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Abstract. This paper contributes to the existing body of knowledge on the co-
design of novel technologies with children. As part of a three year research
project aiming to design and develop a robot tutee for use in mathematics
education, we present the initial phases of our design approach with children, in
which we draw on principles of Participatory Design and Co-design. As part of
the early stages of this process, we included a demystifying phase (I), and a
gradual introduction to the robot’s capabilities (II), in order to foster reasonable
expectations in children and gather feasible design input. Drawing on the Time-
Space-Structure framework, two primary schools were involved in the co-design
process, where children in grades 2 and 4 participated in a set of workshops. We
discuss the benefits and tensions of our approach, and reflect on its implications
for mutual learning, hoping to inspire further exploration in this field.
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1 Introduction

Co-design, or Participatory Design, has a long tradition rooted in the Scandinavian
social and political movements related to the transformation of workplaces during the
1970s. From around the end of the 20" century it has also become quite common to
consider children as participants in participatory design processes, especially through
Alison Druin’s extensive emancipatory work in this area [1-3]. Since this time, children
have been involved successfully in, e.g., the design of exhibits [4] and educational
games [5].

Currently, robots, and social robots in particular, are entering all aspects of society,
such as hospitals, airports and education. However, the “responsibility for making
decisions about the design of such robot applications has so far been largely in the hands
of robot designers” [6]. Based on their team’s experiences of including, e.g., elderly
and patients [7] and office workers [8] in robot design activities, Lee et al. [6] propose
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to use a more inclusive, participatory design process for the design of social robots. As
recent research suggests, attitudes may become more positive and anxiety towards
educational robots may reduce by involving adult students in prototyping processes of
(hypothetical) educational robots [9]. However, involving children in the co-design of
an educational robot is still not very common. In this paper, we therefore aim to describe
our experiences of involving children in the design of a robot tutee. By teaching the
robot tutee how to play an arithmetic game, and by answering the inquisitive questions
of the robot tutee [10], children are supposed to improve their arithmetic
comprehension through mechanisms of learning-by-teaching [11]. While the end result
of this design process (the fully developed robot tutee) may be interesting as well, here
we focus mainly on children’s involvement in the design process of this robot tutee.

We will start this paper with an overview of the literature on co-design of
(educational) robots with children. Thereafter, we will present our particular context
where we aim to design a robot tutee to play an arithmetic game with children, as well
as our co-design approach, which pays particular attention to children’s learning
opportunities, especially related to how robots works, that are hallmarks of
participatory design processes [12]. The core of this paper is a description of our
experiences during the first phases of our project, and especially children’s evolving
understanding of, and attitude towards, a classroom robot during this process. We will
also point out some of the difficulties and advantages of our approach, hoping to inspire
others in their particular endeavors to include children in the co-design of educational
robots.

2 Background

2.1 Co-design of (Educational) Robots with Children

One of the first projects involving children in the design of a robot, was performed by
Druin and her team [13]. In this project, researchers and children between 7 and 11
years old worked in intergenerational design teams to develop a storytelling robot. The
design teams started by trying out robots in a robotics lab, and asking questions of the
researchers in the lab. They all took notes about the experience and upon return to the
researchers’ HCI lab, they wrote down what they liked and did not like about the robots
they had seen. Thereafter, three intergenerational teams worked on building prototypes
for the skeleton, the skin and sensors, and the software for a storytelling-robot. Based
on their experiences in this project, the researchers provided three general guiding
principles for co-design with children.

The first principle is that there is a need to develop new power structures between
adults and children. They specifically established this change in power structures by
not allowing anyone to raise their hands, and by giving both children and adults an
active role in discussions. The second principle is that all design partners must have a
voice in the design process. While they admitted that this was not an easy feat, the
researchers found that drawing, writing, and building could be used to capture ideas,
and the artifacts produced during these activities could serve as ‘a catalyst and bridge
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for discussion’. The last guideline was the need to create a comfortable design
environment. In their project, they established this by not allowing anyone to dress
formally, having everyone sit on the floor or in beanbag chairs, and using low-tech
materials. While these findings have been used and refined in numerous co-design
projects with children since then, they are not very specific for the design of
(educational) robots with children.

Obaid and colleagues have worked specifically on the involvement of children with
and without robotic knowledge in the early phases of a robot design process. They
started with an exploratory study to determine what different design elements children
consider concerning the design of classroom robots compared to those of adult
interaction designers [14]. In their study, they tasked small groups of either children or
interaction design students with designing a classroom robot. An analysis of the
drawings and the discussions during the design process revealed some differences in
robot designs between children and adult designers. While interaction designers
envisioned a small or child-sized non-gendered animal- or cartoon-like robot, with clear
facial features to express emotions and social cues, children envisioned a bigger human-
machine robot. Based on this first study, they developed a design toolbox (Robo2Box)
[15] that included the most common design elements found in both the drawings and
the focus group discussions (from both children and interaction designers), in addition
to several design elements identified by Woods [16]. Their intention with the
Robo2Box was to support children’s involvement in the co-design of a classroom robot
by removing the need to rely on drawing skills, and by offering children inspiration
from other children, the literature, and interaction designers. While this toolbox could
be useful to help children imagine some of the form factors of their classroom robot, it
is not meant to address other characteristics of an educational robot, such as its
behavior. Furthermore, they never used the toolbox in an authentic robot design project
with all of its practical limitations. While their work is certainly relevant for the co-
design of classroom robots in general, for our purpose, the use of the Robo2Box was
not that relevant as the robot embodiment was decided upon before the co-design
process started. This constraint will be explained in more detail in Section 2.3.

Arnold, Yip, and Kung [17] performed and described one co-design session with
children to develop a friend robot. In this session, small groups of children between 6
and 11 years old used a well-known co-design design technique called Bags of Stuff
where they received a bag of art supplies to create a low-tech prototype of a friend
robot. During the session, the adult researchers assisted the children and gave
suggestions while building their own robots. Based on this design session the
researchers were able to pinpoint four important aspects of friend robots for children.
However, similar to the work by Obaid et al. [10], their intention was not to design an
actual robot with which the children would be able to interact. Rather, they were
interested in understanding what kind of design input children could give.

Finally, Bertel et al. [18] developed a participatory design framework for
implementing educational robots in real-world learning environments. This framework
includes Time, Space, and Structure (TSS) as important factors for planning
participatory design activities to develop educational robots in schools. They claim that
the balance between these three elements determines the level of user participation and
the nature of the research questions that a particular user study can address. Time relates
to the length of the study in question. They argue that while shorter studies can be used
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to study users’ first impressions and initial attitudes towards educational service robots,
longer-term studies are necessary to do ‘research and development iterations as well as
ongoing adjustment of the project according to newly gained knowledge and
experiences and thus more reliable and replicable results’ (p. 439). Space relates to
several different aspects, such as where the study is conducted, but also how far
developed the robot prototype is, and the creation of a safe and creative space where
participants can share their personal views and experiences. Finally, structure covers
the level of control in the study, e,g., whether it is a controlled experiment aiming for
validity and generalizable results, or a creative process. They argue that ‘too much
control can demotivate the participants or even induce reluctance towards the
researchers or the technology. On the other hand a total lack of control could possibly
leave the development unfocused, participants insecure and unmotivated, and the
technology unused’ (p. 440). They applied this framework in a case study on the use of
the therapeutic robot seal Paro at a school for children with autism. Their aim with this
study was to ‘explore the potential of robots to promote motivation, communication,
play and learning in autism education, to investigate the importance of structure’ [in the
proposed framework, and] ‘to identify additional contextual factors that both influence
and are influenced by the technological intervention’ (p. 440). However, while the
framework was developed for participatory design practices in real-world learning
environments, the case study focused mainly on teachers’ experiences of the co-design
process. Although the design teams involved both teachers and children, the teachers
mainly observed the children when interacting with Paro in order to develop different
didactic designs to be shared with and used by others.

Altogether, we argue that there is only limited work related to projects where the
designers or researchers aim to co-design a real educational robot with children, taking
into consideration all the practical limitations and constraints of such a project. Indeed,
given those limitations and constraints, and the need to work with the children over a
long period of time, we are currently only able to provide the reader with the insights
from the first year of our co-design project, admitting that there is still a long way to go
before our robot will find its way into a classroom. However, we do see the need to
share our experiences given the limited number of studies addressing co-design of an
educational robot as part of a real design project.

2.2 Co-Designing a Robot Tutee for an Arithmetic Game

In our project, we aim to design and implement the behavior of a Pepper! robot, which
will act as a tutee together with a validated mathematics game including a teachable
agent. The idea builds on a promising approach using robots as teachable companions
in a learning-by-teaching paradigm, where the student becomes engaged in the act of
teaching someone else. Research has shown that a learning-by-teaching approach with
a teachable agent may have some educational benefits, e.g., [19, 20]. For example, Chin
et al. [21] showed that teachable agents not only help students learn the material that
they teach the agent, but also prepare them to learn new content when the technology
is no longer used. According to Blair et al. [20], teachable agents provide opportunities

!' A humanoid robot created by Softbank Robotics
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to optimize learning-by-teaching interactions by adopting the following four principles:
to use explicit and well-structured visual representations; to enable the tutee to take
independent actions; to model productive learner behaviors; and to design learning
environments that support teaching interactions. Designing for learning-by-teaching
thus needs to focus on how the teaching activity can optimize the benefits of teaching
for the human tutor as opposed to approaches that focus on how the artificial tutee can
learn, i.e., machine learning aspects.

With a few exceptions, most teachable companion systems use virtual agents rather
than physical robots [22]. However, there may be several advantages of using robots
rather than virtual agents, such as the physical presence strengthening the perception of
having a social partner and being more engaging to students. Some research has also
shown that students may learn more from embodied interactions [22]. The perceptions
of machines, in particular robots, are influenced by anthropomorphism [23], and
humans tend to apply social rules to machine-based companions even when they know
they are dealing with machines [24]. However, designing robotic companions that
people find socially appealing and engaging is a great challenge, and aiming for
autonomous behavior means continually taking actions that are reasonable and useful
as well as believable and engaging in each particular situation [25]. For example,
according to Zhang and Sharkey [26] perceived emotional expressions on a robot face
can be affected by situational parameters such as the context. Dautenhahn [23] therefore
proposes that robot designers need to focus on the social aspects of interaction as much
as task-related issues in order to make robots more believable in behavior. However,
following Lee’s [6] advice, we argue that this should entail performing co-design
activities with the children.

2.3 Constraints of the Project

Although the project aims to develop a functioning robot tutee for use in the primary
school classroom, there were several constraints that influenced our co-design process.
We will discuss these constraints below.

2.3.1 No Focus on Embodiment of the Robot

Firstly, unlike in some of the co-design studies described above, we did not have the
opportunity to determine the embodiment of our robot as part of the co-design activities
with the children. Given the research funders’ requirement to apply for funding of
specific technical equipment and the university’s need to purchase any equipment as
soon as possible after the project start due to depreciation issues, we had to make a
decision about the embodiment before being able to involve any schools. Having some
previous experience with a Nao robot, we decided to purchase the more advanced
Pepper robot, which still uses a similar platform. The Pepper robot also has the
advantage that it is slightly bigger than a Nao robot, which fit better for the purpose of
our project, as will be described below.
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2.3.2 Existing mathematics game as point of departure

Second, our project builds further upon a graphical arithmetic game developed in a
previous project by one of the authors. In this game, children can teach a virtual
teachable agent to play the game on an interactive whiteboard. The original
mathematics game teaches arithmetic, specifically base-ten concepts [27]. The game
offers a set of two-player mini-games with basic content (addition up to 10) to more
advanced content (multiplication and division using positive and negative numbers up
to 1000). The game is a combined card- and board-game, and the players take turns
choosing cards for the common game board. Each player has a card-hand representing
numbers, and the player chooses an arithmetic operation. This way, a game sequence
represents a sequence of arithmetic computations. The mini-games have different goals
that reward points to the players, e.g., to combine cards that add to 10, or to maximize
the number of carry-overs in a computation. Players can choose to collaborate or
compete. Instead of using traditional mathematical representations as numbers and
symbols, the game uses graphical and animated representations of numbers and
arithmetic operations: integers are colored blocks; arithmetic operations are animated
actions involving those blocks. For example, ten’s are orange-colored boxes containing
exactly ten red blocks, and the blocks are explicitly packed and unpacked in the boxes
illustrating carry-over operations. The graphical model ensures all mathematical rules,
which allows the player to discover and explore properties and relations since possible
actions are mathematically valid. In the original game, children can teach a virtual tutee
to play the game. The tutee starts with no knowledge meaning it will choose cards by
random if played alone, i.e. it will “guess”. After being taught, the tutee will mirror the
child’s playing behavior that is automatically analyzed in the game. This means that the
tutee will choose cards at a similar computational and strategic knowledge level as the
child played when teaching, and the tutee will only progress into more difficult
questions when the child has answered the basic questions in a convincing way. Thus,
the tutee behaves as if it learns from its tutor and it adheres to the principles of a
teachable agent in [20]. The child as tutor teaches by playing the game while the tutee
“observes” the tutor’s actions or suggests own actions and then poses written, multiple-
choice questions related to the tutor’s just-performed actions. The purpose of the tutee
questions is to stimulate the child to reflect on her own actions and mathematical
thinking, but still be questions that an inquisitive playing partner could ask. Controlled
classroom studies of the game augmented with this virtual tutee have shown
significantly higher learning gains for students playing the game compared to non-
playing controls concerning base-10 concepts. The studies have also shown that
children in early education can become engaged in advanced mathematical thinking,
and are able to act successfully as tutors [28]. Although the arithmetic game is an
integral part of our setup, we do not primarily aim to redesign the game with the
children. However, we are of course open to suggestions from the children.

The aim of our present project is thus mainly to co-design both the social and task-
related behavior of the Pepper robot that can replace the virtual tutee in the original
game. A picture of the envisioned setup is shown in Figure 1.
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Fig. 1. The envisioned setup of our robot tutee playing together with a child on the classroom
interactive whiteboard.

Given all those parameters, we set out to involve schools in our co-design process,
which we will describe in more detail in the subsequent section.

3 Our Co-design Approach

3.1 Understanding and Demystifying Robots

Specifically related to the participatory design of Al systems, such as robots, Bratteteig
and Verne [29] have pointed out that non-expert co-designers need to have a basic
understanding of what such systems can and cannot do. In the case of children co-
designing an educational robot, we felt that this was particularly necessary since they
may have very high, but unrealistic, expectations of robots based on robot portrayals in
movies and books. Furthermore, we reasoned that in order to balance the power
relations, as suggested by Druin [13], the children also needed to have an understanding
more similar to that of the researchers of how robots function. Finally, we assumed that
there would occur a particular kind of novelty effect where children would initially be
very enthusiastic to participate in the design process because of the novelty of the robot.

We therefore explicitly dedicated a part of our design work towards teaching the
children what robots are, and how they are developed. Ultimately, we aimed to create
co-design activities for mutual learning in which children would be able to gain
knowledge about robots and the practice of designing a robot’s behavior, and where we
as researchers, at the same time, would gain useful knowledge about children’s
preferences and ideas for a robot tutee. This dual aim created a need to deal with a
delicate balance between teaching the children about robots, while not hampering their
imagination of what they would like a robot tutee to do.
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To this end, we set up two series of design workshops in the schools (each workshop
was held with children in all four classes). Although we intend to hold several more
workshops with the same children throughout our project, these two series of
workshops constitute our progress for the first year of the project, focusing specifically
on demystifying the robot and introducing children to the idea of a robot tutee.

Each workshop was held with all the children that had received written consent from
their legal guardians allowing them to participate. They also signed a child-friendly
consent form themselves at the start of each workshop. Workshops could usually not
take more than around one hour per group, as the teachers had to plan them as part of
the regular school day. To participate in the workshop, children left their class in small
groups to attend each workshop, meaning that there were no teachers present during the
workshops. Each workshop was run by three researchers. Working with small groups
allowed all children to have the possibility to have a say, as advocated by Druin. By
holding the workshops without the teachers present, we hoped to get away from the
existing power structures within the school context.

3.2 The Time-Space-Structure Framework

In terms of Bertel et al. [18]’s TSS (Time-Space-Structure) framework mentioned
earlier, we aimed to involve children and teachers for the whole duration of our project,
meaning four years. We therefore started by contacting some of the schools that had
shown an initial interest in our project, due either to their experience with the arithmetic
game or due to promotion of the project at the university website. After initial
workshops in several schools and with several teachers, two schools were chosen to
continue to work with us based on an interest and initiative shown. School A contained
two second grade classes, and School B contained two fourth grade classes. During our
work with the children, we did not collect any demographic data, but the typical age for
second grade in Sweden is 7-8 years old, and for fourth grade it is 10-11 years old.

Related to the space dimension of the framework, there are several advantages to
working in the school setting as opposed to the lab, such as the familiarity of the
surroundings to the children and no need for costly and time-consuming travel.
Therefore we aimed to perform our co-design activities in the school setting. However,
when working in the classroom, we also had to deal with the fact children may not
consider the school environment a creative space, and that they may easily fall into their
role as students rather than active co-creators, especially when teachers are around [30].
We therefore aimed to work with the children (and teachers) separately. The need to
move our Pepper robot to the schools was a slight disadvantage due to its large and
cumbersome size, while it also obliged us to make use of the schools’ sometimes
unreliable technical infrastructure. However, we felt that the advantage of working in a
familiar environment and not requiring the children and teachers to travel outweighed
this disadvantage. Furthermore, the classroom is the authentic setting in which the
robot-enhanced educational game is envisioned to be used.

Related to structure, we did not aim to do any controlled experiments. Instead, we
considered children to be experts on their own lives in school, with knowledge about
how they would like a robot tutee to behave. We thus wanted the children to have the
freedom to share this knowledge with us, but without making them insecure about what
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to do. We were also aware of the need to involve the children in a way that would fit
the school structure, and that would be acceptable to the teachers as a school activity.
As argued for by several researchers, e.g. [12, 31, 32] considering the gains of
participation for all parties involved is an important aspect of doing co-design.

3.3 Activities Performed

Table 1 presents the different activities undertaken as part of our co-design approach.
In this table, we can distinguish two phases when working with the children, Phase I:
Demystifying robots and Phase II: Introducing children to the robot as tutee.
During the first phase we mainly aimed to engage the children in activities to teach
them about how robots function. We also hoped that this first phase would help to
temper some of the novelty effect. After the first phase, we implemented Pepper with
some social behavior based on the output from the first phase and connected it to the
arithmetic game using the dialogue mechanism from the virtual tutee, in order to
provide a more tangible and experiential illustration of its capability. In the second
phase we aimed to introduce the children to Pepper as a robot tutee that can play the
game. By gradually introducing the children to our setup, we aimed to prepare them for
further co-design work to develop the robot tutee’s behavior.

Table 1 Activities undertaken as part of our co-design approach

Phase Activity
la Writing post-it notes on thoughts about robots
.?:” 1b Group discussion about robots
.. “E 1c Introduction to Pepper
o 22 1d Creating dialogues for Pepper
552 le Semi-structured flecti ksh
£35 i-structured group reflection on workshop
AR = 1f Post-workshop questionnaire

Implementing the robot as a tutee connected to the arithmetic game

2a Interacting with Pepper as robot tutee in the game

2b Semi-structured group reflection on workshop

2c Post-workshop questionnaire

Phase 2:
Introducing
children to the
robot as tutee

Following the advice of Barendregt et al. [33] to increase the user gains by allowing
time for reflection, both workshop series ended with a short group reflection where we
asked the children what was unexpected or new to them and what they had learned. We
also sat down as a team after each workshop in the first series to discuss our own
reflections about what we had learned, both in terms of the robot design and in terms
of the workshop design. Unfortunately, we did not have time to do such a reflection
round as a team for the second phase due to the tight schedule in the schools. The
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reflections about the second workshop phase described in this paper are therefore
mainly based on later testimonies of the activity, as well as the data collected during
the workshops. Roughly one or two weeks after each workshop, the children received
a post-workshop questionnaire. The questions in this questionnaire were based on our
experiences during the workshop and aimed to catch children’s further reflections and
suggestions after a short period of rest. As argued by Serholt [34], conducting follow-
up studies with children on their experiences of interacting with robots after some time
can be way to circumvent the novelty effect of the intervention while at the same time
allowing for research instruments to be tailored specifically to what occurred during the
actual interactions or study.

3.4 Research Methods and Data Analysis

We applied a mixed-methods approach for this research, gathering written post-it notes
from the children, audio recordings from all design sessions and group interviews, as
well as quantitative data from the post-workshop questionnaires. We also took
observation notes during all interactions and audio-recorded the post-workshop
reflection session between the researchers for the first phase. All recordings were
transcribed and one of the authors then used all available qualitative materials to create
themes. These themes were then discussed with the other authors to determine whether
they represented their impressions of the interactions with the children during the
workshops. Finally, we connected the qualitative findings to the quantitative results
from the questionnaires to be able to provide a complete picture of our design process.

4 Our Experiences

In this section, we will describe the two phases in more detail, integrating some of the
outcomes of the workshops with reflections on how well the different activities served
our purpose of mutual learning. We do not discuss all outcomes in detail, since that is
beyond the scope of this paper.

4.1 Phase 1: Demystifying Robots

In the first phase, involving 73 children, 30 in second grade and 43 children in fourth
grade, we mainly aimed to demystify robots by teaching children about how they
function. We also hoped that this first phase would allow the children to get used to the
robot so some of the novelty effect would wear off.

Our first activity with the children was a post-it note activity where the children
individually wrote down their thoughts when hearing the word ‘robot’. As expected,
related to the novelty effect, many children wrote down words that expressed their
feelings of enthusiasm about robots or about going to meet a robot, such as “cool”,
“fun”, “exciting”, or: “Cool! I have never met a robot before and now I will”. The post-
it note activity also showed that the children either addressed robots as deviating from
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a human, such as it being a “fake human” (Second-grader), or a “human but made of
metal” (Fourth-grader), while other mainly addressed robots as a machine with human
qualities, such as “a machine that is alive” (Fourth-grader). A few children showed an
understanding of the connection between programming and robots, as one child wrote,
that a robot can be “programmed and developed” (Second-grader) while another wrote
that a robot is “a machine that can be programmed for a thing that it can do” (Fourth-
grader). The children also wrote down some expectations about what a robot would be
able to do. Not surprisingly, their expectations of these capabilities where rather high,
such as the robot being smart, knowing a lot, and being friendly and nice. Even though
this activity was meant to be done individually, it was observed that children listened
to each other and in some cases copied answers from their classmates. In some cases,
the children had already seen Pepper when one of the other groups had done the
workshop, which influenced their expectations—these encounters were brief and
accidental. As we chose to conduct our study in actual schools, we had to deal with the
fact that schools are an uncontrolled environment, at least from a scientific perspective.
Indeed, researchers need to consider fairness aspects in the sense that all children who
have the desire to participate should be allowed to do so. Typically, one also needs to
consider the value for teachers around organization, and that it might be difficult in
practice to keep some children away from an ongoing (exciting) intervention happening
close-by.

The post-it note activity, where the children worked individually, was followed by a
group discussion where the children could talk about what robots they already knew
and discuss further about what robots are and what they can or cannot do. As we had
expected, most children had seen robots in popular media, such as films and games, but
some children also mentioned that they had read about robots in books at school, and
one child had even programmed a robot mouse in a pre-school class. During the group
discussion, the children and researchers engaged in a conversation about what robots
are. One way to discuss this was by using the examples of robots they had encountered
before. Based on their previous experience with robots, several children were aware
that robots need to be programmed, both for its physical and cognitive abilities.
However, many of them defined robots in terms of physical attributes resembling
humans, such as having legs, eyes, a head, or fingers.

Even though most children engaged actively in the group discussion, they were
clearly aware that they were going to meet a robot soon, which sometimes made them
less focused. Indeed, one of the children could not wait any longer and asked during
the discussion: “Can we meet the robot now? Please, please, please” (Fourth-grader).
This part of the workshop became actually harder and harder to perform during the day,
as children from previous groups informed the children that had not participated yet,
about what was going to happen. This relates to the tension mentioned previously
regarding the post-it note activity, yet, here, the issue could have been addressed by
conducting parallel sessions to avoid children influencing each other. In most research
projects on educational robots, however, it is not feasible to acquire a set of robots for
obvious reasons such as their high costs and need for maintenance.

When it was time to meet Pepper, we intended to use this time to, e.g., show the
children how the robot’s sensors work. The robot was therefore programmed with a
few dialogues where Pepper asked the children about their school and favorite school
subjects, using the built-in options to let it, e.g., track people with its gaze and
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understand very basic words. One pre-programmed dialogue included a piece of
saxophone music to which Pepper danced.

There was a large variation in how the children approached the robot. A few children
did not want to go close to the robot at all and made sure to keep a distance to it. They
also admitted they thought Pepper was a bit scary. Other children were extremely
physical with the robot and kept hugging and touching it and did not want to leave.
However, they seemed aware that the robot is fragile so they were rather gentle with it.
This was probably influenced by the relatively short-term nature of the direct physical
encounters between the participants and the robot, as well as the presence of the
researchers and possible instructions of the teachers. Other children focused on the
interaction trying hard to get Pepper to listen and respond to them. In some cases, the
eagerness of some of the children obstructed the less assertive children from interacting
with it. In some cases we thus had to actively try to give the less assertive children the
possibility to interact by engaging the other children in some other activities.
Furthermore, our intention to really show how a robot works was in some cases
overshadowed by children’s enthusiasm to get Pepper to respond. However, there were
also several groups that really wanted to understand how Pepper technically functions,
e.g., how it can see or hear anything. In many cases, it was clear that the interaction
with Pepper did help the groups get a feeling for what it entails to make a robot do
whatever it does, as exemplified in the following transcript:

- Have you bought this one? How many millions?

- I

- Butitlooks like a "her’

- What happens if it topples over?

- Does it feel anything?

- Does it hurt if it can shake hands? Does it squeeze?

- Canittalk?

- Itlooks like it is green. Is it listening then? Then it stands a little bit like...

- It likes to follow you. It likes to look at you

- Do you have to talk this clearly?

- Now I know, they program to click. They put something in, in this way...
something it should do. You try to program... So you can put in, what it should
do

- O, that’s a lot of work

- So hard

- Idon’t get a thing

After this first introduction to Pepper, it was time for the children to create their own
dialogues for Pepper. In order to do so, each group received two sheets of paper, one
for the introduction, and one for farewell. Each sheet contained two columns, one for
Pepper and one for the child. After filling out a sheet, the groups could ask one of the
researchers to help them implement their dialogue on Pepper and test it. We were
pleasantly surprised that most groups were very good at writing those dialogues.
Implementing the dialogues on Pepper required some time. However, since the children
were able to see exactly how the programming was done on the whiteboard connected
to the computer, the children usually understood what was going on and had the

120



Interaction Design and Architecture(s) Journal - IxXD&A, N.44, 2020, pp. 109 - 128

patience to wait for the end result. Figure 2 shows one of the groups creating a dialogue
for Pepper.

Fig. 2. A group creating a dialogue for Pepper.

Once a dialogue was implemented, the children could test it in interaction. Many of
them quickly picked up that they had to speak clearly to Pepper to make themselves
understood, and that they had to say the exact words they had used in their dialogue to
allow Pepper to recognize them correctly, so they used their written dialogue as
manuscript to read from. However, some children did not want to talk to Pepper at all,
and some children gave up on talking to Pepper when it did not understand what they
were saying the first time. Pepper displayed problems understanding some children
even though they said the correct word loud and clearly. Two groups seemed more
vulnerable to this problem; the children with a different mother tongue than the one
used in the school, and girls (with either Swedish or another mother tongue) more than
boys. However the robot behavior was not consistent enough to draw any conclusions
yet, and we intend to investigate the matter further by analyzing the children’s voices
in relation to the robot behavior from the video-recordings. We also discussed to lower
the threshold for when Pepper determines whether it recognizes certain words in the
second phase. Regardless, the bias of existing speech recognition software is clearly an
issue when considering the multiculturalism of society. That some children would be
excluded from interacting with an educational robot due to their accents is extremely
problematic and risks impeding an inclusive educational environment. This clearly
needs to be recognized by the research field and/or the companies developing social
robots for verbal interaction.

Towards the end of the workshop, one of the researchers sat down with each group
to reflect on their experiences during the workshop. We were especially interested in
what they had learned about robots and whether we had succeeded in demystifying
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robots in some way. Some groups were very good at expressing what they had learned,
while other groups struggled with talking about their experiences. Generally, two types
of reactions could be discerned, which were both related to the fact that Pepper was
very minimally programmed. One typical reaction was to be slightly disappointed about
Pepper’s limited capabilities. The children had wanted it to be able to do all kinds of
dances and play music. The other reaction, however, was that it was fun that Pepper
was not able to do so much, because this made it possible to decide what Pepper should
be able to do and teach it. In both cases, we felt that this understanding served our
purpose of helping the children to understand what robots are, and slightly dissolve the
mystery around them.

At the end of the first phase, we wanted to hear the children’s reflections about their
experiences during the workshops. Furthermore, as a preparation for the next phase, we
wanted to get some insight into their thoughts about learning companions, and robotic
learning companions in particular. We therefore sent out a questionnaire to all children
about a week after the workshop asking them what they thought a robot was, what they
thought about Pepper, how they would like a human learning companion to behave and
not behave, and whether they would like a robot tutee to behave similar to a human
learning companion or not. For this post-workshop questionnaire using open-ended
questions, we received answers from 58 children. These were analyzed qualitatively by
searching for themes within the answers [35]. The detailed results of this analysis are
provided in another paper [36]. However, one of the most interesting results was that
several children indicated that a robot tutee should behave as a better version of a human
learning companion, meaning that the robot should be kind to everyone, give more
compliments, and explain in a better way than a human. Many children showed a clearly
better understanding of what a robot is, mentioning that is has to be programmed to do
what it does. Finally, while many children wrote that they thought that Pepper was
friendly and fun, some children repeated that they were slightly disappointed with its
limited abilities. However, as one of the children wrote: ‘It was good, but I know that
it is not ready, and I believe that it will be good once it is finished’.

4.2 Connecting Pepper to the Math Game

After the first phase, we worked intensively on implementing a version of Pepper that
could interact with the original mathematics game so that children could experience the
robot in its intended role as a tutee. We used the original dialogues from the game’s
teachable agent as a point of departure, but we complemented this with some social
behavior, as obtained from the first workshop. We also made sure to implement many
different ways of answering the questions so Pepper would be able to recognize
children’s answers. An example of a dialogue that the robot could now have with a
child is presented in Figure 3.
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Check the child’s understanding by guiding a reasoning sequence:
Robot: Will the card that you chose with 5 blocks give us a point?
Child: Yes = Robot: So, the card 5 together with the 6 on the game
board will be 10?
Child: Yes = Robot: Okay, I did not think so
Child: No > Robot: But doesn’t it have to become 10 for us
to get points?
Child: No > Robot: So the card 5 together with the 6 on the game
board is not 10?
Child: No = Robot: Good, then I know
Child: Yes = Robot: Okay, you know best
Child: Don’t know = Robot: I don’t know either, let’s play!

When the robot knows more, it gives own suggestions and questions the child’s
choice:
Robot: I thought I’d choose the card with 3 blocks, why is 4 better?
Child: (10 together, OR will give points) = Robot: So the 4 card is a
10-buddy with 7?
Child: No - Robot: But isn’t the 3 card a 10-buddy with 7?
Child: Sure = Robot: So my card is better, right?
Child: Yes = Robot: Thanks buddy

Prompt ideas:
Robot: Now I think I get it! So you have to choose a card that will add to
exactly 10 with the red blocks on the game board?

Fig. 3. Example of a different dialogue paths implemented in Pepper.

4.3 Phase 2: Introducing the Children to the Robot as Tutee

In total, 80 children participated in the second phase, 35 children in second grade, and
45 children in fourth grade. The main aims of the second phase were to introduce the
children to the robot behaving as a tutee in connection to the arithmetic game and to
determine it was possible for the children to engage in a dialogue around the game.

Once more, we worked with small groups to allow all children to engage with the
robot and the game. Each group entered the workshop space where Pepper was prepared
to play the game using the interactive whiteboard. As anticipated, the atmosphere
during this second phase was slightly calmer than during the first phase, probably
because the children had encountered the robot before.

In total, the children played 702 turns in the game, meaning that on average they
chose and played 8-9 cards each. About every second turn, Pepper asked a question
about the game or about their decision to choose a particular card. In the game logic
there is a correct answer to each question, but this is only used to decide which questions
to ask next, it is not revealed to the tutor and Pepper’s responses are designed to be
reasonable either way the child answers the question. As revealed in the game logs,
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Pepper asked 326 questions, and the children answered 218 of these answers correctly
and 39 wrongly. However, the children received support from a researcher suggesting
a response when a child had tried several times without success and looked puzzled or
begged for help. In 69 cases, they answered don’t know, meaning that this question will
reoccur at a later stage. This result showed us that it was at least technically possible to
create an interaction between the game, the robot, and the children.

Interestingly, during this phase, the children became more focused on their
interactions with the game, trying to play it well. In some cases, this led them to
completely ignore the robot’s questions. Although we can see this as a sign of the
potential effectiveness of our first phase, where we demystified the robot, we of course
intend the children to become engaged in the interaction with both the game and the
robot tutee in order to learn arithmetic. It is thus possible that some novelty effect was
created through the introduction of the game. It became clear that the game on the
interactive board, and the robot standing beside the child, were two simultaneous
sources calling (and competing) for the child’s attention. Some children focused only
on the robot tutee, some only on the game (and had to be reminded to respond to the
robot tutee), and the rest switched between the two sources fairly spontaneously.

After the interaction with Pepper and the game, one of the researchers sat down with
each group to engage them in a semi-structured reflection discussion. During this
discussion, many children highlighted how Pepper had developed compared to the
robot they had met the first time. They often acknowledged that Pepper’s more
advanced cognitive abilities were related to programming: “The programming is
really good so yes I think that he or she, I do not know, but now it is smart programmed,
good and all, well it is smart.” (Fourth grader). However, they were also aware that the
robot’s smart behavior was not something magical: “But basically so is it not smarter
it is not smarter than us. It is not smarter because we create the robot so we are smarter”
(Fourth grader). While the children had previously mainly defined robots in terms of
possessing human attributes, such as eyes, legs, heads and fingers, the distinction
between machines and robots had now blurred. Some children now considered vacuum
cleaners and washing machines to be robots too, while other still maintained that robots
should have some human qualities. The reflection discussion confirmed our observation
that the children’s attention had shifted from the robot to the newly introduced
arithmetic game. Although the general consensus still was that meeting Pepper was
exciting and fun, when asked about the most positive aspect of the workshops, the
children often mentioned the game. They also commented positively about learning
mathematics using the game, or using the game together with Pepper: “But then again
we also learn from teaching so that is also really good, everyone learns” (Fourth
grader).

Similar to the first phase, we sent out a post-workshop questionnaire to the children
focusing on their experiences with the game-playing robot tutee. We wanted to
understand whether they indeed had experienced their interaction with the robot as it
having the role as a tutee. Furthermore, we wanted to know what they thought of
Pepper’s questions and Pepper’s behavior and in what direction they would Pepper to
develop. We received answers from 67 children, which were analyzed both
quantitatively and qualitatively. The detailed results of this analysis are presented in
another paper [36]. However, the results indicated that the children indeed experienced
the interaction with Pepper as if they were teaching it and not vice versa. While most
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of them indicated that they were able to detect and identify what questions Pepper had
asked (which is not self-evident considering the speech synthesis technology used in
robots), the answers were slightly less positive as to whether they had understood the
questions. In the future, they wanted Pepper to ask more mathematics-related questions,
e.g., more challenging questions such as “what is 9x6?” or “what is 100x1007”’; more
social questions, by asking for the child’s name and age, how they liked the game or
mathematics in general, and giving them the opportunity to choose a game; and
pedagogical questions, such as questioning their game moves (e.g., “Are you sure?”)
and offering more help and hints. Finally, we studied what the children thought about
Pepper’s current game-playing behavior and sought suggestions for improvement.
While about half of the children did not have any suggestions for improvement, the
other half specifically mentioned problems with the eligibility of Pepper’s speech, and
technical problems like becoming unfocused (this can happen when the sensors get too
much input), shutting down, or that it stopped talking. Only one child commented that
Pepper asked too many questions, and one child expressed some disappointment that
Pepper had limited functionality. They also wanted Pepper to be able to choose a card
by itself by interacting with the interactive board. They also pointed out that Pepper
should switch gaze between the player and the game and move more (also different
kinds of movements). Finally, they thought that Pepper should talk more about other
subjects than mathematics, but also ask even more mathematics-related questions.

5 Discussion and Further Steps

The two phases of our co-design approach to create a robot tutee in a school context
described above, are part of a longer engagement with two schools. Such long
engagement with the same schools and children is important to get beyond the novelty
effect of interacting with a robot. In these first two phases, we focused mainly on
demystifying the robot and introducing the children to the idea of a robot tutee. The
results of the first phase clearly indicated that our intention to demystify robots by
showing children how they must be programmed before they can do anything, was
successful. While this demystification resulted in a slight disappointment for some
children, others were enthusiastic about the opportunity to help define the robot’s
behavior. The experiences during the first phase helped to create a calmer atmosphere
in the second phase, where we aimed to introduce the children to the idea of Pepper
functioning as a robot tutee. Indeed, the attention for some of the children even shifted
away from the robot towards the game as a novelty. The second phase also gave us an
indication that the setup with the robot tutee might work, even though there are still
several technical aspects that need to be improved.

After having worked with the children during these two phases, we are confident
that we now will be able to involve them in the next phases of the project where we aim
to refine the behavior of the robot tutee and eventually give them the possibility to use
the robot and the game in their classroom. While not addressed in his paper, we also
perform co-design activities with the teachers in parallel. We have, e.g., performed
workshops with the teachers where they were asked to write dialogues for the robot
tutee focusing more directly on the mathematical content.
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As a take-away for other projects aiming to co-design educational robots with
children, we would like to suggest the importance of a demystifying phase. This can
probably be done in many different ways, and probably with robots in other roles (e.g.,
as tutors or companions) and domains (e.g., in healthcare or entertainment), but we
think our choice to show how robots are programmed by starting with a relatively blank
slate was a successful approach. The purpose of the demystifying phase is to allow
stakeholders unfamiliar to a certain technology to become aware of its potentials and
limitations, and thus be better prepared to contribute in the successive co-design phases.
This take-away message may apply for co-design processes concerning other
educational technologies, particularly those that may be unfamiliar to children (e.g.,
virtual agents).
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