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ABSTRACT

This paper presents some of the results of the ongoing SensAbility Design research
based on Design for Well-being and Medical Devices carried out at the Politecnico
di Bari, in the areas of product design, interaction design and education, which
investigated the field of inclusive design for the design of devices capable of managing
emotions in children with Level I Autism Spectrum Disorder (Di Roma et al., 2023). In
particular, the paper reports a specific research experience based on the observation of
the activities during therapeutic practice of a group of children (between 5 and 13 years
old). Specific attention has been given to the emotion recognition and management.
The critical scenario, the user research and the design research are investigated. At the
base of the design research a new approach based on a new inclusion paradigm: the
child’s emotions must be understood and supported by the context of care, nurturing,
education and social integration in order to be able to behave in accordance with the
ASD child’s expectations. To the end is presented Clea, a prototypal device connected
to a bracelet with biometric sensors and an app to support caregivers in emotionally
managing children.

Keywords: Inclusive deign, Medical design, Human center design ASD disorder, Digital
innovation

INTRODUCTION

This article presents some of the results of the ongoing research SensAbility
Design based on Design for Well-being and Medical Devices carried out by
the authors at the Politecnico di Bari in the areas of product design and
interaction design. The research which investigated the field of inclusive
design for the design of devices capable of managing emotions in children
with Level I Autism Spectrum Disorder.

Level 1 autism, also known as mild autism, represents the least
severe form within the autism spectrum and is generally characterized by
normal or above-normal intelligence and developed language, but may
manifest difficulties in several areas, including social communication, social
interaction, and repetitive behavior (Cortina, 2015).

In the area of social communication, without adequate support,
communication deficits cause significant impairments, these individuals may
have difficulty understanding and responding to non-verbal social cues, such
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as facial expressions, tone of voice and body language, have problems
initiating and maintaining conversations, especially with unfamiliar people,
often speaking in a monotone or overly literal manner.

An important aspect relates to theory of mind, i.e., the ability to infer
the other person’s state of mind and use this information to interpret and
predict the behavior of others, which leads to difficulties in recognizing and
understanding emotions (Bird et al., 2013), especially complex ones, and
interpreting the mind of others, resulting in unsuccessful attempts to make
friends and maintain relationships (Howlin et al., 2004).

Given this premise, the research in the desk phase has constructed the state
of the art with reference to existing devices in the field of inclusivity and
autism disorders; in the field phase it conducted a user research based on the
co-presence and of 3 designers during the rehabilitation activities carried out
within the PerL.A. cooperative and the department of Child Neuropsychiatry
of the ASL of Ruvo di Puglia.

This aspect, together with the qualitative and quantitative investigation
carried out in the user research, contributed to identifying the objectives for
the elaboration of the CLEA device and app.

The involvement not only of the main users (children with ASD, parents,
doctors and therapists) but also the of social welfare associations in order to
compare the topic with the challenges of social inclusion (Tosi et al., 2020)
has been the specific inclusive approach carried out.

The first fase of the design research defined the following objectives:
- to support children with autism to manage their emotions;
- to enable parents and caregivers to manage and monitor the children’s

state of mind in real time, through suggestions according to specific needs;
- to enable the social welfare network of the ASD children to be aware of

issues related to managing emotions.
- to promote a new paradigm and social awareness: care by designing and

understanding the emotional complexity of ASD in depth.
Understanding and supporting the unique needs of people with autism are

important to create inclusive and supportive environments where they can
thrive; this approach not only improves their quality of life, but also promotes
their full participation in society.

LOGICAL PROBLEM

Autism represents a significant challenge both for those directly affected
and for society as a whole, the need for adequate support through a well-
structured welfare system is crucial to ensure the wellbeing and integration
of persons with autism into the community, educating and raising awareness
of autism in society is crucial to promote a more inclusive environment.
Only by increasing awareness and empathy towards persons with autism
will the barriers of isolation and discrimination could be overcome. The
importance of a well-coordinated and inclusive social care network cannot
be underestimated; in fact, an effective network composed of specialists and
non-specialists, where every node is closely connected around the person
with autism and his or her family, is fundamental to providing continuous
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and targeted support. However, one of the main critical issues is the absence
of a standardised protocol for the formation of a social support network,
this gap can compromise the overall effectiveness of the support provided,
it is therefore essential that research and professional practice focus on the
definition of clear guidelines and protocols for the creation and management
of support networks, in order to guarantee fair and comprehensive support
to each individual with autism and their family.

Figure 1: Children’s social welfare network.

The huge complexity of the care support network for rehabilitation and
education takes in consideration a number of subject who have to interface
with children by having behaviors that are not necessarily communicated and
educated with respect to the dynamics of emotional and functional behavior.
At this connection this research placed in the field of medical investigates the
role of the emotions in children with Level I Autism Spectrum Disorder, and
the need for awareness on the part of the educational and therapeutic support
environment.

METHOD

The extreme sensitivity of users required an approach as close as possible to
their needs and requirements to design customized solutions.

The method adopted is therefore in the tradition of person-centered
studies, in which ‘needs’ are the focus of research and design action, and
it is based on human interaction and experience; in particular, in the ASD
disorder, this approach focuses on human experience in relation to motor
and cognitive disability.

The complexity of the research field also required a multidisciplinary
approach, which involved a team of researchers from different disciplinary
areas: medical area (clinical and rehabilitation), human sciences area
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(psychology, pedagogy and sociology), project area (design, computer science,
mechanics). This approach is identifiable in Human Centre Design, and it has
been taken both in the established procedures of ‘user research’ and in the
involvement of users at every stage of the process.

A desk phase, characterized by the study of the state of the art and the
analysis of the evidence emerging from the scientific literature, was followed
by a field phase, specifically user research conducted in the field, involving
associations, schools, operators, professionals and families, which allowed
for the observation and listening to children, either directly or mediated. The
user research has been carried out both with a quantitative approach and
with a qualitative one.

In particular, the qualitative user research has been based on the study
of the various activities carried out during the therapies conducted at the
Child Neuropsychiatry Department of the Ruvo di Puglia ASL and the Per.La
Cooperative in Bari, with the aim of gaining a thorough understanding of the
emotional problems they face on a daily basis.

USER RESEARCH

In order to create a product that takes into account the special needs of
each individual user, it is necessary to involve them throughout the design
phase. In this case, it is useful to submit questionnaires to the users, not
only to expand their knowledge in the aforementioned research field, but
also to understand the problems they face in their daily lives. The analysis
of the questionnaire made it possible to understand the various types of
autism and age groups of the children, the difficulties faced in the various
social contexts, with reference to the problems related to understanding one’s
own and others’ emotions, and the solutions implemented by parents and
caregivers in managing the moods of the children with whom they are in
contact. The survey also made it possible to find out how children with
autism react when they express their emotions, which was useful for the final
elaboration of the project. Below some of the outcomes.

QUANTITATIVE USER RESEARCH

The anonymous survey conducted via Google Forms, entitled: ‘Questionnaire
for Children with Autism Spectrum Disorders’, consists of 34 questions.
The survey is aimed at children between the ages of 3 and 13 with autism
spectrum disorders whose questions focus on their needs and difficulties.
These include compulsory multiple-choice questions, optional open-ended
questions, questions with the possibility of selecting several options and
questions requiring the choice of a value on a linear scale. The questionnaire
is divided into two sections: one for therapists and the other for parents. The
aim is to explore the daily challenges faced by children with autism spectrum
disorders and their carers, for the development of a device that can offer
support in both daily activities and therapies. 23 children, mainly male, aged
among 3 and 13.
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• Level of autism. The results show that the sample users have
predominantly level 1 autism (50%), followed by level 2 (43.8%) and
level 3.

• Children’s interests. The results show that the sample users have
predominantly interests in technology and electronic devices (14
responses) as opposed to sensory objects.

• Situations causing anxiety or stress. The results show that the sampled
users have difficulties mainly in managing situations (56.3%) and
communication (37.5%), followed by routine changes (43.8%) and the
crowded environment (31.3%).

• Reaction to anxiety and stress situations. The results show that sample
users in stressful situations react with agitated behaviour (62.5%) cover
their ears (37.5%) and few retreat to a quiet environment or have no
reaction (6.3%).

• Difficulties encountered during daily activities. The results show that
the sample users have predominantly attention difficulties (62.5%),
communication and interaction difficulties (56.3%) and learning
difficulties (31.3%).

QUALITATIVE USER RESEARCH

The qualitative analysis, which consists of direct interviews with physicians
and therapists, is a useful tool for furthering the scientific bases of this study.
In particular, the reported interview was conducted with a therapist who
works in contact with autistic children. Below a short essay:

• How is the choice of practitioners working with the child made?

The therapy process begins with an assessment conducted by the child
neuropsychiatrist who identifies the child’s areas of weakness and indicates
the most suitable interventions. On the basis of this assessment, the child
is referred to the most suitable operators for his or her situation, such
as psychologists, psychomotricists, speech therapists, physiotherapists and
psychiatric rehabilitation technicians. The choice of practitioners is based
exclusively on their specialist skills, and does not consider any particular
affinities between therapist and child. During the first month of therapy, a
process called ‘pairing’ is implemented, used to establish a relationship of
trust and collaboration with the child; the aim is to create a positive bond
between child and operator, so that the child sees the operator as a supportive
figure and not as a frustrating figure associated with the therapeutic work.

• How much time is devoted to therapy and how are treatment cycles
structured?

The duration and frequency of therapy vary according to the individual
needs of the child. In general, 45-minute sessions, once or twice a week, are
recommended. Treatment cycles are typically 30 sessions, with the aim of
achieving specific goals. The duration of the treatment cycle can be 6 months
or 1 year, depending on the severity of the disorder and the child’s response to
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therapy. At the end of each cycle, an evaluation is conducted with the parents
and therapists to monitor progress and define subsequent goals.

• How is the achievement of a therapeutic objective defined?

A therapeutic goal is considered to have been achieved when the child is
able to generalise the newly learned skill to contexts other than therapy; this
means that the child must be able to use the new skill spontaneously and
independently in daily life. To evaluate the achievement of the objectives, it
is important to collect feedback from the network of people surrounding the
child, such as family members, teachers and therapists.

• What is the importance of the support network in the treatment of autism?

The creation of a support network is crucial to the success of autism
treatment; this should include all those involved in the child’s life, such as
parents, teachers, therapists, social workers and other professionals. It is
important that all members of the network work together to achieve the
same goals and to ensure a cohesive and supportive environment for the
child. Collaboration between different professionals enables the sharing of
information, strategies and expertise, thus fostering a holistic approach to
treatment.

• Is there a specific protocol for involving the network in the treatment of
autism?

Although there is no univocal, standardised protocol, I believe it is
important that the therapist assumes a coordinating role, facilitating
communication and information sharing between the different members
of the network; I usually schedule meetings in person with the child’s
psychologist and educator.

• How are children with autism informed of their condition?

The choice of communicating the diagnosis of autism to children is left
to the parents, we aim to make the child understand their strengths and
improvement points, so that they can feel prepared to face the challenges
that autism can bring.

• How are parents of children with autism supported?

Psycho-education is a key element of parental support; it is a process of
information and education that aims to help parents understand autism, its
characteristics and implications.

DESIGN RESEARCH

As a result of the research carried out in the field of level 1 autism, with
particular reference to the problems associated with managing moods in
children with ASD, the project developed as part of the design research
contribute has two distinct outputs, involving two branches of design:
product and interaction design. The design process that led to the creation of
the “CLEA” (Check and Learn Emotion for Autistic children) device began
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with an in-depth observation phase. This phase involved collecting data and
feedback from parents and therapists of children with ASD, in order to fully
understand the needs and challenges they face on a daily basis in managing
the emotions of their little ones (Fage et al., 2019).

To do this, a detailed questionnaire was administered, the results of
which revealed crucial information for the purpose of the project: most
of the parents highlighted the difficulty in recognising changes in their
children’s emotional state at an early stage, while the therapists emphasised
the importance of having tools that could provide objective data on children’s
physiological signals. This feedback clearly indicated the need for devices that
could continuously monitor and analyse physical and emotional parameters,
offering caregivers immediate and practical guidance. During the design
phase, the internship experience at the Per.L.A. social cooperative specialising
in therapy for children with autism was also crucial.

This experience allowed a close look at the techniques used by therapists to
manage children’s emotions. Among these techniques were sensory activities
and structured games aimed at calming and focusing attention in children.
Direct observation of the therapy sessions provided valuable insights into the
design of CLEA, ensuring that the integrated functionalities were truly useful
and easily applicable in the everyday context.

An interesting point of reference during the design phase was the study
of the Tamagotchi, a handheld electronic device from the 1990s, which
simulates the keeping of a virtual pet, requiring continuous care and attention
from the user. The primary function of the Tamagotchi is to create an
emotional bond between the user and the virtual character through regular
interactions. This concept was important for the design of the device, as
it demonstrated how a device can effectively engage and influence user
behaviour through a simple and interactive interface. The idea of using
immediate visual notifications, similar to Tamagotchi attention requests, was
integrated into CLEA to provide timely feedback to caregivers.

Figure 2: CLEA devices and app.

The design of the CLEA device was further informed by scientific studies
on emotion management in children with Autism Spectrum Disorders
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(Berkoits 2016, Reina 2019, Costescu 2024, Gonzales 2024, Sari 2024).
Research has shown that children with ASD have difficulty recognising and
regulating their emotions, making early and targeted intervention crucial.
Studies on physiological biomarkers such as heart rate, skin conductance and
movement patterns have shown that these measures can provide information
on an individual’s emotional state. From a physiological point of view, studies
have been conducted that have shown how a child with autism can appear
calm to those watching him, despite having a high resting heart rate (120
beats per minute). Similarly, electrothermal activity can be very high in these
children, as if they were engaged in a physical activity, but without showing
signs of sweating or external stress. In this sense, changes in skin conductance
provide an essential measure for assessing changes associated with emotions.
The combination of these data with machine learning algorithms makes it
possible to create accurate emotional profiles, which can be used to better
predict and manage emotional reactions.

This is the background to CLEA, a device that aims to support parents and
caregivers in managing the moods of children with ASD. CLEA is designed
to connected to a wrist band that monitors the child’s vital parameters and,
once this data is obtained, displays the child’s emotions on its screen, as
well as the actions to be taken. These devices not only offer practical tools
for monitoring and managing emotions, but also provide continuous and
personalised support, improving the quality of life of autistic children and
their families.

In the context of this project, CLEA is a crucial element for monitoring
and managing mood in children aged 5 years and over with level 1 autism.

This device, equipped with a display, is designed to receive data from a
bracelet with biometric sensors worn by the children, analyse it to determine
mood and provide the end user, who may be a parent, teacher or caregiver,
with visual cues and practical suggestions on how to manage it. The operation
and user interface will be explained in detail below. CLEA consists of a
microcontroller connected with an integrated e-sim, which receives data from
the wristband. These include body temperature readings, skin conductance
and heartbeat. The microcontroller processes this information in real time
in order to assess the child’s state of mind, using predefined algorithms that
interpret its physiological variations. Once the data has been analysed, the
device determines the child’s emotional state. The determination of mood is
based on specific thresholds for each parameter measured. For example, a
significant increase in heart rate and skin conductance may indicate stress or
agitation, while stable levels of these parameters together with movements
regularity might suggest a positive mood. These algorithms are the result
of extensive research into the correlation between physiological signals and
emotional states in high-functioning autistic children. Once the child’s mood
has been determined, CLEA shows a smiley face on its display, depending on
the emotion felt, and then practical tips on how to intervene.

These suggestions are displayed in the form of simple interfaces: for
example, if the child is angry, the device might advise him to take a deep
breath, suggest a change of environment or offer a calming activity such as
drawing or listening to relaxing music. CLEA and the wristband are also
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configured to be connected to an app, designed to offer an additional level of
interaction and remote monitoring. The combination of advanced technology
for data acquisition and analysis, an intuitive user interface and practical
advice for caregivers make this device a valuable tool for improving the
quality of life of children with ASD and supporting their caregivers. Studies
on wearable technologies (Wearable Technolo gies, WT) have highlighted
their potential in monitoring and managing behaviour in children with autism
spectrum disorders. Of particular relevance were the experiments conducted
by Melissa H. Black on a group of children with ASD between the ages of 5
and 7, demonstrated how the use of heart rate sensors and accelerometers can
be effective in monitoring vital parameters and stereotyped or self-injurious
behaviour. The results of these investigations suggest that WTs can be useful
tools for better understanding the abilities and disabilities of children with
ASD (Black, 2020).

CONCLUSION

The presented project has made it possible to explore the topic of emotional
management in the context of level 1 autism: it aims to support children
in managing their emotions, to provide useful tools for caregivers in
facilitating the generalisation of therapeutic skills in daily life and in anger
management. A particularly relevant aspect that emerged from the research is
the importance of going beyond the mere memorisation of facial expressions,
promoting instead greater self-awareness of emotions in autistic children.
This aspect, which is often overlooked, is crucial for fostering better
social interaction and greater autonomy. Future developments could include
prototyping and field experimentation to test what has been designed, by
extending the research to other age groups and levels of autism, and further
exploring the aspect of emotional self-awareness. The introduction of these
devices, in the daily lives of children with ASD, not only makes it possible
to improve their quality of life, but to create a community of educated and
uneducated people, who can have at their fingertips, all the necessary tools
to support children with autism.
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