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Abstract

Children with severe motor impairment due to cerebral palsy have difficulties engaging in play, although they want to play
games that typically developing children play. The barriers imposed by motor impairments against engaging in play can be
addressed through the use of robots. We aim to identify how children, who have extensive experience of play, imagine what
a robot is and what features would make a robot good to play with. Using a qualitative description design, 19 children from
urban and rural settings participated in focus groups to draw and talk about the robots they would like to exist. The data
were coded and analyzed using a summative approach to content analysis. The findings revealed that the children imagined
that a good robot to play with is one that has an anthropomorphic appearance, is tough and strong, has controls, and that is
able to move, grab, speak, and play popular children’s games. In particular, the girls imagined that robots should be able to
express positive emotions towards children. Age, gender, culture, and the physical environment in which the children lived

influenced what they expected to find in a robot for playing with and how they imagined child—robot interactions.
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1 Introduction

The literature on play consistently asserts that play is criti-
cal for children’s development [1]. Play is an ideal way for
children to discover the world and learn through practice
with different objects and experiences [2]. Similarly, the lit-
erature in the field of rehabilitation consistently asserts that
children with severe motor impairment due to cerebral palsy
have difficulties engaging in play [3]. Children with cerebral
palsy have motor control problems that affect their gross and
fine motor skills, and, in turn, their manipulation. Without
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manipulation, children’s play is less effective for exploring
their environment and for learning from the properties of
objects, thus making it difficult for those children to learn
and develop because they cannot interact with the environ-
ment in an effective way. As a result, they miss many oppor-
tunities to develop the motor, social, emotional and cognitive
skills that typically developing children naturally develop
through play. Consequently, the senses of self-efficacy and
self-determination are affected in children with cerebral
palsy and their development is delayed [4].

Robots have shown the potential to assist children with
cerebral palsy in engaging in play. In the last 5 years, pub-
lished surveys have synthesized the knowledge about the
research and commercial availability of such robots. In
their systematic literature review, van den Heuvel and col-
leagues [5] explored the aims, control options, and com-
mercial availability of robots to support play in children
with severe physical disabilities, and found eight robots
reported in 19 studies, none of which were commercially
available. Miguel and colleagues [6] examined the extent
and types of robots used to promote play and develop-
ment in children with cerebral palsy and found six robotic
systems reported in 14 studies. The findings of this sys-
tematic literature review revealed that most robots used
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for interventions were commercially well-established
and required technical support personnel for adaptation,
configuration, and troubleshooting. Also, a very small
number of robots have been developed that can be used
with children with motor impairments; these robots are
still at the prototype stage and have only been used in
controlled environments. These two systematic reviews
provide insights that: (1) children with severe motor
impairment want to play games that typically developing
children play, but they do not have the motor skills to per-
form these activities; (2) the barriers imposed by motor
impairments against engaging in play can be addressed
through the use of robots; (3) no robots are currently read-
ily available to be used by therapists, families, caregivers
or educators of children with motor impairments to pro-
mote engagement in play; (4) most of the robots used in
previous studies were adapted so that children controlled
them using different body parts such as their upper limbs,
head or lower limbs (e.g. Lego™ and PlayROB); (5) some
robots detected the children’s movements and reacted to
those movements (e.g. Cosmobot, IROMEC, and AIBO)
so those robots acted as toys; and (6) only a few robotic
systems were designed or adapted to interact with objects
and toys in the environment (e.g. reaching for and grasp-
ing objects) in order to compensate for the limitations the
children with cerebral palsy had in reaching and grasp-
ing due to their motor impairment. These robotic systems
acted both as toys and tools to interact with other toys (i.e.
Lego™, PlayROB, an adaptation of the CRS A465, the
Handy-1 and the Lekbot).

In addition to these literature reviews, recent studies
have provided evidence that children with severe motor
impairment due to cerebral palsy who had an adapted
Lego™ robot that they controlled using switches dem-
onstrated enhanced levels of playfulness. However, the
Lego™ robots showed some limitations as some children
expressed frustration when the robot was not able to per-
form some of the play activities they wanted to do such
as grasping or pushing toys of different sizes and shapes
[7]. The children’s mothers suggested that the robot could
have been bigger, that it could have had grips for grab-
bing toys and that it could have been more robust as some
of its pieces fell off, such as a scoop when the robot was
pushing some toys, which disrupted the children’s play in
some way [8]. Bulgarelli and colleagues [9] investigated
the engagement and playfulness of children with severe
motor impairment due to cerebral palsy when interact-
ing with five mainstream robotic toys and found that the
children engaged in playful interactions with the robots
when the children had control over the robots’ actions.
Thus, from the perspective of children with motor impair-
ment and their families, current research shows that when
a robot has features that allows a child to control it, the
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robot supports play in this population. However, such a
robot is not yet commercially available.

1.1 Developing Robots for Children With Motor
Impairment

When developing robotic systems for children with disabili-
ties, the most common practice is to consult with experts
who are usually therapists or educators with clinical expe-
rience in providing treatment to children with disabilities.
Mahdi and colleagues [10] consulted a children’s special
needs expert to design a social robot for robot-assisted play
for children with motor impairment. Clark and colleagues
[11] developed a semi-autonomous socially assistive robot
that acted as a toy to facilitate engagement in play and found
that subject-matter experts, in this case pediatric therapists,
reported that children were engaged in interacting with the
robotic toy. Marti and colleagues [12], in a user-centered
design approach for the development of the IROMEC robot,
asked teachers, special educators, parents, care-givers, and
therapists for ideas to elaborate on the robot’s requirements.
Researchers also observed children while they were playing
in order to gather insights about those children’s needs. Kro-
nreif [13] and colleagues interviewed therapists and parents
of children with disabilities during the process of designing
the PlayROB system, a robot that assists children with motor
impairment with playing with Lego™ bricks. None of these
studies developed user requirements from a child’s perspec-
tive by asking children about what they would like to find in
a robot for playing with.

1.2 Child-Robot Interaction and Its Imaginaries

One topic that has become prominent in the field of design-
ing interactive and assistive robots is child—robot interaction,
which comprise human-robot interaction when the humans
are children. In a recently published literature review, de
Jong and colleagues [14] pointed out that the acceptance
of social robots by children determines the child-robot
interaction and that research in this area is still in its early
stages. The authors found that a robot’s appearance, social
behaviour, and adaptive behaviour seem to have an effect
on children’s acceptance of social robots, although this
effect remains inconclusive. Studies in this area that have
investigated children’s acceptance of a particular robot or a
few robots and their interactions have commonly been con-
strained by the research designs (e.g. the time of an interac-
tion with a robot or a scripted child-robot interaction). Other
researchers have found that design choices such as material,
size, and degree of mobility influence children’s acceptance
of robots [15].

In their narrative literature review, van Straten and
colleagues [16] identified two critical dimensions for
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child—robot relationship formation; the robot’s character-
istics (e.g. responsiveness, expressiveness, and tailoring
of functionality) and its styles of interaction (e.g. strategic
interactions and expression of emotions). The authors found
that children perceived a robot as being a social, humanlike
being, and that this perception may influence the formation
of the child-robot relationship. Playing with robots led to
more closeness, enjoyment, and positive affect than play-
ing with inanimate objects. The authors also pointed out
that research into child-robot relationship is still in its early
stages.

Valles-Peris and colleagues [17] pointed out that the
child-robot interaction contains imaginaries of relationships.
An imaginary is a representation or a symbol through which
humans imagine objects using past impressions and current
knowledge [18]. In technology, the concept of the imagi-
nary has been used to explain how technological advances
are influenced by the social and cultural imaginaries of the
future and constrained by the current conditions of scientific
development [19]. With regard to social robots, the creative
process seems to be in the hands of a small group of people
(e.g. researchers and companies), which means that the pre-
dominant approach is that the final users have to adapt to any
innovations [20]. Another emerging approach is to involve
the final users in the process of shaping social robots [17].

Although children can adopt different roles in the tech-
nology design process such as users, testers, informants or
design partners [21], current knowledge about child—robot
interaction and the acceptance of robots by children has been
built predominantly involving children as users or testers of
specific robot models included in studies. Only a few stud-
ies have explored children’s imaginaries of social robots in
a few settings including healthcare [17] and education [22].

1.3 The Present Study

Although children are “experts” in play, to the best of our
knowledge no studies have investigated children’s imaginar-
ies of a robot for playing with. Thus, it still unknown what
features children would like to find in a robot for playing
with from a child’s perspective. We believe that children
are “experts” in play and that typically developing children
with extensive play experience can tell us what features and
appearance a robot for playing with should have. As research
has shown that children with motor impairment want to play
the same games that typically developing children play, but
cannot do so due to limitations in movement, in our study
we decided to study the imaginaries of typically developing
children. The literature has also reported that children with
disabilities such as cerebral palsy have fewer opportunities
to play [3]; thus, they have limited play experience [7]. Our
study informs on the design of robots for promoting engage-
ment in play in typically developing children, which can be

eventually transferred to the design of robots for play for
children with motor impairment. Based on this, the present
study’s research question is: How do typically developing
children imagine what a robot is and what features would
make a robot good for playing with?

2 Method
2.1 Study Design

We felt that the best method for addressing our research
question was a qualitative approach as we wanted to “hear”
the children’s voices. This study used a qualitative approach,
a qualitative description design [23], and responded to a
post-positivist research paradigm as it supports methodo-
logical pluralism and is based on the assumption that the
selection of the method to be applied in a particular study
depends on the research question being addressed [24]. In
this study, we followed the Standards for Reporting Qualita-
tive Research (SRQR) [25].

2.2 Researchers’ Characteristics and Reflexivity

The main author (AMRR) of this study is a woman occu-
pational therapist with more than 10 years of experience
working with children with cerebral palsy and conducting
research in assistive technologies. AMRR has a PhD degree
and led all the focus groups. AMC, WRRD, DAQT and
AFB are all men and engineers involved in research into the
development and testing of technologies for health and reha-
bilitation. AFB is a mechanical engineer research assistant
in this project. AMC and WRRD have PhDs, while DAQT
and AFB have bachelor degrees. None of the researchers had
any previous relationship with the children who participated
in the study or with their parents. The recruitment material
stated that the researchers were investigating what features
children would like to see in a robot for playing with. Boys
and girls were invited to attend a 2-h session where they
were going to draw a robot that they would like to play with
and then tell the researchers what they would like that robot
to do.

2.3 Context

This study was conducted in a low-middle-income coun-
try. The data collection was carried out in two settings. One
site was a classroom in a higher educational level institu-
tion located in an urban environment in Bogot4, Colombia.
This setting was not familiar to the participants, who were
invited to attend a focus group at the weekend. The second
site was a school located in a small town (Vereda Bagazal,
Villeta, Colombia) in a rural environment. In this setting, the
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Table 1 Description of each data collection stage

Stage

Objectives to be achieved with the children Activities done by the children

Questions asked to the children

Asking  To think and verbally communicate the
children’s knowledge of and previous

experience with robots

Drawing To imagine the robot the children want
To choose the robot’s appearance and
functionality

Showing To associate the robot’s appearance and its
functionality

The children responded to questions in a
group session

Individually but working on shared work
stations, the children drew their robots

Each child presented his or her robot to the
group of children
The children were allowed to comment on

Have you ever seen a robot?

Do you know what a robot is?

‘What does a robot do?

What can you do with a robot?

What do you like most about robots?

Have you ever played with a robot?

What did you like most about playing with
that robot?

Would you like to play with a robot?

Are any of your toys robots?

Are any of the toys of someone you know
robots?

‘What are the names of those robots?

What are those robots like?

If we told you that we were going to build
a robot to play with, how would you like
that robot to be?

Is there anything you would like that robot
to have?

Is there anything you would like that robot
to do?

Tell us about your robot
What can your robot do?
How big would your robot be?

the other children’s robots

‘What material would your robot be made
of?
How fast would your robot be?

‘What games could your robot play?
Additional questions about a specific robot’s
appearance and components (e.g. what is

this little button for?)

researchers travelled to the school, which was familiar to the
participants and who were invited to attend a focus group
in one of the classrooms. Between three and six researchers
were present during the data collection. The parents and
teachers were allowed to stay in the classroom if they wanted
to, but they were asked to refrain from providing answers on
behalf of the children.

2.4 Participant Selection

A convenience sample of 19 typically developed children
between 5 and 11 years of age who wanted to participate
in an in-person meeting to draw and talk about robots and
whose parents agreed with their child participating were
included. The recruitment strategies included advertising
with posters and through word-of-mouth. The recruitment
finished with sampling saturation.

2.5 Data Collection Procedures
The study protocol was approved by the Ethics Research

Board at the Universidad del Rosario, located in Bogota,
Colombia. We conducted four focus groups during two
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different data collection sessions. Two focus groups were
conducted in the urban setting (9 children) and two in the
rural setting (10 children). In each setting, the first focus
group was attended by the youngest children (5-8 years of
age) and the second focus group was attended by the old-
est children (9-11 years of age). The first data collection
session was conducted on 8, August, 2016, and the second
on 19, August, 2016. The parents agreed to their children
participating in a 2-h focus group. After obtaining informed
consent from the parents and assent from the children, we
invited the children to join the activity.

Each focus group was divided into three stages. During
the first stage (asking), some questions were asked to the
group of children in order to explore their knowledge of
and previous experience with robots. The specific questions
asked are presented in Table 1. Each question was read aloud
and the children were encouraged to participate. During the
second stage of the session (drawing), each child was asked
to draw a robot for playing with. The research team provided
the children with paper, pencils, colored pencils, and erasers.
In order to encourage the children to draw a robot, we used
the questions presented in Table 1. We gave the children
between 20 and 30 min to draw a robot. During the third
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stage of the session (showing), after the children had drawn
their robots, they were asked to describe their drawings and
to answer the questions presented in Table 1. We video and
audio recorded the participants’ descriptions and took pic-
tures of the children’s drawings. Table 1 and Fig. 1 depict
the previously described process.

An analysis of the first two focus groups (first date)
showed that the participants were mostly boys and that the
topics of both the drawings and descriptions were influenced
by commercially available robots or popular robots on televi-
sion shows (e.g. Transformers). All the children were from
middle-to-high socioeconomic strata. Thus, the research
team decided that representations from girls, lower socio-
economic strata, and children who had been less exposed to
commercially available robotic toys were needed. Then, the
second session was conducted in the rural school located
in the small town. The same data collection procedure was
followed in each focus group.

2.6 Data Processing and Analysis

The unit of analysis was each child’s drawing and descrip-
tion. The data were coded and analyzed using a summative
approach to content analysis [26]. This approach is used
when the researcher is interested in “identifying and quan-
tifying certain words or content in text with the purpose of
understanding the contextual use of the words or content”
[26, p. 1283]. In this approach, a quantification of a particu-
lar content (e.g. frequencies of a word) is utilized to explore
usage, which is followed by a latent content analysis or the
interpretation of the appearance of a particular content. In

p

order to follow this summative approach to content analysis
we carried out the following steps. First, the participants’
identifiers were replaced by codes. A file with the matches
between the participants’ names and codes was encrypted
and protected with access only allowed by the principal
investigator and one research assistant. Second, each focus
group was individually transcribed by this research assistant
using the participants’ unique codes. Third, after reading
all the data repeatedly, the research team agreed on the fol-
lowing categories of analysis; prior knowledge, previous
experience, appearance, and functions. These categories
were related to the questions we asked the children. The
research team also identified two emerging categories, which
are presented in the findings section. Fourth, based on these
categories, two researchers identified and labeled every word
related to each category using RQDA software (RQDA:
R-based Qualitative Data Analysis) Version 0.3-1," which
was run on R Studio,? Version 1.1.383, R version 3.4.3. Any
text that could not be categorized with the initially defined
categories was given a new code. Fifth, all the identified
words were then exported to RQDA as an html-type file.
At this step, we “cleaned up” the data by deleting accent
signs (used in Spanish), blanks, and articles, and by replac-
ing all capital letters with lower case letters. Sixth, the html
files were manually transformed to csv format and uploaded
again to the R Studio software to create word clouds based
on the frequency of each word per category. The following

! http://rqda.r-forge.r-project.org
2 https://rstudio.com/
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libraries were used at this last step: TM (Text Mining Pack-
age), Word Cloud, SnowballC, and GGplot 2. Addition-
ally, for publication purposes two researchers proficient in
Spanish and English translated the words from Spanish to
English, and another researcher, also proficient in Spanish
and English, reviewed the translations. Word cloud software
generated a graph where the size of a word represented the
frequency that word occurred in the text. After creating the
word clouds, the research team discussed the frequency
results based on the characteristics of the speakers in terms
of gender, age, and social context (urban and rural).

To analyze the drawings we followed the next steps.
First, the participants’ identifiers were replaced by codes
in each drawing file created. Second, two research assis-
tants described each drawing and created a word file with a
detailed description based on the observation of each draw-
ing. These files plus the actual drawing were used to extract
the main characteristics of each drawing.

Trustworthiness was judged using the criteria of cred-
ibility, transferability, dependability, and confirmability [27].
Credibility was achieved through engagement in the settings
and immersion in the data. In this study, this was achieved
by all the researchers being involved in the data collection as
well as by transcribing each focus group. Also, the research
team met every week to discuss the labels per category
and content that could not be categorized with the initially
defined categories. Transferability was achieved through the
“applicability of the findings to other settings” [28], and was
achieved by having a detailed description of the settings and
participants [28]. A detailed description of the settings and
participants can be found in the findings section. Depend-
ability was achieved by having records that reviewed how
decisions were made throughout the research. Confirmabil-
ity was achieved when the findings could be confirmed by
others. Both dependability and confirmability were achieved
through the use of an audit trail [28]. Dependability and
confirmability were achieved by documenting the research
meetings where the research activities were planned, the
data were discussed, and decisions were made, as well as
by organizing the research files and sharing them with the
research team.

3 Findings
3.1 Participant Characteristics

Nineteen participants (ten boys) took part in the study. The
average age was 8.3 years old (SD=1.8). Overall, 42.11%
of the children were from low socioeconomic strata, while
the remaining 57.89% were from middle (26.31%) and high
(31.57%) socioeconomic strata. Nine children were from
the urban group (middle socioeconomic strata, mean=3.7
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Table 2 Participant and setting characteristics

Characteristics Participants (n=19)
Age (years), mean (SD; min—max) 8.1 (1.7; 5-10)
Gender n (%)

Male 10 (52.63)
Female 9(47.4)
Socioeconomic strata n (%)

Low 8 (42.11)
Middle 5(26.31)

High 6 (31.57)
Setting n(%)

Rural 10 (52.63)
Urban 9(47.4)

SD=0.8, mode=4) while ten belonged to the rural group
(social economic strata mean= 1.4, SD=0.84, mode=1). P5
and P6, and P9 and P10 were siblings (see Table 2).

3.2 ARobotis a Machine Like a Doll that Moves

Figure 2 shows a word cloud of the children’s imaginar-
ies regarding their knowledge and previous experience of
interacting with robots (i.e. their descriptions before draw-
ing the robots). The children mostly associated robots with
machines (37%) and dolls (25%). For the children, a robot
should normally be able to play (12%), walk (9%), trans-
form into other things (9%), move (7%), grab stuff (7%), and
speak (7%). Interestingly, when the children talked about
what tasks they would like to have a robot do, the words play
(21%) and help (15%) were the most common features that
the children mentioned.

The children’s imaginary about what robot is seemed to
be influenced mainly by age and previous experience. While
in the urban environment many children had robot toys or
had some hands-on experience with robots, in the rural envi-
ronment the children’s previous experience with robots was
from what they had seen in movies and on television shows.
In the urban environment the younger children who had
robot toys at home tended to describe a robot as something
that transforms into another thing. For example, P3 said “[a
robot] is a doll that transforms into a truck” (5-year-old boy,
urban) or “it [a robot] transforms into a ‘bot’, or a dinosaur,
or a vehicle” (P4, 5-year-old boy, urban). This description
of a robot recalls the popular Transformers from the mov-
ies and toys. The older children in both the urban and rural
environments were more open about their ideas about what
a robot is. Some of the children from the urban environ-
ment emphasized their technical features. P8 (10-year-old
boy, urban) said “[a robot] is something made with elec-
tricity that can do things, for you or for me, independent
things, [a robot] has no life, well it has artificial life”; or P10
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(10-year-old girl, urban) said “ it [a robot] is a machine like
a doll that moves to play”’; P16 (9-year-old girl, rural) said
“arobot is like a machine that can do things.” The children’s
imaginary of what a robot is did not seem to be influenced
by gender or socioeconomic strata.

3.3 ARobot Should be Humanoid, Tough,
and Strong

Figure 3 shows a word cloud of the children’s imaginations
(i.e. their descriptions after drawing the robot) regarding the
category appearance. The children commented on a robot’s
appearance in terms of its material, shape, size, and con-
trols. They emphasized that a robot should be made of metal
(47%); the metals named by the participants were metals
in general (22%), gold (13%), silver (6%), aluminum (3%),
and iron (3%). Other materials were plastic (6%) or concrete
(6%). But, more importantly, the children believed a robot
should be tough and strong (22%). Another aspect to high-
light is that the children did not conceive a robot without
controls, as they mentioned that a robot should have controls
including buttons (52%), a remote control (14%), or a key-
board (5%), or that it should be controlled via a cellphone
(5%). The analysis of the drawings revealed that, in terms
of a robot’s shape, 90% of the children drew a human-like
robot, with legs and eyes. Other common elements of the

robots were non-articulated arms (75%), grips (45%), hands
(35%), and antennas (55%). To color in their robots the chil-
dren mainly used blue (21%), grey (17%), and green (13%)
as the predominant colors. When explaining their drawings,
the children said that these colors should be bright or shiny
(18.18%).

The girls created more defined drawings than the boys.
The girls included a lot of details associated with a robot’s
functions. For example, P20 (9-year-old girl, rural) said “I
press here [pointing a button] and it [the robot] can fly, and
here [another button] and it [the robot] can dance.” The girls
tended to locate their robots’ controls in the robot itself in
the form of buttons, on/off switches, or keyboards. It was
necessary to take into account the fact that there were no
girls younger than nine years of age in our sample, so age
could also explain why the girls were more detailed in their
drawings than the boys.

A robot’s appearance seemed to be influenced by the
environment in which the children lived. All the children in
the rural environment in both focus groups drew human-like
robots with a head with two eyes and a mouth, two arms with
hands and fingers, and two legs. 20% of the children in the
urban setting drew animal-like robots, i.e. a spider or a biped
fox. About 70% of the robots in the urban environment had
neutral expressions, while neutral expressions were observed
in about 40% of the robots drawn by the children in the rural
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Fig.3 Appearance: What would
the robot I want to play with
look like?
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Fig.5 Synthesis of the findings
from the drawings
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setting. Six children, 30%, drew noses on their robots, all in
the rural setting. In addition, two girls in the rural setting
drew heart-shaped buttons on their robots’ bodies.

3.4 A Robot Should Walk, Grab Stuff, and Speak

Figure 4 depicts a word cloud of how the children imag-
ined the functions the robots they drew should perform. The
children commented on how a robot should move, how fast
it should be (i.e. speed), the functions associated with its
controls, and the games a robot should play. Many of the
children commented that a robot should move by walking
(70%) and be fast (60%). The children mentioned a variety
of games a robot should be able to play including tag (15%),
hide and seek (12%), soccer (12%), and basketball (6%).
Many of the children associated buttons with the functions
a robot should perform such as flying (8%), grabbing stuff
(7%), speaking (7%), dancing (7%), singing (7%), listening
(4%), and transforming (3%). The drawings corroborated
what the children imagined a robot should do, i.e. a robot

should be able to speak (25%), fly (20%), and shoot objects
and fire (5%).

The robots’ functions seemed to be influenced by the
environment. The children in the urban environment tended
to include in their drawings elements related to techno-
logical features such as communications gadgets (30%),
antennae (30%), electric or magnetic rays or fields (30%),
shooting devices (10%), and keyboards (10%). In contrast,
the children from the rural environment included elements
related to a robot having the capacity to speak (50%) and
fly (40%). Interestingly, for the children in the urban setting
the functions of the antennae were related to communica-
tion between a robot and its controls, while for the chil-
dren in the rural setting their function was communication
between child and robot. For example, P18 (9-year-old girl,
rural) said “my robot listens to what children say through the
antennae and he translates it.”

The analysis of the narrative content and the drawings
revealed two emergent main themes. Human—robot inter-
action from a child’s perspective and robots within an
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environment. A synthesis of the findings from the drawings
is presented in Fig. 5.

3.5 Human-Robot Interaction From a Child’s
Perspective

The children expressed ideas about how robots and humans
interact. There were three common elements; robots express
emotions, robots help people, and robots are companions.

3.5.1 Robots Express Emotions

From a child’s perspective, emotions mediate human-robot
interactions. An analysis revealed that emotions as media-
tors of child—robot interactions occurred mainly in the girls
in the rural environment. The children perceived that robots
should have the capability to demonstrate and communicate
positive feelings; in some cases these feelings were toward
the children. For example, when describing her drawing, P15
(9-year-old girl, rural) said:

“... it [pointing to an antenna] moves when it [the
robot] is happy”... “there are little buttons, they are
heart shaped so the child can see the feelings the robot
feels for the child...that it [the robot] loves him.”

P14 (9 year-old, girl, rural) said “he [the robot] is
friendly.” P18 (9 year-old, girl, rural) said “so he [the robot]
says nice things.” The drawings showed a lot of elements
related to the emotions that a robot can demonstrate toward
children. In 80% of the drawings done by the children from
the rural environment, elements related to positive emotions
were present. Smiling or cheerful robots were in 50% of the
drawings, messages of greeting said by the robots were in
30% of the drawings (e.g. “hello friends”), demonstration
of affection were in 60% of the drawings (e.g. heart shapes
around the robot), an intention to play with the child were
in 10% of the drawings (e.g. I want to play), and apprecia-
tion for the child were in 10% of the drawings (e.g. “you are
the best”). In the urban environment 30% of the drawings
showed a smiling robot.

3.5.2 Robots Help People

The children also thought that robots help people. Although
this theme was common in both settings where the focus
groups were conducted, the connotations of “help” were
different between the settings. For the children in the urban
area, robots can mainly help children with their schoolwork
or household chores. For example, P8 (10-year-old boy,
urban) said “[the robot] helps you with your homework;”
and P9 (9-year-old boy, urban) said “they [robots] can help
you with painting, coloring, and doing some assignments
that you don’t know how to do.” For the children in the rural
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area, robots help other people who are in need. For exam-
ple, P13 (10-year-old boy, rural) said “[a robot] will help
a blind man;” P16 (9-year-old girl, rural) said “[a robot]
helps someone walk or someone who was going to drown;”
P18 (9-year-old girl, rural) said “for example, someone who
was in a place where he could not find the exit and then the
robot could fly and locate him and then he could reach the
exit;” and P14 (9-year-old girl, rural) said “he [the robot]
helps people ... who are lost and who are blind; and those
who are sick.”

3.5.3 Robots are Companions

In the rural environment in particular, the children tended to
speak more about robots as companions than the children in
the urban environment. For example, when asked what they
liked most about robots, two girls (both 9 years old) from the
rural environment highlighted that robots can play with them
when nobody else is available to play. For example, “...when
one does not have a brother, like me” (P18), or “when your
mom cannot play with you” (P16). In the urban setting, P8
(10-year-old boy, urban) said “they [robots] imitate being
your friend, tell you stories.”

3.6 Robots Within an Environment

A common difference between the drawings done by the
children in the urban setting and those in the rural setting
was the environment where the robots were located. While
the robots drawn by the children in the urban setting were in
an empty space, i.e. there was no environment surrounding
the robots, 90% of the children in the rural setting drew their
robots in an environment that included water, the sky, birds,
clouds, the sun, children, flowers, heart-shaped figures, stars,
grass, and geometric figures. In 80% of the drawings the
surroundings were nature. It was also interesting that the
children in the rural environment not only tended to draw
their robots located in a physical environment but also in a
situational environment. That is, there was a situation or a
problem that the robot had to solve, or a story was told in
the drawing. For example, P14 (9-year-old girl, rural) drew
her robot next to a girl who was crying and the robots asked
“Are you lost? Yes/No,” and the girl answered “Yes”; and
P13 (10-year-old boy, rural) drew a robot holding the hand
of a child who was next to a river. Figure 6 (a and b) shows
two drawings done by the children.

4 Discussion

This study aimed to find out how typically developing chil-
dren imagine what a robot is and what features would make a
robot good for playing with. The results of this study provide
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Fig.6 Examples of robots
drawn by the children. a Robot
drawn by P10, 10-year-old girl,
urban setting. b Robot drawn
by P13, 10-year-old boy, rural
setting

valuable information about what children with sufficient play
experience expect from a robot for playing with. The find-
ings revealed that children as young as 5 years of age have an
idea of what a robot is. The findings also revealed that chil-
dren imagine that a robot good for playing with is one that
has an anthropomorphic appearance, is tough and strong,
has controls, and that is able to move, grab, speak, and play
popular kids’ games. Two new themes emerged from the
analysis, the first related to human-robot interaction from
a child’s perspective, and the second to how children per-
ceive robots within an environment. Since the authors’ main
purpose is to use the results of this study to design a robot
that allows children with motor impairments to engage in
play activities, part of the discussion will be dedicated to
the implications of our findings in relation to this purpose.
The children in this study associated robots with machines
and dolls. Most of the children represented this idea in the
form of an anthropomorphic biped robot with the capacity to
do things such as move, grab, speak, and listen. This shows
that when asked what a robot is and to “create” a robot, most
of the children thought about social robots. According to
Breazeal [29], social robots are ones that people anthropo-
morphize in order to interact with them. We also observed
that the children clearly differentiated between humans and
robots. Two children (P13 and P14) drew a robot interact-
ing with a child, with their drawings showing clear differ-
ences between the appearance of the robot and that of the
child. Children with cerebral palsy have shown playfulness
and engagement in play activities facilitated by several
animal-like and machine-like robotic toys (Air Swimmer,
Cubelets, Dash and Dot, Edison and Zoomer) [9], a socially
assistive robot [11], ZORA (a version of the NAO robot
with software developed for the field of care) [30], and an

(b)

adapted car-like Lego robot [7]. To date, no studies have
compared the acceptance of robots with different appear-
ances (e.g. human-like, animal-like, and machine-like) by
children with cerebral palsy. Children with cerebral palsy
who used a car-like Lego™ robot for play referred to the
robot as a “car” rather than a “robot” in their initial inter-
actions with the robot; after a few sessions, they learned
that that object was a robot and some incorporated the word
“robot” into their vocabulary repertoire [7]. Thus, children’s
preferences remain unknown as the robots used and their
features have been selected by other “experts” such as thera-
pists or researchers rather than by the children. Considering
that children with cerebral palsy want to play in the same
way as typically developing children, but do not have the
motor skills to perform the play activities, our results will
inform researchers and developers about the features a group
of typically developing children would prefer in a robot for
playing with.

The children also identified that a good robot should be
tough and strong. When asked about what materials the
robots they had drawn were made of, the most common ones
mentioned were metal (e.g. silver and gold) or concrete. The
results indicate that a valuable feature for a robot is that
it is strong enough to play games without falling apart. It
seems that robots falling apart is a problem that children
encounter when playing with them. For example, one study
reported that when a Lego™ robot was adapted so that
children with severe cerebral palsy could control it during
free play activities, during some play sessions the children
became frustrated as the robot fell apart when they wanted
to grasp, push, or carry some objects that were heavier or
bigger than the robot [7]. Many robots that have been used
by children with disabilities are fragile, small, or do not have
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the capacity to grab objects, which may limit the children’s
play experience [6]. In this respect, typically developing
children help us to confirm that for children with and with-
out disabilities it is important that a robot for playing with is
tough and strong enough for them to be able to freely explore
their environment during play activities.

The children identified that a robot should be able to
move around, grab objects, speak, and play popular kids’
games from the culture the children were immersed in.
These games included hide and seek, tag, soccer, and bas-
ketball, and are popular in the context in which this study
was conducted. For example, soccer is the national sport in
Colombia; thus, it is common that children from this cul-
ture play and enjoy soccer. Despite play being an occupation
children from all cultures engage in, there is a huge variety
of play themes and activities within and across cultures [31].
The sociocultural theories of play state that play is a concept
related to social life and culture; thus, play is influenced by
culture, which means that play themes and games are based
on cultural material [1]. Children from other geographical
areas who grow up in other cultures may have different pref-
erences about the play activities and games a robot should
perform. The games that the children in our study wanted
a robot to play were also influenced by the developmental
stages of play. Piaget was the first author to state that play
follows developmental stages that are related to the progres-
sion of intelligence. These stages are known as Piaget’s clas-
sification of games. The first stage is functional play, which
begins during the first month and lasts until the age of two
years. The second stage is symbolic play, which typically
occurs between two and seven years of age. The third stage
is games with rules, which begins at around seven years of
age; this stage is very advanced by about eleven years of
age, after which it becomes the kind of play engaged in by
adults. This kind of play mostly comprises games where
social interaction is the main element [32]. Most of the
children who participated in our study were at the develop-
mental stage of games with rules (Age mode =9 years old),
which explains the games the children wanted the robot to
play. In summary, the developmental stage and culture are
aspects that should be taken into account by developers and
researchers in order to design developmentally and culturally
appropriate robot hardware and programs, as well as play
activities where robots are used.

We noticed that the children from the urban setting talked
about and drew the technical features of a robot in more
detail than the children in the rural setting. This could be
explained by differences in the children’s level of exposure
to the technical aspects of robots, for example, participating
in robot summer camps or robot workshops, or having a
parent who is an engineer. Access to this kind of experience
may be limited in rural settings due to several factors in
the Colombian context. It has been reported that access to
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high-quality education is limited in rural settings [33], that
family income in urban settings is significantly higher than
in rural families, and that the level of education is 56% lower
for rural men and 49% for rural women than that for people
living in cities [34]. Another explanation for the technical
details provided by the children in the urban setting might be
what Sgraa and colleagues [15] called “technological deter-
minism.” How a child imagines what a robot is and does is
based on learned experience predetermined by exposure to
existing robots. With less exposure to commercially avail-
able robots, the children in the rural setting were less prone
to be influenced by technological determinism. Including
children with less exposure to what adults have established
as “arobot” could help to shift the paradigm from children
adapting to robots based on adults imaginaries, in the sense
described in [20], to shaping social robots based on chil-
dren’s imaginaries, which is an emergent approach [15, 17].

The children highlighted communication with a robot as
being an important feature. The means of communication
included operating the robot using buttons located in the
robot itself, or by remote control, or using verbal commands.
The children in the rural setting established the main func-
tion of a robot antenna as listening to what the child says.
The children also wanted a robot to be able to speak. Thus,
some of the children imagined natural communication with
their robots.

The emergent themes from this study provide valuable
information about how children perceive robots. With regard
to human-robot interaction, children had the imaginaries
that robots should be able to express emotions, mainly posi-
tive ones, toward children. The girls in our sample com-
mented on and drew their robots saying nice things to
children and making children feel appreciated. One girl sug-
gested in her drawing that the robot recognized that a girl
was lost and sad (she was crying), and that it was willing to
help. Thus, from a child’s perspective it is important that a
robot is able to express emotions, mainly by talking to the
child. The children also perceived a robot as being a com-
panion. These findings tell us that the social imaginary of a
robot from a child’s perspective is guided, as pointed out by
Sgraa and colleagues, by an emotional connection with the
robot, rather than by a rationally driven notion of the robot’s
usefulness [15]. Our results are also consistent with [16],
who found that from a child’s perspective robots are entities
with which children can form social relationships. Robots’
characteristics and styles of interaction influence the levels
of engagement and enjoyment children expect to find when
interacting with robots, which is critical for the formation of
child-robot interaction. A considerable amount of research
has been dedicated to developing social robots that are able
to recognize and react to human emotions using artificial
intelligence [6, 11]. Thus, this feature is being sought by
developers.
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The children also had the imaginary that robots help peo-
ple. For the children in the rural setting, functions such as
flying, listening, and speaking were associated with help-
ing someone in trouble or who needs help. These functions
described by the children went beyond robots built just for
playing with and moved toward those with “serious” func-
tions such as helping someone who is lost or has a disability.
There is abundant research showing that women are better
at expressing feelings toward another person who may be in
trouble or in need than men. In fact, girls from low-income
families in Colombia, Argentina, and Spain have shown
higher levels of prosocial behaviour and empathy than boys
[35]. Thus, our findings may have been due to the fact that
the focus groups in the rural setting comprised mainly girls.
The small number of boys in the rural focus groups might
have been influenced by the girls in their descriptions and
drawings, thus resulting in the predominant idea that robots
that help people come from rural environments.

The children in the rural setting located their robots in
environments that were mainly composed of natural ele-
ments. This could be explained by previous research that
found that children living in rural areas perceive nature as
a living presence more than children from cities [36]. Simi-
larly, in our study most of the children from the rural set-
ting drew their robots surrounded by nature. One participant
dedicated about 80% of the time to drawing nature while
spending only a few minutes at the end of the session draw-
ing the robot. This may have been because children from
rural areas feel they belong in nature. In contrast, it is well
known that children in cities spend less time in outdoor envi-
ronments and interacting with nature, and that the time they
spend indoors using electronic devices is increasing [36].
Thus, the children from the rural setting were shown to be
more aware of the natural environment they are immersed
in, while the children from the urban setting were shown to
be less aware of their environment and more aware of the
robots’ technical features.

4.1 Recommendations for Developers

Based on our results, we can provide the following recom-
mendations to researchers, clinicians, or entrepreneurs who
want to develop robotic systems for promoting play in chil-
dren with and without disabilities.

e The robot’s appearance matters to children. Anthropo-
morphic robots that are clearly machines rather than
humans might be more accepted by children with and
without disabilities.

e Children want to control the robot through some means
whereby they communicate with it. Developers could
explore verbal commands as a natural way of control-
ling robots. This could be a consideration for children

with motor impairments such as cerebral palsy, as many
of them have very limited spoken language due to their
motor impairments, thus making it difficult to control
robots through verbal commands. However, children
with motor impairments that do not affect communica-
tion would be able to use verbal commands.

e Children want a robot for playing with to be able to move,
grab, speak, and play popular kids’ games from the cul-
ture they are immersed in and according to their devel-
opmental stage.

e A good robot should be tough and strong so it is able to
interact with diverse objects in the environment. Thus,
the materials used in robot design must be resistant, dura-
ble, and facilitate the placement of accessories for per-
forming or pretending to do play activities. For example,
wings for “flying,” antennae for communication, grips
or “hands” to grasp objects, and lights and sounds that
provide feedback to the child, e.g. lights that let the child
know that the robot has received a command and is ready
to run a program.

e Developing low-cost robotic systems makes them afford-
able for children in low income settings. Some of the fea-
tures desired by children can be expensive. For example,
robots that are able to recognize emotions are usually
expensive and may not be affordable for children in low
income settings. Alternatives for low cost robots could
be the creation of pre-stored positive messages that chil-
dren can play back or that are configured to be played at
a specific time (e.g. 4:30 pm on week days), for example
saying to the child “I missed you, do you want to play?”
when the child gets home from school.

e From a child’s perspective, child-robot interaction is
more emotional than rational, so robots should have char-
acteristics that facilitate these emotional relationships.
This is especially important for girls in some cultures.
Asking children with low levels of exposure to commer-
cial robots about the features a robot should have might
shift the paradigm from technological determinism and
established ideas of robots as nurtured by commercial
companies and movie corporations to social construc-
tivism based on children’s imaginations, wishes, and
dreams.

4.2 Limitations

This study has some limitations. The first might consist of
the purposeful and snowball sampling method. However, the
data collection and analysis supported data saturation, and the
researchers made adjustments to the data collection in order to
achieve variation in the samples in the two different settings.
In addition, we conducted four focus groups, and research
has found that conducting three focus groups is enough to
reveal more than 90% of all themes in qualitative research
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[37]. A second limitation might be that two pairs of siblings
participated in the same group from the urban focus groups.
The two siblings wanted to be seated at the same table during
the drawing activity. Their drawings were almost identical, so
one must have influenced the other. Third, this study’s results
reflect the imaginaries of a small group of children from both
arural and an urban setting in a developing country. However,
the researchers did their best to achieve variation in terms of
gender, age, socioeconomic strata, and setting.

5 Conclusion

The results of this study will inform developers and research-
ers about the features that make a robot good to play with
from the perspective of typically developing children with
sufficient play experience. Children’s imaginaries about
good robots for playing with include those with an anthro-
pomorphic appearance, that are tough and strong, that have
controls, and that are able to move, grab, speak, and play
popular kids” games. Age, gender, culture, and the physical
environment in which the children lived influenced what the
children expected to find in a robot for playing with during
child-robot interactions. How the children imagined robots
was also influenced by their exposure to popular robots
available in the technology and movie industries. The girls
expected that robots would be able to express emotions and
help people, thus highlighting an emotional connection with
robots in their imaginaries. As children with motor impair-
ments want to play in the same way as typically developing
children, even though their motor skills are compromised,
developers and researchers can use the results of this study
when creating or adapting robotic systems for children with
motor impairments, as well as for children with other impair-
ments or typically developing children.
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