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Abstract. Playing is part of children’s daily life and it is an important aspect of
their development because it promotes not only entertainment, but also influ-
ences the psychological, physiological and social development of children. The
playful aspect of the toys awakens other interests in Children with Disabilities
(CwD), encouraging them to set aside their limitations. However, they are often
prevented from playing because the toys are not accessible. Studies also show
that the adoption of accessible toys can be an effective resource in CwD reha-
bilitation treatment. Thus, this work presents the results of a Systematic Review
that investigated methods, techniques and interaction strategies used for
coeiving and/or adapting accessible toys for CwD. In the context of this
research, accessible and interactive toys are named Inclusive Toys (IT). The
results of this SR allowed researchers to formulate hypotheses from the inter-
action and automation resources identified, to specify a model for the conception
and design of IT supported by PD techniques.
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1 Introduction

Playing is part of children’s daily life. It is an important role in their development,
promoting entertainment, and also influencing the children’s psychological, physio-
logical and social development. Furthermore, it favors learning in different aspects of
daily life, including that of Children with Disabilities (CwD), since they can explore
their body and the environment with the toy [11, 12, 16].

In addition, the playful aspect of the toys awakens other interests in CwD,
encouraging them to set aside their limitations. However, they cannot often play
because toys are not accessible. It is highlighted that an accessible toy allows CwD to
play freely, as it provides them with the necessary independence to playing and also to
interact with other children, improving social interaction.
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Studies also show that the adoption of accessible toys can be an effective resource
in the CwD rehabilitation treatment [12, 16]. Additionally, the literature presents the
creation of intelligent toys, automated and adapted to various purposes [11], but they
are still poor in relation to accessibility for CwD [16, 17].

Therefore, this work is part of a larger context, which aims to investigate acces-
sibility aspects and interaction resources to design automated toys with an accessible
interface for CwD in order to assist in the therapeutic treatment. It aims to present the
results of a Systematic Review (SR), which investigated the interaction strategies and
automation resources used in the design and/or adaptation of accessible toys for CwD.
In the context of this research, accessible and interactive toys are named Inclusive Toys
(IT), because include children in playful resources.

2 Methodology

The methodology of investigation applied in this study was the SR process from the
literature, based on a searching strings combination, varying the database IEEE, ACM
and Google Scholar, trying to answer the following research questions:

(1) What methods and interaction and automation techniques have been studied and
applied to development or adaptation of IT supporting the therapeutic treatment of
rehabilitation of CwD?

(2) What techniques and/or methods are used to develop and to design IT?

During the preliminary selection, the works included in and excluded from the SR
were defined according to the inclusion and exclusion criteria established in the pro-
tocol of the Systematic Review.

Fig. 1. Distribution of studies included in and excluded from the Systematic Review.
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Figure 1 presents a flowchart with the different phases arising from SR, based on
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
[10]. This flowchart aims to quantitatively present the SR process, from the initial
identification of studies, using searches in databases, to the final selection of articles
included in the data analysis.

As observed in Fig. 1, 139 studies were found by applying search strings. In the
preliminary selection phase, 29 articles were selected, out of which only 16 articles
were included in the final SR selection. These articles sought to answer the research
questions posed in the SR protocol.

3 Results of Systematic Review

The following paragraphs present a summary of the 16 articles analyzed. Each of the
articles was individually analyzed. These studies represent the first steps of the study,
and also render a deeper understanding of the context of the investigation, since they
present accessibility aspects and interaction resources to design automated accessible
IT in order to assist CwD in therapeutic treatment.

Nine out of the 16 works selected presented IT researches for children with autism
(Sect. 3.1) and the other works presented IT researches for CwD with different dis-
abilities (Sect. 3.2).

A synthesis of the interaction strategies and of the automation resources identified
in each study included in the SR is presented in Table 1. Sections 3.1 and 3.2 present a
summary of each work so as to understand the contribution of each study.

Table 1. Interaction and automation resources

Font Disabilities Approach Interaction Resources - IT Automation Resources - IT

[1] Autism Social Assistant Robot with preprogrammed
tasks (without human
control)

Sensors

[3] Autism Stimulate social
interaction and
communication

Robot with active mode
(without human control) and
passive mode (human
control)

Motion sensors, cameras,
servomotors and pan-tilt
platforms

[14] Autism Promote
interaction of
autistic children
with toys

Remote control to control the
IT and sensory features in
the toy (Light and audio)

PS2 controls with vibration

[9] Autism Learning FACE, an android robot
hardware

Sensorized T-Shirts,
Motorized Camera, Gaze
Tracking Hat, Environment
Microphones

[15] Autism Stimulate motor
skills

Robot equipped with Sensor
Kinect

LabVIEW framework and
Sensor Kinect

[2] Autism Social Assistant -
stimulate social
interaction

Robot and Video Monitor Cameras, Infrared LEDs

(continued)
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3.1 IT for Children with Autism

In the field of autism, Andreae et al. [1] propose developing a social robot (Active Auti)
equipped with sensors and built according to the Applied Behavior Analysis
(ABA) principles, aiming to stimulate the social behavior of children with Autism
Spectrum Disorder (ASD), encouraging them to behave positively and discouraging

Table 1. (continued)

Font Disabilities Approach Interaction Resources - IT Automation Resources - IT

[7] Autism Social Assistant -
Stimulate social
interaction

KASPAR robot Framework KASPAR

[18] Autism Social Assistant -
stimulate social
interaction

Robot controlled by an
operator

Camera, head-motor,
body-motor, microphone,
touch-sensor, speaker,
Infrared Sensor

[5] Autism Social Assistant -
stimulate social
interaction

Pioneer 3 DX robot Video camera, touch screen,
laser sensor

[13] Several
disabilities

Stimulate
interaction with
toys

Personal Digital Assistant
(PDA)

Bluetooth module (WT12)

[20] Several
disabilities

Social Inclusion -
Promote Social
Inclusion using
toys

Toys and (tablet or
smartphone)

Lilypad XBee wireless
module, Lilypad Arduino
module, speaker, lights,
vibration module

[8] Physical,
cognitive or
communicative
disability

Communication -
Promote language
development

Communication board and
Lekbot robot

Motors, Lego Mindstorm
robot, a touch-screen
computer, Bluetooth
communication

[4] Intellectual
disability

Dolphin Therapy
(DT) -
Development of
cognitive skills

Dolphin Sam robot with
sensors for visual stimulus
and visuals projections
(screen or projector)

Motors, Chip Wi-Fi EPS8266,
Modulo Arduino, RFID

[19] Physical
disability

Social Therapy -
Development of
physical and
cognitive skills

Adapted control (Joystick
4D)

Walkera 2402 RC-transmitter,
Arduíno and sensors

[11] Several
disabilities

Social Play -
Control toys to
promote
interaction

Equipped Robot with
sensors

Thermal imaging sensor,
microcontroller,
accelerometer and gyroscope;
pressure sensor; 7-segment
display; RGB LEDs Texas
Instruments CC3000 Wi-Fi
module.

[6] Several
disabilities

Interactive
Learning -
Stimulate
language skills

Tangible User Interfaces
(TUIS)

Sensors
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them from negative behavior. The robot acts as a social assistant and has pre-programmed
actions that will be executed according to the physical and verbal behavior of children
with ASD. Note that the authors emphasize the preference of children with autism for
objects, which makes robots an optimal alternative for entertainment.

The work by Qidwai et al. [14] also aims to develop/adapt toys for autistic children.
The authors propose an IT with a source of light or audio, since these resources attract
the attention of children with autism. The toys are equipped with remote control and are
initially controlled by the child’s caretaker since, according to the authors, a child with
autism may resist using the remote control at the first contact. However, after an
adaptation period, with the caretaker’s support, the control can be an acceptable device.
In this study, the authors used a PS2 remote control (Playstation 2 with vibration), a
notebook and a (robotic) toy.

Another study on IT for children with autism is presented by Mazzei et al. [9], who
propose a humanoid robot named FACE, able to express different emotions and to
promote empathy with the patient. The robot is applied to adaptive therapy sessions,
and is assigned the role of a social assistant, in which the robot adapts to the needs and
learning skills of each patient. The robot is equipped with cameras and the child that
will have the movements imitated wears a microphone, a shirt, a cap and an eyepatch;
the latter three items are equipped with sensors. The FACE robot is able to copy a
limited number of facial expressions; those most accepted by children with autism are
selected. The interaction of the robot with the patient is direct and spontaneous.

Ranatunga et al. [15] also present a robot called ZENO para children with autism
following a social assistant approach, which seeks to gradually improve the imitation
(in this case, the patient imitates the robot that reproduces the movements of the human
therapist) and the social interaction of the patient by means of adaptive training. The
authors proposed a framework that makes the logical communication of the therapist’s
movements captured by Kinect (Xbox 360/ONE movement sensor) and sends them to
the robot. The ZENO robot reproduces the movements made by the human therapist,
because the speed of the human being movements may not be in agreement with the
motor skills of the child with autism. Therefore, it is possible to control the speed of the
robot’s articulations, allowing the movements to be performed slowly. According to the
authors, abrupt movements tend not to be accepted by children with autism.

An architecture mediated by robots aiming to develop an individualized and
adaptable robotic therapeutic platform, especially for children with autism is presented
by Esubalew et al. [2]. This platform aims to manage joint attention (of all those
involved) and to conduct a usability study investigating the potential of ASD inter-
vention mediated by robots and, therefore, makes a social assistant approach. The
system comprises two monitors hanging from specific places, able to provide visual
and audio stimuli. These include images of interest to the children (children’s char-
acters) and video or audio with similar contents. Initially, the robot waits for the child
to interact; in case the interaction fails, the robot seeks to stimulate the child using
videos and images.

Huijnen et al. [7] present a framework designed for the social interaction of children
with autism, tested in the KASPAR robot, developed by the same research group [6].
The KASPAR robot may perform body movements or gestures using the hands, arms,
torso, head, as well as facial expressions (demonstrate emotions). The robot, allied to
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the framework, seeks to stimulate the child as from movements, sounds, expressions
and miming, and can also formulate words, both for answering and for talking, in case
the child does not react.

Another study involving a robot, Soleiman et al. [18] provides a social interactive
robot approach (called RoboParrot), designed to provide comfort and emotional
interaction to autistic children. The robot has a controller connected to a camera and to
an embedded system, comprising different parts, such as the body-engine, head-engine,
an Infra-Red (IR) sensor, a touch sensor, a microphone and a speaker (from where the
RoboParrot’s voice is emitted). The robot is controlled by a remote operator, who can
be an autism expert. The control has a camera so that the operator can see/interact with
the child. The robot has several articulations in the body parts, enabling it to perform a
number of movements.

The robot also uses its microphone, IR sensor and its speaker for the operator to
communicate with the child. The head/body sensors are used to determine which part
of the Parrot’s body the child is interacting with. RoboParrot is based on the Hasbro
Toy Company1 toy, and an embedded system has been added, connected to the toy as
from a USB and DATA BUS.

The Mobile Robot proposed by Goulart et al. [5], was implemented to stimulate the
autist child’s attention and its ability to interact with the environment, aiding in the
social evolution process. It uses another robot as a base, the Pioneer 3 DX, which has
an autonomous mechanism, programmed to have safety rules and a control system for
planning and locomotion interaction. Considering that the robot interacts according to
its environment, the system was programmed so that interactions with the environment
generate inputs in axes x and y (accounting for moving the Mobile Robot), which will
consequently generate action controls. A video camera, touchscreen, multimedia sys-
tem, laser (to detect the distance from the robot to objects/wall) and Pioneer (ac-
counting for the movements) were employed.

Boccanfuso and O’Kane [3] highlight that interactive and imitation games have
yielded positive results for autistic children when they have difficulties in communi-
cation or social skills. The authors present the development of a robot, the approach of
which focuses on integrating games and robots. Charlie, an acronym for
Child-Centered Adaptive Robot for Learning in an Interactive Environment, was
developed to be used as an imitation game, by means of tracking the movements of the
hands and head. The cameras and movement sensors are coupled to the robot, which
was trained to detect human hands. Two types of games were developed: single-player
(“Imitate Me, Imitate You”) and tow-player (“Pass the Pose”). Furthermore, a third
way of playing was added to the robot, which is remotely controlled.

3.2 IT for Children with Different Disabilities

Hengeveld et al. [6] propose developing an educational system, with interactive and
adaptive learning that stimulate the language skills of children with multiple disabilities

1 http://www.hasbro.com/.
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aged 1 to 4 years (toddlers), presenting a methodology to develop and to adapt a toy,
game and/or a system for CwD.

According to the authors, when designing an artifact for such young children and
with multiple disabilities, we must first consider interfaces different from the traditional
Graphical User Interface (GUI), seeing that children under normal development acquire
language skills apparently effortlessly and mainly playing. Children are observed to
usually explore their environment physically and, by interacting with more experienced
colleagues or adults, they seek help. Hence, the authors suggest Tangible User Inter-
faces (TUIs) as a design platform, due to the benefits of the physical contact of
TUIs [6].

Note that the physical objects require less interpretation; they reduce the speed of
interaction, which benefits this interaction; it allows a more flexible style of interaction
and provides opportunities for collaborative use; it promotes and stimulates the inter-
action among the parts interested (children). Thus, making the interaction tangible
allows offering children with multiple disabilities a type of sensorial experience rarely
found in a ludic physical environment [6].

The work by Ljunglöf et al. [8] presents the development of a toy robot (Lekbot)
and of a communication board to be used by physical, cognitive or communication
PwD, including children. The communication board acts as a fun alternative, allowing
CwD to communicate. The interaction occurs by selecting figures, stimulating the
communication between child and toy. Next, the word is reproduced by synthesized
voice via communication board, as a response to the interaction between child and the
“toy”. The robot is equipped with sensors and interacts with the child by using voice
and movements in the articulations. It additionally counts on self-learning in the way of
correctly pronouncing words. These two computational solutions (communication
board and robot) aim to improve the CwD trust and to promote language development,
focusing on interaction strategies (verbal communication, touchscreen and sensors).
The study was applied to children presenting cerebral palsy and complex difficulty in
communication.

Colombo et al. [4] developed a plush dolphin (Dolphin Sam) aiming to help
children with Intellectual Disability (ID) to learn by playing and by digitally interacting
with the physical toy. The toy is based on practices used in the Dolphin Therapy (DT) –
an animal therapy technique. The toy was built with sensors, actuators and external
components. The toy benefit is to increase basic cognitive, emotional and social skills
not much developed in children with ID. The dolphin was designed to increment the
following skills: reach a relaxed state of mind; exercise attention (audio and visual
signs); understanding the cause-effect relationship; exercising control and making daily
choices.

As regards adapting controls and toys, Thaller and Nussbaum [19] developed an
alternative control interface, approaching a social therapy, so as to control toys making
them accessible to children with motor disability, so that it can promote the develop-
ment of the children’s motor and cognitive skills. The first prototype was based on
Arduino, developed for a tetraplegic patient, restricted to head and forearm movements.
Sensors were coupled to the patient’s shoulders for sending information to the 4D
Joystick which was also developed. The prototype evolution process followed
user-centered approach.
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Murphy et al. [11] propose “playground” for socializing humans with robots to
include a number of children with different disabilities, making playing more sociable,
interactive and attractive. The framework incorporates low-cost robots and toys, which
employ infrared sensors, thermometer and microphone for monitoring the child’s
health, detecting, for example, allergic reactions or changes in body temperature.

A sensorial platform is proposed by Proença et al. [13], to control toys for children
with multiple disabilities to use. The aim of this platform is to receive stimuli from the
CwD to control toys easily and flexibly during the rehabilitation process. The control is
a Personal Digital Assistant (PDA) which child interacts with as from physical contact,
by touching buttons. The child receives the feedback by means of visual stimuli in the
device/control.

Vega-Barbas et al. [20] present an intelligent toy totally built and equipped with
sensors to assess the psychomotor development in children up to 6 years of age. The
goal was to design, to develop and to assess the toy usability do to facilitate the
children’s health monitoring process. The authors propose methods to develop a toy
from the collection of requirements, stressing that, as there are currently different
technologies to make a toy inclusive, the authors propose a general methodology to
develop a toy adapted to CwD. The interaction methods applied are sounds, lights and
vibrations. A smartphone or tablet is used to control the toy. The authors highlight that,
for tests, the proposal should be applied to children up to six years of age.

4 Discussion

The SR first research question showed that 50% of the studies included used adapted
robots or Personal Digital Assistant to support the CwD development related to
communication and social interaction skills [1, 3, 4, 8, 11]. Other studies proposed that
some toys, such as helicopter, dolls, were be adapted by using remote control to assist
the CwD in their different needs [13, 14, 19, 20].

Most of these studies used shelf toys and common robots that were adapted,
seeking to reduce customization costs. In these toys, some automation devices are
assembled, such as motors, sensors and actuators. Also, cameras, tablets, mobile
phones and network interfaces were connected to allow controlling the toy remotely,
besides transmitting collected data for remote processing. The studies generally
examined the use of adapted toys in therapeutic treatment for different kinds of dis-
ability (cognitive, physical, social) and highlighted the importance of creating inter-
action strategies to improve the accessibility of toys.

It should be highlighted that the recent advances of embedded computing and of the
Internet of Things have helped people to create toys that interact with local networks
and these advances provide easy ways for these people to control these adapted toys or
a program new functionalities.

Regarding the second research question, we did not find methodologies or models
to develop and to design IT. The studies were verified to include techniques of Par-
ticipatory Design (PD) in the SR, which are not part of the adaptation process of toys.
Note that PD as an active involvement methodology of users in the adaptation process
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is fundamental to customize toys, allowing the active participation of CwD as
co-designers of their solution.

As a proposal of a PD methodology to treat this disability in the literature, we
suggest that, in the process of creating a new inclusive toy or of adapting an existing
toy, the model proposed and presented in Fig. 2 is adopted. It anticipates the partici-
pation of different actors in the IT creation/adaptation process, among which we detach
health professionals (doctors, physiotherapists, therapists, nurses), the very child (pa-
tient), parents, caretakers, engineers, 3D device designers and programmers.

In Fig. 2, parents/caretakers and health professionals are observed to be able to
define the way of stimulating the ludic side of CwD. Together with that, the partici-
pation of engineers and computer scientists help to model the technical aspects of the
toy construction, especially combining the techniques used for developing objects
related to the Internet of Things (IoT).

The refinement of the toy considering an interdisciplinary team including the dif-
ferent stakeholders of the process may help by delimiting the scope of the toy, as well
as contributing to its evolution. This is because the technical team depends on the

Fig. 2. Model proposed for building IT with the participation of the different actors in the
process
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knowledge and on the experience of health professionals, caretakers and the very
patient. All these actors may contribute to the PD, acting as co-designers for building
the computational solution, providing the necessary know-how and learning with the
other collaborators, so as to minimize failures and to favor improvement opportunities.

Hence, the goal of the model proposed (Fig. 2) is to contribute with an IT devel-
opment process with the participation of the different actors in the process, to make it
efficient regarding the therapeutic and ludic aspects. It has to manage to entertain the
children and to make them feel immersed in the toy, but concurrently, as is deemed
necessary, allows it to be intelligent and permits capturing data, including the chil-
dren’s behavior when interacting with the toy.

The model proposed herein is supported on the strong points and limitations found
in the different works identified in the SR. We observed that the interdisciplinary
collaboration in the ITs design or adaptation process is essential to build computational
solutions for including CwD in society. Aligned with the goal of this study, which
seeks to include CwD to ludic resources, the model proposed aims to systemize the toy
construction and the customization process, especially by bringing therapists, parents,
caretakers and children to participate in the process.

The model thus highlights the importance of interdisciplinarity in the construction
of an interactive and ludic computational solution for CwD, considering the view of the
different areas involved in the process. Moreover, it contemplates a continuous
improvement process in the IT construction/adaptation, considering the feedback of the
potential users, as new data are collected and assessed.

5 Conclusion

As already mentioned, although accessible toys present the potential to be an effective
resource in CwD rehabilitation treatment, they are still poor in relation to accessibility
for CwD. This research reaches its goals by investigating this problem and recognizing
the importance of contributing, cooperating to this focus by presenting the results of a
SR that investigated methods, techniques and interaction strategies using the design/or
adaptation of accessible toys for CwD.

Thus, the results of this SR allowed researchers to formulate hypotheses from the
interaction and automation resources identified, to specify the interaction and acces-
sibility requirements for toys adaptation and to specify a model for the conception and
design of Inclusive Toys with the support of the PD techniques. The solutions proposed
herein can contribute to the health area, extending the toy industry and related areas
that make use of this feature.

We stress that, according to the results, one of the relevant future research points to
case studies including CwD, therapists, caretakers, programmers and engineers, in
rehabilitation institutions and hospitals. The aim is to conceive IT adapted to CwD in
their rehabilitation treatment, following the approach of the model proposed herein.

Another future relevant work is evaluating the accessibility aspects and interaction
resources identified in the RS, by means of practical cases and applying IT to potential
users, in this case, Children with Disabilities, supported by their health professionals
and caretakers.
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We highlight that other possibilities arise to improve the inclusion of CwD in the
social environment. Investigating more accessible interaction techniques so as to
include CwD in society is therefore strongly recommended.
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