
Children as Robot Designers 
Patrícia Alves-Oliveira 

patri@uw.edu 
University of Washington 

Seattle, WA, USA 

Ana Paiva 
ana.paiva@inesc-id.pt 

INESC-ID, University of Lisbon, and Radclife Institute for 
Advanced Study, Harvard University 

Lisbon, Portugal, and Cambridge, MA, USA 

Patrícia Arriaga 
patricia.arriaga@iscte-iul.pt 

Iscte-iul 
Lisbon, Portugal 

Guy Hofman 
hofman@cornell.edu 
Cornell University 
Ithaca, NY, USA 

ABSTRACT 
We present the design process of the robot YOLO aimed at stim-
ulating creativity in children. This robot was developed under a 
human-centered design approach with participatory design prac-
tices during two years and involving 142 children as active contrib-
utors at all design stages. The main contribution of this work is 
the development of methods and tools for child-centered robot de-
sign. We adapted existing participatory design practices used with 
adults to ft children’s development stages. We followed the Double-
Diamond Design Process Model and rested the design process of 
the robot on the following principles: low foor and wide walls, 
creativity provocations, open-ended playfulness, and disappoint-
ment avoidance through abstraction. The fnal product is a social 
robot designed for and with children. Our results show that YOLO 
increases their creativity during play, demonstrating a successful 
robot design project. We identifed several guidelines that made the 
design process successful: the use of toys as tools, playgrounds as 
spaces, the emphasis of playfulness for child expression, and child 
policies as allies for design studies. The design process described 
empowers children’s in the design of robots. 

CCS CONCEPTS 
• Human-centered computing → Human computer interac-
tion (HCI).
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Figure 1: Creative storytelling play between children and 
YOLO robots. 

1 INTRODUCTION 
Children are avid adopters of technology and use technological 
tools in educational settings as well as during play [1, 2]. Novel 
interactive technologies, such as social robots, bring new potential 
for children’s learning, growing, and playing [3]. In this paper, we 
detail the process of designing a social robot for and with children,
honoring human-centered design practices. The fnal goal for this 
robot is to stimulate the creative abilities of children during play. 

Adopting human-centered practices for interactive technology 
designs gives voice to human needs, capabilities, and behaviors. 
This can lead to increased usability and value of products [4]. That 
said, designers of social robots are often hard-pressed to include 
users in meaningful ways in the design process, but end up bringing 
them only in later stages of evaluation, when most of the design 
choices have been implemented with no space for major changes. 
The reasons behind this approach are numerous, including (1) the 
need for multidisciplinary teams to work together through a long 
iterative process, (2) a hard-to-strike balance between engineering 
development and user experience research, (3) and the difculty in 
fnding representative participants for human-centered design of 
robots, e.g., such as the case of children or populations with special 
needs [5, 6]. 
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When focusing on children, there are additional challenges in 
fnding human-centered methods that account for their develop-
mental stage and empower their expressive and communicative 
abilities throughout the design process. For example, traditional 
media, such as interviews and questionnaires, are usually not the 
best approach with children [7]. 

Figure 2: Children using cube-toys as stand-ins for group 
storytelling creation during a free play activity. This study 
was part of the observation of children’s playful behavior de-
scribed in Section 4.1 in which groups of children used the 
cube-toys as their characters during stories. 

Figure 3: During the body-storming session, children were 
instructed to express personalities using only their bodies, 
refraining from using words. This primed them to use mo-
tion to illustrate their ideas. For example, they enacted per-
sonality traits, such as “grumpy”, as can be seen in the fgure. 
This was part of the co-design study detailed in Section 4.2. 

1.1 Contribution 
The main contribution of this work is the development of meth-
ods and tools for child-centered design of a social robot, based on 
adult-centered design. This resulted in a child-centered process that 
used methods and tools that empowered children’s voices in the
design of social robots. We rested our design on several identifed 
design guidelines that made the design process successful: object
choice, playfulness, child spaces, and child policies. We used objects
appropriated to children, such as toys and craft materials, to create 
our design tools. Playfulness was at the core of all activities to stim-
ulate children’s expression and communication. Familiar spaces, 
such as school playgrounds and schoolyards, were the stage where 
the design process unfolded. Child policies related to ethical, legal, 
and administrative aspects, were considered from the beginning as 
infuential factors for methods and tools choice during studies. Our 
child-centered design practices proved to be efcient in delivering 
a robot that can stimulate creativity in children during play-times, 
demonstrating the success criteria of our project. This design pro-
cess also empowered children in making design choices for a robot 
that is meant to be used by them. 

The resulting design is of a small non-anthropomorphic robotic 
toy named YOLO (Your Own Living Object) that uses movement and 
lights as expressive channels and has an afordance to be grabbed 
and moved around by children while they play [11, 12]. According 
to the movement generated by children while grabbing the robot, 
YOLO can provide new ideas for their stories. It does so by using 
holonomic movement. With movement, the robot can either imitate
the previous movement made by children thus elaborating on a
given story-line (convergent thinking stimulation); or can perform
a diferent movement, setting an intention to change the course of
the story (divergent thinking stimulation). This motivates children 

to consider the robot’s ideas in their stories, stimulating creative 
abilities. An illustration of the interaction can be seen in Figure 1. 

This report is on a two-year-long feld design research, involving 
142 children, and adopting a multidisciplinary approach in which a 
team of psychologists, computer scientists, mechanical and electri-
cal engineers work together. We detail on the methods, tools, and 
guidelines for designing a social robot with children. We conclude 
that our design approach was successful as our results showed that 
the robot YOLO indeed stimulated creativity in children during 
playtimes. 

2 BACKGROUND 
In this Section, we review the literature on existing robots for 
children, the design process of robots, and the roles children take 
during participatory design. 

2.1 Robots and Children 
Research on social robotics for children can be divided into three 
major design categories: (1) of-the-shelf robots, (2) robotic design 
kits, (3) and robots that emerge from design research. Of-the-shelf 
robots are used as pre-designed research platforms (often designed 
by and for adults) that can be programmed for a particular research 
goal. Examples of commercial robots used with children are NAO 
[13] and Pepper [14], Jibo [15], Cozmo [16], Zeno [17], KASPAR
[18], Keepon [19, 20], etc.

Robotic design kits are used as tools to foster learning in diferent 
knowledge domains. This category falls into “digital manipulatives” 
[21], defned as computationally-enhanced versions of traditional 
toys for children as new tools for learning and growing [22, 23]. 
Examples are LEGO Mindstorms® derived from Programmable 
Bricks [24], Magix [25, 26], Block Jam [27], Topobo [28], Smart 
Tiles [29], Digital MiMs [30], Boda Blocks [31], and others [32]. 

Robots derived from design research included children on some 
edges of the design process. For example, with Shybo robot, children 
(and their parents) were involved from an early stage in the design 
process, informing the application scenario for this robot by using 
survey methods. In addition to this, children were also testers of the 
fnal prototype participating in feld studies. Another example is the 
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involvement of children in the design process of Ranger [33] and 
Cellulo [34] to inform interaction patterns by using the wizard-of-
oz (WoZ) technique. With Curlybot, children were invited as testers 
of the fnal technology to study learning-oriented acquisitions [35]. 

Despite children being included in some stages of the design 
process, robots designed to be used by children are still very much 
in the hands of adults. So far, the literature does not report any 
robot that has been designed, developed, and fabricated following 
the voices and desires of children. In this work, we address this 
design space. 

Table 1: Design Process of the robot according to the Double-Diamond Model of Design [8], describing the roles of children [9], 
study goal and type, methods and techniques used [10], and the major outcomes of the human-centered design with children. 

STAGE I: DISCOVER ⇒ STAGE II: DEFINE ⇒ STAGE III: DEVELOP ⇒ STAGE IV: DELIVER 

Children’s Children as informants Children as design part- Children as testers Children as users 
Roles ners 
Study Goal Investigate the emergence Involve children in the Improve and refne the ro- Final evaluation of a creativity 

of creativity and how it design of the social be- bot’s AI and physical shape stimulation robot for play-times 
can be stimulated haviors during story-

telling 

Study Type • Expert interviews and • Co-design with chil- • Refnement of the robot • Experimental study 
observation dren software 

• Literature review • Refnement of the robot 
• Observation physical embodiment 

Methods & • Interviews • Sketching • Co-discovery • Storytelling 
Techniques • Literature review • Puppeteering • Direct observation • Behavior observation and 

• Behavioral observation • Body-storming • Active involvement analysis 

Outcomes • Storytelling as the activ- • Identifcation of be- • Selection and refnement • Stories created with the robot 
ity for creativity stimu- havior patterns de- of behaviors for the robot were more original and thus, 
lation signed by children as to improve the software. more creative 

• Contrast and Mirror as input for the design • Adaptation of the robot’s 
the creativity training of the robot’s behav- physical shape to chil-
techniques for the robot ior dren’s play manipulations 

• Personality as the basis 
for the robot’s social be-
havior to increase story 
narratives 

2.2 Design Process of Robots 
Despite the wide range of design approaches for social robots, users 
are not systematically included in all design stages. In the majority, 
users collaborate only during the evaluation stage, rarely prevailing 
for the entire design process [36]. Including users in the design 
process aligns with critical design principles intended to engage 
users into thinking, exploring ideas, and challenging assumptions, 
leading to user empowerment [37–40]. 

However, critical design research is scarce in human-robot inter-
action (HRI) and this work is one of the frst to dedicate the entire 
design process of a robot to children by considering their ideas and 

views in all design stages. Additionally, most of the aforementioned 
methods primarily rely on professionals, such as actors [41] and 
dancers [42], or include adult user-populations during the design 
process. This leaves children with fewer opportunities to participate 
in the design process of a robot that is actually meant for them [10]. 

Our work lies on human-centered design practices for a full 
design process of the social robot YOLO, by systematically and 
directly involving children in all design stages through participatory 
design methods. This methodology gives children voice during the 
design, which is aligning with critical design principles [39]. 

2.3 Participatory Design with and for Children 
Participatory design (PD) is a method from human-centered de-
sign (HCD) that empowers users during a design process [6, 43, 44], 
leading to meaningful, approachable, and joyful products or expe-
riences [4]. Most participatory design (PD) methods applied with 
children grew out of or built on ideas from PD for adults [10]. 
However, children are a diferent population with diferent needs. 
Particularly, children have diferent cognitive, motor, emotional, 
and communication abilities [45, 46], requiring adaptation of PD 
methods. 
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Figure 4: Paper-cubes used during the co-design study with 
children (Section 4.2). Fabricated with paper and including 
a built-in drawing mechanism, these cubes enabled: (1) chil-
dren to have a visual feedback for the created motions, (2) 
data collection of the drawn trajectories for later implemen-
tation in the robot, (3) a constraint for children to represent 
the movements in a 2D plane and avoiding 3D movements 
that are impossible to model and replicate in a real robot. 

Figure 5: Example of a child expressing movement of a 
paper-cube by puppeteering it. This was part of the co-
design study detailed in Section 4.2. 

Children can be included in PD practices under several main 
roles: user, tester, informant, design partner, co-researcher, and 
protagonist. We detail these roles below. 

• Children as users use commercially available technology that 
has already been developed and distributed for commercial 
or research [9]. 

• Children as testers help to shape the technology but have no 
involvement in the design stages [9]. 

• Children as informants impact the design of technology from 
the beginning of design process [9]. 

• Children as partners equal stakeholders during the design 
process and have an enormous impact on the design and 
development of technologies [9]. 

• Children as co-researchers help sharing, gathering, and ana-
lyzing data from their practice during robot usage [47]. 

• Children as protagonists carry out a complete design pro-
cess in which process and product refection is a central 
component [48]. 

In our work, children were involved in diferent roles when 
designing the robot for creativity, depending on the design stage. 
Children took the role of design partners in the early stages of 
the robot conception and design, as informants and testers during 
design improvements, and as users when acting as participants in 
the validation study of the creativity intervention. 

3 DESIGN SPACE: A ROBOT FOR CREATIVITY 
Creativity is an increasingly important skill for children to have in 
order to thrive in adult life. Creativity is defned as the “interaction 
among aptitude, process, and environment by which an individual 
or group produces a perceptible product that is both novel and 
useful.”[49] However, creativity has been shown to decrease in 
middle school age-years [50]. Research showed that creativity is 
an ability that can be nurtured if stimulated [51]. Despite this, 
classrooms generally do not appear to be creativity-fostering places, 
due to existing biases of traditional education practices [52–54]. 

Our design challenge concerns using social robots as easy-to-
use-toys to be incorporated into children’s spaces, such as schools, 
with the overarching goal of creativity development through play. 

3.1 Design Principles 
We identifed a set of principles that guided the design of YOLO. 

• Design Principle 1: Low Floor, Wide Walls — Technol-
ogy is considered to have “low foor and wide walls” when 
novices fnd it easy to get started without require learning 
an entirely new skill set (low foor), and when it supports the 
exploration of a wide variety of projects (wide walls) [55]. 
This can be achieved by designing a few and specifc be-
haviors for the robot that promote quick understanding and 
engagement. 

• Design Principle 2: Creativity Provocation — Divergent 
and convergent thinking are two essential forms of creative 
thought [56]. Using robots to provoke higher levels of creativ-
ity requires implementing validated techniques or programs 
that favor these creative modes. 

• Design Principle 3: Open-ended Play — “Play is the work 
of children” [57], as it constitutes their central daily activity 
used to learn, explore, and connect with the world. Open-
ended play environments are specifcally supportive of cre-
ativity as they are contexts that enable the emergence of 
fantasy, imagination, and make-believe [58, 59]. 

• Design Principle 4: Abstract Form — When expectations 
of social robot capabilities are not met, they tend to feel the 
robot let them down [60, 61]. Disappointment is especially ev-
ident when interacting with anthropomorphic robots whose 
physical appearance does not match their social capabili-
ties [62]. Designing for abstraction means the physical ap-
pearance of the robot does not compromise its social abilities 
which are instead discovered during interaction. 

Building on these four principles, the robot was designed as 
follows: To create a low foor, we designed a robot with a limited 
number of features, which are simple and specifc, and that enable 
children without any previous experience to create a story. To create 
wide walls, the robot behaviors were designed as non-directional, 
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allowing for the creation of any story content. To provoke creativ-
ity, we focused on two techniques that allow for the stimulation 
of divergent and convergent thinking, which are used by the ro-
bot at specifc stages of the storytelling; the frst technique called 
“Mirroring” enables the elaboration of a given story idea (conver-
gent thinking) and the other technique, called “Contrasting”, moves 
towards a plot twist (divergent thinking). Open-ended play was 
supported as children were allowed to create a story about any 
theme they desired without time limits. To avoid disappointment, 
the robot was designed with physical afordances that would map 
its actual capabilities, and without anthropomorphic features. 

Figure 6: Example of a sketch of a child collected from pup-
peteering a paper-cube. 

Figure 7: Manipulation of a robot prototype for the study of 
the size of the robot and children’s grasping behavior. The 
robot is covered with red clay to collect data about where 
and how children hold the robot. This was part of the study 
of the robot physical embodiment described in Section 4.3. 

4 CHILD-CENTERED ROBOT DESIGN 
Our design approach is based on the Double-Diamond Design Pro-
cess Model [4, 8], which maps HCD onto four stages: Discover, 
Defne, Develop, and Deliver. Table 1 shows how children’s design 
roles map onto the established Double-Diamond Design Process 
Model, and how it relates to the various research activities under-
taken as part of this project. 

4.1 Discovery with Experts, Theory, and 
Observation 

The frst stage of the Double-Diamond Design Process is “Discover”, 
where basic insights about the problem are collected. In our work, 
the goal of this stage was to investigate how creativity unfolds and 
what practices can be applied to stimulate it. We used a three-fold 
approach, which included interviews with creativity education ex-
perts, an extensive literature review of theories of creativity, and 
direct observation of children during playtime. At this stage, chil-
dren were included as informants. 

Expert Interviews and Observations — We conducted semi-
structured interviews and direct observation of two creativity edu-
cation experts that provide dance and theatre improvisation classes 
to children. Our goal was to understand the methods they use to 
stimulate creativity during these activities. We discovered that cre-
ativity occurs through structured but open-ended activities framed 
with playfulness [63]. One aspect that was considered common in 
every creative activity was the emergence of stories that framed the 
creations with children. The major outcome from this stage was to 
choose a storytelling activity as the creative context for the robot. 

Literature Review — We conducted a systematic review of val-
idated techniques for creativity training with children [64]. This 
systematic review included a survey of 2247 scientifc articles from 
1961 to 2018, fltered down to a full analysis of 49 papers using 
the PRISMA method [65]. Creativity training programs in the lit-
erature were as diverse as using physical exercises related with 
relaxation [66], improvisation [67], pretend play [68], computer-
environments [69], and robots [70]. The most infuential fnding 
from this stage was the choice of two techniques to be implemented 
in the robot aimed at stimulating children’s creativity during story-
telling, for which the chosen techniques were “Contrasting” and 
“Mirroring” [71]. Both of these techniques relate to idea generation, 
a core aspect of story creation. While the Contrast technique stimu-
lates divergent thinking, the Mirror technique is responsible for the 
development of convergent thinking. Both are required to establish 
the emergence of creativity [72], rather than the more basic act of 
unregulated self-expression [56]. 

Observation — We conducted a feld study in a school setting using 
direct observation with video recordings for post-observation, to 
understand how small groups of children create ideas together in 
a storytelling context. A sample of 13 children (4 female, 7-10 yo) 
organized in four groups (three groups of 3 children and one group 
of 4) participated in this study. Cube-toys were chosen as story 
characters due to their abstractness and to ensure uniformity in the 
children’s experience (see Figure 2). We observed each group for 
about 30min, with a total observation time in the school of 2h [73]. 

This study provided three outcomes for the design process. The 
frst outcome concerns the unstructured nature of storytelling play 
in which children oscillated between highly creative moments of 
divergent thinking showing thunderstorms of ideas, to convergent 
thinking translated by meaning-making moments where they chose 
which ideas were kept in their story. This supported the choice of 
the Contrasting and Mirroring techniques for the robot, which were 
initially chosen during the literature review. The second outcome 
concerns the difculty of sharing the cube-toys between them dur-
ing the story creation. Therefore, the number of robots and children 
should be even to facilitate dynamics between groups of children, 
informing the need to build more than one robot for group inter-
actions. The third outcome concerns children using personality 
attributes in the cube-toys to create new narratives in their story. 
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This opened a design opportunity to use personality as the basis for 
the robot’s social behavior to provoke more story-lines when chil-
dren play with the robot. Creativity and personality are also known 
to be interconnected variables when facing a creative situation 
[74, 75]. 

Figure 8: Children play with the robot part of the validation 
of social behaviors for storytelling described in Section 4.4. 

4.2 Defnition through Body-Storming, Acting, 
and Drawing 

The second stage of the Double-Diamond Design Process is “Defne”, 
which focuses on specifying details of the design requirements. In 
our work, the goal of this stage was to translate the high-level 
fndings from the discovery stage into specifc requirements for 
the development of the frst robot prototype. We had children as 
partners in the design process, adapting PD methods such as body-
storming, puppeteering, and sketching for children as co-designers. 
At this stage, children were included as design partners. 

Co-design with Children — A study was conducted in a school 
with 44 children (25 female, 6-9 yo) participating in the design of the 
robot’s social behaviors. Based on the previous phrase, we focused 
on personality traits within story-line creation. Children performed 
the activity in groups of 3–5, with each session lasting 1 hour and 
the total time of all sessions being 13 hours [76]. 

During the co-design study, children played the role of co-designers 
by designing motion and attributing color for social expressive ro-
bot behavior. We used body-storming to prime children toward 
understanding personality traits. Body-storming is a form of PD 
to enact experiential awareness [77]. The goal of body-storming 
was to verify (and in some cases teach) the meaning of the diferent 
personality traits that they would represent in the robot in the 
following stage. Figure 3 shows children in our study engaged in 
bodystorming diferent personality types they would later imbue 
in the robot. 

The next stage was to use puppeteering and sketching to develop 
and elaborate on the social behavior of the robot. We built a paper 
cube with a built-in drawing mechanism and asked children to act 
out how this cube would behave according to the personality they 

were creating (see Figure 4). This mechanism enabled children to 
represent the movements of the robot by drawing them in large 
paper sheets of paper (see Figure 6). We collected the resulting 
sketches, in addition to video and audio recordings, to support the 
analysis of the results (see Figure 5). We discovered that children 
create consistent patterns of movements according to diferent 
personality types [76]. The major outcome of this study was the 
generation of specifc motion and color patterns, derived from 
children’s interpretation of personalities, to implement in the social 
behavior of the robot. 

4.3 Development through Iterative Prototyping 
The third stage of the Double-Diamond Design Process is “Develop”, 
the iterative development of prototypes. In our work, the goal of this 
stage was to develop both the artifcial intelligence (AI) software 
and the physical embodiment of the robot. At this stage, children 
were included as testers of the robot. 

Refnement of the Robot software — We conducted a study in a 
Science Museum for children to test the frst iteration of interactive 
behaviors, using a low-fdelity mechanically actuated robot proto-
types (see Figure 9-3,4) for children to play with. The total time of 
the study was 4 hours and a total of 20 children (7–9 yo) played with 
the robot freely. The robot acted autonomously, displaying a set of 
behaviors inspired by the co-design study, including colored lights 
and movements. We relied on Co-discovery and Active Intervention 
methods to elicit feedback from children [78]. During Co-discovery, 
children consult each other to understand how the robot works. 
In our study, children were organized into small groups and were 
prompted to tell each other how they were playing with the robot. 

During Active Intervention the researcher asked questions about 
the storytelling task and also about desired behaviors that children 
would like to see in the robot. In addition to these techniques, we 
used direct observation of children freely playing with the robot to 
gather additional design requirements. The major outcome of this 
study was the selection and refnement of behaviors for the robot. 
For example, colors and motion were a major drive in storytelling. 
This result led us to explore richer ways to use these modalities by 
coupling light brightness and motion speed for behavior combina-
tion. We removed of some features in the robot that did not support 
interaction towards storytelling and creation, such as sounds that 
children paid little attention to compared to other features. The 
software for YOLO with accompanying tutorials and an API can be 
found in open-access in Alves-Oliveira et al. (2020) [79]. 

Refnement of the robot hardware — We conducted a laboratory 
study with 3D printed non-actuated prototypes of the robot to 
gather design requirements for the physical shape and size of the 
robot. We covered the robots’ shell with clay to get data about where 
children place their hands to hold and manipulate the robot (see 
Figure 7). We used direct observation to discover the best suitable 
size for the robot, and to study how children grabbed the robot to 
inform ergonomic modifcations in the shell (see Figure 9-5). A total 
of 3 children (1 female, 7 yo) participated by individually playing 
with diferent prototypes of the robot in sessions of 30 minutes. 
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Figure 9: Iterative prototypes of the robot designed using the process described in this paper. From left to right: 1. Early 
sketches, 2. Paper prototype to explore scale and mechanism, 3. First actuated prototype used in the “Develop” stage; 4. Second 
actuated prototype used in the “Develop” stage, 5. Three diferent passive robot stand-ins for scale and grasp studies; 6. Final 
version of the robot. 

The measure of analysis used consisted of the number of in-
stances of grabbing behavior during play. Therefore, � = 40 in-
stances were analyzed, revealing that: (1) children had difculties 
in grasping the large-sized robot because the shell was too large, 
but grasped the medium-sized robot comfortably; (2) children did 
not treat the small-sized robot as a character during play, possi-
bly because its small shell did not evoke agency; (3) children did 
not have orientation commitment when manipulating this abstract 
robot as they did not attribute a fxed “front” or “back” side to it; 
(4) children consistently used the same area on the robot for ma-
nipulating it, suggesting an ideal design space for grabbing;. Data 
collection ceased at an early stage due to saturation, which occurs 
when data keeps showing the same results no matter how many 
participants are recruited [80, 81]. The major outcome of this study 
was the commitment to a medium-sized robot with a concavity 
for grasping. This lead to mechanical decisions of accommodating 
smaller sensors and actuators that ft the reduced size model. The 
full guide to build YOLO with accompanying tutorials can be found 
in open-access in Alves-Oliveira et al. (2019) [82]. 

4.4 Delivery through Testing 
The fourth and fnal stage of the Double-Diamond Design Process 
is “Deliver”, where a more developed prototype is taken through 
testing and further refnement. We view this stage as the “Evalu-
ation” stage as we implemented the fnal prototype of the robot 
and conducted an experimental study. At this state, children were 
included as users of YOLO. 

The aim of our study was to test the efcacy of the robot in 
stimulating creativity of children. For this, we instructed children 
to create a story with the robot, using it as a character for their 
stories (see Figure 1). A total of 62 children (45 male) aged between 
7–10 years old participated in this study. The stories created by the 
children with the robot were compared against the condition of 
creating a story with the same robot but without displaying any 
behaviors, and a robot turned of (see Figure 8). We analyzed the 
stories created by the children using the recording of their voices. 
Involved coders evaluated relevant variables in creativity research, 
such as originality, fuency, fexibility, and elaboration. According 

to literature, when these variables are present in a creative process, 
the creativity is deemed high [83–85]. Results showed that when 
children played with the full version of the robot, their stories were 
more original. More details about this study can be found in Alves-
Oliveira et al. (2020) [86]. Note that the paper [86] described the 
experimental study of children using the robot to create stories, 
whereas the work presented in this paper describes the design study 
of the conception, fabrication, and development of the robot. 

5 GUIDELINES FOR CHILD-ROBOT DESIGN 
We described a two-year-long process that adapted participatory 
design methods and techniques to involve children in the design 
process of a social robot. Throughout this work, we identifed sev-
eral design principles that can support the inclusion of children in 
the social robotic design process. 

• Playfulness, a central mode of communication for chil-
dren, should be at the core of all design activities. Play, 
especially social play, is a key part of child development [87]. 
Play is defned as a minimally-scripted, open-ended exploration 
where children are absorbed in the spontaneity of the experience 
[88]. According to their developmental stage, children engage in 
diferent types of play [89] such as physical, intellectual, socio-
and emotional- play [90], symbolic and pretend play, including 
playing with objects and games with rules [91]. In our work, 
we have imbued all design activities with playful elements to 
encourage children’s expression during the design process of the 
robot. We relied on playful activities such as acting, sketching, 
body-storming, and traditional games, to ground the activities 
that invite children to the design. 

• Toys and craft materials are used by children daily and 
should be used as tools in the design process. During child-
hood, children manipulate objects such as toys to explore and 
make sense of the world around them [92]. Toys are tools that are 
approachable and safe to play with, fostering the development of 
children. Froebel’s gifts[93] and Montessori’s view on “education 
of the senses” [94] are examples of how manipulatives can be 
used to empower children’s growth and development. In our 
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work, we have incorporated toys and materials that are part of a 
child’s world in all design activities during the robot design and 
creation. To this end, we opted for paper, crayons, and cards, as 
the tools that children relied on for the robot design. 

• Child spaces, such as playgrounds, should be the stage on 
which the design process unfolds. “Playscapes” are environ-
ments that are natural and in which children fnd joy and safety 
to play [95]. Research on playground designs has brought to light 
qualities that lead to the most playful behaviors in children [96]. 
Efective playspaces support a range of social scales, allowing for 
solitary and social play; efective playgrounds embrace emotional 
requirements, such as emotional relief spaces, including privacy 
and break away points for quiet play [97]. In our work, we have 
used interior school playgrounds as they evoke playfulness and 
put our children co-designers in the right mindset for creative 
exploration. Our work is based on design-research for which 
we have relied on theoretically-inspired methods applied to a 
local design problem that has the potential to impact innovations 
within the global feld of design in HRI [98]. 

• Using child-appropriate protocols and materials. Consider 
a narrative of briefng and debriefng that children can under-
stand to explain the goal of the research. One example for a 
briefng protocol is the CHECk Tool [99] commonly used during 
PD sessions with children [100]. This will enable ethical and in-
formed participation of children, empowering them to decide if 
they want to enroll in the study. Consider data collection meth-
ods that are child-friendly, such as the Fun Toolkit that uses a 
Smilyometer instead of Likert scales [101]. before jumping into 
the actual activity add an ice-breaking activity with children that 
can be as simple as sharing hobbies or implementing other tech-
niques, such as Vignettes [102]; this will result in a more relaxed 
environment with children being more expressive and honest in 
their opinions towards the technology being tested [103]. 

• Designing with children requires a multidisciplinary team. 
Experts from a variety of backgrounds are a requisite when work-
ing with children. For example, when performing a study with 
children in a school, an expert in children’s dynamics (such as 
a psychologist that is trained to interact with children in study 
contexts) is required, as well as an expert in robotics (such as 
an engineer that can intervene when a problem with the robot 
arises). Multidisciplinary teamwork enables focus on diferent 
aspects during a study. In teams made up of experts in diferent 
backgrounds, however, special care needs to be given to develop 
a common language to support mutual understanding during dif-
ferent design stages. Team members should be trained together 
in the lab before heading to a study with children. should meet 
regularly to provide updates about design stages and make sure 
that their individual tasks converge toward the intended project 
goal. 

• Prepare to spend time on legal and ethical policies that 
concern child studies. In particular, note that these policies are 
very localized and thus difer per institutions (e.g., school district, 
university, specifc school policies). Safety standards require that 
the methods and materials employed in studies with children 
are certifed or are adapted for the child’s developmental stage. 
Privacy and confdentiality require the adoption of alternative 
methods for data collection that protect a child’s identity. All 

of this can cause restrictions on the study conducted and may 
therefore require exploring alternatives to originally conceived 
methods (e.g., using direct observation instead of video record-
ings). Having a long preparation time, and being open to change, 
is key to conducting design studies with children. 

• Conduct pre- and post-activities with your study partners, 
such as schools and museums. Visit the place where the study 
will be performed beforehand to understand the resources you 
have available, as this might defne the conditions for your study. 
This includes understanding the physical (e.g., spaces in the 
school that you can use to conduct the sessions, location of power 
outlets, etc) and administrative conditions (e.g., understanding 
who you will be coordinating with to have children coming in an 
organized way to the sessions). Consider performing clarifcation 
sessions with teachers and parents before the study begins as a 
strategy to have the institution on board during your study and 
parents signing consent forms in an informed way. At the end of 
the study thank the school for the time, space, and coordination 
that enabled the study to be performed. This can be accomplished 
by performing a debriefng session about preliminary results at 
the end of the study, or by sending materials of interest to the 
school such as articles that describe your results. This is not only 
a way to thank your partners, but also assures a good connec-
tion to institutions and provide a return place in case additional 
sessions are needed. 

6 CONCLUSION 
This work shows that designing and testing technologies with 
children is important to develop robots that accommodate their 
needs and that are understandable for them. Throughout this work, 
we identifed design guidelines that promote the successful inclu-
sion of children in the design of robots: object choice, playfulness, 
child spaces, and child policies. The relied on design principles from 
constructionism theory and creativity research, such as low foor, 
wide walls, creativity provocation behavior, open-ended play, and 
abstract form to lead the design for this robot. We hope that the 
detailed description of a multi-stage design process can provide 
specifc methods and techniques, as well as overarching principles, 
for future designers of social robots for children. 

Despite the richness of this design process, our work comes with 
limitations that we would like to acknowledge. A major limitation 
is that we have not compared our child-centered design process to 
other processes of robot design. For future work, it would be inter-
esting to compare diferent approaches in robot design, accounting 
for diferent levels of user engagement. 
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