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ABSTRACT 
We present the design and evaluation of a storytelling activity be-
tween children and an autonomous robot aiming at nurturing 
children’s creativity. We assessed whether a robot displaying cre-
ative behavior will positively impact children’s creativity skills in 
a storytelling context. We developed two models for the robot to 
engage in the storytelling activity: creative model, where the robot 
generates creative story ideas, and the non-creative model, where 
the robot generates non-creative story ideas. We also investigated 
whether the type of the storytelling interaction will have an impact 
on children’s creativity skills. We used two types of interaction: 1) 
Collaborative, where the child and the robot collaborate together 
by taking turns to tell a story. 2) Non-collaborative: where the ro-
bot frst tells a story to the child and then asks the child to tell it 
another story. We conducted a between-subjects study with 103 
children in four diferent conditions: Creative collaborative, Non-
creative collaborative, Creative non-collaborative and Non-Creative 
non-collaborative. The children’s stories were evaluated accord-
ing to the four standard creativity variables: fuency, fexibility, 
elaboration and originality. Results emphasized that children who 
interacted with a creative robot showed higher creativity during the 
interaction than children who interacted with a non-creative robot. 
Nevertheless, no signifcant efect of the type of the interaction was 
found on children’s creativity skills. Our fndings are signifcant 
to the Child-Robot interaction (cHRI) community since they en-
rich the scientifc understanding of the development of child-robot 
encounters for educational applications. 
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1 INTRODUCTION 
Creativity is one of the traits that diferentiates humans from other 
species [22]. In the current technological and competitive world, 
creativity became an essential skill for an innovative working envi-
ronment [32] as creative problem solving is regarded as a key pillar 
for managerial and entrepreneurial positions [22, 29]. Furthermore, 
scholars suggest the possibility of nurturing creativity throughout 
life [35]. Hence, arises the importance of developing creative skills 
since a very young age. Over the years, many researchers have 
tried to defne creativity. Psychologists have presented at least 60 
defnitions of the term [5]. Despite the many defnitions of creativ-
ity, there is a general consensus of two features typically associated 
with creativity: uniqueness and usefulness of an idea [28, 30]. 

Verbal creativity for children has always been linked to sto-
rytelling. Storytelling is an intellectual process that entails the 
creation and development of a story line and characters as well 
as the attribution of feelings and perceptions of time and space 
[17, 39]. Given its inherently social and creative nature, storytelling 
helps improving children’s creativity skills as well as supporting 
their linguistic and afective development [33, 34]. Consequently, 
in this paper we aimed at stimulating children’s creativity through 
a storytelling activity. 

Previous studies demonstrate that children may mirror a ro-
bot’s behavior such as curiosity [18], creativity [3] and growth 
mindset [27]. We investigate the same concept in this research by 
assessing whether an interaction with a creative robot will render 
children more creative. Similarly, previous research proposes that 
collaboration fosters more creativity [2, 3, 20]. Therefore, we also 
investigated whether designing our storytelling interaction in a col-
laborative manner will yield to higher creativity results in children. 
We designed the storytelling game as a turn taking game between 
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the robot and the child in order to tell a story. Both of them provide 
ideas to the story (story continuations). 

This work makes three contributions. First, it is among the 
few works that uses an autonomous robot for a collabora-
tive interaction with children implemented in a way that 
allows the robot to overcome speech recognition challenges. 
Second, it is following a new approach to stimulate children’s 
creativity by making a child engage with a robot in a story-
telling activity where the robot’s additions to the story (i.e 
story continuations) are contextual (i.e are building on the 
child’s story). As a third and fnal contribution, we conducted 
a real-world study with 103 children and provide supported 
evidence that a robot’s creative behavior encourages creative 
behavior from children. 

2 RELATED WORK 

2.1 Evaluation of Creative Storytelling Systems 
Margaret Boden, a pioneer in the area of computational creativity 
used for creating stories has distinguished between two types of 
creativity: 1) Historical creativity that includes ideas that have 
not occurred to anyone before and 2) Psychological creativity that 
involves ideas that have not occurred to a specifc person before 
[8]. Therefore, creative autonomous systems must have access to a 
historical database of ideas. Otherwise, the creative system will only 
be capable of psychological creativity. Boden proposed the search of 
a conceptual space that is governed by a set of constructive rules to 
build an autonomous creative storytelling system. Stemming from 
Boden’s work, Richtie proposed the evaluation of the creativity of a 
computational system using two criteria: novelty and quality [17]. 

A more recent approach that is more common nowadays suggests 
the evaluation of verbal creativity in terms of four criteria [19, 
36, 38]: 1) Fluency: which denotes the number of ideas produced 
throughout the creative process 2) Flexibility: which denotes the 
variability of ideas generated.(i.e ideas addressing various topics or 
belonging to diferent categories) 3) Elaboration: which denotes the 
amount of details in describing the ideas. And 4) Originality: which 
denotes the surprising or uncommon element in generating an idea 
(also described as the "aha" moment) [21]. In our work, we opted 
for generating and evaluating creativity using these four variables 
in a storytelling interaction between a child and a robot. 

2.2 Creativity in cHRI 
Recently, scholars have introduced humanoid robots in creative 
activities with children. Alves-Oliveira has created the robot YOLO 
(your own living object) [6] capable of exhibiting social behaviors 
to be used as a tool or a character in stories created by children in 
a storytelling interaction. A recent study by Alves-Oliveira et.al 
[4] has proven that children who created their stories using the 
robot augmented by the social behaviors have demonstrated higher 
creative abilities in their stories than children who used the idle 
version of the robot. 

Moreover, recent research has highlighted that socially inter-
acting with a robot has a positive impact on children’s creativity 
skills. Children who engaged with a creative robot in three one-to-
one activities targeting constructional, fgural and verbal creativity 
have expressed higher creativity throughout the interaction than 

children who engaged with a non-creative robot [2, 3]. Furthermore, 
children who interacted with a robot exhibiting positive feelings 
such as happiness and joy exhibited higher verbal creativity in sto-
ries that they told to the robot than children who interacted with 
a robot that portrayed negative feelings such as fear and anxiety 
[10]. 

With respect to storytelling interactions with a robot in order to 
improve creativity, a recent study has investigated the impact of 
collaborating with a wizard-ed robot exhibiting creative versus non-
creative behavior on children’s creativity skills [13]. In contrast with 
previous research, children who interacted with the creative robot 
did not exhibit higher creativity than children who collaborated 
with the non-creative robot. The authors suggested as a possible 
interpretation of the results that children exhibited frustration to 
the robot’s non-contextual interference to their stories regardless 
of the condition. In this work, we build on previous work by using 
an autonomous robot that provides contextual story continuations 
to the children’s input. 

2.3 Storytelling in cHRI 
Robots have been a popular tool in storytelling activities for chil-
dren. In [15], the authors proposed an architecture that enables a 
robot to learn from an interactive storytelling game with a child 
and at the same time teach the child information collected from pre-
vious interactions. In another Wizard-of-Oz study [37], researchers 
have explored the insertion of contextual versus non-contextual 
story content by the robot in a collaborative storytelling interaction 
with children. The frst strategy encouraged younger children to 
speak more. Nevertheless, although the frst strategy introduces 
higher cognitive load, children equally enjoyed the interaction in 
both conditions. Furthermore, Jacqueline Kory-Westlund et.al con-
ducted a series of studies with robots and children in a storytelling 
context. For instance, in [24], they explored the efects of matching 
the robot’s language profciency and development for 8 sessions 
over two months on children’s learning performance. Whereas, 
in [23], they explored the efects of 1) having a background story 
about the robot and 2) the robot entraining the pitch of its speech 
to the children’s on children’s rapport with the robot as well as 
their learning performance. 

It is worth noting that previous studies entailing collaborative 
storytelling interactions between a robot and a child were mostly 
tele-operated. In this work, we implemented the robot’s behavior as 
fully autonomous. The system is developed in a manner that allows 
the robot to use specifc keywords to be able to generate story 
continuations that overcome poor speech recognition performance 
with children. 

3 METHODOLOGY 

3.1 Conditions 
Researchers have not yet investigated mirroring creativity in a sto-
rytelling setting between a child and an autonomous robot in cHRI. 
In [2, 3, 13, 20], authors propose that the nature of the activity as 
collaborative versus competitive may alter the level of children’s 
creativity throughout the activity. Therefore, we designed the con-
ditions in our interaction to evaluate the efects of diferent types 
of interactions as well as diferent levels of the robot’s creativity 
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on children’s creative processes. The conditions are presented in 
details in Table 1. 

Table 1: Experimental conditions. 

Collaborative C Non-collaborative 
NC 

Creative C CC: The child and a cre- CNC: The robot tells 
ative robot take turns to 
create a story. 

a creative story to the 
child and then asks the 
child to tell it a story 
back. 

Non- NCC: The child and a NCNC: The robot tells 
creative 
NC 

non-creative robot take 
turns to create a story. 

a non-creative story to 
the child and then asks 
the child to tell it a story 
back. 

3.2 Research Questions and Hypotheses 
We addressed three research questions: 

RQ1. How will the creative behavior of the robot impact children’s 
creative abilities in a storytelling interaction? 

Based on previous research where children showed higher cre-
ativity skills when interacting with a creative robot than a non-
creative robot [2, 3], we hypothesised that children in the creative 
conditions will exhibit higher creativity in their generated stories 
than children in the non-creative conditions. (H1) 

RQ2. How will the collaborative nature of the interaction impact 
children’s creative abilities in a storytelling context? 

The literature suggests that collaborative interactions lead to 
higher creativity than competitive or non-collaborative interactions 
[20]. Therefore, we hypothesized that children in the collaborative 
conditions will exhibit higher creativity than children in the non-
collaborative conditions. (H2) 

RQ3. How will children perceive the robot in terms of likeability 
and intelligence in the creative versus non-creative conditions and in 
the collaborative versus non collaborative conditions? 

The robot is using short non-invested and non-original clauses in 
the non-creative conditions versus elaborated and novel ideas in the 
creative conditions. Therefore, we hypothesize that children will 
perceive the robot as more likeable (H3.1) and smarter (H3.2) in the 
creative conditions than in the non-creative conditions. The robot 
in the collaborative conditions is interactive and is listening to the 
children’s input and building on it. Consequently, we hypothesize 
that children will like the robot more (H3.3) and perceive it as more 
intelligent in the collaborative versus non-collaborative conditions. 
(H3.4) 

4 SYSTEM DESIGN AND IMPLEMENTATION 
Figure 1 explains the design of our storytelling interaction that was 
structured as a one-to-one interaction between a child and a robot. 

We used the Furhat [1] robot in our collaborative game. Furhat 1 

is a virtual face back projected on an embodied robotic head. The 
1https://furhatrobotics.com/ 

Figure 1: Flow schematics of the interaction between a child 
and a robot in our storytelling activity. 

robot is capable of displaying head movements, eye gaze behavior 
and facial expressions. Due to the storytelling nature of our inter-
action, we selected Furhat as our robot due to its expressivity. We 
implemented two models to generate the robot’s creative versus 
non-creative behavior. The interaction between the child and the 
robot was mediated by a storytelling software interface that the 
child used in order to facilitate the storytelling process to inspire 
more ideas and render the game more interactive. 

4.1 Robot’s Cognitive Behavior 
We generated the behavior of the robot by fne-tuning the Open 
AI GPT-3 model2 [16] to create two models that produce creative 
versus non-creative story continuations. We used training data 
provided by our two previously conducted studies between a robot 
and children in a storytelling setting [11, 13] to fne-tune our models. 
The creativity was generated utilising the four creativity variables: 
fuency, fexibility, elaboration and originality. We then assessed 
the viability of the two models for the purpose they were created 
for. 10 stories were generated between a human and the creative 
and non-creative models (5 for each). 26 participants evaluated the 
creativity of the model in each story on a scale from 1 (extremely 
non-creative) to 5 (extremely creative). We administered a one-
way Anova parametric test using the condition (creative vs. non-
creative) as our independent variable and the creativity score as 
the dependent variable. Results have shown that the creative model 
was perceived as signifcantly more creative than the non-creative 
model (Creative: M = 3.36 , SD = 0.98, Non-creative: M = 2.84, SD 
= 1.1, p <0.001). We refer to a parallel publication for more details 
about the models and their assessment [12]. The stories used in 
the non-collaborative conditions as well as sample stories created 
between the robot and the child in the collaborative conditions are 
illustrated on Figure 2. 

In the collaborative conditions, we implemented the system in a 
way that overcomes speech recognition challenges with children. 
The robot behaved in a manner that allows it to ignore the irrelevant 
2https://beta.openai.com/ 
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words and choose keywords relevant to the theme from the child’s 
input to generate the next story continuations. Our approach to 
erroneous speech recognition enabled stories in most of the cases to 
preserve the context. Situational examples of the robot’s behavior 
in case of poor speech recognition is provided in Table 2. 

Table 2: Samples of erroneous speech recognition. 

Child’s input Erroneous speech 
recognition(what the 
robot heard) 

The robot’s response 
to the erroneous 
speech recognition 

Then the alien 
came from 
outer space. 

Ben 10 alien came from 
outer space. 

The alien wanted to 
kill the prince with the 
sword. 

But the prince 
had a pet bee 
which helped 
him. 

But the prince had a pet
fee with Stelton. 

The alien was scared! 
-the alien was initially 
going to attack the 
prince.-

  

4.2 Storytelling Software Interface 
We have modifed our previously implemented storytelling software 
[11, 13] developed using the Unity game engine 3. The theme for the 
software is a fairy tale castle. The game consists of three diferent 
scenes around the castle and the castle’s garden. Children have the 
chance to select between 4 diferent characters and 9 objects in 
order to narrate the story either with the robot or to the robot as 
per the assigned condition. The software interface is displayed on a 
touch screen that enables the children to move the characters and 
objects all around the scene while telling the story. 

5 SYSTEM EVALUATION 

5.1 Participants 
We required English profciency since our models were trained on 
English language data and therefore, we recruited 103 participants 
from 3 British international schools in Stockholm (M = 54, F = 
49). Children’s age ranged from 7 to 9 years (M = 7.88, SD = 0.77 ). 
We excluded data from 10 students due to missing data, children 
speaking to the robot in other languages than English or children 
who did not interact with the robot. Our analysis then entailed 
data from 93 children (Condition 1 CC = 24, Condition 2 NCC = 23, 
Condition 3 CNC = 23, Condition 4 NCNC = 23). 

5.2 Pre-test 
Children may inherently have diferent creativity levels [14]. Thus, 
an exclusive analysis of children’s creativity skills in the story-
telling interaction is biased. To eradicate this issue, we performed 
a creativity pre-test to evaluate children’s creativity levels prior 
to the storytelling game. We then calculated the children’s cre-
ativity scores and ensured that the scores are similar for the four 
diferent experimental groups. Table 3 clarifes the creativity scores 
per condition as well as the balanced assignment for gender, age 
and number of participants per experimental group. It is worth 

3https://unity.com/ 

noting that in the fourth condition (NCNC) the number of male 
users was almost double the number of female users. We argue that 
this imbalance is peripheral since the initial creativity score of this 
experimental condition is not remarkably diferent from the other 
experimental conditions. 

We conducted the creativity pre-test (consisting of the Droodle 
creativity task and the unusual uses creativity task) and evaluated 
it based on the procedures provided in [21]. 

Condition N Gender 

Male = 12, 
Female = 12 
Male = 12, 
Female = 11 
Male = 12,
Female = 11 
Male = 15, 
Female = 8 

CC 24 

NCC 23 

CNC 23 

NCNC 23 

Age 

M = 7.83, 
SD = 0.7 
M = 7.96, 
SD = 0.77 
M = 8.13, 
SD = 0.92 
M = 7.7, SD 
= 0.7 

Creativity 
scores 
M = 3.1, SD 
= 0.72 
M = 2.8 , SD 
= 0.74 
M = 3 , SD = 
0.89 
M = 2.91, 
SD = 0.79 

Table 3: Experimental conditions assignments balanced with 
respect to gender, age and creativity level scores. 

5.3 Procedures 
The study procedures and data collection were approved by the local 
institution. Two weeks preceding the study, we sent information 
sheets and consent forms to the children’s legal guardians. The data 
was later analysed and published according to the legal guardians’ 
permissions. 

We conducted our study at the school premises in an empty and 
isolated room. One experimenter was present in the room to aid 
the children in case of inquiries or arising technical difculties. The 
robot and the screen were placed on a table in front of the child. The 
touch screen was in the middle between the child and the robot. To 
be able to perform our data analysis, we audio and video recorded 
the interactions. 

As soon as the child entered the room, the experimenter greeted 
her, collected demographic data (age and gender) and briefed her 
about the interaction. The experimenter then administered the 
creativity pre-test and then let the child interact with the robot. 
The experimenter did not interfere unless requested by the child. 
The robot started by greeting the child and explaining the game. 
The interaction was freely timed and thus, in the four conditions, 
the child was able to end the interaction whenever she wanted 
by uttering the word "The end". The duration of the interaction 
ranged from 5 to 25 minutes. At the end of the interaction, the 
child answered a short questionnaire about her experience with the 
robot and the storytelling game. Finally, the experimenter thanked 
the child and ended the encounter. 

5.4 Measures 
5.4.1 Objective Measures. To address our research questions, we 
developed a coding scheme to assess children’s creative abilities 
throughout the storytelling interaction as per the guidelines high-
lighted in [26]. We transcribed the child’s speech from the audio 
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(a) Condition 1: Creative Collaborative. (b) Condition 2: Non-creative Collaborative. 

(c) Condition 3: Creative Non-collaborative. (d) Condition 4: Non-creative Non-Collaborative. 

Figure 2: Sample stories generated in the four diferent conditions. 
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Table 4: Coding scheme to measure children’s creativity skills 
during the storytelling encounter. 

Creativity 
Variable 

Defnition 

Fluency Fluency is counted as the total number of 
story elements used by the child. 

Flexibility Flexibility is counted as the number of dif-
ferent categories that were addressed in the 
child’s story. 

Elaboration Elaboration -elaborated details in the child’s 
story– is calculated as the diference be-
tween the total number of words used and 
the total number of story elements per child 
(fuency value). 

Originality Each idea was rated on a three-point scale: 
1 = low, 2 = medium and 3 = high. The total 
level of originality per child is calculated 
as the average of originality of all the ideas 
produced by the child. 

fles starting from the frst word that the child uttered in the story. 
In case the audio fle was not available, was corrupted or inaudible, 
we analysed the video fle instead. In alignment with the creativ-
ity criteria used for generating the robot’s creative behavior, we 
measured children’s creativity skills through the four recognised 
measures: fuency, fexibility, elaboration and originality [19, 36, 38]. 
In our context, we defned the four variables as per Table 4. 

Using the developed coding scheme, we performed behavioral 
coding analysis to assess our measures. Two coders double-coded 
20% of the data assigned randomly as recommended in [9] to ensure 
the validity of our coding scheme. The two coders had an average 
inter-rater agreement of 89.5% denoting high agreement (ranging 
from 80% to 97% for the diferent creativity measures). Consequently, 
the data was divided randomly and equally between the two coders 
who fnalised the behavioral analysis. 

5.4.2 Subjective Measures. We used an adapted version of the God-
speed [7] questionnaire to measure children’s engagement with the 
robot. We assessed measures of likeability of the robot, likeability 
of the storytelling game, perceptions of the robot’s intelligence 
and likeability of the robot’s story ideas. Children answered this 
questionnaire using a 5 point Likert scale Smily-O-Meter [31] to 
render it easier for the children to respond to. 

6 RESULTS 
For RQ1. and RQ2., we realised that our sample followed a non-
normal distribution by running a Shapiro-Wilk (S-W) normality 
test for all our considered variables (displayed in Table 4). Thus, we 
followed the conventional process of applying a log transformation 
to our sample to normalise the data [25]. 

6.0.1 RQ1. How will the creative behavior of the robot im-
pact children’s creative abilities in a storytelling interaction? 

(a) (b) 

(c) (d) 

Figure 3: a) Children in the creative conditions were more 
fuent than children in the non-creative conditions (p<0.01). 
b) Children in the creative conditions were more fexible than 
children in the non-creative conditions (p<0.05). c) Children 
in the creative conditions were more elaborated than children 
in the non-creative conditions (p<0.05). d) Children in the 
creative conditions used more medium originality ideas than 
children in the non-creative conditions (p<0.05). 

After applying the log transformation to ensure that our sample 
follows a normal distribution, we administered a one-way Manova 
parametric test for our statistical analysis. We used the creativity 
level (creative vs. non-creative) as our independent variable and 
the four creativity measures (fuency, fexibility, elaboration and 
originality) as our dependent variables. Below we summarize the 
results for our dependent variables 4: 

(1) Fluency: results showed a signifcant efect of the robot’s 
creativity level on children’s fuency (p<0.01 , M = 83.68, SD 
= 79.67 ). Children assigned to the creative conditions (M = 
100.12, SD = 96.38) signifcantly used more story elements 
than children assigned to the non-creative conditions (M = 
66.87, SD = 53.94). See Figure 3(a). 

(2) Flexibility: we found a signifcant efect of the robot’s cre-
ativity level on the fexibility expressed by children while 
telling their stories (p<0.05, M = 3.02, SD = 0.41). Children 
in the creative conditions (M = 3.12, SD = 0.37 ) used higher 
variety of ideas (i.e ideas covering various categories) than 
children in the non-creative conditions (M = 2.92, SD = 0.44). 
See Figure 3(b). 

(3) Elaboration: the robot’s creativity level had a signifcant 
efect on children’s elaborated details in the story ideas they 
provided (p<0.05, M = 88.45, SD = 87.7 ). Children were signif-
icantly more elaborate in the creative conditions (M = 102.91, 
SD = 107.6) than in the non-creative conditions (M = 73.67, 
SD = 58.73). See Figure 3(c). 

4Reported mean and standard deviation values are calculated from raw data before 
applying the log function. 
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(4) Originality: no signifcant efect was found of the robot’s 
creativity level on the average originality exhibited by a child 
in the storytelling process. We also analysed the efect of the 
creativity level of the robot on the frequency of ideas of each 
originality level (low, medium and high). Only a signifcant 
efect of the robot’s creativity level on children’s medium 
originality level ideas was noticed (p<0.05, M = 2.68, SD = 
3.27). We observed that children in the creative conditions 
(M = 3.49, SD = 3.93) signifcantly expressed more medium 
level ideas than children in the non-creative conditions (M = 
1.85, SD = 2.17). See Figure 3(d). 

Based on our fndings, children who interacted with the creative 
robot expressed higher creativity in terms of fuency, fexibility, 
elaboration and frequency of medium level originality ideas than 
children who interacted with the non-creative robot. Hence, we 
conclude that H1 is almost fully supported. 

6.0.2 RQ2. How will the collaborative nature of the inter-
action impact children’s creative abilities in a storytelling 
context? 

Following the same procedure for RQ1., we ran a Manova para-
metric test for our statistical analysis for RQ2.. The type of interac-
tion (collaborative vs. non-collaborative) was our independent vari-
able and the four creativity criteria (fuency, fexibility, elaboration 
and originality) as our dependent variables. No signifcant efect was 
found of the type of interaction on our dependent variables 5: fu-
ency (p = 0.64, Collaborative: M = 90.77, SD = 95.55, Non-Collaborative: 
M = 76.43, SD = 59.48), fexibility (p = 0.36, Collaborative: M = 2.99 =, 
SD = 0.48, Non-Collaborative: M = 3.05, SD = 0.34), elaboration (p = 
0.42, Collaborative: M = 101.89, SD = 109.86, Non-Collaborative: M = 
74.72, SD = 54.84), originality (p = 0.61, Collaborative: M =1.33, SD = 
0.32, Non-Collaborative: M = 1.3, SD = 0.3). 

To conclude, there was no signifcant efect of the type of inter-
action (collaborative vs. non-collaborative) on children’s creativity 
skills (fuency, fexibility, elaboration and originality). Hence, H2 is 
rejected. 

6.0.3 RQ3. How will children perceive the robot in terms 
of intelligence and likeability in the creative versus non-
creative conditions and in the collaborative versus non-
collaborative conditions? 

Similar to the procedure followed with the objective measures, 
we ran a Shapiro-Wilk (S-W) normality test to assess the normal-
ity of our data. Likewise, our subjective measures were not nor-
mally distributed. Applying the log transformation did not alter the 
data distribution and therefore, we decided to apply a series of the 
Wilcoxon signed-rank non-parametric test. In one instance, we used 
the creativity level (creative vs. non-creative) as our independent 
variable; and the likeability of the game, the likeability of the robot, 
the perceived intelligence of the robot and the likeability of the 
robot’s story ideas as dependent variables. In the other instance, we 
used the same dependent variables while our independent variable 
was the type of interaction (collaborative vs. non-collaborative). 

Creativity level as independent variable: 

5Reported mean and standard deviation values are calculated from raw data before 
applying the log function. 

No signifcant efect was found of the creativity level on both the 
likeability of the storytelling game and the likeability of the robot. 
Nevertheless, results highlight a signifcant efect of the creativity 
level on the perceived intelligence of the robot (p<0.05, M = 4.38, SD 
= 0.89) and the likeability of the robot’s story ideas (p<0.05 , M = 
4.27, SD = 0.92). The robot was signifcantly perceived as smarter in 
the creative conditions (M = 4.62, SD = 0.67 ) than in the non-creative 
conditions (M = 4.14, SD = 1.02). Furthermore, children signifcantly 
liked the robot’s ideas in the creative conditions (M = 4.5, SD = 
0.68) than in the non-creative conditions (M = 4.04, SD = 1.06). See 
Figure 4(a) and 4(b). 

Type of interaction as independent variable: 
We found no signifcant efect of the type of the interaction 

on both the likeability and the perceived intelligence of the robot. 
However, a signifcant efect was found of the type of interaction 
on the likeability of the storytelling game (p<0.05, M = 4.27, SD = 
0.82) and the likeability of the robot’s story ideas (p<0.05, M = 4.27, 
SD = 0.92). Children signifcantly liked the game more in the non-
collaborative conditions (M = 4.42, SD = 0.8) than in the collaborative 
conditions (M = 4.1, SD = 0.83). Moreover, children signifcantly liked 
the ideas of the robot more in the non-collaborative conditions (M 
= 4.49, SD = 0.78) than in the collaborative conditions (M = 4.02, SD 
= 0.1). See Figure 4(c) and 4(d). 

To summarize, results have shown that there was no signifcant 
efect of the creativity level on the likeability of the robot. Whereas, 
children perceived the robot as signifcantly smarter in the creative 
conditions than in the non-creative conditions. Therefore, H3.1 is 
rejected while H3.2 is supported. Furthermore, we did not fnd a 
signifcant efect of the type of interaction on both the likeability of 
the robot and its perceived intelligence. Thus, both H3.3 and H3.4 
were not supported. 

7 DISCUSSION 

7.1 Efect of the robot’s creativity level on 
children’s creativity skills (RQ1.) 

In a similar previous study [13], the authors investigated the ef-
fects of changing the robot’s creativity level on children’s creativity 
skills in a collaborative storytelling setting. Children were asked to 
collaboratively tell a story together with the robot. So whenever 
the robot or the child has a new idea, they will tell it to each other. 
In one condition, the robot told creative ideas. In the other, the 
robot told non-creative ideas. In that previous study, the robot was 
wizard-ed and therefore, a human operator chose between a pool 
of limited ideas for the robot to tell to the child in the storytelling 
game. This resulted in the story ideas being non-contextual (i.e do 
not ft or relate well) to the child’s story. No signifcant efect was 
found of the robot’s creativity level on children’s creativity skills. 
In contrast, in this paper, we chose to implement the robot’s behav-
ior as autonomous and contextual. The robot listens to the child’s 
idea and then builds on it. To avoid confusion, in the collaborative 
conditions, we designed the interaction such that both the robot 
and the child take turns one by one in order to contribute with an 
idea to the story. Due to the changes executed in our work and in 
line with our initial hypothesis, children who played the game with 
the creative robot expressed higher creativity (in terms of fuency, 
fexibility, elaboration and frequency of medium level originality 
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(a) (b) 

(c) (d) 

Figure 4: a) Children in the creative conditions perceived 
the robot as smarter than in the non-creative conditions 
(p<0.05). b) Children in the creative conditions liked the ro-
bot’s story ideas more than children in the non-creative con-
ditions (p<0.05). c) Children in the non-collaborative condi-
tions liked the game more than children in the collaborative 
conditions (p<0.05). d) Children in the non-collaborative con-
ditions liked the robot’s story ideas more than children in 
the collaborative conditions (p<0.05). 

ideas) than children who played the game with the non-creative 
robot. Nevertheless, children did not express higher average origi-
nality in the creative conditions than in the non-creative conditions. 
This result suggests that children interacting with the robot that 
used more story elements, more elaborated details and whose ideas 
covered more aspects were more eager to generate more ideas and 
cover more aspects regardless of whether their ideas were highly 
original or not (even if the robot was using original ideas). 

7.2 Efect of the type of the interaction on 
children’s creativity skills (RQ2.) 

Contrary to our hypothesis, we found no signifcant efect of the 
type of interaction on children’s creativity skills. The literature 
[2, 3, 20] suggests that collaborative activities foster more creativity. 
Thus, our fndings may be explained by the degree of collaboration 
in the interaction. In our work, we had a collaborative versus a 
non-collaborative condition. Instead, having a competitive versus a 
collaborative condition may yield to diferent results. 

7.3 Children’s perceptions of likeability of the 
game and the robot (RQ3.) 

Generally, children’s perceptions of likeability of the game, the 
robot and the robot’s story ideas per experimental condition were 
quite high ranging from 4.02 to 4.5 on a scale from 1 to 5 (where 
1 means did not like it at all and 5 means liked it very much). 
These high perceptions suggest the great potential of our system 
in advancing children’s education. The robot was also generally 

perceived as highly intelligent. The perceived intelligence variable 
ranged between 4.13 and 4.62 on a scale from 1 to 5 (where 1 means 
not smart at all and 5 means extremely smart). Most of the children 
who played the game with the robot have not interacted with robots 
before. Interacting with a robot that listened to them and responded 
accordingly clearly exceeded their expectations and hence, explains 
the high scores of the children’s perceived intelligence of the robot. 

As hypothesized, children in the creative conditions signifcantly 
perceived the robot as more intelligent and signifcantly liked the 
robot’s ideas more than in the non-creative conditions. As explained 
in Section 4.1, the robot in the creative conditions used more words, 
invested clauses, elaborate details and original ideas. Therefore, 
children perceived it as smarter and liked its ideas more than in the 
non-creative conditions. 

Nevertheless, we initially hypothesized that children’s percep-
tions of likeability of the robot and the perceived intelligence of the 
robot will be higher in the collaborative conditions than in the non-
collaborative conditions. In the collaborative conditions, it is clearer 
to the children that the robot is listening to them and responding 
accordingly. In contrast to our hypothesis, children liked the game 
more and perceived the robot as smarter in the non-collaborative 
conditions than in the collaborative conditions. We attribute this 
result to the fact that in the collaborative conditions the robot is 
exposing itself more. In other words, in both collaborative and non-
collaborative conditions, children assume that the robot is listening 
to them. However, in the collaborative conditions, the erroneous 
speech recognition increases the chance of the robot’s irrelevant 
output. In the non-collaborative conditions, the process was more 
controlled where the robot will tell a pre-prepared story and then 
remain silent while children are telling their story. 

8 CONCLUSION AND FUTURE WORK 
This work is among the rare attempts to design and evaluate a 
collaborative interaction between a child and an autonomous robot. 
We investigated the efects of varying the robot’s creativity level 
(creative vs. non-creative) and the type of the interaction (collab-
orative vs. non-collaborative) on children’s creativity skills. Our 
results suggested that interacting with a creative robot resulted in 
the children expressing higher creativity than interacting with a 
non-creative robot. Furthermore, generally, the children positively 
perceived the game and the robot. 

For the purpose of this research, we primarily used speech as 
the mode of interaction. The robot did not express facial expres-
sions in our study but it exhibited eye gaze that followed the child 
constantly. As an aspect of multi-modality, we suggest that in the 
future combining our storytelling activity with emotional facial 
behavior from the robot will yield a positive impact on children’s 
creativity skills. Moreover, we found no signifcant efect of the 
type of the interaction on children’s creativity skills. Hence, in the 
future, we plan to extend the work by assessing the results in case 
of having a collaborative versus a competitive type of interaction 
(instead of collaborative vs. non-collaborative). We further plan 
to investigate ordering efects on children’s creativity skills (i.e 
efects of introducing the story elements frst by the robot versus 
the child). 

547



CreativeBot: a Creative Storyteller robot to stimulate creativity in children 

ACKNOWLEDGMENTS 
This work was supported by the ANIMATAS project funded by 
the European Commission Horizon 2020 Research and Innovation 
Program under Grant Agreement No. 765955. 

REFERENCES 
[1] Samer Al Moubayed, Jonas Beskow, Gabriel Skantze, and Björn Granström. 2012. 

Furhat: a back-projected human-like robot head for multiparty human-machine 
interaction. In Cognitive behavioural systems. Springer, 114–130. 

[2] Safnah Ali, Nisha Devasia, Hae Won Park, and Cynthia Breazeal. 2021. Social 
Robots as Creativity Eliciting Agents. Frontiers in Robotics and AI 8 (2021). 

[3] Safnah Ali, Tyler Moroso, and Cynthia Breazeal. 2019. Can children learn 
creativity from a social robot? In Proceedings of the 2019 on Creativity and 
Cognition. 359–368. 

[4] Patrícia Alves-Oliveira, Patrícia Arriaga, Matthew A Cronin, and Ana Paiva. 2020. 
Creativity encounters between children and robots. In Proceedings of the 2020 
ACM/IEEE International Conference on Human-Robot Interaction. 379–388. 

[5] Patrícia Alves-Oliveira, Patricia Arriaga, Carla Xavier, Guy Hofman, and Ana 
Paiva. 2022. Creativity landscapes: Systematic review spanning 70 years of 
creativity interventions for children. The Journal of Creative Behavior 56, 1 (2022), 
16–40. 

[6] Patrícia Alves-Oliveira, Samuel Gomes, Ankita Chandak, Patrícia Arriaga, Guy 
Hofman, and Ana Paiva. 2020. Software architecture for YOLO, a creativity-
stimulating robot. SoftwareX 11 (2020), 100461. 

[7] Christoph Bartneck, Dana Kulić, Elizabeth Croft, and Susana Zoghbi. 2009. Mea-
surement instruments for the anthropomorphism, animacy, likeability, perceived 
intelligence, and perceived safety of robots. International journal of social robotics 
1, 1 (2009), 71–81. 

[8] M Boden. 1990. The creative mind, London: Weidenfeld and Nicolson. 
[9] Jill MacLaren Chorney, C Meghan McMurtry, Christine T Chambers, and Roger 

Bakeman. 2015. Developing and modifying behavioral coding schemes in pedi-
atric psychology: a practical guide. Journal of pediatric psychology 40, 1 (2015), 
154–164. 

[10] Maha Elgarf, Natalia Calvo-Barajas, Patricia Alves-Oliveira, Giulia Perugia, 
Ginevra Castellano, Christopher Peters, and Ana Paiva. 2022. " And then what 
happens?" Promoting Children’s Verbal Creativity Using a Robot. In Proceed-
ings of the 2022 ACM/IEEE International Conference on Human-Robot Interaction. 
71–79. 

[11] Maha Elgarf, Natalia Calvo-Barajas, Ana Paiva, Ginevra Castellano, and Christo-
pher Peters. 2021. Reward Seeking or Loss Aversion? Impact of Regulatory Focus 
Theory on Emotional Induction in Children and Their Behavior Towards a Social 
Robot. In Proceedings of the 2021 CHI Conference on Human Factors in Computing 
Systems. 1–11. 

[12] Maha Elgarf and Christopher Peters. 2022. CreativeBot: a Creative Storyteller 
Agent Developed by Leveraging Pre-trained Language Models. In 2022 IEEE/RSJ 
International Conference on Intelligent Robots and Systems (IROS). 

[13] Maha Elgarf, Gabriel Skantze, and Christopher Peters. 2021. Once Upon a Story: 
Can a Creative Storyteller Robot Stimulate Creativity in Children?. In Proceedings 
of the 21st ACM International Conference on Intelligent Virtual Agents. 60–67. 

[14] Porandokht Fazelian and Saber Azimi. 2013. Creativity in schools. Procedia-Social 
and Behavioral Sciences 82 (2013), 719–723. 

[15] Maria José Ferreira, Valentina Nisi, Francisco Melo, and Ana Paiva. 2017. Learning 
and teaching biodiversity through a storyteller robot. In International Conference 
on Interactive Digital Storytelling. Springer, 367–371. 

ICMI ’22, November 7–11, 2022, Bengaluru, India 

[16] Luciano Floridi and Massimo Chiriatti. 2020. GPT-3: Its nature, scope, limits, and 
consequences. Minds and Machines 30, 4 (2020), 681–694. 

[17] Pablo Gervás. 2009. Computational approaches to storytelling and creativity. AI 
Magazine 30, 3 (2009), 49–49. 

[18] Goren Gordon, Cynthia Breazeal, and Susan Engel. 2015. Can children catch 
curiosity from a social robot?. In Proceedings of the Tenth Annual ACM/IEEE 
International Conference on Human-Robot Interaction. 91–98. 

[19] Joy Paul Guilford. 1967. The nature of human intelligence. (1967). 
[20] Y Kafai. 1995. Games in Play: Computer Game Design As a Context for Children’s 

Learning. 
[21] Peter H Kahn Jr, Batya Friedman, Rachel L Severson, and Erika N Feldman. 2005. 

Creativity tasks and coding system–used in the plasma display window study. 
(2005). 

[22] Stephen Ko and John E Butler. 2007. Creativity: A key link to entrepreneurial 
behavior. Business Horizons 50, 5 (2007), 365–372. 

[23] Jacqueline M Kory-Westlund and Cynthia Breazeal. 2019. Exploring the efects of 
a social robot’s speech entrainment and backstory on young children’s emotion, 
rapport, relationship, and learning. Frontiers in Robotics and AI 6 (2019), 54. 

[24] Jacqueline M Kory-Westlund and Cynthia Breazeal. 2019. A long-term study 
of young children’s rapport, social emulation, and language learning with a 
peer-like robot playmate in preschool. Frontiers in Robotics and AI (2019), 81. 

[25] Mei-Ling Ting Lee. 2007. Analysis of microarray gene expression data. Springer 
Science & Business Media. 

[26] Yfke P Ongena and Wil Dijkstra. 2006. Methods of behavior coding of survey 
interviews. Journal of Ofcial Statistics 22, 3 (2006), 419. 

[27] Hae Won Park, Rinat Rosenberg-Kima, Maor Rosenberg, Goren Gordon, and 
Cynthia Breazeal. 2017. Growing growth mindset with a social robot peer. 
In Proceedings of the 2017 ACM/IEEE international conference on human-robot 
interaction. 137–145. 

[28] Jonathan A Plucker, Ronald A Beghetto, and Gayle T Dow. 2004. Why isn’t 
creativity more important to educational psychologists? Potentials, pitfalls, and 
future directions in creativity research. Educational psychologist 39, 2 (2004), 
83–96. 

[29] RA Proctor. 1991. The importance of creativity in the management feld. British 
Journal of Management 2, 4 (1991), 223–230. 

[30] Jeb S Puryear and Kristen N Lamb. 2020. Defning creativity: How far have we 
come since Plucker, Beghetto, and Dow? Creativity Research Journal 32, 3 (2020), 
206–214. 

[31] Janet C Read. 2008. Validating the Fun Toolkit: an instrument for measuring 
children’s opinions of technology. Cognition, Technology & Work 10, 2 (2008), 
119–128. 

[32] Ken Robinson and John Rafter Lee. 2011. Out of our minds. Wiley Online Library. 
[33] Hatice Çıralı Sarıca and Yasemin Koçak Usluel. 2016. The efect of digital story-

telling on visual memory and writing skills. Computers & Education 94 (2016), 
298–309. 

[34] Kathryne McGrath Speaker, Deborah Taylor, and Ruth Kamen. 2004. Storytelling: 
Enhancing language acquisition in young children. Education 125, 1 (2004). 

[35] Robert J Sternberg. 1999. Handbook of creativity. Cambridge University Press. 
[36] Robert J Sternberg. 2005. Creativity or creativities? International Journal of 

Human-Computer Studies 63, 4-5 (2005), 370–382. 
[37] Ming Sun, Iolanda Leite, Jill Fain Lehman, and Boyang Li. 2017. Collaborative 

storytelling between robot and child: A feasibility study. In Proceedings of the 
2017 Conference on Interaction Design and Children. 205–214. 

[38] Ellis Paul Torrance. 1966. Torrance tests of creative thinking: Norms-technical 
manual. Personnel Press. 

[39] Andrew Wright. 1995. Storytelling with children. Oxford University. 

548


	Abstract
	1 Introduction
	2 Related Work
	2.1 Evaluation of Creative Storytelling Systems
	2.2 Creativity in cHRI
	2.3 Storytelling in cHRI

	3 Methodology
	3.1 Conditions
	3.2 Research Questions and Hypotheses

	4 System Design and Implementation
	4.1 Robot's Cognitive Behavior
	4.2 Storytelling Software Interface

	5 System Evaluation
	5.1 Participants
	5.2 Pre-test
	5.3 Procedures
	5.4 Measures

	6 Results
	7 Discussion
	7.1 Effect of the robot's creativity level on children's creativity skills (RQ1.)
	7.2 Effect of the type of the interaction on children's creativity skills (RQ2.)
	7.3 Children's perceptions of likeability of the game and the robot (RQ3.)

	8 Conclusion and Future Work
	Acknowledgments
	References



