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Abstract.

BACKGROUND: Rapid technological development has been opening new possibilities for children with disabilities. In particular,
robots can enable and create new opportunities in therapy, rehabilitation, education, or leisure.

OBJECTIVE: The aim of this article is to share experiences, challenges and learned lessons by the authors, all of them with
experience conducting research in the field of robotics for children with disabilities, and to propose future directions for research
and development.

METHODS: The article is the result of several consensus meetings to establish future research priorities in this field.
RESULTS: Robots have a huge potential to support children with disabilities: they can play the role of a play buddy, of a mediator
when interacting with other children or adults, they can promote social interaction, and transfer children from the role of a spectator
of the surrounding world to the role of an active participant. To fulfill their potential, robots have to be “smart”, stable and reliable,
easy to use and program, and give the just-right amount of support adapted to the needs of the child. Interdisciplinary collaboration
combined with user centered design is necessary to make robotic applications successful. Furthermore, real-life contexts to test
and implement robotic interventions are essential to refine them according to real needs.

CONCLUSIONS: This article outlines a research agenda for the future of robotics in childcare and supports the establishment of
R4C — Robots for Children, a network of experts aimed at sharing ideas, promoting innovative research, and developing good
practices on the use of robots for children with disabilities.
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1. Introduction

Technology is rapidly developing and has revolu-
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countries to fight the COVID-19 pandemic. Smart-
watches, smartphones and fast mobile computers pro-
vide new opportunities in private and professional life,
but also in healthcare. Robots, i.e. “actuated mecha-
nism[s] programmable in two or more axes with a de-
gree of autonomy, moving within its environment, to
perform intended tasks” [1], are among these new tech-
nologies. There are many different robots and a not
exhaustive classification can be found in [2]. Service
robots are those that perform “useful tasks for humans
or equipment excluding industrial automation applica-
tions” [1]. Professional service robots are considered as
an interesting mean for example in hospitals to support
treatment [3]; personal service robots have supported
children with disabilities in play [4], academic activi-
ties [5], or therapy [6—8]. Social robots are a relatively
new technology being increasingly developed, tested,
and used in healthcare contexts [9—-11]. Socially assis-
tive robots (SAR) are designed to interact with humans
in a social way and often come in the shape similar to a
pet or human [12]. Due to their ability to engage people
through social and emotional dimensions, SARs are
deemed as particularly suitable in healthcare contexts to
help people achieve personal goals, for instance by mo-
tivating, coaching, or enabling communication [9,10].

Robots are being applied for different target groups,
e.g., elderly people with dementia, older people living
individually, children with Autism Spectrum Disorder
(ASD), or children with cerebral palsy [13—17]. Re-
search on robotics for children with disabilities, in par-
ticular, has taken in the last decade an important place
in the field of innovative technologies. Illness or dis-
abilities can isolate children from their regular social
network or can hinder communication and interaction,
their development and their involvement in daily life
situations. Parents and professionals have been seek-
ing toys and tools, among these also robots, to support
children optimally. Robots for children with disabilities
are a promising field for several reasons. First of all,
children in general are attracted by robots, especially
children with ASD [18,19]. This positive attitude to-
wards robots is also mirrored by children and parents
in pediatric rehabilitation [17,18]. Furthermore, robots
have a physical presence and can act upon the envi-
ronment compared to e.g., graphical avatars [21]. What
makes robots also interesting is programmability and
autonomy, which makes them adaptable to the needs
of a child which is particularly important for tailored
interventions [22].

Despite their showing great promise, concerns how-
ever remain regarding the potential of robots in applied

settings, as they are not yet considered usable outside
of controlled environments or isolated structured in-
teractions. As a consequence, professionals’ interest in
adopting potentially useful robotic applications is chal-
lenged by the difficulties they face in integrating such
innovative platforms within their everyday clinical or
educational practices.

In light of these considerations, this opinion article
is aimed at sharing experiences, challenges and learned
lessons mentioned by researchers working on the ap-
plication of robots for children with disabilities or chil-
dren in a hospital, and at proposing future directions
for research and development with a view to improve
transferability of robotics applications in a variety of
applied settings. Several meetings were held and con-
clusions of those meetings were shared with a larger
network for further elaboration and feedback, to formu-
late a joint vision for this field. By means of this opin-
ion article, we aim at establishing the R4C — Robots
for Children — network, connecting people (researchers,
practitioners, designers, etc.) interested in the general
theme of robotic applications for children.'

2. Benefits of robotics for children

Over the last decade (i.e., 2010-2020), 18 system-
atic reviews have examined the potential of robots for
children in rehabilitation, (special) education or hos-
pital settings in improving daily activities, learning,
and development. Most research with social robots
seemed to be carried out with children with ASD to
support communication and interaction, joint atten-
tion, learning and eliciting behaviors, and skills’ per-
formance [14,18,22-25]. Specifically, robots have been
used with children with physical impairments as assis-
tive technologies to support play (especially play for the
sake of play), learning, upper arm function and enabling
participation in occupations requiring manipulation of
objects [25-28]. Children with a chronic illness or un-
dergoing medical and/or mental care received benefits
from a social robot as it can be a companion to support
stress and pain reduction, to help manage the disease
and treatment, and to communicate with family and
professionals [29-33]. Different reviews mentioned the
positive effects of a humanoid robot as a tool in learning
e.g., for teaching and instruction and for peer support
in order to elicit behaviors and to improve cognitive,

I For more information about the R4C network, please visit the
website: https://sites.google.com/view/robots4children/home.
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language and social skills [24-26,34-37]. In an EU-
funded project, DREAM, the next generation robot-
enhanced therapy was envisioned. Different areas were
studied, e.g., clinically relevant interactive capacities for
social robots that could operate autonomously, policy
guidelines and a cognitive model that interprets sensory
data to assess the child’s behavior. Robots NAO and
Probo were used during this project [38]. In the context
of the measures to prevent the spread of COVID-19,
research has also focused on the use of social robots
in supporting children with ASD receiving communi-
cation education while maintaining social distancing
(e.g., [39]).

In sum, using the language of the International Clas-
sification of Functioning, Disability and Health for
Child and Youth [40],2 a number of studies showed that
robots for children can support improvement of body
functions, activity performance and participation, as
well as being a supportive environmental factor.

3. Current challenges

The majority of the aforementioned studies described
an improvement in the performance or abilities related
to medical, wellbeing, educational or rehabilitation ob-
jectives, in pupils’ engagement and interaction with
peers. However, all the reviews mentioned concerns
about the explorative nature of the reported studies and
the methodological limitations. All authors emphasized
the potential of robots for children and recommended
to continue research in this area, however with larger
sample studies, with more rigorous methodologies, with
carefully diagnosed groups of participants, listening to
parents and teachers.

It is clear from the different reviews and European
projects that several types of robots deployed as profes-
sional support for children with disabilities are still un-
der development [30]. Although the technological status
of robots is promising, the literature reviews stressed
the need for further technical developments e.g., im-
proving speech understanding in real settings, possi-
bly reproducing human-like behavior, enabling double
initiative interaction (robot can elicit behavior of the

2The definition of disability of the World Health Organization is
adopted in this article, in which three dimensions are highlighted:
impairment, activity limitation, and participation restrictions. The
concept captures all kind of needs as well as illness. World Health
Organization, (2011). World report on disability. Chapter 1: Under-
standing disability. Retrieved from https://www.who.int/publications/
i/item/world-report-on-disability.

child and can respond to the child’s initiatives). In sum-
mary, the robot should enable adaptive interventions
tailored to the specific users and possibly exhibit some
degree of autonomous behavior [22,30,34]. For actual
implementation, commercial availability of the differ-
ent technologies also plays a crucial role, which implies
reliability and accessibility of the technologies [27,30].

According to different authors, a critical aspect to
consider is the integration of the robot intervention in
the educational or therapeutic programs. This requires
understanding of and connecting to the theories back-
ing up these programs [34]. The clinician (or any other
relevant caregiver) should have a prominent role in (a)
deploying the robot, (b) developing scenarios for the
robot which engages the child, (c) applying the robot as
a tool to achieve child(ren)-centered goals, and (d) eval-
uating the outcomes [20,24,25,29,31,32,36]. Ideally, the
robot and the encompassing software should be easy
to use and should provide opportunities to the adult for
personalized evidence-based interventions supporting
the child’s daily life activities [18]. The involvement
of adults in a user-centered design approach appears
to be a key factor for success [14,18,23,25,26,34,36].
The influence of context seems to be important as well.
The choice of the robot and the context of deploy-
ment is related to the intended child-robot interaction
in which the functionalities of the robot play a relevant
role [22,30,33]. Different researchers plead for more
emphasis on how the learned skills with a robot inter-
vention can be transferred into contact or activities with
humans [22-24,30].

None of the authors in the systematic reviews de-
scribed the characteristics of a target group which might
benefit from robotic intervention the most. There is a
lot of variety within the target groups regarding both
age and health conditions. The main common charac-
teristic of the target groups is including children that
needed intensive ongoing care. The variety of robots
is even larger, and some robots are still in a develop-
mental phase, with experimental features. Dawe and
colleagues [30] mentioned 26 different robots deployed
in different studies. They recommend, together with
other authors, joint future technological developments
with a user-centered design approach [25,30].

4. Our learnings to make robots effective
Over the last ten years, the authors of this paper par-

ticipated in various research projects involving the use
of (social) robots in educational as well as clinical set-
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Overview of the five dimensions for effective robot use, namely robot roles (Robot), target groups (Children), requirements for their use

(Professionals), settings of use (Environment), and objectives of use (Aim)
Robot Children Professionals Environment Aims

— Buddy/mediator/social — Autism spectrum dis- — Able to operate the — Real life contexts — Functioning independently

interactor/assistive tool order robot easily and quickly (e.g., school, home, — Having a buddy which supports
- “Smart” — Neuro Developmental — Able to program robot care center, hospi- playing, learning and other daily ac-
— Technologically stable Disorders in general themselves tal, kindergarten) tivities
— Reliable — Hospitalized children - Interdisciplinary — Engage children in more complex
— Low cost — Physical impairments collaboration needed and natural relationships in a non-

Easy to program
Just-right amount of
support

Appealing to children

structured context

Stimulate children to stay on task,
quickly capturing children’s atten-
tion and facilitate perceptual pro-
cesses

To motivate learning

Involve children with disabilities in
play

Enable participation in occupations
requiring the manipulation of ob-
jects

— Collect data

tings. Based on this experience, we identified five di-
mensions of robot use (Robot, Children, Professionals,
Environment, and Aim) that need to be considered to
make robot-based intervention effective. In Table 1 we
provide an overview of these five dimensions for ef-
fective robot use, which are explained in detail in this
section.

Available research has clearly shown the potential
and the need for a buddy/mediator/social interaction
robot with which children can interact and which can be
controlled independently. The adult (therapist, teacher,
parent, etc.) can play an intermediate role by prepar-
ing the scenarios of the robot and by stimulating child-
robot interaction. On other occasions, the robot could
take the role of facilitator of the interaction between
the child and either the adult or the child’s peers. Avail-
able research has mainly focused on buddy/social me-
diator robots for children with ASD and hospitalized
children. Research data show the benefits of children
using a robot in their daily context e.g., stimulating in-
teraction and communication for children with ASD,
reducing the stress level of hospitalized children, moti-
vating children to participate in therapeutic activities.
Social robots can also be beneficial for children who
experience activity limitations or participation restric-
tions due to other impairments in one or more domains
of functioning, such as cognition, communication, mo-
bility, or learning. Applications examples are engaging
children in more complex and natural relationships in a
non-structured context, stimulating children to stay on
task, capturing quickly children’s attention, motivating
and facilitating learning or involving children in play.

Robots may also be useful as augmented manipula-
tion assistive technologies, as a means for children with
physical impairments to act upon the environment. The
robotic augmented manipulation assistive technologies
may be programmed to adapt to the children needs,
providing the just-right amount of support and allowing
the children to take control of the activity up to the level
of their abilities. This is particularly relevant in play
and educational activities where children should be able
to explore these by themselves and be in control of the
activity.

Robots can promote the development of more inclu-
sive practices, thus offering opportunities to children
with disabilities to interact with their peers and signifi-
cant others, for example by making play or academic
activities accessible for all. As such, robots are tools
to foster the integration of people with disabilities. A
precondition is that enough time is needed for the child
to be able to complete the robot mediated activities, es-
pecially along with peers. The availability of inclusive
and accessible environments as well as the design of
personalized learning activities are also instrumental to
achieve the desired outcomes.

Robots for these applications have to be “smart” (e.g.,
functioning (semi-)autonomously), technologically sta-
ble and reliable. Cost of robots should decrease to hun-
dreds of Euros instead of thousands to move from a
niche market for specialized experts to instruments of
current practice. Since robots can be used for a number
of different activities, they can be cost-effective tools
if cost decreases to these values. The robots should be
easy to use and program by non-technical persons, al-
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lowing any adult to operate the robot and define inter-
vention scenarios by him/herself.

It is worth noticing that even inexpensive robots
(costing less than 100 Euros) can be successfully used
as play companions, when integrated in well-designed
activities, and when they were conceived considering
the final users’ needs and preferences.

Adults and practitioners may also benefit from the
adoption of a robot. Robots augment the possibilities
for the therapist/teacher to provide personalized sup-
port. Significant others as parents may feel somewhat
more motivated to take part in innovative practices and
may create new educational and therapeutic scenarios.
Robots are exceptional tools to collect objective infor-
mation about the progress of the children (e.g., cogni-
tive development, rehabilitation goals), which can sup-
port better tailoring of future support. We recognize
that using robots outside controlled environments may
be a difficult and expensive task; however, only in the
real-life context it can become clear what the benefits
are for involved children and adults regarding participa-
tion and wellbeing. An interdisciplinary, cross-sectoral
collaboration, including academics, robotic companies,
children, parents, teachers, therapists, pedagogists, soft-
ware and hardware engineers, technicians, should be in-
volved from the beginning of the development of robots
and interventions. The end-user should always be at
the center of the process and have the final word in
all strategic decisions, embracing a user-centered co-
design. No technology will be worth developing if it
ends up not being used because it does not answer to
the end-user needs. Cooperation between parents and
professionals supporting children (so called users), and
technology experts (so called makers) is crucial for
success.

5. Our vision and research agenda

We envision a world in which robotic applications
are available and accessible for all that may benefit from
them, in particular vulnerable children. In that world,
robots are part of the daily activities of the children
in different settings. Robots are technologically stable
and reliable tools easy to control and to program by
non-technical persons (e.g., therapists, teachers, nurses,
parents, etc.) upon little training and with technical
support upon request. Robots are interactive and able to
respond to and adapt to the children’s needs. Children
are in control up to the maximum of their abilities,
when a robot takes over to perform what the child is

School, Interdisciplinary
therapy a’.n d collaboration
the home Buddy for Wi e

Spenes children with approach
disabilities to
support
development
and well-being.
In real life Technological
situations, stable, ease to
longitudinal use, program,
adapting to interactive robot,
personalized open access
needs designs

Fig. 1. Visual representation of future vision.

not (yet) able to do. Trans-disciplinary teams ensure
the success of user-centered robotic applications and
that skills gained in robotic interventions carry over to
different physical and social environments. Figure 1
illustrates this vision.

We believe that, to achieve that goal, a trans-
disciplinary perspective of robotic applications is nec-
essary. User-centered co-design methods should be fol-
lowed. Therapists, teachers, parents, etc. should have a
central role in developing scenarios where robots may
be useful tools to achieve child(ren)-centered goals,
in deploying robots, and in evaluating the outcomes.
Robots’ development should be an iterative process,
with different versions being integrated in real-life set-
tings, being part of children’s daily activities, collect-
ing data and being upgraded based on meaningful data.
That implies a culture of cooperation between devel-
opers and end-users, allowing for pilot testing of the
robots, for extensive periods if necessary, assessing as-
pects of the actual use of the robot that cannot be de-
termined in detail beforehand such as feasibility or in-
tegration in daily routines, to achieve a final product
that actually meets the needs of the end-users. Robot
designs (software and hardware), application scenarios,
collected data, etc. should be made accessible to all fos-
tering wide adoption of robotic solutions, for example
in health care and education.

To realize our vision, the R4C network will strive
to promote applied and basic research in the fields of
robotics and assistive technology to address some of the
main challenges faced by professionals and researchers
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in the implementation of these solutions in daily con-
texts. In this view, our research agenda includes six
areas of intervention.

Area 1: Evidence-based practice and transferabil-
ity. This paper is grounded on the (evidence-based)
idea that robots may benefit children with disabilities
by promoting their, physical, cognitive and social de-
velopment, as well as their health and quality of life.
Overall, it can be argued that the amount of available
evidence is rapidly increasing. More importantly, the
most recent literature clearly shows that research in this
field is moving from anecdotal or small-scale studies
to larger and reliable clinical investigations aimed at
demonstrating what types of robots may be useful, for
whom, and in what conditions (see e.g. [41]). It should
be noted, however, that evidence collected so far may
be applicable to the specific contexts in which it has
been gathered, leaving the question open concerning
the transferability of robot-based intervention protocols
from one context to another. Accordingly, to strengthen
the available evidence and help the field make a step
further towards the understanding of whether robots
can be considered useful assistive solutions for chil-
dren, their parents, and professionals, we propose that
(1) research/intervention protocols should be developed
considering cross-country variabilities (e.g., cultural,
policies) [42], and (2) tested according to an interna-
tionally agreed framework for reporting the outcomes
of such research/interventions.

Area 2: Sharing experiences: Evidence suggests that
robots may be useful in applied settings (e.g., clinics,
hospitals, schools), but their implementation in daily
practice may be hindered by several context-specific
organizational, technical, financial, and personal barri-
ers. What are the available good practice examples of
robot implementation and what are the best strategies to
help professionals implementing a robot in their daily
activities and cope with the cost associated to acquire,
maintain, and operate a robotic agent? To answer these
questions, here we argue, it might be useful to develop
an open online repository where researchers and pro-
fessionals can present their experiences in a common
format, so that it would be easier for professionals to
understand the various applications of robotics, com-
pare the different robot uses, and identify promising
approaches.

Area 3: Technology developments and requirements:
The enthusiasm about the potential benefits of robots is
threatened by the limited capabilities of commercially
available (and more advanced) robots to autonomously
engage people in reliable, long-lasting, and flexible so-

cial interactions [43]. New developments in artificial
intelligence and machine learning would certainly help
robots acquiring better cognitive and social skills, but
the time needed to reach these technical achievements
— as well as to make the clinicians and other caregivers
comfortable with these technical features — may lead to
a widespread disinterest towards the implementation of
these solutions in applied settings [44]. Research can be
focused on identifying the minimal ‘cognitive’ require-
ments for a robot to be perceived as flexible enough to
engage children with various disabilities in meaningful,
long-lasting, and socially rich interactions.

Area 4: Relationships and acceptability: Long-
lasting interactions with (social) robots are determined
by the extent to which the child — as well as the adults
— accept them in their life contexts [45]. Technology
acceptance, in general, is a complex construct that may
vary according to the type of technology, context of use
and target users. Lack of perceived usefulness due to
technical issues or difficulties in operating a robot, for
instance, may lead to low acceptance despite evidence
of its effectiveness in a particular context. Research can
be promoted to understand what are the specific factors
that determine robot acceptance in a variety of settings
(e.g., clinics, hospitals, schools, homes) and for a vari-
ety of user groups (e.g., ASD, intellectual disabilities,
physical impairments, hospitalized children).

Area 5: Ethics: Evidence shows that all children may
form social bonds with robots [46]. While many schol-
ars acknowledge the potential benefits for children of
engaging in social interactions with robots, others high-
light the potentially negative consequences for chil-
dren’s psychological and social development [47]. For
instance, it has been suggested that regular interactions
with artificial social agents may lead certain individu-
als to become less prone to engage in real social inter-
actions [48]. Despite evidence of their usefulness, the
use of robots that are capable of engaging children in
social interactions by forming attachment or creating
expectations, may pose ethical challenges that become
especially important in childcare [48]. For this reason, it
is important to (1) understand what are the main issues
that may occur when children form emotional relation-
ships with robots and (2) how professionals — as well
as parents — may create the conditions to prevent such
issues/risks. Ethical guidelines may be needed to create
a common framework to promote safe and effective use
of robot applications in different contexts.

Area 6: Professional development: Once reliable,
easy-to-use, and cost-effective robots are available,
evidence-based protocols for their use are developed,
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and application scenarios are shared, training packages
for rehabilitation professionals and parents need to be
devised.

6. Conclusions

The technological possibilities in robotics are enor-
mous. It is up to researchers, parents and practitioners to
collaborate, to share existing expertise, and to continue
collecting evidence on real-life robotic support for chil-
dren’s development and wellbeing. The ultimate goal of
research should be working with and for children with
disabilities to contribute to their optimal participation in
the society surrounded by significant adults and peers,
capitalizing on the potential of robots to promote more
innovative and inclusive life environments. Having a
network with a relatively large number of members may
help to overcome the difficulty in running studies with
a significant number of participants. Furthermore, the
size of the network may also help to bring the costs
down (economies of scale) and having an international
network is key to develop “culturally sensitive” robotic
applications, since we know that educational or ther-
apeutic systems differ from country to country. With
this article the authors invite readers who recognize
themselves in our vision to join R4C — Robotics for
Children, a research and development network aiming
at the advancement of robotic applications for children.

Acknowledgments

The work of Pedro Encarnacdo was partially funded
by FCT — Fundacao para a Ciéncia e a Tecnologia under
the project UIBD/00470/2020. The work of Renée van
den Heuvel, Rianne Jansens and Claire Huijnen was
partially funded by the Research Centre for Assistive
Technology in Care (Zuyd University). The work of
Alessandro Di Nuovo has been supported by the Euro-
pean Union under the Horizon 2020 Grant n. 955778
(PERSEO). The work of Anna Lekova was partially
funded by European Union under the MSCA RISE
project 777720 (CybSPEED).

Author contributions
CONCEPTUALIZATION: Renée van den Heuvel, Ri-

anne Jansens, Brenda Littler, Alessandro Di Nuovo and
Luc de Witte

METHODOLOGY: Renée van den Heuvel, Rianne
Jansens, Brenda Littler, Alessandro Di Nuovo and Luc
de Witte

FORMAL ANALYSIS: Brenda Littler and Rianne
Jansens

INVESTIGATION: Renée van den Heuvel, Rianne
Jansens, Brenda Littler, Claire Huijnen, Alessandro Di
Nuovo and Luc de Witte

DATA CURATION: Renée van den Heuvel, Rianne
Jansens, Brenda Littler, Claire Huijnen, Alessandro Di
Nuovo and Luc de Witte

WRITING-ORIGINAL DRAFT PREPARATION:
Renée van den Heuvel and Rianne Jansens
WRITING-REVIEW AND EDITING: Renée van den
Heuvel, Rianne Jansens, Brenda Littler, Claire Huijnen,
Lorenzo Desideri, Pedro Encarnacdo, Anna Lekova,
Andrea Bonarini and Luc de Witte
VISUALIZATION: Renée van den Heuvel and Rianne
Jansens

SUPERVISION: Luc de Witte

Ethical considerations

Not pertinent.

Conflict of interest

The authors declare no conflict of interest.

References

[1] ISO 2012 International Organization for Standardization. ISO
8373 Robots and robotic devices — Vocabulary, Geneva: ISO;
2012, 1.

[2] Cook AM, Polgar JM, Encarnagdo P. Assistive Technologies.
Principles & Practice. St. Louis: Elsevier; 2020.

[3] Ferrante G, Vitale G, Licari A, Montalbano L, Pilato G, In-
fantino I, et al. Social robots and therapeutic adherence: A new
challenge in pediatric asthma? Paediatric Respiratory Reviews.
2020; 40: 56-51. doi: 10.1016/j.prrv.2020.11.001.

[4] van den Heuvel RJ, Lexis MA, de Witte LP. Can the IROMEC
robot support play in children with severe physical disabil-
ities? A pilot study. International Journal of Rehabilitation
Research. 2017; 40(1): 53-59.

[5] Encarnagdo P, Leite T, Nunes C, Nunes da Ponte M, Adams
K, Cook A, Caiado A, Pereira J, Piedade G, Ribeiro M. Using
assistive robots to promote inclusive education. Disability and
Rehabilitation: Assistive Technology. 2017; 12(4): 352-372.

[6] Moerman CJ, Jansens RM. Using social robot PLEO to en-
hance the wellbeing of hospitalised children. Journal of Child
Health Care. 2020; 1367493520947503.

[7] van den Heuvel RJ, Lexis MA, de Witte LP. Robot ZORA in
rehabilitation and special education for children with severe
physical disabilities: A pilot study. International Journal of



32

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

R. van den Heuvel et al. / The potential of robotics for the development and wellbeing of children with disabilities as we see it

Rehabilitation Research. 2017; 40(4): 353.

van den Heuvel RJ, Lexis MA, de Witte LP. ZORA robot based
interventions to achieve therapeutic and educational goals in
children with severe physical disabilities. International Journal
of Social Robotics. 2020; 12: 493-504.

Breazeal C. Social robots for health applications. In 2011
Annual International Conference of the IEEE Engineering in
Medicine and Biology Society, IEEE, August, 2011, pp. 5368—
5371.

Dahl TS, Boulos MNK. Robots in health and social care: A
complementary technology to home care and telehealthcare?
Robotics. 2014; 3(1): 1-21. doi: 10.3390/robotics3010001.
Oborn E, Barrett M, Darzi A. Robots and service innovation
in health care. Journal of Health Services Research & Policy.
2011; 16(1): 46-50.

Fong T, Nourbakhsh I, Dautenhahn K. A survey of socially
interactive robots. Robotics and Autonomous Systems. 2003;
42(3-4): 143-166.

Melkas H, Hennala L, Pekkarinen S, Kyrki V. Impacts of
robot implementation on care personnel and clients in elderly-
care institutions. International Journal of Medical Informatics.
2020; 134: 104041.

Ismail LI, Verhoeven T, Dambre J, Wyffels F. Leveraging
robotics research for children with autism: A review. Interna-
tional Journal of Social Robotics. 2019; 11(3): 389-410.
Papadopoulos I, Koulouglioti C, Lazzarino R, Ali S. Enablers
and barriers to the implementation of socially assistive hu-
manoid robots in health and social care: A systematic review.
BMJ Open. 2020; 10: e033096. doi: 10.1136/bmjopen-2019-
033096.

Rios AM, Adams K, Magill-Evans J, Cook A. Playfulness
in children with limited motor abilities when using a robot.
Physical & Occupational Therapy in Pediatrics (IPOP). 2016;
36(3): 232-246. doi: 10.3109/01942638.2015.1076559.
Adams K, Cook A. Performing mathematics activities with
non-standard units of measurement using robots controlled via
speech generating devices: Three case studies. Disability and
Rehabilitation: Assistive Technology. 2016; 12(5): 491-503.
Begum M, Serna RW, Yanco HA. (2016). Are robots ready to
deliver autism interventions? A comprehensive review. Inter-
national Journal of Social Robotics. 2016; 8(2): 157-181.
Huijnen CA, Verreussel-Willen HA, Lexis MA, de Witte LP.
Robot KASPAR as mediator in making contact with children
with autism: A pilot study. International Journal of Social
Robotics. 2021; 13: 237-249.

Butchart J, Harrison R, Ritchie J, Marti F, McCarthy C, Knight
S, Scheinberg A. Child and parent perceptions of acceptability
and therapeutic value of a socially assistive robot used during
pediatric rehabilitation. Disability and Rehabilitation. 2021;
43(2): 163-170.

Tung FW. Child perception of humanoid robot appearance and
behavior. International Journal of Human-Computer Interac-
tion. 2016; 32(6): 493-502.

Aresti-Bartolome N, Garcia-Zapirain B. Technologies as sup-
port tools for persons with autistic spectrum disorder: A sys-
tematic review. International Journal of Environmental Re-
search and Public Health. 2014; 11(8): 7767-7802.

Diehl JJ, Schmitt LM, Villano M, Crowell CR. (2012). The
clinical use of robots for individuals with autism spectrum
disorders: A critical review. Research in Autism Spectrum
Disorders. 2012; 6(1): 249-262.

Pivetti M, Di Battista S, Agatolio F, Simaku B, Moro M,
Menegatti E. Educational Robotics for children with neurode-
velopmental disorders: A systematic review. Heliyon. 2020;

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

6(10): 05160.

Miguel Cruz A, Rios Rincon AM, Rodriguez Duenas WR,
Quiroga Torres DA, Bohérquez-Heredia AF. What does the
literature say about using robots on children with disabilities?
Disability and Rehabilitation: Assistive Technology. 2017,
12(5): 429-440.

Cook A, Encarnacdo P, Adams K. Robots: Assistive technolo-
gies for play, learning and cognitive development. Technology
and Disability. 2010; 22(3): 127-145.

van den Heuvel RJ, Lexis MA, Gelderblom GJ, Jansens RM,
de Witte LP. Robots and ICT to support play in children with
severe physical disabilities: A systematic review. Disability
and Rehabilitation: Assistive Technology. 2016; 11(2): 103—
116.

Chen YP, Howard AM. Effects of robotic therapy on upper-
extremity function in children with cerebral palsy: A system-
atic review. Developmental Neurorehabilitation. 2016; 19(1):
64-71.

Ying LAU, Chee DGH, Chow XP, Wong SH, Cheng LJ,
Lau ST. Humanoid robot-assisted interventions among chil-
dren with diabetes: A systematic scoping review. Interna-
tional Journal of Nursing Studies. 2020; 111: 103749. doi:
10.1016/j.ijnurstu.2020.103749.

Dawe J, Sutherland C, Barco A, Broadbent E. Can social robots
help children in healthcare contexts? A scoping review. BMJ
Paediatrics Open. 2019; 3(1): e000371. doi: 10.1136/bmjpo-
2018-000371.

Moerman CJ, van der Heide L, Heerink M. Social robots to
support children’s well-being under medical treatment: A sys-
tematic state-of-the-art review. Journal of Child Health Care.
2019; 23(4): 596-612.

Trost MJ, Ford AR, Kysh L, Gold JI, Matari¢ M. Socially
assistive robots for helping pediatric distress and pain. The
Clinical Journal of Pain. 2019; 35(5): 451-458.

Kabacinska K, Prescott TJ, Robillard JM. Socially assistive
robots as mental health interventions for children: A scoping
review. International Journal of Social Robotics. 2021; 13:
919-935.

Mubin O, Stevens CJ, Shahid S, Al Mahmud A, Dong JJ. A
review of the applicability of robots in education. Journal of
Technology in Education and Learning. 2013; 1(209-0015):
13.

Jamet F, Masson O, Jacquet B, Stilgenbauer JL, Baratgin J.
Learning by teaching with humanoid robot: A new power-
ful experimental tool to improve children’s learning ability.
Journal of Robotics. 2018. doi: 10.1155/2018/4578762.

Toh LPE, Causo A, Tzuo PW, Chen IM, Yeo SH. A review on
the use of robots in education and young children. Journal of
Educational Technology & Society. 2016; 19(2): 148—163.
Dimitrova M, Krastev A, Zahariev R, Vrochidou E, Bazinas C,
Yaneva T, Blagoeva-Hazarbassanova E. Robotic Technology
for Inclusive Education: A Cyber-Physical System Approach
to Pedagogical Rehabilitation. In Proceedings of the 21st Inter-
national Conference on Computer Systems and Technologies’
20. 2020, June; pp. 293-299.

DREAM. Development of Robot-Enhanced therapy for
children with AutisM spectrum disorders. Available from:
https://dream2020.github.io/DREAM/about.

Kumazaki H, Muramatsu T, Yoshikawa Y, Haraguchi H, Sono
T, Matsumoto Y, et al. Enhancing communication skills of
individuals with autism spectrum disorders while maintaining
social distancing using two tele-operated robots. Frontiers in
Psychiatry. 2021; 11: 598688.

World Health Organization. International Classification of



[41]

[42]

[43]

[44]

R. van den Heuvel et al. / The potential of robotics for the development and wellbeing of children with disabilities as we see it 33

Functioning, Disability, and Health: Children & Youth Ver-
sion: ICF-CY. World Health Organization; 2007.

van den Berk-Smeekens I, van Dongen-Boomsma M, De Ko-
rte MW, Den Boer JC, Oosterling 1J, Peters-Scheffer NC, et
al. Adherence and acceptability of a robot-assisted Pivotal
Response Treatment protocol for children with autism spec-
trum disorder. Scientific Reports. 2020; 10: 8110. doi: 10.1038/
s41598-020-65048-3.

Hughes-Roberts T, Brown D, Standen P, Desideri L, Negrini
M, Rouame A, et al. Examining engagement and achievement
in learners with individual needs through robotic-based teach-
ing sessions. British Journal of Educational Technology. 2019;
50(5): 2736-2750.

Henschel A, Laban G, Cross ES. What makes a robot social?
A review of social robots from science fiction to a home or
hospital near you. Current Robotics Reports. 2021; 2: 9-19.
Tulli S, Ambrossio DA, Najjar A, Lera FJR. Great Expec-

[45]

[46]

[47]

[48]

tations & Aborted Business Initiatives: The Paradox of So-
cial Robot Between Research and Industry. In BNAIC/BENE-
LEARN; 2019, November.

de Jong C, Kiihne R, Peter J, van Straten CL, Barco A. Inten-
tional acceptance of social robots: Development and validation
of a self-report measure for children. International Journal of
Human-Computer Studies. 2020; 139: 102426.

van Straten CL, Peter J, Kiihne R. Child-robot relationship for-
mation: A narrative review of empirical research. International
Journal of Social Robotics. 2020; 12(2): 325-344.

Fridin M. Kindergarten social assistive robot: First meeting
and ethical issues. Computers in Human Behavior. 2014; 30:
262-272.

Kahn PH, Gary HE, Shen S. Children’s social relationships
with current and near-future robots. Child Developmental Per-
spectives. 2013; 7(1): 32-37.



