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Figure 1: Play sequence between a child and the YOLO robot.

ABSTRACT

Creativity is an intrinsic human ability with multiple benefits across
the lifespan. Despite its importance, societies not always are well
equipped with contexts for creativity stimulation; as a consequence,
a major decline in creative abilities occurs at the age of 7 years old.
We investigated the effectiveness of using a robotic system named
YOLO as an intervention tool to stimulate creativity in children.
During the intervention, children used YOLO as a character for
their stories and through the interaction with the robot, creative
abilities were stimulated. Our study (n = 62) included 3 experimental
conditions: i) YOLO displayed behaviors based on creativity tech-
niques; ii) YOLO displayed behaviors based on creativity techniques
plus social behaviors; iii) YOLO was turned off, not displaying any
behaviors. We measured children’s creative abilities at pre- and
post-testing and their creative process through behavior analy-
sis. Results showed that the interaction with YOLO contributed
to higher creativity levels in children, specifically contributing to
the generation of more original ideas during story creation. This
study shows the potential of using social robots as tools to empower
intrinsic human abilities, such as the ability to be creative.
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1 INTRODUCTION

Robinson (2001) characterized creativity as being at the heart of
what it is to be human [1]. During childhood, we spend most of our
time between fantasy and pretend play, creating new worlds and
exploring [2]. As we grow older, critical thinking skills take over
and gradually we let go of the creative elasticity that our brain was
functioning for. So despite becoming more efficient and skilled, we
also become less risk-taking, exploratory, and original [3, 4]. We,
therefore, might trait our fearless creative imagination for a more
grounded and functional sense of the world.

The benefits of being creative are numerous. Creativity is a
skill related to well-being and healthy development and relates
to our sense of self-expression and identity [5, 6]. It can be what
contributes to moods of joy, wonder, excitement, efficiency, and
pleasure [7, 8]. Additionally, creativity is considered a transferable
skill since it benefits several areas of human development, growth,
and learning [9, 10]. Creativity levels are dynamic and are likely
to change during life [11]. Therefore, despite its benefits, the first
major oscillation in creative abilities occurs at the age of 7 years
old [12-14] At this age, an intense tendency for creativity levels to
decrease is reported to occur in a phenomenon named “creativity
crisis” [15]. This decline has been associated with diverse factors,
such as to the organization of traditional education systems and
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conformity behaviors towards peers that children start to exhibited
in this developmental stage [16, 17].

Creativity is a skill that can be developed if trained [18]. However,
existing creativity training programs for children are still rare to
find and existing ones resemble test-like formats, lacking elements
of joy and play, essential to children [17, 19]. Given the willingness
and benefits of children interacting with technology [20], we aim
to test the impact of a social robot on children’s creativity levels
(see Figure 2 for an overview of an interaction). In our intervention
scenario, children used a robot as a character for their stories, simi-
lar to how they manipulate traditional toys, such as dolls or cars,
for storytelling and fantasy creations. We aimed at studying the
effectiveness of children using a robot in stimulating their creativity
in comparison with the same robot that was turned off, i.e., the
robot did not display any interactive behaviors. We then measured
the impact of the intervention across two creative dimensions. The
first dimension concerned the creative person, in which creative
abilities were evaluated using pre and posttests of verbal [21] and
figural-graphic creativity [22]. The second dimension concerned
the creative process in which the creativity present in the process
of story creation was measured by analyzing the fluency, flexibility,
elaboration, and originality of ideas generated by children [23].

1.1 Contributions

There are two main contributions of this work. The first contri-
bution relates to the application of a social robot in a creativity-
nurturing environment under activities that children are familiar
with, namely unstructured play and storytelling. Leveraging on
activities that children practice and that are part of their everyday
life is a contribution as most interventions with robots are tailored
to the capabilities/limitations of the robot itself instead of potenti-
ating the way children interact. Our research incorporates a robot
into a storytelling context with no turn-taking restrictions thus
attending to play dynamics observed in children. Also, by using
storytelling as the main intervention activity we do not place an
extra cognitive load on children and they can be focused on content
creation. Additionally, while most child-robot interactions are re-
stricted to specific physical spaces due to power outlet dependency
of the robot or due to its heavy hardware, the robot used within this
research can be carried around by children, favoring unrestricted
play dynamics. These were the main design drives for this work
which are aligned with the Product Design Framework that states
that a successful product is developed taking into account existing
dynamics between users and their environment [24, 25].

The second contribution of this work concerns the thorough eval-
uation of creativity. The majority of creativity evaluations consist
of using questionnaires to measure differences in creative abilities
before and after the intervention (usually named as pre- and post-
tests). In our study, we go beyond this and analyzed the creative
process of children while creating a story with the robot. The cre-
ative process is usually deemed chaotic and most of the time messy
and contains ideas that might not be visible or identifiable in a
final outcome and end up going unnoticed (see Figure 4). In our
study, we not only analyzed the impact of the intervention at pre-
and post-testing levels, as we also analyzed the creative process of
children. The creative process was studied by using an objective

Figure 2: Example of interaction between children and
robots for creativity stimulation during storytelling play.
Children move the robots about the floor as a storytelling
character stand-in. Based on the trajectories detected by the
robots’ motion sensors, they take on different personalities
that either mirror or contrast the children’s storyline, as a
creativity-stimulating technology intervention.

scoring system for creativity that measures the fluency, flexibility,
elaboration, and originality of the ideas generated [23, 26, 27]. This
analysis has the potential to shed light and a deeper understanding
of the cognitive processes that children undergo while interacting
with a robot whose goal is to provoke creativity.

2 RELATED WORK

In this section, we review previous work regarding how creativity
has been defined and measured. Additionally, we contemplate how
robots have been used in the context of creativity.

2.1 Defining creativity

Creativity is considered one of the highest human cognitive abilities
[28]. It is a multi-faced concept with over 60 different definitions
in the field of psychology alone [29, 30]. While earliest definitions
of creativity described this ability as a function of an individual
[23], creativity definition has evolved and is now defined as an in-
teraction between aptitude, environment, and process by which an
individual or a group produces a tangible product that is both novel
and useful, within the social context [31]. Guilford (1967) defined
creativity as the embodiment of thought in the form of external
behavior, consisting of three characteristics: fluency, flexibility, and
originality [23]. Amabile (1996) regarded creativity as the interac-
tion between the individual and its external environment, including
three components: domain-relevant skills, creative-thinking skills,
and task motivation [32].

Sawyer (2017) understood creativity in the context of a group
emergence where flow, collaboration, and improvisation processes
take place. He stated that when group synchronization is reached,
it becomes difficult to discriminate the individual contribution of
each person, as “the whole is greater than the individual parts”



[33]. Indeed, group dynamics influence creativity due to the un-
predictability of the other’s creations and one’s need to adapt and
keep up with a coherent narrative [34]. The characteristics of ev-
ery person in the group also bring richness to the creative context
that in individual creations is not possible to attain [35, 36]. Thus,
despite finding on individual creativity being more extensively re-
ported in the literature, group creativity seems to bring a new layer
to creations. Additionally, Cronin and Loewenstein (2018) argued
that creativity is a process of following cues to generate insights
that change our perspectives, which with the craft we can use to
form inventions and enlightenment [37]. In this work, we rely on
definitions provided by different authors and view creativity as a
process of discovery, connections, and insights that are influenced
by variables related to the creative person and the creative process.

2.2 Measuring creativity

Creativity can be measured according to three main dimensions:
creative person, creative process, and creative product [38].

When focusing on the creative person, creativity is evaluated us-
ing psychometric validated tests of creativity that can fall into two
different creativity domains: the verbal creativity and the graphic-
figural domains. The verbal creativity domain is represented by
high levels of creativity related to verbal/written expression [21],
present in e.g., poets. While the figural-graphic domain [22], evalu-
ate creativity in visuals, such as drawings, being a type of creativity
more evident in artists such as painters or sculptors.

The creative process is related to ideas generated while trying to
solve a problem, create a solution, or during brainstorming sessions.
Usually, these ideas are the most creative as the limits and bound-
aries around their expression are lowered for the sake of creative
emergence; however, data related with creative processes are also
harder to analyze as they are messy (several ideas can emerge at the
same time with no obvious link between them), time-consuming
(usually requires analyzing the behavior or verbal content of cre-
ative sessions) and difficult to discuss (not many reported methods
for identifying and bench-marking content of creative processes).
One suggested way to analyze the creative process, although rarely
presented in research findings, is to use a coding system for creativ-
ity that measures the fluency, flexibility, elaboration, and originality
of the ideas generated [23, 26, 27].

The creative product, or the outcome of a creative process, is
generally analyzed using the Consensual Assessment Technique
(CAT) [39], which relies on a panel of experts in the field related to
the product generated to act as judges and measure how creative a
certain product is. Given the difficulty of having experts as judges,
a new technique emerged, called the Creative Solution Diagnosis
Scale (CSDS) [40]. This new method adheres to a similar evaluation
principle to the one used in CAT but differs from it in that a panel
of non-experts carries out the evaluation of the product. Generally,
CSDS requires a larger sample of judges than the CAT technique.

2.3 Robots for creativity

Given the importance of creativity, literature reports on some efforts
of using social robots for creativity stimulation. A study conducted
by Khan et al. (2016) used a social robot to encourage adult par-
ticipants in generating creative ideas for a Zen Rock Garden. The

Figure 3: YOLO, the robotic platform used in this work.

results of this study showed that participants engaged in the cre-
ativity task for longer periods of time and provided almost twice
the number of creative expressions when a robot encouraged them
to generate creative ideas compared to an encouraging PowerPoint
slideshow [41]. A study carried out by Ali et al. (2019) emulated cre-
ativity in a robot and studied if children’s creativity levels increased
after interacting with this robot compared to a robot that did not
exhibit creativity behaviors. The authors found that children who
interacted with a creative robot generated more ideas, explored
more themes, and were more original, than children who interacted
with a non-creative robot [42].

Additionally, creative performance can be a factor of different
mindsets, i.e., one’s implicit theory about weather creative abilities
are unchangeable/fixed or can be nurtured/grow [43]. This line of
research showed that a growth mindset is associated with variables
related to creative thought, such as problem-solving [44, 45]. A
study conducted by Park et al. (2017) developed a social robot with
a growth mindset and another robot with a neutral mindset and
compared if children’s mindsets can be influenced by the interac-
tions with these two different robots. The authors concluded that
children that were exposed to a robot with a growth mindset were
more motivated to solve a difficult task and self-reported having a
stronger growth mindset in comparison with the neutral version
[46]. A different study focused on curiosity, a trait deeply related
to creativity [47]. Therefore, Gordon et al. (2015) designed a social
robot that expressed curiosity behaviors, and the main goal of this
study was to analyze the effects of this robot on children’s own
curiosity levels. Results showed that children’s curiosity levels were
higher after interacting with the curious compared to a robot that
did not exhibit curiosity behaviors [48]. An additional study con-
firmed similar effects of curiosity contagion between robots and
the adult population [49].

3 ROBOTIC SYSTEM

We used YOLO, a short name for Your Own Living Robot, a social
robot designed and developed to stimulate creativity in children



Figure 4: Creative process. The dot represents the starting
point of the creative process, the entangled lines in the mid-
dle part demonstrate a rich generation of ideas that become
organized when the creative process finishes (illustrated
with a cross). In our work, we evaluated the creative process
of storytelling by measuring the fluency, flexibility, elabora-
tion, and originality of ideas.

(see Figure 3). This is a small-size and light-weight robot with an
abstract shape [50]. YOLO interacts with children using lights with
different colors and distinct movements at various speeds. These
implicit interaction modes and the shape of the robot set realistic
expectations for the robot capabilities [51] (see Figure 1).

To stimulate creativity in children, the robot was designed fol-
lowing grounded theories on creativity in which two creativity
nurturing techniques were embedded in its behavior expression.
These techniques are called “Mirroring” and “Contrasting”. When
YOLO using the Mirroring technique it replicates the same move-
ment that children performed, thus it was implemented to stimulate
convergent thinking, i.e., as an elaboration process since it follows
the same pattern initiated by children (e.g., the robot continues the
same movement of the child, thus elaborating on that idea) [52].
When using the Contrasting technique, YOLO exhibits different
movements from the one created, therefore this movement was im-
plemented to stimulate divergent thinking as a different course for
the story is hinted (e.g., the robot runs in a different direction than
the one defined by the child, which may promote opportunities for
a plot twist) [53].

YOLO decides on which technique to apply according to the
storytelling arc of the story. Convergent thinking was implemented
during the initial and final stages of the story where children are set-
ting up or finishing the plot. Divergent thinking was implemented
during the middle part of the story where original ideas emerge.
Each storytelling stage was defined by time instances for each sto-
rytelling stage. The software [54] and the hardware [50] of YOLO
were released in open access and additional details about the robotic
system can be found in the associated publications.

4 METHOD

We present details on the method used in this experimental study.

4.1 Goal, conditions, and hypothesis

We tested the impact of a social robot on children’s creativity levels.
During the intervention, we expect YOLO to stimulate divergent
and convergent thinking, two important forms of creative thought

that call for two different cognitive states [23]. We compared the
efficacy of YOLO in stimulating children’s creativity across 3 study
conditions: i) simple condition, in which YOLO displayed behaviors
based on creativity techniques; ii) enhanced condition, in which
YOLO displayed behaviors based on creativity techniques plus so-
cial behaviors; iii) control condition, in which YOLO was turned
off. The hypothesis for our study are the following:

Hypotheses 1: Creative person — The impact of the intervention
in verbal and graphic-figural creativity will be higher when inter-
acting with a robot loaded with creativity stimulating behaviors
(simple condition) or with a robot with creative and social behaviors
(enhanced condition) in comparison with the same robot that does
not display any behaviors (control condition).

Hypotheses 2: Creative process — Children’s creative process
of storytelling contains more creative ideas when interacting with
a robot loaded with creativity stimulating behaviors (simple condi-
tion) or with a robot with creative and social behaviors (enhanced
condition) in comparison with the same robot that does not display
any behaviors (control condition).

4.2 Participants

4.2.1 Sample. A total sample of 62 participants took part in this
study. Two participants were part of the pilot testing, 20 partic-
ipants were allocated in each condition. From the total pool of
participants, 4 were excluded from the analysis and the final sam-
ple was comprised of 56 participants. A detailed description con-
taining the demographics for each group is presented in Table 1.
All participants were fluent in oral and written Portuguese lan-
guage. Participants were randomly assigned to a treatment group
by generating a random participant list using the following website:
http://random.org.

4.2.2  Ethical selection and participation of children. Participants of
this study were children enrolled in summer camps. Data collection
included the recruitment of summer camps as a way of accessing
children. Summer camps were contacted via email. Upon gathering
which camps were interested in being involved in the study, a visit
to the summer camp was performed to ensure proper conditions
for the study (e.g., having access to a private classroom). During
this first visit, the study was presented to the staff consisting of
teachers and additional relevant personnel. A presentation session
with parents was held to clarify potential doubts. The recruitment
process was held jointly with summer camps. A consent form was
delivered to the interested camps. The consent form was then de-
livered to the legal guardians through the camps and only children
whose informed consent was returned and signed were included
in the study. Written consent of legal guardians and children’s ver-
bal assent to engage in the study was required at the time of the
intervention session. The main goal of the study was not made
explicit in the consent form to ensure internal validity of the results.
However, a detailed debriefing is provided to children at the end of
the study session and the email contact of the leading researcher
was provided in the consent form to in case legal guardians wish
to clarify additional questions.
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This study followed the ethical and professional standards of
the code of conduct of research in Portugal, which required a com-
mitment to protect the fundamental right to privacy and personal
data protection, being subject to the requirements of the General
Data Protection Regulation and associated legislation. No monetary
or symbolic reward was provided to children who participated in
this study. However, children benefited from the study by being
exposed to cutting-edge robotic technology.

4.3 Measures

This study used two types of measures: measures for the creative
person, consisting of tests applied to children as pre- and post-
measures to evaluate their creative skills. Additionally, we included
measures for the creative process, which consists in transcribing
and coding the all verbal behavioral interactions between the child
and the robot during the process of story creation to measure the
creative process that children engage in. Both of these measurement
types are detailed below.

4.3.1 Creative person. Creative skills of children were evaluated in
terms of their verbal creativity and graphic-figural creativity, using
validated measures described below:

CREA — Verbal creativity was measured using the CREA test
Forms A and C [21], adapted to Portuguese [55]. CREA Form A was
used as a baseline measure (pre-test) to analyze children’s creativity
before the intervention. Form C was used as a post-test measure
to analyze the effects of the intervention on children’s creativity.
During the CREA application, children are shown an image and
instructed to verbally ask as many questions as they can think of
about an image. Children have a total of 4min to ask questions but
they are not made aware of this time limit. The questions of chil-
dren were voice recorded for posterior analysis and were evaluated
following CREA’s manual and a single-score for verbal creativity is
attributed to each participant.

Test for Creative Thinking-Drawing Production (TCT-DP)
— Graphic-figural creativity was measured using the TCT-DP Form
A [22], adapted to Portuguese [56]. This test was used as a post-test
measure to evaluate the effects of the intervention in children’s
graphic-figural creativity. During the TCT-DP application, children
were presented with an incomplete drawing under the instruction
“A painter started this drawing but could not finish it. Your task
will be to finish this painting as you wish.” Children have a total
of 15min to finish their drawing but they are not made aware of
the time limit. The scoring of the final drawing of children is made
according to 14 categories for evaluating figural-graphic creativity,
detailed in the test’s manual [22]. The final score is divided into
the dimensions of Adaptiveness (related with conventional ways
of thinking), Innovativeness (related to unconventional ways of
thinking, such as breaking of limits, perspectives, and humor), and
a total score consisting of a sum of the previous ones [57].

4.3.2 Creative process. Creative processes are defined by being
chaotic, messy, and containing the generation of ideas that can
be left out or that are not directly visible in the final outcome
(see Figure 4). In our scenario, the creative process started when

children were introduced to the robot, continued during their story
creation, and ended when children finished their stories. During
their creative process, a percentage of the generated ideas end up
being left out of their final story-line for the sake of converging
to the final story plot. If looking only at their final stories, we
will not be aware of the creative process they underwent. In the
same way, pre-and post-measures do not measure their creative
process. However, the discarded ideas are important as they are the
expression of children’s creative potential. We used the traditional
objective scoring system for the cognitive dimensions of creativity
comprised of fluency, flexibility, elaboration, and originality [23, 26,
27]. The scoring system is detailed below:

o Fluency — Production of ideas defined by the total number
of ideas generated by children that were relevant to the story
plot;

¢ Flexibility — Production of different ideational categories,
defined by ideas that fall into different types of categories
related to the story plot. These ideas can be related to the
characters (role, identity, physical form, wants and needs of
the characters), actions (dialogue, movements, and actions
of the characters in the story), and scenario (space attributes
where the story takes place);

¢ Elaboration — Persistence on introducing details, defined
by the number of details that belong to each of the categories
of flexibility;

e Originality — Presence of unusual, surprising, uncommon,
but relevant ideas during the creative process that provide
additional creative merit to the story. Originality of the story
creation process will be rated by the story coders on a scale
from 1—4: 1 is meant for very short and non invested stories;
2 for traditional stories that have some action but that are
classic stories or replica of existing ones (e.g., a bank robbery
is considered a traditional story and the recollection of Star
Wars a replica); 3 is meant for stories with a high creative
power that are elaborated and that have elements that are
surprising but at the same time have a background of a
traditional plot; 4 is meant for highly creative and invested
stories and is the highest creative score that a story can
acquire.

4.3.3 Researcher warmth and competence. To control for the exper-
imenter bias, two questions were asked to children regarding the
perceived warmth and competence of R2. The questions were based
on the Stereotype Content Model [58, 59] and are the following:
“How nice was the researcher with you?” (warmth) and “How well
did the researcher explained the activity to you?” (competence).
Children were invited to answer these questions using a 5-point
type-Likert scale designed as a Smily-o-meter [60] and placed their
answers in a secret box to ensure additional anonymity and privacy
to their answers.

Results showed no differences between conditions regarding the
perceived warmth, F(2, 35) = 1.03, p = .368, 17}2) =.06 [95% CI: 0.00,
0.23] and competence, F(2, 35) = 1.63, p = .850, 17}2, =.01 [95% CL:
0.00, 0.10], of the researcher who applied the intervention. Children
rated with high scores researchers’ warmth (M = 4.95, SD = .23)
and competence (M = 4.89, SD = .31). This result demonstrates that
R1 was perceived similarly across study conditions and the main



Table 1: Demographic information according to study conditions.

Pilot test Control condition Simple condition Enhanced condition Total sample
Sample (N) 2 20 20 20 62
Excluded (N) 0 1 1 2 4
Age (M; SD) 8.00; .00 7.58; 0.69 8.21; 0.86 7.83; 1.10 7.85; 0.96
Gender (N) 2M 11M, 8F 16M, 3F 13M, 5F 45M, 17F
Siblings (M; SD) 1.00; 1.41 1.37; 1.17 0.95; 0.85 .83; 0.62 1.03; 0.91

results were not caused by a researcher bias.

4.4 Procedure

The study was performed in a reserved room ensuring a controlled
environment with no interruptions. Two researchers (named R1
and R2, for simplicity) with psychology training were responsible
for conducting the study. R1 was responsible for administering the
intervention and R2 delivered the pre- and post-tests measures.
This requirement was performed to control for experimenter bias.

Before the beginning of the study, R1 coordinated with the sum-
mer camp teachers to select one child at the time to perform the
session. The child was briefed about the general activities to be per-
formed and gave verbal assent in participating. It was emphasized
that there are no right or wrong answers for any question and the
child was encouraged to ask questions for additional clarifications.
It highlighted that there are no consequences in case the child re-
fused to participate. The study was composed of four moments
with an estimated total duration of 30 — 45 min. The study moments
are detailed below:

Moment 1: Pretesting (10-15min): R2 delivered the follow-
ing questionnaires: demographic information (e.g., age, number of
siblings); measure for verbal creativity CREA Form A.

Moment 2: Intervention (no time limit): The main activity
took place on the floor of a room to replicate a natural setting
where children play with their toys. R1 explained that he/she would
play and create a story of their choice using the YOLO robot as a
character. R1 explained the instructions while seated on the floor
next to the participant to set an informal and relaxed environment,
proper for creativity stimulation. When the activity started R1
remained nearby but with minimum interventions. This task had
no time-limit and ended when the participant said the story had
come to an end.

Moment 3: Posttesting (10-15min): R2 administered the fol-
lowing questionnaires: Graphic-figural creativity will be measured
using the Test for Creative Thinking-Drawing Production (TCT-DP;
Form A; verbal creativity will be measured using the CREA Form
C; R1 warmth and competence levels were evaluated.

Moment 4: Debriefing (post-session time): Debriefing was
delivered to the child directly. The way the information was de-
livered was adapted to the child’s level of language and cognition
[61]. This meant that researchers were available to answer any
questions that children had about the study and the procedures in
an understandable way. When children did not ask direct questions
at the end of the study, the research voluntarily debriefed children

by explaining that the goal of the study was to investigate how they
play with toys and how these can affect their creativity.

4.5 Researcher role

R1, who was responsible for administering the intervention, had a
peripheral role during the activity of storytelling between children
and the robot. To minimize interventions in the creative process
of children, R1 interventions occurred only to unblock the creative
process which occurred when children did not have more ideas
for the story during a certain amount of time. In this case, the
researcher asks them motivating questions, such as, “what hap-
pens next?” or “what is your character doing now?”. If children
are not providing ideas in the initial part of the storytelling, the
researcher introduces dramatic elements, such as “can you tell me
where your story happens?” or “are there more characters in your
story?”. The researcher refrained from providing ideas to the story.
The researcher also helped to conclude the story when children did
not provide more ideas towards the final stage, by asking questions
such as “can you tell me how your story ends?” or “how would you
like to finish your story?”.

5 RESPONSIBLE RESEARCH

This work adhered to quality standards on research, such as pre-
registration, open-access, and practices to avoid researcher bias.

5.1 Pre-registration

This study was preregistered in Alves-Oliveira et al. [62]. Therefore,
research questions, hypotheses, methods, materials, and planned
statistical analyses have been preregistered. By doing so, we have
defined the research questions and analysis plan before observing
the research outcomes, providing credibility to the research findings
and contributing to best practices amongst the research community
[63, 64].

5.2 Open-access practices

Materials for this study were provided open-access with this pub-
lication in Alves-Oliveira et al. [65]. The release of the collected
data enables the replication of the results and contributes to re-
search transparency. Additionally, we provide open access to the
measures used accompanied by the verbal instructions of the re-
searcher. This enables the replication, reproduction, or re-creation
of the procedure of the study.



Figure 5: Left: Main effect of verbal creativity measured with CREA from the pre- to the post-tests, p <.05. Right: Significant
increase from pre- to post-tests scores of verbal creativity for the Control and Simple conditions, p <.05.

5.3 Avoiding experimenter bias

Researcher bias is defined by the results being affected because
the same experimenter who facilitates activity also administers
the measures [66]. To avoid experimenter bias, researchers and
participants should be blinded to the study conditions. When this
double-blind testing is not possible, some techniques can help to
reduce the experimenter bias, which we have applied in our study
[67]. One technique is to have two researchers involved in the study,
R1 and R2, each of them responsible for administering the interven-
tion (R1) and delivering measures (R2). As R1 was not blinded to the
conditions as the robot behavior make it explicit about what was
being measured, we applied an additional measure to reduce bias.
Therefore, participants were asked to evaluate R1’s warmth and
competence, two fundamental dimensions of social perception that
can contribute to the bias [58, 59]. To ensure additional anonymity
and privacy of children, a secret box where they placed their an-
swers was provided. This was applied by R2 at a post-test stage and
signals the closure of the activity. Details about the result for this
controlled factor can be seen in section 6.

6 RESULTS

We present the analysis of the results for the creative person (H1)
and the creative process (H2) in light of our hypothesis.

H1: The impact of the intervention on verbal and graphic-
figural creativity will be higher in the experimental condi-
tions compared to the control group.

A 2 (Phase: pre/post assessment) X 3 (Group) analysis of vari-
ance (ANOVA) was used to analyze the results of verbal creativity
with CREA. The results showed a statistical significant main effect
of Phase, F(1, 50) = 15.20, p < .001, 73 = 23 [95% CI: 0.06, 0.44],
indicating an increase in the overall creativity scores from pre- to
post-testing (M = 5.12, SD = 0.44 vs. M = 7.79, SD = 0.65) (see Figure
5). There was no significant main effect of Group, F(2, 50) = 0.42,
p=.657, 77% =.02 [95% CI: 0.00, 0.11], nor an interaction between
Phase X Group, F(2, 50) = 0.40, p = .671, 17;2, =.02 [95% CI: 0.00, 0.11].
Thus, for all group conditions, the results of CREA were similar at

baseline, F(2, 50) = 1.08, p = .347, r]f, =.04 [95% CI: 0.00, 0.17], and
after the intervention, F(2, 50) = 0.12, p = .888, ryf) =.005 [95% CIL:
0.00, 0.06].

A one-way between subjects ANOVA was used to compare the
effect of Group (3 conditions) on graphic-figural creativity with
TCT-DP. We recall that graphic-figural creativity was measured
according to the two dimensions of TCT-DP: Adaptiveness and
Innovativeness. There were no statistically significant differences
between groups for both adaptiveness, F(2, 53) = .11, p = .897, and
innovativeness, F(2, 53) = .07, p = .930. TCT-DP total score was
also similar between conditions, F(2, 53) = .09, p = .918. Despite
no differences between conditions, normative values for this test
showed that children were between the 50 and the 70 percentile,
denoting a medium-high of graphic-figural creativity levels after
intervention [57].

Taken together, the results showed that verbal creativity levels
increased for all study conditions as an effect of the intervention.
Additionally, verbal creativity levels statistically increased more
from pre- to post-testing in the Simple condition compared to Con-
trol. Overall, the results partially support the hypothesis.

H2: Children’s creative process of storytelling is more cre-
ative in the experimental conditions compared to control.

We used a one-way ANOVA to analyze the creative process of
storytelling according to its fluency, flexibility, elaboration, and
originality in terms of Conditions (3 groups).

The ANOVA for the fluency scores revealed no significant differ-
ences in the number of ideas generated between the Groups, F(2,
52) = .06, p = .943, 12 = .001 [95% CI: 0.00, 0.08].

Flexibility was evaluated in terms of the different ideational cat-
egories of drama, which consist of characters, action, and scenario.
Planned contrasts showed a marginally significant result for charac-
ters between the Control and Enhanced conditions, ¢t = 1.94, p = .05,
d = 0.66 [95% CI: -0.03, 1.30], with more ideas being generated in
the Enhanced condition (M = 12.50, SD = 2.46) than in the Control
condition (M = 7.42, SD = 1.17) (see Figure 6, left). No additional
result was found for action, F(2, 52) = .09, p = .996, r]lz3 =.002 [95%



Figure 6: Left: Number of ideas generated by children about their characters during story creation. The graph shows a signif-
icant difference between the Control and the Enhanced conditions, p < .05. Middle: Elaboration of ideas related to the story’s
actions was significantly higher than ideas generated towards the story character or scenario, p < .05. Right graph: Ratings of
originality for the creative process of story creation. The graph shows the creative process of storytelling was more original
in both the Simple and the Enhanced conditions in comparison to Control, p < .05.

CI: 0.00, 0.08], and scenario, F(2, 52) = .07, p = .929, r]IZ) =.001 [95%
CIL: 0.00, 0.08].

There was a statistically significant main effect of the Conditions
(3 Groups) on elaboration, F(1, 54) = 58.99, p <.001, 17}2, =.52[95%
CI: 0.32, 0.69], with more ideas being generated towards the story
action (M = 22.60, SE = 2.08) in comparison with the story characters
(M =10.13, SE = 1.09) and scenario (M = 9.87, SE = 0.93) (see Figure
6 middle graph).

There was a significant main effect of group on originality, F(2,
52) = 7.35, p = .002, 713 = .22, [95% CI: 0.04, 0.41]. (see Figure 6, right).
Planned contrasts showed that this difference occurred between
the two experimental conditions and the control, #(52) = 3.44, p =
.001, d = 0.94, [95% CI: 0.38, 1.56]. When looking at the means, the
Simple (M = 3.06, SD = .94, 1(52) = 3.83, p < .001, d = 1.29, [95% CI:
0.54, 1.96]) and the Enhanced conditions (M = 2.56, SD = .78, #(52)
=2.10, p = .041, d = 0.71 [95% CI: 0.02, 1.35]) were superior than
control (M = 1.95, SD = .91).

Effect sizes for the significant effects are large, demonstrating
the strength of the results. Overall, the results partially supported
this hypothesis.

7 DISCUSSION AND CONCLUSION

In this work, we presented an experimental study investigating
the effects of using a social robot for creativity interventions with
children. We have conducted a study in which a social robot named
YOLO was used within the context of unstructured play and story-
telling, both familiar contexts of interaction for children. We have
used the YOLO robot as the behaviors of this robot were designed
grounded on validated creativity techniques. We investigated the
effectiveness of YOLO in stimulating children’s creativity not only
at pre- and post-test levels but also during their creative process.
An additional novelty concerns the way that children can inter-
act with this robot during the intervention. Namely, this robot is
portable, light, and thus can serve the purposes of being a character
in children’s stories with flexibility.

Our results showed the potential of using the YOLO robot for
creativity stimulation in children. When using YOLO loaded with
creativity behaviors during play, children engaged in a more orig-
inal and creative process. Although this result is not evident in

post-testing measures, the creative process experience they en-
gaged in with the robot leads to more innovative, rare, and novel
ideas, unlocking creative processes related to creative thought. This
result has implications for the understanding of how humans create
while using robots as their tools.

This study was designed taking into consideration research qual-
ity standards, such as pre-registration and open access. Therefore,
in this paper, we presented partial evidence that resulted from the
design study that was pre-registered. Future work includes study-
ing creativity in a group context since literature shows that group
effects play an important role in creative expression.

In sum, this work provides important insights for using social
robots to stimulate the creative process of children. As creativity is
considered a transferable skill, it is expected that children will be
able to be creative in other endeavors of their life when trained and
stimulated for creativity. Overall, this work aimed at contributing
to the field of human-robot interaction (HRI) by providing evidence
that robots can be used to support innate human qualities, such
as the ability to be creative, which is a beneficial capacity to have
during childhood but also during adulthood.

7.1 Highlights

o We have tested a fully autonomous robot that acted as a
tool for creative stimulation. This evaluation was conducted
into-the-wild, in summer camps, with children.

e We have evaluated the creative process of children when cre-
ating a story together with a robot. We relied on a validated
scoring system to analyze the creative process.

e We released in open-access the materials, datasets, instruc-
tions, and questionnaires for this study. Additionally, this
study was pre-registered in Open Science Framework.
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