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Abstract

This master thesis focus is a social experiment conducted to determine to what extent robot errors
a ect children in the context of education. A total of 60 children of age 10-12 from a public school
in Leiden participated in the experiments in which they interacted with a Nao robot two by two.
During the study, the robot simulated some speech recognition, voice localization and gaze errors
based on a literature review conducted, which lead to the robot ignoring one of the two participants
during the interaction. The human-robot interaction consisted of an interactive vocabulary game,
where Nao acted as a peer to the children, playing the game together. The robot recognizes it
is faulty and explains its behaviour either before the experiment or after the completion of a
questionnaire that follows the experiments. The e ect on children based on these two conditions is
examined, i.e. how children are a ected by being ignored by a robot and if the moment the robot
explains its errors matter in how it is perceived by them. Apart from the questionnaire, the a ective
outcomes of the study are further examined with video recordings that are used within a framework
to estimate head direction. Overall, neither the ignored condition or the moment of explanation
one seem to have a big signi cance on children. Being ignored only slightly a ects the closeness
to the robot, where we observed children being ignored ranking less close to it. Furthermore, the
moment of explanation a ects the trustworthiness of the robot, where it is generally more trusted
when it apologizes for its faults in advance. Lastly, in terms of children’s attention, they are focused
on either the robot or the screen of the game for the majority of the task irrespective of the
experimental condition they are in.
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1 Introduction

In recent years, the eld of robotics has witnessed a paradigm shift in the way humans interact and
perceive robots. With advancements in technology and design, robots are no longer regarded as
mere machines but are increasingly seen as social entities capable of eliciting human-like responses.
This phenomenon, known as anthropomorphism, has sparked signi cant interest among researchers,
psychologists, and engineers, as understanding how humans attribute social characteristics to robots
holds profound implications for human-robot interactions. The perception of robots as social beings
not only in uences our behavioral responses but also raises important questions about the ethical,
psychological, and societal aspects surrounding human-robot relationships. This paper aims to
delve into the realm of anthropomorphism, exploring the factors that contribute to the ascription of
social qualities to robots and examining its impact on human cognition, emotions, and behaviors.

The interest in the use of social robots as means of pedagogical agents and the exploration of their
impact in education has been rising amongst the human-robot interaction (HRI) community. These
robots can be in the form of peers [4, 24, 35], where they take the role of a learning companion
to a student, novices [7, 55| [22], where they allow the student to take the role of the instructor
and tutors [38], 57, [17], where the robot tries to teach students a speci ¢ task or lesson. In [48],
researchers examine student attitude towards social robots and showed that children generally
have a positive attitude towards the inclusion of robots in a classroom. What happens however
when there is a fault in the design of a social robot leading to malfunctions in its behaviour? More
precisely, what is the impact on the child’s perception of the robot and the child engagement after
a robot’s social behavior malfunctions?

Such scenario is not at all far from reality, as humans program the behaviour of social robots.
This can lead to unexpected or incoherent behaviours [50] that are often interpreted as erroneous
and the impact is becoming more present now that robots are perceived as social entities. Social
entities are beings which exhibit human-like behaviour [8], being able to interact with someone in
a two-way manner, employ thoughts and feelings or show signs of social awareness, support and
autonomy. In this study, errors in social behaviour are simulated by a Softbank Robotics NAO v6
humanoid robot [Y that interacts as a peer to students. NAO interacts with two students by playing
an educational game designed for the purpose of this study. It is a language learning task, testing
the child’s vocabulary. Whilst working together, the robot exhibits unequal behaviour towards the
two children, by ignoring one of them and replying in a very detailed and personalised manner to
the other. The goal is to create a sense of exclusion for some children in order to examine how this
impacts their perception of the robot and the engagement and likeability of the task itself.

1SoftBank Robotics NAO https://www.softbankrobotics.com/emea/en/nao.
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2 Motivation and related work

Technology and robots have advanced a lot in the past, however there are still many errors, failures
or faults in their behaviour. A fault, according to [5] is de ned as \a degraded state of ability which
causes the behavior or service being performed by the system to deviate from the ideal, normal,
or correct functionality”. Faults can take various forms, from unexpected behaviours to actual
failure of completing a given task and can vary in frequency and severity (functional or social). For
the purpose of the study, we are interested in examining failures in communication. Such errors
often impact social signals given by the robots [36] as well as how robots are perceived by humans.
In some cases, robots that have erroneous behaviours are liked better [37] as they are perceived
as more human-like and thus are more relatable. However in these cases, the interaction of the
people with the robots are more conversational rather than of an educational manner as in our
case and also the participants are mainly adults. In other cases, speech errors from robots resulted
in a lowered perception of the sincerity of the robot [16]. We can thus see that errors in robot
behaviour, and speci cally when communication is present, a ect human-robot interaction and
human perception of the robot.

The errors we will simulate in this study, are errors related to \failure of communication™. The
robot will exhibit unequal treatment of the children on the basis of a malfunction related to the
robot’s hearing or its perception of the room. It will end up completely ignoring one child of the
two iinn the interaction thus being indirectly impolite. The reason for this indirectness is that rst
of all you cannot allow a social robot in a classroom that is impolite in a straightforward manner
(i.e. talking back to children or employing swear words). Second of all, the scenarios created need to
be plausible, meaning that the errors in functioning can be present when programming Al agents.
Such errors are present in [14] in the form of dialogue, where the observed errors are not that severe
as the robot successfully communicates the errors and self-repairs. In other cases, such as in the
study by Ragni et al [40], failures in communication lead to decreased overall human performance
in a collaborative task.

Peer relationships in school play a signi cant role in the cognitive development [30], as well as the
psychology of children. Peer relationships can be with other students, or the robot in our case, with
which the children will be performing a task. Neglect also in uences the development of a child
[41] and how it perceives the di culty of some tasks. It is therefore important when programming
robots to consider the e ect of these peer relationships in the well-being of all participants.

3 Research Questions and hypotheses

The context above gives rise to the following research questions:

RQ1 What kind of errors, failures and faults have the biggest impact on the sociability of the
robot?

RQ2 What is the e ect of these errors, failures or faults on children?



RQ3 Will a robot that is able to identify these faults and apologize in advance be perceived as
more likeable to children?

The rst research question(H1) is answered by a literature review conducted on the errors that can
occur when programming robots for HRI. We hypothesize that such errors will have a negative e ect
on children (H2) , and will speci cally negatively impact their perception of the robot. Furthermore,
we investigate if there is a correlation between the likeability of the robot itself and the likeability
of the task. Lastly, considering a condition where the robot is conscious of its malfunctio(ts3) ,

we hypothesize that apologizing in advance will make it more approachable and therefore likeable
to children. By apologizing, the robot will be considered more anthropomorphic and thus it will be
easier for children to be more forgiving towards it.

4 Review of failures in Human-Robot Interactions

Human-Robot Interactions (HRI) often su er from error situations that are either caused by
robots or humans interacting with them. Giuliani et al L5 analyze erroneous interactions between
people and robots and break them down into two broad categories: social norm violations and
technical failures. A social norm violation occurs when a robot does not completely adhere to a
certain social script whereas a technical failure is more related to the hardware or software design
of the robot. Hardware failures $2, 21] are related to the platform, sensors or controller of the
robot whereas software ones have more to do with the decision making, perception and behaviour
execution of the robot. A social nhorm violation usually occurs when the interaction between the
two agents -human and robot- is misinterpreted, or the environment the interaction takes place
Is not clearly de ned. For the purpose of this review, we divided the faults observed in papers
depending on the type of HRI. The general types of interaction wer&ask performanceby robot,
such as assembling or disassembling furniture,callaboration taskbetween human and robot, for
example in a human-robot ctional desert survival setting,instructing/teaching a robot a certain
task, learning from a robot and simple conversationon a certain topic with a robotic agent. The
errors occurring within these settings are shown in Table 1 based on most common errors observed
in such situations, the likelihood of an error and the overall impact on the interaction. The error
severity presented in Table 1 refers to the social severity of the error in a given interaction. For
example, a technical failure that can easily be identi ed by a human and solved by the robot's
controller is usually not that severe from a social perspective. Therefore the scale presented in
this review depends on how meaningful the error is in terms of the user experience during the
interaction and how understandable an error is when it occurs in terms of human perception.

The category in which the faults observed are most common is the task performance category.
Some relate to the autonomy of the robotl[0, 9], in scenarios where robots are supposed to be
completely autonomous. In such cases it is shown that if robots consistently fail the task when in
their completely autonomous mode, then that negatively in uences the user's trust. By warning
people however beforehand that the robot might fail or is imperfect in some ways proved to
mitigate the negative in uence on the user33. Also, sometimes when full autonomy is giverdl,
faults like failures in object localization lead to a disruption in the interaction in which human



intervention by the robot's technician is needed. Nevertheless this kind of error is not considered
as severe as the root of the error is always very clear to the human, so intervention is needed
but it is always targeted to a speci ¢ technical failure. Robot politeness showed to manage user
expectations in cases where for example battery is not powerful enough to last for the whole
experiment B4]. In terms of speed of completing a certain taslg], it didn't a ect user's perception

of the robot as long as the said task is successfully completed. It is also shownl® [L, 37] that
robots that are more conversational are preferred to silent ones that are more e cient in terms of
time completion of the task or e ectiveness. The user is more sympathetic towards a robot that
can explain its mistakes and is therefore more social. Some research28sdeveloped a framework

in order for the robot to communicate its failures, which proved to be successful in preventing the
interruption of an interaction, although sometimes when the error that occurred wasn't present
in the framework created human intervention was necessary. Another interesting nding4 is
that generally more blame is put on the robot if it displays a lack of e ort compared to lack
of ability or if doesn't have the correct gaze behaviourdp] (i.e. look at the participant) when

the error occurs because it is perceived as unapologetic. Lastly, how a robot is perceived and
how much blame is attributed to it also depends on the experience of the user interacting with 4t7.

The next category where errors are observed is in cases of collaboration of humans and robots to
complete a task or play a game. In cases of robot autonon®/7[ people place more blame in case
of an error or credit in case of completion of the task. When it comes to the question of attributing
blame in case of failure of the collaborative activity, a robot that blames its teammates is more often
considered as unlikeable2p, 54] thus negatively in uencing the whole user experience. Generally,
faulty robots are perceived as more anthropomorphid@§ than awless ones, even when they do
not necessarily resemble a human in terms of physical appearance. However, if their intelligence is
measured, usually robots that have less faults are considered as more intelligédid} ps they manage

to successfully complete the task. An interesting observation when comparing a robot that stops the
procedure to apologiselfl] for a fault and a robot that just ignores it and continues is that the former

is considered as less intelligent even if it is more likeable by the participants. In some cases also, if a
robot consistently exhibits erroneous behaviour, like id[)] it decreases the willingness of people to
participate with it. A reason for this also is based on the level of familiarity of people participating

in the study. People that are more familiar with robots in general tend to stop the interaction
whereas people that rst interact with robots are more impressed by the technology and are
willing to continue the interaction despite the faults. Overall faults in the actions of the robot tend

to be less severe than verbal ones(], since it is more easy to manually correct such technical errors.



A

Frequency Social Error
Type of error )
of error severity consequences
Speech recognition Very often Severe Robot fails in recognising
human speech
Robot fails to understand the
Speech misunderstanding Very often Severe | task at hand or fails in dialogue
with human
Robot fails to grasp an object
Grasping failures Often Solvable | key to the experimental
procedure
. Quite Robot or human fail to look at
Gaze errors Sometimes .
severe | their counterpart
Navigation errors Very often | Solvable RObOt. fails to navigate in
experiment room
Assessment Quite Robot fails to take the
o Rarely .
of situation errors severe | correct decision
People detection Robot fails to detect the
Often Severe
errors human
Object detection Robot fails to detect object
Often Severe | .
errors in a room
Battery errors Rarely Negligible Not enough battery to carry
out experiment
. - Human error of picking the
Mode Confusion Rarely Negligible right mode for robot
. . Robot fails at locating the voice
Voice localization e .
Very often Severe | of the person it is interacting
errors :
with
Robot fails to process human
Errors in a ect Rarel Quite emotions, or human is being
processing y severe | very expressive when interacting
with robot
Opject positioning Sometimes | Solvable Failure to pl_ace object Where
failure needed during the experiment
Wrong instructions Sometimes | Negligible Human or robo_t failing to give
correct instructions
Repetition errors Rarely Negligible Robot re_peats the same mistakg
several times
Dialogue interruption : Quite Robot interrupts human or
Sometimes
errors severe | speaks out of turn
Failure to exit loop Rarely Solvable Robot is stuck in the same

loop

Table 1: List of errors, their frequency, consequences and severity
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teaching something to a robot are mainly miscommunication/speech errors. If people unfamiliar
with robots interact with them [26], they tend to use more a ective reasoning to communicate
with the robot, and it is not always capable of fully understanding the interaction. Also, it is quite
often that people can also exhibit erroneous behaviours especially in instruction situations. In a
study where a person is teaching a robot how to danc2( for example, a human rreaction to the
robot when the robot is trying to concentrate on a move could confuse the robot and prolong the
teaching procedure. Furthermore, mode confusions by the controlléyl], like demanding a task
outside the capacity of the robot can a ect the interaction but are also easily solved if the person
understands their error in time. In terms of robot predictability [39], predictable robots are more
liked and people tend to be more happy to cooperate with them. Participants seem intolerant with
unpredictable ones, much like when they disagree to cooperate with the participad], or blame
them [18]. A last observation relating to this social context 29] is that it is di cult to generalize
error solving situations as they are context-dependant.

The most profound nding in studies where robots act as the instructor or teacher, is that they are
perceived as less intelligent than peopl@3]. Nevertheless, they are still considered more intelligent
than other devices (e.g. vending machines)?] so people rely on them to be correct more than
other intelligent systems which renders their errors relatively impactful. Given the developments in
the HRI eld, even though errors in the behaviour of robots are likely to a ect human perception
of the reliability and trustworthiness of the robot [46], they will not a ect their general willingness

to comply with its instructions, as long as they will not cause lasting damage in doing so. This
however can be quite dangerous in cases where emergency situations are obset@dvhere people
have been found to blindly follow a robot in a fake re emergency situation even if they observed
erroneous behaviour from the same robot just before. This can be quite problematic in the longterm
while robots gain a more fundamental role or even leading role in human-robot interactions. Lastly,
in terms of communication, robots that take the role of the teacher/instructor and act surprised
when asked a question for example [31] tend to be perceived as less intelligent.

In terms of the dialogue social context, the impact of errors in communication is not that severe in
most cases13, 14] as the content of the conversation is prede ned most of the times so there is not
a lot of room for misunderstandings. Furthermore, the robot manages to communicate the fact
that there has been a misunderstanding in order for the person to correct this mistake, or navigate
the conversation in the right direction.

Overall, people react more in social norm violation situations than in technical failures. The reason
for that is that they can identify technical failures more easily and thus there is no need to react
whereas in social norm violation cases people tend to talk more, feel uncomfortable and urge
themselves to solve the situation. In terms of likeability, robots that exhibit apologetic behaviour
or recognize their errors are perceived as more likeable, although sometimes less intelligent. As HRI
evolves, trust in a robot is becoming more and more important and thus a fault is more impactful
and should be carefully looked into.

The literature review conducted in order to answeRQ1 , indicated the the most severe and frequent
errors on the sociability of the robot are speech recognition, gaze errors, people and object detection
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errors and voice localization errors. Based on the above, these errors were simulated in the robot.
An example of a speech recognition or misunderstanding error was that the robot failed to recognise
both names of the participants and only called out one name throughout the whole procedure.
Gaze errors included the fact that it mainly looked at one child whenever it addressed something
important. All other times throughout the procedure the robot would randomly look at the other
child. People detection errors are present when the robot fails to look at the ignored child even
when it is talking. Voice localization errors are present when the robot fails to address or hear the
ignored child when speaking. These manipulations resulted in a simulated environment in the study
where the robot fails to accurately detect the second child leading to it being ignored throughout
the game in order to see how it a ects its perception of both the robot and the game.

5 Experimental method

A between-subjects experiment was carried out in May 2023 at a Public Elementary School in
Leiden to research the e ect of robot errors on children in the context of education. The participants
(Chapter 5.2) were playing the interactive vocabulary game detailed in 5.1. The errors simulated
based on the review in Chapter 4 were incoorporated in Nao's mannerism during the experiment
and lead to the robot's failure of paying attention to one of the two participants. The e ect of these
errors was measured by the metrics explained in Section 5.3. All experiments were carried out in
the same way, detailed in Section 5.4 and analysed based on the methodology of Section 5.5.

5.1 Design of Vocabulary game

In this section, the interactive vocabulary game is introduced as well as the role of experimenter in
the procedure. In Section 5.1.1, the design of the game will be presented, thereafter in Section 5.1.2
the di erentiation of the two experimental conditions are explained with respect to the game and
nally in 5.1.3 the overarching control of the experimenter is detailed.

5.1.1 Game design

The game was programmed within platform by Interactive Roboticg a company that focuses on
Social Robotics and more speci cally within education and healthcare. The interactive vocabulary
game is designed for native Dutch students with the aim to teach them some words in English.
The targeted age is primary school children of age 10 - 12, group 7 and 8 in the Dutch primary
school systenm?. The children participate in pairs, navigating in a ctional town called \Naotown",
with the NAO robot as their peer. They start the game in the central map of the town, shown
in Figure 6 where the robot introduces itself and explains the rules of the game. The goal is to
navigate through all the places in the town, which are shown in Figures 2, 3, 4 and 5 and are the
Naotown Zoo, Market, Mall and Beach respectively.

2Interactive Robotics, https://www.interactive-robotics.com/
3The structure of the Dutch school system  https://www.iamexpat.nl/education/
primary-secondary-education/dutch-school-system
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