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Abstract: Free play is of great benefit for children’s physical and cognitive development, especially for
younger ages. However, children with motor restrictions cannot engage in free play like their peers
because they face strong challenges to manipulate and interact with their environment. This lack of
play opportunities may hinder proper cognitive development, along with several other problems
such as decreased social skills or low self-esteem. In recent years several studies have discussed the
use of robots to provide children with motor disabilities more opportunities for free play. This paper
gives an overview of recent studies regarding the use of robots for play by children with Cerebral
Palsy (CP). We also propose a work framework composed by a bi-manual articulated robot to further
expand those children’s play opportunities.
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1. Introduction

It has been widely established that free play has a key role in children’s cognitive development.
When children engage into free play, they tend to discover their capabilities, try out objects, make
decisions, comprehend cause-and-effect relationships, learn, persist, and understand consequences of
actions. Additionally, free play is spontaneous, intrinsically motivated, and self-regulated and requires
the expressive personal involvement of the child [1]. Furthermore, play contributes to children’s
development in terms of discovery, learning, mastery, adaptation, creativity, self-expression and social
skills [2].

There exists extensive literature supporting that motor movements in newborns play an important
role for cognitive development at various levels (see [3] and the references therein). In summary,
movements, motor schemes, and physical relationships with the real world can foster mental logic
development, underpin logical construct, and are at the basis of the understanding of the cause and
effect relationships and of the chaining of sequences of thoughts. Play provides exploratory means to
children, through which they test their reality, and slowly build an elementary interpretation of the
world by integrating perceptive and motor schemes together [3].

Section 2 gives an overview of the problems that children with limited motor function find when
trying to engage into free play, while Section 3 gives a summary of some studies regarding the use
of robots to promote free play among children with motor impairments. Section 4 describes the
methodology of the study and our proposal for the use of a two-armed articulated robot to further
help children with motor impairments, followed by final conclusions in Section 5.
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2. Effect of Physical disabilities on Free Play

Some children lack self-initiated and spontaneous play activities, or have no other choice than to
wait passively until someone interacts with them. As a consequence, these children may develop a
learned helplessness can perpetuate the belief that they are unable to perform a task even though they
may be able to [4,5]. Together with that feeling, they may also not perceive themselves as the owners
of their own thoughts [3].

Additionally, the absence of play may affect children’s perception of having control over the
environment, and therefore they may end loosing motivation [6]. In fact, children with severe motor
disabilities may regard themselves as spectators rather than actors, because they are used to “being
done to” rather than “doing with” by their playmates or by adults in care of them, who tend to
take the initiative and direction of the play [6]. The absence of play may also deprive the child from
key interactions with the social and material environment, resulting in isolation and reduced social,
linguistic and cognitive skills’ development [2].

Children with motor disabilities may not have the same opportunities to engage in playful
activities as their typically developing counterparts. The limitations for free and autonomous
participation in daily activities due to motor impairments may hinder the proper development of
children’s sensory and perception capabilities, and cause low self-esteem and self-efficacy [3]. This is
the case of children with Cerebral Palsy (CP), who have diminished play ability due to them having
greater motor limitations [7].

CP is a physical impairment related to a problem of the central nervous system which creates
substantial limitations to physical ability or motor skills, and may also create intellectual and
neuro-psychological impairments, language and speech disorders, sensory disabilities, and emotional
or social difficulties (Tingle 1990, as cited in [3]). The prevalence estimates of CP are generally
decreasing globally since the last decade for the more severe subgroups, but there are still around 2 CP
cases per 1000 live births in developed and in developing countries [8].

In comparison to typically developing children, children with CP are generally less playful than
those without CP [4], and are more compliant, less responsive, and less independent [9]. Additionally,
children with less cognitive-behavioral problems in daily activities and/or higher gross motor function
are more self-determined than those with more severe impairments [10]. Self-determination is
described as taking responsibility for oneself and advocating for personal life goals [10], and it
includes behaviors oriented towards meeting personal life goals such as identifying desires, actively
pursuing interests, making decisions, and solving problems [4]. Therefore, improving the playfulness
of children with CP might also improve their self-determination [4].

3. Robot Mediated Play

The use of robots as mediators for play has been shown to be beneficial in multiple levels for
children with motor impairments. Schulmeister et al. [11] tested the applicability of small mobile and
inexpensive robots for children’s play and learning through a case study where one child learned to
control two Lego Mindstorm robots through one and two switches mounted on the sides of their head.
The results were very positive. As noted by the child’s teacher, the child showed increased memory
retention; learning skills; initiative during play; independence while playing; willingness to practice
with robots during the study; and became more vocal. The teacher did not note any increase in the
child’s social skills except increased interest towards the researchers.

Schulmeister et al. also noted that the use of such robots for play are potentially beneficial for
language development:

"The participant’s almost continual positive affect and gaze shifting between the task and the
experimenters were displays of positive joint attention. Joint attention is a precursor to language
development. The participant’s continual display of excited joint attention leads to the conclusion that
this type of robot play would facilitate language development. "
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Robots have also been shown to increase playfulness. Rios-Rincon et al. [4] tested the effect
on playfulness of a Lego robot being used by four children (5-9 years old) with motor disabilities
(levels IV-V according to the GMFCS [12] & MACS [13]). The experiments consisted of externally
observing 4 mothers playing with their children. The children could remotely control the robot using
Jelly Bean switches, which were appropriately placed for each child. Results showed that all children’s
playfulness levels increased significantly when they played with the robot. Furthermore, the results
indicated that three children had retention of the improved playfulness level.

Despite their advantages, the authors pointed some drawbacks of Lego Invention systems, such
as their lack of guaranteed accuracy in all of their movements [4]. They noted that some children were
momentarily disappointed when the robot did not go in the exact expected direction, or even felt
frustrated when commands of the controller did not reach the robot due to problems with an infrared
signal. The study concluded that further play activities and strategies that will allow children with
motor restrictions to express their playfulness need to be found.

In another study, Rios-Rincón et al. observed the changes in communicative utterances of a
7 year old child with CP and speaking limitations (only said “yes” and “no”) while she played with
her mother and with or without a Lego robot [14]. During the tests, the child’s Yes/No utterances
were tracked. Additionally, they coded the mother’s utterances and they also tracked the number
of times the mother performed a function on behalf of the child. Results showed that the child’s
utterances increased with the robot, which implies that the child became more communicative while
using the robot.

Contrary to the authors’ initial belief, the Direction of Action was higher when using the robot
than without it. They reasoned that the mother may have tried to instruct the kid on how to operate the
robot, because the child had only one training session about the use of the switches [14]. The authors
noted that in order to give children the opportunity to develop adequate skills to operate the robot,
extended training periods are required. Direction of Attention decreased with the use of the robot,
showing that the mother’s attempts to direct the child’s behavior decreased as the child’s independence
during play increased. It was also noted that while using the robot, the mother went from directing
what she wanted the child to do during play, to instead describe what the child was doing. Open-Ended
Questions decreased with the robot, while Yes/No questions increased. The latter became increasingly
varied and tended to regard the child’s actions with the robot. Additionally, the mother spoke less on
behalf of the child with the robot. According to Rios-Rincón et al., all this shows that the interaction
became more reciprocal when using the robot, and an increase in the child’s self or shared expression
was measured [14].

3.1. Robot Use to Evaluate Cognition

Many standard tests used to measure developmental levels of children do not take into account
that some of them may be affected by disabilities, and be faced with physical or further barriers when
being tested through them. As a consequence, it is difficult to measure the developmental levels of
children with disabilities, who may unfairly under-perform in the tests, giving the impression that
they are less cognitively developed than they really are [15].

Some studies have focused on the opportunities that robots offer to evaluate the cognitive
development of children with disabilities. Polletz et al. tested the applicability of a Lego Mindstorm
robot to measure children’s cognitive development by having 18 typically developing children aged
3–5 perform three tasks with the robot [15]. They specifically measured the ages at which typically
developing children demonstrate understanding of means end causality, negation, binary relations
and sequencing while using switches to control Lego Robots. The first task measured understanding
of causality, by requiring the child to press and hold a switch until the roverbot knocked over a stack of
blocks. The second tasks measured understanding of negation, by having the child help the researcher
build a stack of blocks. The children were required to stop the roverbot beside a pile of blocks by
releasing the same switch as before at the right time, so that the researcher could load the blocks onto
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the roverbot. Then, they were required to again stop the roverbot at the original stacked blocks location
so that the researcher could unload the blocks. The third task measured understanding of binary logic
and sequencing of two actions. The children were required to choose between two stacks of blocks,
and then have the roverbot (placed between them, and facing away from the child) knock the chosen
stack by using the appropriate one of two additional switches to make the roverbot turn left of right
(binary logic) towards the chosen stack, and then using the original forward switch to knock the blocks
(sequencing of actions).

The cognitive skills they identified (means end causality, negation, binary relations and
sequencing) by performing low motor and linguistic demanding tasks with robots have, according to
the authors, direct applicability to assistive technology use in broad scale. Therefore, it is important
that these skills get meaningful attention [15].

3.2. Virtual Play and Simulations of Manipulation

Although it has not been specified whether motor movements are indispensable or not for
promoting cognitive development, some authors claim that what is important is the intention of
movement, and not movement itself, and therefore suggest that virtual simulations in which the user
is given the impression that they are interacting with the environment is equivalent to actually doing
it [3]. Perhaps in this regard, some studies have also tested the opportunities of simulated virtual
robots and environments that mimic the previously tested physical robots (e.g., [16–19]). However, no
definite conclusions pointing towards the prevalence of one over the other have been reached so far.

In one study, both a virtual and a physical IAMCAT (integrated augmentative manipulation and
communication assistive technology) was tested in a school with nine children with disabilities and
nine typically developing children [19]. The physical version of the IAMCAT was composed of Lego
Mindstorms, while the virtual version was a simulation of the former. Encarnação et al. concluded that
both systems proved to be useful to allow children with neuromotor disabilities to jointly participate
with their peers and teachers in the academic activities within the classroom.

The teachers involved in that study adapted their curricular activities so that all children could
perform them, regardless of the use of the IAMCATs, and believed that both systems helped towards
the inclusion of children with disabilities regarding participation in the classroom and access to the
academic curriculum [19]. The teachers also stated that the use of IAMCATs was generally positive
both for the children in need of them as well as for the rest of the educational community. However,
they also noted the added difficulties of managing such a class or the extra time required by children
with disabilities to complete the activities, and they also mentioned the need for an additional educator
within the classroom to better support the children using the IAMCAT system(s).

Among the study’s limitations, the authors mention that despite using both a virtual and a
physical system, this study did not draw any conclusions as to which version of the IAMCATs (virtual
or physical) was better, as they did not perform any tests in that regard. Additionally, neither the
children’s experience while using the systems, nor their academic advances were tracked. It was only
the teachers’ opinions on the systems that were collected [19].

4. Methodology

Taking into account the studies mentioned in the previous sections, our thesis is that young
children with severe motor function limitations encounter serious barriers or total inability to engage
on true free play, and that high-precision robotic manipulators can not only improve the playfulness of
such children, but that they can also help breach the gap towards free play opportunities. Additionally,
we hypothesize that real-life play interactions are more effective than virtually simulated ones for
stimulating young children’s cognitive development. Therefore, the purpose of this study is to develop
a robotic manipulator mediated system that young children with limited motor function can use to
engage into free play, and to measure to what extent such a system increases their play opportunities,
and how it improves the children’s development.
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The research questions of this study are: 1. Do bi-manual robotic arm manipulators improve
the playfulness of young children with limited motor function when used as play mediators? 2.
Are high-precision robotic arm mediated play interactions beneficial for the development of young
children with limited motor function?

To answer these questions, we will conduct a crossover trial with typically developing children
and children with CP. The following selection criteria have been established for the participants:
children between six and twelve years old, with severe motor impairments, corresponding to levels IV
and V of the Gross Motor Function Classification System (GMFCS) [12]. The parents, educators and
therapists of these children will also be involved throughout the participatory design process.

With the approval of the Ethics Committee for Research Involving Human Beings of the University
of the Basque Country (CEISH), we will first do a preliminary test of the developed system with a
convenience sample of typically developing children aged six to twelve years old from local schools.
After assessing the results, we will make any fine adjustment to the design of the system and the
experiments if needed. We will then proceed to test the same system with a convenience sample
of children with CP from local special education schools and therapy centers. The reason for first
performing the tests with typically developing children is to refine the system and experiment design
to further minimize the exposure of unexpected problems to children with CP, who are part of an even
more vulnerable population than the typically developing ones.

Robots with high-precision articulated arms have not been extensively used for research around
child play, mostly because they are quite expensive and unsafe for sharing spaces with humans. With
the increasing emergence of (industrial) “collaborative” robots, it becomes possible for people to
safely work in the same space with them. In addition, collaborative robots of small size and low price
are appearing in the market, and these may be ideal for the intermediate manipulation that is to be
developed in this project.

Therefore, we propose a work bench composed by a two-armed articulated robot, and its virtual
counterpart. The robot will be programmed with a set of games, activities and recorded sequences by
which small toys and objects can be seamlessly manipulated.

In order to be able to compare the results with previous studies, we will follow the most
widely used and standardized metrics and evaluation methods, such as the Test of Playfulness [5].
Additionally, since in the near future we intend to test the applicability of this robot for the evaluation
of cognitive development of children with motor disabilities, we have taken into account the protocol
defined by Encarnação et al. [18].

We are currently working on the definition of the child-robot interaction system. To this end, we
have applied participatory design for the generation of playful activities that are attractive for children
and that promote cognitive development. The user interfaces must be accessible and be based on the
principles of the Augmentative and Alternative Communication. In addition, the child-robot interface
must be compatible with the application of “shared control” and “mixed initiative” techniques.

With respect to the programming of the bi-manual cooperative robot, we are working on the
definition of a language for the manipulation of abstract objects that will be cyclically refined until the
tests meet the metrics of acceptability, efficiency and functionality initially defined.

Since the ludic activities should be designed by the tutors, we defined sketches in two and three
dimensions to be used for the initial tests. These will allow us to program the robot with basic activities
that will serve as a guide to the tutors who will later design the games. The final objective is to compile
a set of guidelines that describe the ludic, technical, procedural characteristics, etc. on which the games
that are designed for this environment should be based.

5. Conclusions

Free play is undoubtedly beneficial for children’s cognitive development. However, children
with motor restrictions (such as those caused by CP) may not have sufficient play opportunities.
Robots have been shown to be appropriate mediators for play to be used by children in many recent
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studies [4,11,14]. However, we argue that the use of higher-precision robotic manipulators to mediate
between children and their play objects can provide children with physical disabilities even more
opportunities to engage on free play. Therefore, we have proposed a robotic system to explore this
research field.

The main results of this work are, with respect to the child-robot interaction: the design of
adaptive interfaces (based on user modeling) that allow children with motor impairments to control
(in a restricted way) the movements and actions of the robot. Dimensional reduction methods will be
applied to allow the handling of a two-armed robot (each with six degrees of freedom), and to facilitate
its control through the user interface. In the area of cognitive ergonomics, methods and metrics will
be provided to monitor and quantitatively and qualitatively measure the cognitive development of
children who use the robot, in comparison with the evolution of children without motor impairments.

Further results include: a selection of toys and games most suited to the physical and cognitive
conditions of children with severe motor impairments; a collaborative interface design methodology
(focused on the user) to allow the participation of children and their caregivers in the design of the
robot control interface; measures of the emotional impact, immersion, degree of control and cognitive
evolution among the children involved; a basic programming environment for articulated arms for the
manipulation of toys; and an author tool for the design of games mediated by articulated arms.
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