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ABSTRACT

Children’s fears and hopes regarding technology play a crucial
role in influencing its development, impact, and social acceptance.
Although studies investigate children’s perceptions of social robots,
there is a need to better understand how hopes and fears influence
children’s views of the future. In this paper, we present the out-
comes of a study in which we explored 60 children’s (aged 8-14)
perceptions of social robots using ten fictional scenarios. From data
analysis, we elicited four major themes that become the pillars
of a model that represent children’s perception of social robots
(agency, comprehension, socioemotional features, and physicality).
The model shows the complex and often paradoxical nature of chil-
dren’s acceptance (hope) and rejection (fear) of social robots in
their lives. Our outcome provides the foundations of a new respon-
sible approach in analyzing and designing social robots for children
using hopes and fear as a lens.
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1 INTRODUCTION

Social robots [2] are gaining increasing attention in the design of ex-
periences for children. Several studies focus on evaluating whether
and how social robots can be applied to facilitate different processes
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such as learning [15], therapy [38] and children’s wellbeing [18].
However, Serholt et al. [29] explains that such research should also
broaden its scope beyond the focus on technological advancements
and viability, to instead also encompass a broader and more critical
understanding on the impact of the use of robots in social con-
texts. A key dimension of this understanding is represented by
reflecting on the possible concerns, assumptions, and unintended
consequences that arise from the design and deployment of robots
in different social situations. Within this line, an increasing number
of researchers are shedding light on the social, moral, and ethical
concerns related to this research area.

However, most of these studies are framed around an adult-
centric perspective, which poorly considers children’s voices and
opinions on these topics. Although we have studies on children’s
perceptions of robots, most of them focus on understanding how
children broadly conceptualize the notion of robots (e.g. [20]) or
their attitudes and beliefs when interacting with one of them. A
few of these studies narrowed down the scope by looking at a spe-
cific issue (e.g. creepiness [35]), while others explicitly addressed
children’s concerns about robots when they are presented as part-
ners in daily life situations (e.g., school environment [30]). Starting
from this perspective, our research aims at investigating how chil-
dren conceptualize benefits and drawbacks of using robots in social
situations.

To this end, we employed the lens of “fears and hopes” as a
key cornerstone to support this understanding. People’s fears and
hopes regarding technology play a crucial role in influencing their
development, impact, social acceptance and regulation [8]. Further-
more, as Livingstone and Blum-Ross [17] point out, parents’ fears
and hopes about technology shape children’s lives and their usage
and experience of digital devices. Hence, understanding children’s
own fears and hopes can add a further dimension to this panorama
and help to uncover gaps between adult-centric perspectives and
children’s lived experiences. We have designed and implemented an
empirical study aimed at understanding how children conceptualize
social robots using hopes and fear as a lens. We co-designed [27] a set
of fictional scenarios where robots, in a potential future, cover dif-
ferent tasks in daily contexts. These scenarios were used as prompts
to open the dialogue with children. By presenting children with
potentially realistic scenarios, we can tap into both what they wish
for (hope) and what they are averse about (fear). The study was
organized in two main phases that involved more than 60 children
online and in-person. During COVID-19, we collected data over a
series of workshops conducted within six months. We developed
our outcomes from empirical evidence of children’s hopes and fears
about social robots around a set of four main dimensions: agency
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and boundaries, comprehension and cognition, socioemotional fea-
tures, and physicality and materiality.

The main contribution of our work concerns a better
knowledge about children’s beliefs, fears, and hopes in
interacting with robots in their daily lives. Additionally,
we will provide a theoretical model that conceptualizes
what children think about robots through a hope/fear
lens. Finally, we will provide some thoughts on how these
can be valuable resources for thinking about child-robot
interaction in social context.

2 RELATED WORKS

2.1 Children’s conceptions and general beliefs
about robots

The use of social robots [2] has gained attention in designing inter-
active experiences for children. As a result, an increasing amount
of research addresses children’s perceptions, beliefs, and opinions
about social robots as a means to better guide design (e.g. [1] [4]
[5] [7] [20] [25] [33]). Research in this area has shown some con-
sistent results regarding children’s understanding of social robots.
First, several studies [12] [20] note that children’s conceptions of
social robots are often influenced by fictional works from audiovi-
sual mainstream culture. Examples include children’s tendency to
depict robots as a combination of advanced technologies, anthro-
pomorphic bodies, and human-like skills; in the reproduction of
gender’s stereotypes in children’s representations of robots and in
the tendency to associate robots with violence-related imaginaries
(e.g. weapons and war-like machines [5] [20]). Second, several stud-
ies show that children tend to anthropomorphize robots in their
physical appearance and abilities [7] [5] [33]. Studies consistently
show how children tend to attribute mental state, abilities to feel
emotions and understand humans to robots that have humanoid or
animal characteristics [1]. For instance, Beran and Ramirez-Serrano
[4] show how, after interacting with a robot, 50% of children think
that this robot has cognitive human-like characteristics over 60%
believe that this robot has affective characteristics and over 80%
find the robot capable of human-like behavior. Similarly, Di Dio et
al. [9] demonstrate how children aged 5-6 years old can attribute
mental and physical properties to robots as they would do in inter-
acting with humans. Finally, children’s drawings of robots tended
to anthropomorphize them, combining the use of human charac-
teristics with geometric elements [5] [7]. Although we know what
external factors influence what children think about social robots, we
do not yet understand children’s ideas of potential futures with robots.
We believe the use of hopes and fears can help us understand how
children make sense of technologies.

2.2 Fears and hopes as a lens to think about
smart technologies.

Cave and Dihal [8] offer a relevant contribution by using the lens of
fears and hopes to analyze people’s imaginaries around smart tech-
nologies and their role in influencing technological development,
impact, social acceptance and regulation. The authors highlighted
how media discourses tend to portray intelligent technologies ei-
ther in tones of great optimism (hope) or equally great pessimism
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(fear). Furthermore, they identify a set of key parallel hopes and
fears that form part of people’s fantasies about AI and robotics: (1)
the dichotomy between the hope for immortality and the fear that
such improvements can end up dehumanizing us; (2) the dichotomy
between the hope of having the machines making our life easier
and the fear of humans becoming obsolete, useless and unskilled; (3)
the dichotomy between the hope of having machines as smart and
compliant companions and the fear of having human beings becom-
ing redundant to each other; (4) the dichotomy between the hope of
dominating technology and the fears of a dystopian technological
uprising against humans. Portions of the fears and hopes perspec-
tive also show up in empirical research. Enz et al. [10] conducted an
examination of people’s expectations, fears, and hopes regarding
social robots and their role in society. Overall results report a higher
acceptance of roles where robots relieve human beings from press-
ing or dangerous tasks, and negative attitudes toward roles that
implies equity between robots and humans or where robots may
end up substituting humans. Both Cave and Dihal [8] and Enz et
al. [10] offer interesting starting points to think about the relation
between people’s imaginaries about intelligent machines, robots,
and people’s fears, hopes, and acceptance. However, both studies
examine adults only, which makes it hard to extrapolate whether the
same fears and hopes are also shared by the younger generations.
Therefore, it is important to consider children’s views of hopes and
fears to understand what nuances exist that may not be seen with
adults.

2.3 Fears and hopes in Child-Robot Interaction
(CRI)

Research on the development of social robots for children is intrinsi-
cally motivated by the hope of using these technologies to improve
different aspects of children’s lives, such as learning outcomes [15],
well-being and therapeutic treatments [38]. However, the emerg-
ing perspectives offered by research fields such Critical Robotics
[29] and Critical Research in Child-Computer Interaction [14] are
shedding light on the possible concerns related to the design and
use of robots in social contexts, i.e. ethical issues surrounding chil-
dren’s use of educational robots [28], use of robotic toys in families
[11], and the potential impact of social robots in children’s social
and emotional [22] development [32]. For instance, Tolksdorf et al.
[31] highlights the legal and ethical concerns related to safety and
privacy protections when employing social robots in kindergarten
settings. McBride [21] points out several ethical considerations re-
garding the use of social robots for therapy with autistic children
such as the issues of autonomy, community, transparency, identity,
value, and empathy. Boada et al. [6] in their systematic analysis of
ethical issues about assistive robots, stress the concerns related to
how these technologies in care settings may end up dehumanizing
care and affecting the quality of the practice. Pashevich [22] warns
against the poorly understood impact of social robots in children’s
development of empathy. Moreover, Howard [13] highlights the
needs of reducing negative biases perpetrated by robots on children
that can be also solved by designing embodied social agents with
the purpose of making children aware of gender biases [26]. On
the other hand, research that directly addresses children’s fears
and hopes about robots is much scarcer. For instance, research on
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children’s conceptions about robots pointed out a polarized and
ambiguous perceptions that children have about robots. Malinverni
et al. [20] found that children depict robots as autonomous beings,
capable of feeling and taking decisions and, at the same time they
describe robots as functional machines created and dependent by
humans. Smakman et al’s [30] study on the use of social robots
in education and point out how the different stakeholders (par-
ents, teachers, children) demonstrate hopes and concerns regarding
robots in education. These findings point out the dialectic nature of
children’s conceptions about robots, where something is not clearly
“good or bad”, but dynamically moves between these two polarities,
leading eventually to apparently contradictory beliefs.

Some studies focus on the fear perspective of robots for chil-
dren. For instance, Yip et al. [36] employed the lens of creepiness
to investigate children’s fears about intelligent technologies. Often
children’s concerns about intelligent technologies do not necessar-
ily correspond to adult concerns about child-robot interaction (e.g.,
surveillance and online safety). Yip et al. [36] identify how the chil-
dren’s main fears regarding technology address the possible threat
to their physical safety (e.g. having a technology causing physical
and bodily harm) and concerns related to having a technology in-
truding or even dismantling their trusted network and attachment
relationships (e.g. family and friends). Livingstone and Blum-Ross
[17] point out parent’s fears and hopes that technology has a major
role in determining parenting styles and in mediating children’s
usage and experience of digital devices. Looking at fears and hopes
can constitute a meaningful lens to better understand child’s rela-
tionships with technology. These works offer relevant standpoints
to frame research in CRI beyond the focus on technological ad-
vancements to instead also take into account the critical analysis of
technological innovations and the possible ethical, moral and social
consequences of using robots [19]. However, much of the research
in CRI in hopes and fears addresses the physical design perspective
for children. For example, Pearson and Borstein [23] consider de-
sign ethics in terms of aesthetics around robots for children. They
note that designers of children’s robotics need to consider whether
robots ought to be made to appear or act humanlike, and whether
robots should be gendered for children [16]. We believe there is also
importance to look at what children perceive as the attitudes and
behaviors of robots within possible realistic social contexts to better
consider the deeper core of design robotics for children.

3 THE STUDY

Our research aims at investigating how children conceptualize social
robots using hopes and fear as a lens. We conducted a study in which
we used fictional scenarios [10] to directly involve children in an
open discussion about robots’ role in their lives in social contexts.
These scenarios represent fictional situations in which children
interact with a robot and/or an adult in everyday contexts. In the
study, each scenario was the starting point to prompt children’s
reflections about their relationship with the technology represented.
The scenario was represented as a comic strip with three or four
instances of the same activity (e.g., reading). For instance, in the
“Reading at school” (Fig. 1) scenario there are four instances: in
the first the child is reading to the robot, in the second the robot
is reading to the child, in the third they read together, and in the
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fourth an adult reads to both. We presented each scenario/strip as a
unique situation to the child who could see all the instances at the
same time. In the scenarios, we were mindful about representing
diversity and used the robot “Nao” since past studies considered it
as the one that causes less troubles in interacting with children [3].
The main study had two main phases. In the first phase, we ran an
online pilot with the purpose of co-designing and testing several
scenarios and assessing the feasibility of the protocol. In the second
phase we performed two instances of the study in presence.

3.1 Phase One: The pilot study.

The aim of the pilot was to evaluate several scenarios and select
those that would be used in the following phase. We designed a
set of ten scenario for the pilot. The pilot was conducted online
due to COVID-19 restrictions during January 2021 and lasted three
months. We involved an intergenerational co-design team with
adult facilitators (including one of the authors) and 12 children
aged 7-11 years old in the USA [36] (7 years old = 4. F=2 M=2; 8
years old =2, F=1, M=1; 9 years old = 1, F=1; 10 years old = 2, M=2;
11 years old = 3, F=1, M=2). This team is known as KidsTeam UW
[37]. We chose to work with KidsTeam UW in the USA because we
would be able to work with the same children for several weeks to
garner feedback on the social robot scenarios. Children participated
in the KidsTeam Uw pilot through a videoconference platform. We
grouped children into teams of three or four led by an adult. During
the activity, the facilitator presented the scenario to the children,
asked them to rate the scenarios and facilitated the discussion
among them. The pilot aimed at fine tuning the procedure, and
better understanding the children’s initial reactions to the scenarios
and picking those that would be tested in the following phase: the
in-person study. The pilot lasted three sessions in which children
were asked to comment and reconfigure the ten scenarios, with
three to four in each session:

e Session 1: Co-reading at home, Co-reading at school, and
Playing football (soccer);

e Session 2: Doing homework, Online teaching, Playing on
swing, and Tidying the room;

e Session 3: Listening problems/thoughts/opinions, Cooking,
and Walking the family dog

3.1.1 Data collection, analysis and results. Data analysis has the
purpose of understanding children’s reactions to the scenarios to
select these that we used subsequently in the in-person session.
We collected data by recording each session that we observed af-
terwards. We based the selection on two main factors: avoiding
redundancy and keeping those that stimulate a more polarised re-
action (negative and positive). To avoid redundancy, we use a set
of three criteria:

Represent robots’ different levels of responsibility and engage-
ments with the context, the adult and the child: physical (e.g., tidy-
ing the room, cooking, walking the dog), cognitive (e.g., co-reading,
homework, online teaching), caring (e.g. dog walking, cooking,
listening), and play (e.g., swing, football).

Include different types of locations such as private (e.g., such as
children’s home), public (e.g., classroom), as well as outdoor (e.g.,
dog public path) and indoor spaces (e.g. the studio).
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Figure 1: An example of scenario strip: the co-reading

Represent a set of activities that are competitive (e.g., football)
as well as collaborative (e.g., homework, tidying the room).

Regarding the polarised reactions, we observed children’s re-
sponses to the scenarios as we envision that an intense reaction
could stimulate deeper thoughts also in the in-person study. We
searched for both verbal and non-verbal evidence of children’s re-
sponses by looking at both the notes of the facilitators and the
videos recorded during the sessions. For instance, the scenario
“Walking the dog” was the one towards which children had the
strongest negative reaction. Children expressed dislike that the
robot was walking alone with the dog, as they envisioned that the
robot could harm the animal (e.g., “they are going to die”). While
the “Playing football” one produced a positive response towards the
robot’s presence as children thought that it could help to win (e.g.,
“the robot is strong and we will win”). Based on the results of the
analysis we selected four fictional scenarios for the next phase of the
study: 1. Co-reading at home, 2. Playing football, 3. Listening
to problems, and 4. Walking the dog. Regarding the procedure
we have refined it by considering the change of context from online
to in-person. Thus, we adapted the protocol considering that chil-
dren would participate in-person and by including also COVID-19
safety rules.

3.2 Phase Two: The in-person study

The second phase of the study was organized in person as COVID-
19 restrictions were lowered in the summer 2021. We were allowed
to engage children in local workshops. We organized two instances
of the same study and run it in two different locations in a country
in the European Union. This was an opportunistic choice as one
of the authors could run a study in-person their hometown. Two
facilitators lead two sessions in parallel. One of them was one of the
authors and the other one was a person with previous experience
in running study with children. Each session lasted 50 minutes and
it was organized as follows:

1. Introduction (10 minutes): The facilitator introduced the
activity, explained to the children what they have to do and
the main purpose of the study.

2. Individual rating of each scene (10 minutes): children au-
tonomously provided a score to each instance of the scenario
on a five-point Likert scale (1- I don’t like it to 5 - I really
like it)

3. Group discussion (20 minutes): the facilitator engaged chil-
dren in a group discussion asking them to share their rates
and talk about their thoughts. During the group discussion
the facilitator used a set of prompts to stimulate children

355

to talk about their thoughts, such as: what do you think is
happening here? What would you feel if you were that child?
How would you change this scenario?

4. Wrap up and conclusion.

3.3 Participants

We recruited the participants through a local association
(Ated4Kids) committed to disseminate STEM-based culture by or-
ganizing events and other learning opportunities for children. They
hosted our study within a bigger event in which other members of
the Ated4Kids programs were offered (e.g., Scratch). We involved
46 children aged 8-14 years old (F = 9, M = 36; 8 years old =7, F=2
M=5; 9 years old = 8, F=1 M=7, 10 years old = 13, F=3, M=10; 11
years old = 6, F=1, M=5; 12 years old = 5, M=5; 13 years old = 5,
F=2, M=3; 14 years old = 2, M=2). The higher percentage of male
is due to these STEM events being usually more attended by male
than female children. We randomly grouped children in teams of
four, and two facilitators separately conducted the activity on each

group.

3.4 Data collection and analysis

We recorded the discussion (~13 hours) and the audio was tran-
scribed by two researchers (two authors) who also performed a
thematic analysis in a blind mode using the software NVivo. We
first used an automatic speech-to-text software, and then the text
was refined by each researcher to be sure the transcription of dia-
logues was correct. In the first round, we used an inductive analysis
[24] approach to code the transcripts independently and in a second
one we agreed on the coding scheme and created a unique code
book that was used to analyze the entire transcript. Afterwards,
within a few cycles they refined the codes until we got 49 codes
that were collected in four themes that act as the four pillars of a
conceptual model that we build to depict children’s conceptions of
robots using fears and hope lenses:

1. Boundaries and autonomys;

2. Cognitive features and comprehension skill;
3. Socioemotional features; and

4. Materiality, physical and technical features.

We conducted a final round of coding of the four themes using
a deductive method [24] of hopes and fears [8]. We denoted hope
as statements around robots that appeared positive, optimistic,
or beneficial to the children. In contrast, we coded fears as any
statement that seemed anxious, worried, or unhappy about the use
of social robots.
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Figure 2: Boundaries and autonomy, represented by showing
the main hopes (on the left in blue) and fears (on the right in
orange), the dichotomy of beliefs are the boxes that on the
top and the bottom.

4 FINDINGS: THE CONCEPTUAL MODEL

Our research aims at investigating how children conceptualize social
robots using hopes and fear as a lens. In reporting the findings,
we describe each theme as a dimension that is included in the
conceptual model. For each theme we provide a description and
highlight children’s conceptions, fears, and hopes. We will add
some quotes from the transcriptions as evidence and explanation of
each theme. Quite often children showed ambivalence in the way
they perceive robots in their lives. To represent this ambivalence,
our model aims at using a dichotomous lens based on hopes and
fears to make sense of children’s perspectives of robots. The model
shows the high level of complexity of children’s thoughts about
robots with the purpose of supporting the community to better
understand how to challenge this topic.

4.1 Theme 1: Boundaries and autonomy

In most scenarios, children consider robots as systems that are
programmed and designed by somebody (a software developer) who
decides the level of autonomy of the robots. In some circumstances,
they also expressed beliefs related to situations in which robots
may display their own intentions and agency. These contradictions
evoked different fears and hopes related to the robot’s perceived
agency.

4.1.1  Robots do not have agency because their behavior is fully
pre-defined by humans. Fear: Human errors in robots’ program-
ming make the robot unreliable. Children worried about robots’
software having bugs and errors. For instance, in the dog scenario:
1d8: “I am worried about the dog. Because if you leave the robot alone
with the dog, and there is something wrong with the robot’s software
then it could be broken, and the dog will run away from you”.

Fear: Robots may be programmed to misbehave. Children
assigned the responsibility of the robot’s behavior to the people
who created it and wrote its software. Most children believe that
robots are not responsible for their misconduct as their behavior
is decided by a human being (the developer). In relation to this
idea, they expressed fears related with robots that are intentionally
developed by somebody to do something bad. E.g., Id 39: “So who’s
to blame if the robot is bad?” and 1d40: “Those who created it, but it
is also the fault of the robots that must execute commands’.

Fear: Lack of transparency. Children also expressed their fears
regarding the lack of transparency on the way robots have been
programmed and worked: “I don’t like the robot as it is suspicious...he
can always hide something. I don’t know what it has in its mind” 1d35.
Finally, concerns regarding the robot’s cognition also addressed the
lack of transparency of its reasoning process. One child commented
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that they trust more people than robots because 1d36 “You can
understand people better, as you don’t know how robots think” and
that they trust only a programmable robot that they have at school
since “I can program it” 1d40. On the other hand, children feel
trustful and confident in robots when they have control over it and
can properly understand its functioning.

Hope: Being in control of the robot agency. Children ex-
pressed positivity that robots can have limited agency established
by the developers, and that the robots only act upon the instructions
given by the owner. Most children reported the possible advantages
of robots that do not have agency. The children were pleased that
the robots could potentially execute unpleasant tasks, e.g., Id9:
“Robots are machines, and they try to help us, we create them to make
life easier for us, it would be better if the robot reads to the child
instead of the other way round.”

Likewise, a robot that is acting like a slave made the children
feel safer and more comfortable:

Facilitator: “So the robot doesn’t decide for itself... the others decide
for him”

1d17: “Yes it receives commands from the owner. If they ask the
robot to crash against the wall, it will do it”.

Id 15: “So the robot takes orders like a slave?”

Id 17: “Yes, it (the robot) is a slave

4.1.2  Robots can have their agency that go beyond human’s pre-
predefined tasks. Fear: Unpredictable behavior. Although chil-
dren consider robots as functional machines that respond to hu-
mans’ commands, they are also worried that robots do not follow
the human’s willingness. The unpredictability of the robot’s be-
havior is perceived as lack of control over it: “You can’t know how
the robot will react as it has robot things to do like bullying you or
killing you”, 1d 26. These fears were particularly evident in the dog’s
scenario. Several children expressed worries related to the unpre-
dictability of the robot’s behavior and the risks for the dog. For
example, a child noted: “Maybe the robot can take the initiative and
throw the dog in the river” 1d12; “I prefer that the girl also accompany
the dog and the robot so she can protect the dog if the robot decides to
do something bad to it” 1d27.

4.2 Theme 2: Cognitive features and
comprehension skills

Children tended to construct their cognitive concepts of robots
by comparing them with human comprehension. In particular, the
reading, the listening to problems, and the dog walking scenarios
elicited several comments from the children regarding the robots’
cognition. Regarding the tasks in which the robot may be skillful,
children reported a diversified spectrum of opinions. Children ex-
pressed that social robot are skilled in executing scientific tasks but
are not so good in comprehension. In most cases, children consid-
ered that the robot can carry out these humans given tasks, but it
will not be able to truly understand a book or somebody’s feelings.

4.2.1 Robots lack comprehension. Fear: Robots are unsuitable
for comprehension tasks. Some children noted that robots are
unsuitable for tasks that require comprehension. The children
pointed out that humans are better at comprehension tasks than
robots. These concerns were particularly elicited in the “reading
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Figure 3: Cognitive features and comprehension skills, rep-
resented by showing the main hopes (on the left in blue) and
fears (on the right in orange), the dichotomy of beliefs are
the boxes that on the top and the bottom.

scenario” and in the “listening to problems” scenario. In the “listen-
ing to problem scenario”, children pointed out that robots can listen
to you, but they are not able to truly understand you. Similarly in
the reading scenario they suggested that even if a robot may be able
to read a book, it will not truly understand the information: “There
is no point in reading a robot because it is not a person, it cannot
understand” 1d22.

Fear: robots are not able to take care of humans and loved
ones. Children in the study also expressed that robot are lacking
in understanding others’ needs in taking care of them. For instance,
the robot would be too slow in being engaged in any teaching task
(including reading) as it would hardly properly comprehend any
child’s issues. This emerged also in the dog walking scenario as
children believed that the robot could not perceive the dog’s needs
and, eventually, could not take care of it properly. Participants
noted:

1d17: “I don’t trust him because if you ask him to feed the dog, he
could give him poisoned food by mistake”.

1d18: “Not by accident, but because he is a donkey/stupid.”

1d17: “No they do not know, and you have to be very specific”.

Fear: Robots may act too literal. The cognitive differences can
raise fears related to possible misunderstandings between the robot
and the child and the potential negative outcomes. For instance,
in the listening to the problems scene, some children pointed out
that the robot may be too literal in understanding what the child is
saying, leading to unintended consequences. Id27 noted: “if the child
says, "I would kill this person" the robot can take it as an order and
actually kills that person”. Similarly, in the dog scene the robot may
misunderstand situations or dog’s behavior ending up in provoking
harm to the dog.

Hope: Robots’ lack of knowledge can make them good
peers in learning. Some children have a positive attitude towards
robots that are not designed as smart and still need to learn: Id13:
‘T liked that the robot and the girl are training together. It means that
the robot has not been programmed to be strong at football and it has
to learn.”

4.2.2  Robots can have valuable knowledge. Fear: Disrupting hu-
man learning. In the cases where children considered that robots
can have valuable knowledge, some of them expressed concerns
related to how these skills can be detrimental for humans. The chil-
dren pointed out how delegating cognitive tasks to the robot can
cause humans to lose their capabilities in these areas. For instance,
one child imagined that if the robot gives you all the answers, then
you will not be able to learn anymore. Similarly, a girl in the “read-
ing scenario” reported: “I don’t like that the robot reads to the child,
because the child should learn to read by himself”. Another one,
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real emotions and empathizing with humans
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and supporting human dealing with

Figure 4: Socioemotional features, represented by showing
the main hopes (on the left in blue) and fears (on the right
in orange), the dichotomy of beliefs are the boxes that on
the top and the bottom.

pointed out that if the robot and the child read together, they may
run the risk that the robot reads everything too fast, and the child
doesn’t have the time for reading.

Hope: Robots can do large calculations. Children conceptu-
alized the robot as provided with some form of intelligence, which
nonetheless is substantially different from humans’ intelligence.
Robots therefore are considered as particularly skillful in scientific
tasks (e.g., computing and math) “he’s good at calculating because if
you tell him 26 billion times 8 billion, he’ll give you the result straight
away” 1d15. According to children, these skills came from the ro-
bot’s advanced technical features that allow it to make complex
reasoning, relate to a big source of data, huge memory storage, etc.:
“they are very intelligent because they have the hard disk” 1d33.

Hope: Knows how to do homework. Children hope that
robots would imply these skills to help them: “I give him my home-
work and he does it or at least he can make corrections of my home-
work” Id6. Similarly, they imagined that the robot may be helpful
in school to solve tasks.

4.3 Socioemotional features

The scenario related to “listening problems” elicited the most
amount of children’s considerations regarding robots’ socioemo-
tional features. Most children agreed that robots do not have
emotions or feelings. In the scenarios where robots show some
emotional reactions, these are behaviors that are artificially pro-
grammed to demonstrate they can feel it. In other scenarios, where
the socioemotional components of the situation were not so evident,
children showed more nuanced understandings of robots’ emotions.
In particular, when children imagined emotional reactions that go
beyond “the artificially programmed ones”, the output of these re-
actions was always associated with negative consequences (e.g.,
the robot gets angry and hurts somebody).

4.3.1 Robots as completely incapable of feeling emotions and em-
pathizing. Fear: Robots substituting humans in tasks that in-
volve caring for others. In the “listening problems” scenario, chil-
dren mainly considered that the robot’s lack of emotional capabili-
ties makes the robot unskilled for listening to one’s problems since
they are not capable of empathizing and understanding human’s
feelings:

1d30 “The robot does not feel emotions so he cannot be sad about his
problems and understand how he can help him. Although he is very
intelligent, in these situations he is not very useful”. Similarly, when
faced with a situation that requires a certain sensitivity, robots
are perceived as inadequate with respect to humans. For instance,
in the reading scenario they consider that humans could better
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support children in terms of empathy as suggested by the following
extracts: 1d2: “I would prefer having my mum reading instead of a
robot. Even if she doesn’t listen to you, she will never tell you that she
is bored.”

1d3: “And if you read something wrong my mother would correct
me in a nicest and more expressive way”.

4.3.2  Robots as capable of having emotional reactions and sup-
porting human dealing with emotions. Fear: Unpredictable and
inadequate at emotional reaction. Although the understanding
of robot’s as lacking emotions was dominant, nonetheless children
showed fears regarding possible unpredictable and inadequate emo-
tional reactions by the robots. For instance, Id41 speaking about a
robot that they use in school reported: “we have a Thymio who is
fearful. It has some artificial emotions ... the fearful Thymio, if you
clap your hands, it turns red ... if you stay still, it turns green”. In
some cases, when they imagined robots as actors in social situa-
tions, they described possible emotional reactions that go beyond
pre-programmed behaviors. For instance, in the football (soccer)
and in the dog scenarios, some children imagined that the robot
would get angry and hurt somebody:

Facilitator: “Thus, who does program the robots?”

1d15: “The one who invented it”

Facilitator: “And can they be programmed to be happy or sad?”

1d15: “No.”

1d17: “Tt can be programmed to be violent.”

This distinction highlights relevant considerations between what
children know about robots and how they think about them as
agents in social context. It seems that, even if they rationally explain
that “robots don’t have emotions but just fake them” 1d23. Nonethe-
less, the children used the emotional lens as a way of thinking about
robot behavior in social contexts.

Hope: Robots as companion. Some children pointed out that,
even if robots are not capable of empathizing with feelings and emo-
tions, they nonetheless could offer meaningful support if somebody
is sad or angry. For instance, one child claimed that “even if the
robot doesn’t understand you, it can help you feel better by telling you
a joke or proposing to you some playful activity” 1d25. Others also
mentioned that the robot could be helpful to relieve the loneliness
of some children. Although children considered that robots are not
as good as humans in coping with emotions, they suggested that
robots may be helpful companions, helping humans in dealing with
unpleasant emotions (e.g., anger, sadness) or eventually filling some
socio-emotional gap when it is needed.

4.4 Materiality, physical and technical features.

The role of robot’s materiality, physical and technical features has
been a key topic in the children’ conversations, especially in the
football and dog scenarios. Children described robots as made of
metal, steel, iron, cables, sensors, memory cards and electronic com-
ponents. Nonetheless, they showed more ambiguous conceptions
regarding how the material and physical features of robots can
affect other beings. On the one hand, the strength of materials can
configure robots as stronger than humans and specific configu-
rations can make them more agile. On the other hand, however,
they also described robots as easily breakable and fragile. Children
described robots as provided with different physical capabilities
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Figure 5: Materiality, physical and technical features, repre-
sented by showing the main hopes (on the left in blue) and
fears (on the right in orange), the dichotomy of beliefs are
the boxes that on the top and the bottom.

with respect to humans. These can vary from enhanced skills to
reduced capabilities and mobility.

4.4.1 Robots are fragile. Fear: Easily broken and unreliable.
Several children, building on their experience with other electronic
devices, considered some robots as unreliable due to their high sus-
ceptibility to easy breakage. For instance, in the dog scenario, one
child (Id14) imagined that the robot might overheat under the sun,
melt, and make a hole in the planet. Others imagined the possibility
of sand or water getting into the robot and short-circuiting it, hence
making the robot unreliable for this task. The ambivalent nature of
robot’s materiality as both resistant and fragile configure different
fears and hopes. The supposed mobility issues make the robots in-
appropriate for certain tasks. Some children expressed the concern
that the dog may run away and the robot, due to its slowness, will
not be able to chase it.

Fear: Break could harm people and others. Some children
also reported concerns regarding the robots’ fragility. For instance,
they considered that during the football match the robot might fall
and break. Similarly, they imagined that the robots may suddenly
explode or lose some part and cause some damage to somebody.
Also, in the dog scenario, some children are worried that the robot
could have unpredictable behavior and kill the dog because the rain
damaged it e.g. the rain Id3 “..maybe with the rain the robot breaks
and throws the dog in the river”. This perceived easy breakability
evokes, at the same time, fears related to hurting others or concerns
regarding the reliability of robots for certain tasks (e.g. walking the
dog).

Hope: Sharing fragility and problems. In the listening to the
problem scenario emerged that robots could have problems and be
fragile. However, some children see this as valuable and positive.
The fragility allows the opportunity for children and robots to share
these issues:

1d31: “The robot and the child are listening to each other’s problems,
and I think that’s a great thing because then they can confront each
other”

1d32: “Yes, from listening to the robots’ problems you can under-
stand the good things you have. Therefore, it is good

4.4.2 Robots are stronger and more agile than humans. Fear: Physi-
cal harm / Unintentional strength without control. Some chil-
dren generally described robots as stronger than humans. This
strength evoked fears related to physically harming somebody or
producing damages. For example, a child noted: Id7 “But I can’t
punch him because he’s made of steel, and I'll break my hand...”. This
perceived strength elicited concerns related to the fear of “strength
without control”, according to which robots can eventually harm
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other living creatures or provoke different kinds of damages. For
instance, in the football scenario, some children expressed their con-
cerns regarding having the robot hurting other players or breaking
the ball due to its physical strengths. Similarly, in the dog sce-
nario, two children imagined that, when walking the dog, the robot,
due to its strengths, could unintentionally pull the dog too hard
and strangle it. Another one, imagined that if the robot helps in
some domestic duties, it may end up breaking something due to its
strength.

Fear: Provoking inequality of conditions. The potential en-
hanced capabilities of the robots with respect to humans evoked
fears related to provoking inequality of conditions. For instance, chil-
dren imagined that, in the football scenario, the robot’s physical
features could make it a effective goalkeeper since it may be able
to extend its arms to save goals. Nonetheless, some children men-
tioned that these skills can generate unfair situations. For instance,
thanks to its certain skills, the robot can always make its team win.
1d19 talking about the football scenario claimed: “if the robot is
programmed for being an experienced football player it would be very
challenging for the other children’s team to win’.

Hope: Relieving humans from heavy duties. The perceived
strength of the robot makes children think about the opportunities
and hopes related to having robots relieving humans from some
heavy duties such as cutting wood or carrying heavy stuff.

Hope: Helpful for self-defense. The robot strength was also
considered positively in tasks related to self-defense. For instance,
some children imagined robots as potential helpers in defending
them from bullying and one child stated that he would like to have
a robot “as a bodyguard”.

5 DISCUSSION AND CONCLUSION

Consistent with previous research, our study confirms the role of
fiction in shaping children’s beliefs about robots [12], their tendency
to understand robots through an anthropomorphic lens [20] and
the moral dualities that thinking about robots in social context
may elicit [30]. Furthermore, our conceptual model expands on
prior work documenting how children conceptualize social robots
through a fear/hope perspective [8]. Moreover, our model suggests
four important dimensions to consider with children and social
robots: agency and boundaries, cognition and comprehension, social
emotional features, physicality and materiality.

5.1 Connection within model and related
works

Our model suggests that designers have a responsibility to reflect on
how robots can trigger hopes and fears. The findings demonstrate
that children have an easier time conceptualizing fear, rather than
the hope of robots. Fear of robots has been linked to other studies
noting childhood fears of technology (e.g., [36]). We argue there
is a need for design ethics around robots that includes children’s
fears and hopes. As mentioned before, Pearson and Borstein [23]
consider design ethics mostly in terms of physical aesthetics and
presentation (e.g., act more human, represent a gender). Our model
extends Pearson and Borstein’s [23] design ethics concerns by also
considering fears and hopes beyond the aesthetics. Our four di-
mensions of agency, cognition and comprehension, socioemotional
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features, and materials/physicality go beyond the aesthetics, but
the central core of what robotics might mean for children. Evidence
shows that children’s concern is about robots’ attitude and behav-
ior based on their knowledge and comprehension of the context
(cf. sect. 4). Additionally, the children worried about the robot’s
beliefs and moral attitude (cf. sect. 4). Second, there is a need to
look at hopes and fears specifically as it pertains to children. Cave
and Dival’s [8] model of hope (immortality, ease, gratification, and
dominance) vs. fear (inhumanity, obsolescence, alienation, upris-
ing) suggests that a series of dichotomies can help designers show
the actual power and purpose of robotics and intelligent machines.
However, their model is the start, particularly as it was based on a
review of 300+ pieces of fiction and nonfiction works.

Our work extends Cave and Dival’s [8] hope/fear model. Our
findings are aligned with [8] as we are using a dichotomous lens
to make sense of children’s perspectives of robots, however our
innovative focus on children allowed to highlight other aspects
that didn’t emerged in previous works. Hence, our work generates
new knowledge on the social interactions in specific contexts: re-
sponsibility and engagements, private/public and indoor/outdoor
locations, and competitive activities. Compared to Cave and Dival’s
[8] model our research produces a better understanding of children’
reactions to the presence of robots that can lead to develop a new
approach to design a child-robots’ relationship. We argue invoking
the positives and negative feelings that robots raise, we may con-
sider more deeply the purpose of designing children’s robotics. If
robotics can generate hope for children, it can also generate fear. We
do not suggest designers suppress children’s fears around robots,
while only promoting children’s hopes. Rather, in design, we need
to consider the tensions of how our designs invoke both paradoxi-
cal feelings simultaneously in children and help them make sense
of complex emotions. Finally, understanding how robots generate
hope and fear in children can also help us understand the fam-
ily expectations and situations that children may someday situate
themselves in. Livingstone and Blum-Ross [17] argue that parents
are living in a time of unprecedented changes around technology
and the world. With digital parenting, Livingstone and Blum-Ross
[17] note the same fear (resist), hope (embrace), and balance needed
to make sense of the world. Digital is now the medium on which
we negotiate who we are — our identities, relationships, values,
and our children’s life chances. With social robotics and intelligent
machines, families will need to make sense of the hope/fears both
they and their children will have.

5.2 The contribution of the model

The model’s theoretical contributions introduce ways in how char-
acteristics and features trigger both hope and fear in children. Our
model allows researchers, educators, and designers to consider the
deeper structures of robotics for children and families. We devel-
oped the conceptual model through situations in which we placed
the robot, sometimes alone with the children, but in many cases
with other adults (teachers, parents) and family members (siblings,
pets). The hopes and fears of the children and the robots are not
about the child’s general perception of robots, but also about their
ideas about the robots’ relationship to the context and the social inter-
actions. The hopes and fears surfaced around these robot scenarios
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are also noteworthy. Children expressed much sentiment about the
hope of robots as “slaves” and “servants” with no agency but did not
consider the ethics of such perspectives. Yip et al. [36] noted that
children often looked at the visual interface and other overt signals
in technology to determine its creepiness. However, the children in
the Yip et al. [36] study did not mention as much about the behind
the scenes of the technology (e.g., design of technology, back-end
processes). For this study, we found that children did consider more
about the back-end design of the robots. By focusing on specific sce-
narios that they put themselves in, we were able to elicit thoughts
and expressions around designer responsibility of agency, the com-
prehension and cognition of the robots, and what socioemotional
aspects are embedded or not embedded. Using a hope and fear lens
may allow us teachable moments with children to consider what
is important as a technological society. How does a hope/fear lens
[8] [17] help us understand other areas in child-computer interaction,
such as privacy and security, intelligent tutors, smart toys, and the
metaverse?

5.3 Implications for designers and educators

Implication 1: The design of activities and scenarios around
robots. Our study provides insights to think about children’s levels
of acceptance of social robots in their life. The different scenarios
pointed out how, in certain situations, the robot can be more ac-
ceptable than in others as well as how certain social and contextual
configurations may elicit specific fears and hopes. For instance,
scenarios that involve a caring relationship were poorly accepted
by children and elicited the greatest number of fears. In the dog sce-
nario almost, all children found completely unacceptable that the
robot walks the dog, since they consider the robot as unreliable and
not trustworthy for this task. Similarly, children poorly accepted
the scenarios that involved more complex relational patterns. For
instance, the children accepted having a robot reading them the
story, but they expressed several fears when the adult was reading
to both. The children were especially not happy with a potential
emotional bond among the robot and the parent. Some children
showed a certain reluctance of having the robot in their private
spaces, unless given limited agency tasks decided by the child (e.g.,
reading a book that the child does not want to bother to read). In
contrast, scenarios that imply a play dimension, such as the football
one, were more positively accepted as the advantage of having a
robot in the team was clearly perceived from different perspectives.
We believe that using the dimensions of agency, comprehension,
socioemotional features, and materiality, we can derive better watts
to consider the situations in which children encounter social robots
in diverse settings. Designers can use our conceptual model to
conduct an analysis of potential scenarios that could affect how
children’s hopes and fears of robots can emerge. By placing the
same robotic design instance in different scenarios (e.g., care/play,
collaborative/competitive), we can elicit and have children express
different potential hopes and fears around the robot. This can be
a valuable tool for the design of activities as well as child-robot
interactions.

Implication 2: The design of educational robotics. A better
knowledge on children’s perception of robots in their daily lives can
provide valuable insights and thoughts in designing educational
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activities, experiences, and policies. In the study, children showed
a high interest in the conversations around the ethical, moral, and
social dilemmas of implementing robots in everyday contexts. Ad-
ditionally, they demonstrated an interest in better understanding
how robots could be programmed to have feelings and understand
emotions as a starting point to comprehend themselves the concept
of emotions. Nonetheless, most educational robotics projects tend
to focus on technical competences. Hence, spaces for philosoph-
ical discussion around fears and hopes are neglected or limited.
We consider that both at a pragmatic level as well as at a policy
level, competencies related to critically reflecting on technologies
and spaces for having children expressing their concerns about
technology should be much more numerous. At least, activities
addressed to thoughtful reflections on robots’ role should have
the same space as those that reflect on the more technical aspects.
Designers can create heuristic analysis around the four dimensions
children consider for the design. Robotics is not about the physical
and material of the robot, but also considering the perception of
children in comprehension, socioemotional features, and agency in
learning settings.

5.4 Limitations and future work

We developed our model through scenarios validated in two studies.
The first portion occurred in the USA through co-design sessions
with 12 children in a single geographic location. All the children in
the co-design sessions have extensive experience with technology
and design. The second one, in which we used outcomes from the
pilot to create new scenarios, was conducted in one country in
Switzerland. Thus, our model has stronger internal validity, and
less on external validity. Therefore, our scenarios generated are fo-
cused on theoretical generalizations, not statistical generalizations
[34]. The scenarios were also developed and grounded on literature.
Future work remains on the model to try to come up with and apply
the scenarios from different countries, socioeconomic groups, age
groups, and other demographics we were unable to try out. In this
dataset, the fear portion of the model was much easier to support.
Hope portions of this model may need future research. We suggest
different activities and scenarios that could elicit more hopes than
fears. We recommend researchers use our model to see if hope por-
tions can be elicited better. Future work around creating different
scenarios needs to be presented to diverse children. For instance,
in the scenarios we presented children with a strongly anthropo-
morphic robot (i.e. Nao) [3]. We believe that the anthropomorphic
nature of the robots could have played a major role in determining
children’s acceptance of robot roles. For instance, it is quite com-
mon to have a voice assistant reading a story or to play football
against virtual agents in video games. However, these roles seem
to be poorly accepted when the agent has a strong embodiment
such as Nao. These considerations point out the need for further
research aimed at exploring the intersection between embodiment
and acceptability of intelligent agents in our lives. Additionally, the
group of participants have most male children. We acknowledge
it would be better to have a more balanced gender group in the
future, however, COVID-19 made it difficult for further recruitment
purposes.
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Selection and Participation of Children.

Prior to the study, all the parents/guardians of children who
participated in the study (both pilot and implementation) signed
a consent form. Children were informed about the aims of the
study, and they were free to withdraw at any time. Researchers
acted as facilitators and made sure children did not feel under any
pressure and were comfortable with the activities in the study.
Children’s data were anonymized for the analysis and stored on
a secure server. In the second study the event was free of charge,
and it was promoted by an association Ated4Kids that took care of
the organization and logistic including the children’s recruitment.
The Ated4Kids informed parents and obtained their consent. All
participants and their parents/guardians were informed about the
goal of the activity and gave their consent to participate.
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