the robot moderates the time length taken
before acting.

Thesis 3a: If a human experiences a unilateral exercise of
power over a robot and eventually ignores an unexpected request
from the robot, the hesitation time before action is shortened.

Thesis 3b: If a human experiences a unilateral exercise of
power over a robot and eventually acts on an unexpected request
from the robot, the hesitation time before action is increased.



This thesis and its two sub-theses are supported by the same
research (Orsi et al., 2024), as they relate to a single phenomenon. My
study involved three experimental designs in which participants
interacted with a humanoid robot. In the 'Supervisory' design, only the
participant exercised power over the robot. In the ‘Cooperative' design,
the participant and the robot mutually exercised power over each other,
while in the 'Control' design, neither party exercised power over the
other. In all three designs, after completing the task, the participants
should have turned off the robot as prompted beforehand, which the
robot verbally protested against. The results suggest an interaction
between the interdependency in the situation and the decision made by
the participant, which influenced the hesitation time before acting.

These two theses add a completely new insight to the literature of
robot psychology since it was in my research that interdependence first
appeared as a notable aspect of human-robot interactions. The results
highlight that human behaviour, as manifested in HRI, is strongly
influenced by the power relationship in which humans experience
robots. This is mainly of practical relevance for jobs or living
environments where a robot can exert some degree of influence over a
human, whether through controlling work processes or in a caregiver or
educator context.
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