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ABSTRACT According to the U.S. Department of Health and Human Services, Applied Behavior Anal-
ysis (ABA) is regarded as the gold standard for treating autism. However, it requires a significant time
commitment of 20 to 40 hours per week, which can be expensive for families who may not be able to
afford the treatment. ABA therapists emphasize the importance of practicing therapeutic techniques in the
child’s natural environment to maintain their effectiveness. Therefore, there is a need to supplement therapy
in the home environment where the children spend most of their time. If a parent or caregiver assumes
the role of co-therapist and practices with the child, it can result in faster skills improvement. However,
many parents lack knowledge about therapeutic protocols. To address this gap, we conducted research and
developed educational software for therapeutic interventions for Romanian children diagnosed with Autism
Spectrum Disorder (ASD) in a home-based setting. We followed the Double Diamond Model, emphasizing
the core principle of Human-Centered Design (HCD)methodology, to design the software with a focus on the
special needs of end-users. This involved developing proto-personas, wireframes, and interactive prototypes,
exploring the latest technologies, and incorporating feedback from experienced ABA therapists. Based on
these inputs, we developed the Autism Assistant platform, which includes a mobile application built with
Unity and a web application developed with React and Ruby on Rails. The platform underwent evaluation
using the Quantitative Evaluation Framework (QEF) based on ISO 9126, and it was considered suitable as
educational software for special education.

INDEX TERMS Autism, autism spectrum disorder (ASD), human-centered design (HCD), human-centered
computing, assistive technologies, applied behavior analysis (ABA), mobile application, web sites, educa-
tional technology.

I. INTRODUCTION
Autism Spectrum Disorder (ASD) refers to a broad range of
conditions characterized by persistent impairment in recip-
rocal communication and social interactions as well as
restricted repetitive patterns of behaviors, interests, or activi-
ties [2]. ASD is believed to have a genetic basis, with several
genes and genetic mutations being linked to its development.
Other factors, such as environmental influences and prena-
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tal complications, may also contribute to the development
of ASD [3]. Individuals with ASD often experience co-
occurring conditions, such as intellectual disability, attention
deficit hyperactivity disorder (ADHD), anxiety disorders, and
depression [4]. Currently, there is no medication for ASD
treatment, and pharmacological interventions focus mainly
on treating co-occurring symptoms. Therefore, the primary
treatment options for ASD core symptoms are limited to
psychosocial therapy.

According to the U.S. Department of Health and Human
Services [1] Applied Behavior Analysis (ABA) is considered
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the gold standard for treating ASD [1]. ABA is an evidence-
based, structured approach to learning that involves breaking
down complex tasks into smaller, more manageable steps.
It is based on the principles of behaviorism and discrete-trial
teaching (DTT) [5] and involves teaching new behaviors and
skills through positive reinforcement and repetition. Therapy
is typically provided through one-on-one sessions, with the
therapist working closely with the individual with ASD to
teach new skills and behaviors. ABA therapy is efficacious
in improving communication, socialization, and adaptive
behavior in individuals with ASD [6]. The duration and
intensity of ABA therapy differ depending on the individual’s
needs and the severity of the symptoms. On average, 20 to
40 hours of therapy per week are recommended [7]. ASD is a
lifelong condition, and patients require ongoing support and
interventions.

The World Health Organization estimates that the preva-
lence of ASD among children is now 1 in 100 [8], which
represents an increase from the 2012 global prevalence report
that identified 62 autistic children per 10,000 children [9].
The rise in the number of children affected by ASD comes
at a time when health and social care budgets are severely
curtailed in many countries and access to trained personnel
must be rationed [10].

Autism not only affects individuals diagnosed with ASD,
but also their families, who face challenges in adapting to
the new life context and making decisions about necessary
treatments and therapies. The lack of information and dedi-
cated government programs for autism often leads families to
discontinue school attendance or therapy practices. Economic
and social factors, such as the high cost of therapies and
transportation to therapy centers located far from home, pose
financial burdens for families. Recent studies [11], [12], [13]
have explored innovative approaches, such as augmenting
center-based programswith home-based interventions, which
have been described as transformative. Involving trained
parents and caregivers to participate in interventions within
the home environment seems to be an effective strategy for
enhancing the learning potential of children diagnosed with
ASD [14]. Home-based therapeutic interventions offer sev-
eral advantages over conventional therapies. Individuals with
autism often interpret the environment differently than neu-
rotypical individuals. Environmental factors, such as sounds,
temperature, or light, can trigger critical behavior, which is
minimized in home-based therapy as the patient is in a famil-
iar environment. Another significant advantage is the active
involvement of the family, which promotes the development
of interpersonal relationships and the patient’s integration
into the community. Families and caregivers learn that autism
therapy is not just occasional, but rather a special way of
life that everyone must adopt to achieve positive results.
Interactive technologies have emerged as valuable tools to
support the distinctive lifestyles of individuals with autism.
These technologies include a broad range of applications,
such as mobile and desktop applications, augmented and
virtual reality applications, web-based applications, devices,

and robots. Patients are often motivated and engaged by inter-
active technologies, leading to improved focus, fine motor
skill development, and better self-regulatory behavior. Many
research studies [15], [16] have demonstrated the efficacy of
these technologies in the context of autism therapy, encour-
aging further exploration of their potential in this field.

Dr. Ole Ivar Lovaas, a respected clinical psychologist and
professor at the University of California, Los Angeles [17],
once emphasized the importance of teaching individuals with
ASD in a way that suits their unique learning style, stating,
‘‘If they can’t learn the way we teach, we teach the way they
learn.’’. Inspired by this philosophy, our team initiated the
‘‘Autism Assistant’’ project to transform the research of this
venerable psychologist in applied behavior analysis, into an
innovative software platform for therapeutic interventions,
for Romanian children diagnosed with ASD, in home-based
settings. The project spanned a period of six months, during
which the platform was designed using a human-centered
approach to ensure that it effectively met the unique needs of
its end users. The platform comprises two main components:
an admin web application built with React and Ruby on
Rails, designed for therapists to input information regarding
therapeutic protocols, and a mobile application developed
with the Unity game engine, dedicated to parents, caregivers,
and childrenwith ASD, which facilitates the therapy sessions.

This research brings an innovative contribution by inte-
grating ABA therapy protocols into educational software
that is adaptable for use in various nomadic settings. The
study introduces a novel approach by involving parents as
co-therapists for their children and providing them with
high-quality therapeutic information. This empowers parents
to create personalized educational scenarios tailored to their
child’s specific needs and effectively manage daily therapeu-
tic activities at home. This enhances the potential for positive
outcomes, as relying solely on therapeutic interventions in
specialized centers may prove insufficient.

The structure of this paper is organized to provide a
comprehensive understanding of the entire platform design
process, from the initial idea to end-user feedback. Section II
presents the related work. Section III provides an overview of
the context in which the research was conducted. Section IV
describes the methodology used to conduct the research and
gather insights from experts in ASD therapy. Section V
provides an in-depth analysis of the results obtained and a
comprehensive discussion of the advantages and limitations
of the platform. In the final section, we present our conclu-
sions and outline future work.

II. RELATED WORK
Traditionally, the medical management of various conditions
has primarily relied on pharmaceutical interventions. A study
conducted by Aishworiya et al. [18] highlights that despite
extensive research in the field of ASD, the existing evi-
dence only supports the effectiveness of non-pharmacological
behavioral treatments as the primary approach for addressing
the core symptoms of ASD. Over time, behavioral therapies
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have continuously evolved, with researchers incorporating
modern technologies to mitigate the challenges associated
with repeated attempts that can diminish patient motivation.
The use of digital health technologies in autism treatment was
previously considered optional, but the COVID-19 pandemic
has made these technologies an essential reality [19].

The rapid advancement of computer and robotic tech-
nologies in the past decade offers hope for earlier and
more accurate ASD diagnoses, as well as more effective,
consistent, and cost-conscious treatment approaches [20].
Technologies are highly regarded by researchers in studies
[21], [22], [23], [24] as valuable tools that can enhance the
functional abilities, social interactions, and communication
skills of individuals with ASD. In particular, a study con-
ducted by Xanthopoulou et al. [25] highlighted the benefits
of mobile applications owing to their user-friendly touch
screen, portability, affordability, and accessibility. However,
the researchers emphasize the lack of a standardized frame-
work to assist in the selection of applications that align with
the specific needs and socio-cultural background of individ-
uals diagnosed with ASD.

The Autism Assistant is a platform designed for children
between the ages of 0 and 8 who have been diagnosed with
ASD, as well as their parents, caregivers, and therapists. Since
the platform will be used in Romania, we deemed it neces-
sary to conduct a market analysis of existing applications,
developed for use in a similar context, before initiating the
platform’s development process. Thus, we analyzed mobile
applications intended for use in the ASD context available on
Google Play. Google Play was chosen because it is a virtual
store that provides Android-based applications. According to
a study [26] conducted by the International Data Corpora-
tion (IDC), a leading American digital technology research
firm, the Android operating system was the most popular
among smartphone users, with a market share of 82.2%. The
study also revealed that iOS was the second most popular
operating system with 13.9% of users, followed by Win-
dows Phone with 2.6%. In 2018, the IDC conducted new
research that revealed that the Android system maintained
its market-leader position with 85.1% of users, followed by
iOS with 14.9%. Thus, the analysis of apps on Google Play
was justified in this research. The analysis was composed of
three steps: identifying applications for children with ASD,
mapping the results, and analyzing the functionalities of the
applications of interest in the project’s context.

The applications were identified by conducting a search
for the word ‘‘autism’’ in the Google Play Store, which
returned 96 results. The results were categorized according
to inclusion and exclusion criteria. The inclusion criteria were
as follows: the application must be for children with autism
under 8 years of age, the type of application must be educa-
tional, and its content and interface must be in the Romanian
language or offer the possibility of setting the Romanian
language. The exclusion criteria consisted of eliminating
applications without associated relevant research. This search
yielded only three applications that met the inclusion and

TABLE 1. An overview of ASD applications available in the romanian
language on the google play store.

exclusion criteria. The results obtained in the second stage
are summarized in Table 1.

In the final stage, an analysis was conducted to examine
the features of the ‘‘Romanian language learning game’’,
‘‘Leeloo AAC - Autism Speech App’’ and ‘‘Tell a Story -
Speech & Logic’’ applications.

The ‘‘Romanian language learning game’’ created by
22MEDIA digital agency is an educational application for
preschool children. The application includes six different
games that help children learn the basic words of everyday
life and develop their fine motor skills. In total, more than
200 different words were introduced into the game, grouped
into the following categories: animals, vegetables, and fruits,
shapes and colors, household items and furniture, clothing
and seasons. The games are built on levels of knowledge, so it
is easy to follow and discover the beauty of the Romanian lan-
guage. The ‘‘Romanian language learning game’’ application
is free and is suitable for children from the age of two [27].

‘‘Leeloo AAC - Autism Speech App’’ is an application
designed to improve children’s communication abilities. The
app is based on the principles of Augmentative and Alterna-
tive Communication (AAC) and the Picture Exchange System
(PECS), which are proven techniques in autism treatment and
communication therapy. Each word that a non-verbal child
might need for daily interaction is presented on a card. These
cards feature an accurate vector image of the corresponding
phrase or word that the child is attempting to communicate.
Leeloo provides voice functionality, and each card press
reveals a range of phrase options that are read out via text-to-
speech once chosen by the user. Users can select from over ten
voices available in the AAC Leeloo speech app. The app was
designed for children with mental, cognitive, or behavioral
disorders [28].

94190 VOLUME 11, 2023



M. Chistol et al.: Autism Assistant: A Platform for Autism Home-Based Therapeutic Intervention

‘‘Tell a Story - Speech & Logic’’ is an application created
by LADistribution that is designed to develop the cognitive
skills of children between the ages of 4 and 7, particularly in
the development of speech and logical thinking. The game
is structured into three levels of difficulty: each level con-
tains sequences of images that tell a story. Children have
to arrange pictures in the correct order to tell the story and
say it aloud. This activity helps children develop the ability
to formulate coherent sentences and draw logical conclu-
sions based on a story’s events. The game is very useful for
preschoolers because it challenges them to tell a story or
explain in their own words why the pictures have to be in
that order, or what happens in each picture. Consequently,
this application encourages children to think creatively and
improves their speech and logic skills [29].

After reviewing and analyzing the available Romanian lan-
guage applications for children with ASD, we identified sev-
eral limitations. The applications did not provide educational
content that could be adjusted to suit the needs of a specific
child. Although the game difficulty increased progressively,
it could not be personalized for individual children, which can
be a challenge when the app is used in a therapy center with
several children or at home for families withmultiple children
diagnosed with ASD. Another limitation noticed was the lack
of learning session timing settings. The developers may have
assumed that a parent or therapist would supervise the session
and observe the duration of the session. However, in this
case, no information was provided regarding the therapeutic
protocol that should be followed during the child’s activity.
Moreover, the applications did not offer any help or guidance
to parents on how to assist their children during educational
activities. Frequently, applications reached a stage where
user input was required. However, unclear instructions and
missing information about the therapeutic protocol made it
difficult for users to understand what they needed to do.
Essentially, each user had to play the game without knowing
whether they were using the application correctly or whether
it would have a positive or negative impact on their child’s
learning.

The research of commercial applications was particularly
useful in analyzing what the market for ASD mobile appli-
cations offers and in identifying which of the real problems
of children diagnosed with ASD and their parents have not
been addressed by any other existing application. Thus, the
Autism Assistant platform brings a new perspective by pro-
viding high-quality therapeutic information to parents and
caregivers and enabling personalized educational scenarios
for each child.

In addition to the commercial sector, there are also
research-driven technologies developed by academic sector.
A review focused on computer-assisted learning for peo-
ple with autism by Sue Fletcher-Watson [30] reveals that
these technologies rarely make the transition from theoreti-
cal research to commercial development. However, research
in the ASD field offers important insights into the experi-

ments carried out in recent decades. Assistive technologies
developed as a result of research studies vary considerably,
from simple communication devices to software solutions
involving Virtual Reality (VR), Augmented Reality (AR)
and Machine Learning (ML). The classification proposed
by Philipp Michel [31] divides them into three categories:
‘‘low’’, ‘‘mid’’ and ‘‘high’’ technology. ‘‘Low’’ technologies
represent rudimentary solutions that do not require electric-
ity, such as sensory objects, color-coded schedules or cards
used in PECS [32]. Low technologies are highly valued
and frequently used in schools and therapy centers. ‘‘Mid’’
technology includes independent and inexpensive electronic
devices that can be used in the treatment of autism symp-
toms. Within the ‘‘mid’’ category the most representative are
Voice Output Communication Aids (VOCAs) devices [31].
These devices produce synthetic or digitized speech when
the user selects a symbol on the device screen [33]. ‘‘High’’
technologies have experienced remarkable development in
recent years, as a result of innovative research that has
included experiments with advanced software applications
and robots [31]. A relevant example is the research car-
ried out at the Autism Research Center at the University
of Cambridge that presents the ‘‘Mind Reading’’ applica-
tion [34]. This application allows autistic children to interpret
social signals from everyday life and learn to recognize emo-
tions. The educational process is facilitated through three
modes of interaction: Emotion Library, Learning Center and
Games Zone. The Emotion Library includes 412 emotions
grouped into 24 categories, accompanied by short videos
of actors expressing those emotions. The Learning Center
contains collections of emotions similar to those in the library,
but is organized to facilitate learning and exploration. The
Games Zone contains games that allow users to practice
their emotion-related skills, including hand-eye coordination
games and games with real faces. The integration of learning
and entertainment elements is a key aspect of this technology,
which has the potential to produce significant impact on the
learning process. However, a more detailed description of
the design and implementation process would contribute to
a better understanding of the architectural decisions and to
the argumentation of the sustainability of the therapeutic act.

Comparative studies on interactive technologies reveal that
people with autism prefer high technologies [35].

Communication and social interaction deficiencies repre-
sent some of the most common manifestations of autism,
and for this reason most researchers [36], [37], [38] have
focused on the development of technologies that facilitate the
development of verbal and non-verbal communication skills.

In the study [39], an online platform was proposed to
encourage social interaction in children with autism. The
platform development methodology involved the use of the
ASP.NET, a framework for building web applications and
services with.NET and C# programming language, and Uni-
fied Modeling Language (UML), a visualization method for
designing software systems, especially those built in the
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object-oriented style. The evaluation of the platform was
carried out by testing it with 20 students from the College
of Applied Studies and Community Service, within Imam
Abdurrahman Bin Faisal University (IAU), Saudi Arabia.
Test results indicated that users were satisfied with the func-
tionality and usefulness of the system. Given the sensitive
mental context of autistic patients, an additional evalua-
tion using internationally recognized standards and involving
users with autism and experts in autism therapy, would have
been essential to validate aspects related to the performance
of the didactic act and the effects produced.

However, a small number of studies have explored the
development of technologies that encourage the acquisition
of skills needed in ‘‘everyday life’’. These skills relate to
essential self-care and coping functions that contribute signif-
icantly to the individual’s autonomy. Our research contribu-
tion brings significant value in bridging this gap through the
Autism Assistant platform, specifically developed to facil-
itate the improvement of functional and cognitive skills of
children with autism.

Most research studies have focused on the use of interac-
tive technologies in schools or research laboratories, which
can be explained in part by the fact that, until recently, com-
puter equipment was more readily available in educational
and treatment institutions than in the homes of research par-
ticipants [30]. Through the Autism Assistant software plat-
form, we propose amore accessible and convenient approach,
bringing therapy directly into the familiar environment of
children with autism spectrum disorders. The active integra-
tion of family members, especially parents, in the process of
therapeutic intervention significantly facilitates educational
progress [40]. However, we recognize that engaging parents
as therapists requires learning specific skills to achieve ben-
eficial outcomes for the child. Therefore, our platform takes
an innovative approach, assigning the role of co-therapist to
the parent, who is trained in educational activities according
to a well-defined protocol. The protocol is entered bymedical
experts in the web administration page and provides parents
with access to high-quality autism education content via
the mobile application. Many parents were already actively
involved in managing their children’s problems and look-
ing for appropriate solutions [41]. By providing a platform
specifically designed for them and their children’s needs,
developed in collaboration with experts in the field of autism
spectrum disorders treatment, we give parents the confidence
that their actions are in line with best practice and that the
technology used is safe for the child.

III. CONTEXT
To create a context-aware application, it was crucial to
gain a comprehensive understanding of the relevant context.
To achieve this, we researched the meaning of the term ‘‘con-
text’’ and consulted the work of Anind K. Dey. Professor
Dey defines context as ‘‘any information that can be used to
characterize the situation of an entity. An entity is a person,

place, or object that is considered relevant to the interaction
between a user and an application.’’ [42].

Our research is supported by the European Regional Devel-
opment Fund, which aims to facilitate the development of a
specialized therapeutic software for use in Romania. In a prior
European project [43] that assessed the prevalence of ASD in
Romania, it was found that 14.3% of children were diagnosed
with this condition. However, the prevalence rate of chil-
dren diagnosed with ASD is rising annually. Unfortunately,
in our country, parents of children with ASD face a lack of
information resources available in Romanian and a reduced
number of certified centers and therapists. Furthermore, there
are few applications for children with autism, their parents,
and therapists that are available in Romanian or with a lan-
guage option for Romanian. Therefore, our project aims to
develop a Romanian-language therapeutic software platform
that enhances the skills of Romanian children diagnosed with
ASD. The platformwill address themarket gap resulting from
the absence of software specifically designed for non-English
speakers.

IV. METHODOLOGY
The study was conducted following the guidelines of the
Code of Ethics and Professional University Deontology and
received approval from the Research Ethics Committee at
Stefan cel Mare University, Suceava, Romania (approval
number: 128).

A. RESEARCH QUESTION
The aim of this study is to investigate the most effective
theoretical principles of ABA therapy to create a platform
tailored for home-based therapeutic intervention in the con-
text of ASD. The research question driving this study is:
‘‘How can educational software be designed to provide
home-based therapeutic interventions for Romanian children
under 8 diagnosed with ASD?’’. To accomplish this goal, the
researchers utilized cutting-edge technologies to design and
implement a set of intelligent modules for the platform named
‘‘Autism Assistant’’. The primary objective of this platform
is to promote greater self-reliance and independence among
children with ASD.

B. RESEARCH TEAM AND END-USERS
This article presents some of the research results obtained
within a collaborative research project between Stefan cel
Mare University and Assist Software Company, both located
in Suceava, Romania. The project was carried out over a
period of six months, from November 2022 to May 2023,
using an interactive agile approach. The project involved rig-
orous collaboration between 22 specialists employed within
the university and the company, with experience in vari-
ous relevant fields, such as: computer scientists, education
researchers and professors, a psychologist, an ABA thera-
pist, software engineers, 2D artists, a user experience (UX)
designer, a user interface (UI) designer, and a quality assur-
ance (QA) engineer. In addition to this multidisciplinary
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team, there was a target group of 60 future users of the plat-
form, including therapists, teachers, and parents of children
diagnosed with autism spectrum disorders.

C. RESEARCH METHOD
Our research aimed to develop a platform that meets the
special requirements of individuals diagnosed with ASD.
To achieve this objective, we conducted a cross-sectional
study by surveying a target group of 60 parents, teachers, and
therapists from both urban and rural areas of Romania.

The data collected from the survey is highly valuable and
have provided us with a clear understanding of the actual
needs of children diagnosed with ASD in their daily lives,
their experiences with technology, and their concerns related
to technological features. The results of this cross-sectional
study are presented in the article titled ‘‘Interactive Tech-
nologies for Autism Spectrum Disorder Therapeutic Inter-
vention’’, which is under review for publication.

The Autism Assistant platform was developed based on
the well-known product design principle: ‘‘To design a great
experience, you need to understand the user’s perspec-
tive.’’ [44]. As a result, individuals with the autism spectrum
and their caregivers were placed at the heart of the devel-
opment process. Instead of the technology-driven approach
commonly used in software development, we embraced the
Human-Centered Design (HCD) approach, where the needs
of people took precedence over technology. Human-centered
design involves understanding human needs and how design
can address them [45]. The term ‘‘design’’ encompasses three
crucial elements: empathy, creativity, and business. Empathy
is essential as we strive to truly understand and care for
the people we are designing for. Creativity plays a pivotal
role in developing software that is visually appealing and
user-friendly while effectively solving challenges. Consider-
ing business needs is also vital, as the solution provided must
be viable and sustainable for long-term user benefits.

The United Nations Children’s Fund (UNICEF), origi-
nally known as the United Nations International Children’s
Emergency Fund, recognized the high effectiveness of the
HCD process in developing human-centered services, partic-
ularly for children [46]. As the end users of the platform are
also children, the decision to use HCD-based research and
development methods ensured a better understanding of the
challenges they face and how to effectively address them.

In this research, we followed the well-established steps
of the HCD process, known as the Double Diamond Model
(see Figure 1), developed by the British Design Council
in 2005 [47], which includes four stages: discovery, def-
inition, development, and delivery [48]. The Double Dia-
mond Model emphasizes the core principle of HCD, which
involves two essential phases: identifying the correct prob-
lem to solve (‘‘designing the right thing’’) and then creating
designs that effectively meet human needs (‘‘designing things
right’’) [49]. This approach ensures that the focus remains
on understanding the actual problems faced by users and

FIGURE 1. Visualization of the human-centered design process using the
double diamond model [48].

addressing those needs through a thoughtful and effective
design.

1) DISCOVER — RESEARCH PHASE
The research phase involved three research methods: Sys-
tematic Literature Review, Cross-Sectional Study, and Expert
Opinion.
Systematic Reviewwas conducted during the project period

to analyze the current state of the field of autism therapy,
identify trends, and identify state-of-the-art results.
Cross-Sectional Studywas conducted to collect direct feed-

back from the end-users of the application, including parents,
therapists, and teachers. This allowed us to gain insights into
the usability and effectiveness of interactive technologies in
real-world settings.

As part of our research phase, we applied the Expert
Opinionmethod to extract valuable information about autism
therapy. We interviewed experts in the ASD domain to
gain insights into the current challenges and opportunities
in autism treatment. This approach allowed us to include
experts’ perspectives in our design process and to ensure that
our solution was aligned with the latest research and best
practices in the ASD field. The results from the systematic
literature review, cross-sectional study, and expert opinion are
presented in detail in the article ‘‘Interactive Technologies for
Autism Spectrum Disorder Therapeutic Intervention’’.

2) DEFINE — SYNTHESIS PHASE
The synthesis of information from the systematic literature
review, cross-sectional study, and expert opinion was con-
ducted to identify relevant and useful information for the
development of a platform for the treatment of autism in
both home and therapy center environments. This synthesis
involved extracting and grouping information into relevant
categories, such as users, available therapies, and their effec-
tiveness, as well as the needs and experiences of parents,
caregivers, and therapists.

a: PROTO-PERSONA
The term ‘‘persona’’ has its roots in the Latin language and
was initially used to refer to a mask worn by actors to
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represent a specific character in a theatrical performance.
The term is believed to have originated from the Latin word
‘‘personage’’, which means ‘‘to sound through’’ [50].
In today’s user experience practice, personas represent the

voice of the user. Personas are artifacts that have been applied
to support software teams in both activities, elicitation, and
the use of UX requirements. The technique to create the
personas follows a process that analyzes end-user data [51].

Gothelf proposed a new approach to elaborating personas
called proto-persona [51]. Proto-persona is different from a
standard persona, it is created based on the assumptions of
stakeholders and checked against actual data [50].
In this study, we used this powerful tool to identify the

end users, as we are dealing with children with special health
needs who may experience delays in physical and men-
tal development, parents who face financial difficulties and
social discrimination, and therapists who have specific expec-
tations. Therefore, the proto-personas were created using
Figma. Figma is a design tool that is specifically geared
toward creating user interfaces and designing user experi-
ences [52]. Proto-personas are fictional representations of
the end users of the Autism Assistant platform: the child
diagnosed with ASD, the parent, and the therapist. Each
proto-persona was developed with specific details that can
be seen in Figure 2. We analyzed different aspects of the
end users, including their personal characteristics such as age
and occupation, level of digital culture, proficiency in using
technology, as well as their specific goals and expectations.
Furthermore, the study also identified potential pain points
that users might encounter in real life. Based on this compre-
hensive analysis, proto-personas were developed to serve as
archetypical representations of the user groups for the project.

Figure 2 (a) illustrates the proto-persona of a child between
the ages of 0 and 8, diagnosed with autism spectrum disorder,
who may experience difficulties in communication, social
interaction, and may exhibit repetitive or unusual behaviors.
This childmay also have difficultymanaging emotions and be
hypersensitive to stimuli, such as loud sounds or bright lights.
Additionally, they may have an intense and specific interest
in certain subjects or activities, needing predictability and a
routine to feel secure.

Figure 2 (b) shows the proto-persona of a parent who has
well-defined goals and expectations regarding their child’s
therapy. The parent is looking for a product or service that will
help him identify if their child has autism and support them
in the therapeutic process. However, the parent may experi-
ence financial constraints and may have limited knowledge
regarding the implementation of therapeutic procedures.

Figure 2 (c) illustrates the proto-persona of an ASD ther-
apist, aged between 25 and 60 years, who aims to create
educational content and follow the protocol in the therapeutic
intervention. The therapist has strong skills in the use of
digital tools and the internet. However, the therapist faces
challenges related to the lack of Romanian educational mate-
rials and the limited involvement of parents in caring for
children at home. Thus, they seek ways to optimize thera-

FIGURE 2. Proto-personas created using Figma, representing the end
users of the platform a) Child diagnosed with ASD b) Parent c)Therapist.

peutic intervention by identifying and providing appropriate
educational materials and promoting effective communica-
tion with parents.
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b: PLATFORM CHARACTERISTICS
The findings from the research phase have yielded invaluable
insights into the key characteristics that are essential for an
effective therapeutic application for ASD. Through feedback
obtained from parents, teachers, and therapists via a compre-
hensive questionnaire, we gained a valuable understanding of
their needs, preferences, and priorities in terms of functionali-
ties. The most highly regarded features of such an application
include the following:

Intuitive and user-friendly interface for children and adults:
An autism therapy application should be designed with an
easy-to-use interface that is visually appealing and can be
easily navigated by both children and adults. This ensures
that children with autism can effectively interact with the
application without encountering difficulties.

Personalization and adaptability: The content of the appli-
cation must be personalized and adaptable to the individual
needs of children with autism. As each child has unique
needs and interests, the therapeutic application should offer
flexibility in adjusting the level of difficulty, type of activities,
and exercises based on the child’s developmental stage and
interests.

Progress monitoring and skill assessment: The therapeu-
tic application should provide functionality to monitor the
progress and assess the skills of children with autism. This
allows therapists and parents to track the child’s progress in
skill development, identify areas where further intervention
is needed, and adjust therapy plans accordingly.

By incorporating these key characteristics into the design
and functionality of the Autism Assistant platform, our aim
was to create an effective and user-friendly tool that can sup-
port children with autism in their therapeutic journey while
providing valuable tools for therapists and parents to monitor
progress and customize the therapy approach.

3) DEVELOP - IDEATION PHASE
During the development phase of the HDC process, the
research teammembers collaborated closely to generate ideas
that contributed to the conceptualization of the platform.
All ideas were thoroughly discussed in daily meetings and
refined to shape the structure of a platform for home-based
therapeutic interventions that will be truly beneficial for indi-
viduals diagnosed with autism.

a: PLATFORM’S MODULES
The platform is designed to have five modules, as illustrated
in Figure 3.

The Core Module implements the fundamental logic of the
application, where the connection and initialization of the
components occur. It also retrieves data from the database
based on user input during authentication, and provides the
option to create a new account and manage profiles for
authenticated users.

Module I focuses on providing information to the parents.
It serves as a personal guide to assist them in detecting

FIGURE 3. Visual representations of the autism assistant platform’s
modules created with Draw.io.

potential developmental delays in their children and outlining
a treatment plan. Familiarizing parents with the typical stages
of development that their child should reach, helps them
understand how to interact with their children. Given the
challenges parents may face in including children under the
age of two in a specific therapy center, this module empha-
sizes early identification of signs of autism and appropriate
parental intervention. Diverse materials and resources will be
available to parents for this purpose. Activity recommenda-
tions for each developmental stage (0-2 months, 3-4 months,
5-6 months, 7-9 months, 10-12 months, 13-15 months, 16-18
months, and 19-24 months) will be provided alongside each
module.

Module II addresses the lack of resources necessary for
purchasing therapeutic materials that parents can use at home
with their child. It also considers the lack of knowledge and
guidance parentsmay have received from therapists regarding
appropriate activities for their child. To address these issues,
each activity will be accompanied by age-appropriate work-
ing protocols. The activities will be directed by the adult,
who will have the option to choose what the child works
on. Tracking progress is also an important element, and this
module will include a functionality similar to an agenda
where parents can take notes regarding the performance of
a certain activity. Accessing the notes will be possible later
through a history. This module not only supports parents but
also therapists, as it aims to integrate the learning programs
from therapy sessions into functional scenarios.
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Module III considers the tendency of children with autism
to isolate themselves from others and their preference for
interaction with technology over other children of similar
ages due to underdeveloped interaction skills. Instead of com-
petitive games that focus on a single winner, this module
emphasizes collaborative games adapted for an interactive
whiteboard. Collaborative games typically require two play-
ers, where one can be the child and the other the therapist,
parent, or another play partner with similar capabilities. Play-
ers work together to achieve the goal of completing the game.

Module IV focuses on the video modeling of behaviors,
which involves providing the child with examples of certain
actions through videos that they can imitate. Video modeling
is used to help children with autism acquire new skills needed
in everyday life, such as social and communication skills, and
can also be useful for behavior change. This module provides
access to a video library that can be used by parents and
caregivers for scenario creation.

b: PLATFORM’S WIREFRAMES
Wireframes are essential for arranging elements to achieve
a specific purpose. They display the layout and arrangement
of the application’s content, including interface elements and
navigational systems, and how they work together [53].
During this stage, the UX/UI designers created the wire-

frames for the platform modules. A wireframe is a powerful
tool that accurately translates ideas into a visual representa-
tion that deliberately excludes color, graphics, and stylized
fonts. Wireframes also facilitate thinking about the optimal
path selected by a user, allowing consideration of the visual
hierarchy of each element. Visual hierarchy determines the
visual order and priority of different design elements on
a page or screen by utilizing principles such as contrast,
balance, and scale to emphasize specific elements. This
simplifies the page layout, preventing users from being over-
whelmed by visual information [54].
The wireframes for the platformwere created using Figma.

Figure 4 (a) and (b) illustrate some of the most significant
wireframes of the platform modules. During the ideation
process, the wireframes were presented to the therapists and
to the research team in regular meetings in order to receive
prompt and efficient feedback.

Therapists’ suggestions were incorporated into the interac-
tive representation of the interface, as illustrated in Figure 5.
A clickable prototype is different from design wireframes
because it is not static. A person using a clickable prototype
can perform all interactive operations, such as navigating the
interface [55].

4) DELIVER - IMPLEMENTATION PHASE
The delivery or implementation phase in the Double Dia-
mond model is a pivotal stage in which the chosen concept,
identified through meticulous research and definition pro-
cesses, is transformed into a tangible product. During this
crucial phase, the development team made important deci-

FIGURE 4. Wireframes of the platform, including: a) Parent guide and
b) Scenario editor. These wireframes were created using Figma.

sions regarding the technologies to be used, development
instruments and tools, platform architecture, and design ele-
ments. These decisions are carefully weighed to ensure that
the final product aligns with the intended vision and objec-
tives.

a: ARCHITECTURE
Figure 6 illustrates the architecture of the Autism Assistant
platform, which was created using the Drow.io desktop appli-
cation. This diagram provides a high-level overview of the
main components and how they connect and interact with
each other. In addition to its technical components, the archi-
tecture also features the involvement of end-users, who serve
as a means to demonstrate how the platform operates.

The platform comprises several key components, including
the mobile application, web application, database, and third-
party plugins. The system is divided into two main parts: the
client side and the server side. The client side is represented
by the mobile application, which was developed using the
Unity3D game engine. This application is designed to run
on mobile devices, such as phones or tablets. On the other
hand, the server side is composed of a web application that

94196 VOLUME 11, 2023



M. Chistol et al.: Autism Assistant: A Platform for Autism Home-Based Therapeutic Intervention

FIGURE 5. Interactive prototype of the platform created using Figma.

FIGURE 6. High-level architecture of the autism assistant platform
created with Draw.io.

was developed using the React and Ruby on Rails framework.
The primary role of the web application is to manage the data
and transmit it to the client side.

b: DATABASE
The project database (presented in Figure 7) was imple-
mented in MySQL. We chose MySQL because of its open-
source nature, ease of use, and ability to efficiently handle
large amounts of data. MySQL is compatible with various
programming languages and frameworks, including Ruby on
Rails (ROR).

In RoR, Active Record is used to manage the database.
Active Record is an Object-Relational Mapping (ORM)
library that allows programmers to integrate databases using
objects [56]. Active Record in Rails provides a binding inter-

FIGURE 7. Entity-Relationship (ER) schema for the core module.

FIGURE 8. Web admin application from autism assistant platform.

face between the relational database tables and Ruby code
that manipulates database records.

Communication with the database was achieved through
Unity Web Requests. The client application is responsible for
making requests to the API that manages the database.

c: WEB APPLICATION
The Autism Assistant’ web application was created using
React, also known as React.js, an open-source JavaScript
library for developing web interfaces [57]. The application
was specifically designed for psychotherapists who specialize
in treating individuals with ASD and possess the necessary
knowledge to conduct treatment sessions. To access the web
page, users must provide their login credentials. Figure 8
displays the interface of the web page, which includes a
main menu with the following options: objective configura-
tion, daily task configuration, parent guide configuration, and
work protocols.

The objective configuration interface enables therapists to
create goals in four categories: social-emotional, language-
communication, cognitive, and movement-physical develop-
ment.

Through the daily task configuration interface, therapists
can define specific tasks that patients or groups of patients
must perform regularly to improve their skills. When creating
a new task, therapists must specify the task name, time of day
it should be completed, and description of the task.

Identifying and addressing ASD in children at an early
stage can have a significant impact on their ability to become
more integrated members of society. With this goal in mind,
we have introduced the parent guide feature as an inno-
vative concept that has the potential to enhance parents’
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understanding and perspective on ASD treatment. The parent
guide configuration interface enables specialists to create
parent guides based on previously defined goals and daily
tasks. These guides are designed to train parents on how to
conduct therapeutic interactions with their children, partic-
ularly those under the age of 2. The guide is structured by
age categories: 2 months, 4 months, 6 months, 9 months,
12 months, 15 months, 18 months, and 24 months.

The web application is a powerful tool for applying ther-
apeutic content and methodology in accordance with the
ABA protocols. One of its most significant advantages is its
accessibility through a web browser from anywhere and at
any time, which facilitates the consumption of educational
content.

d: MOBILE APPLICATION
The development of the AutismAssistant’ mobile application
involved the utilization of the Unity game engine and the
C# programming language. Unity is a cross-platform game
engine [58] developed by Unity Technologies [59]. This
engine can generate realistic scenarios based on physical
laws, including the simulation of gravity, collisions, and fric-
tion. Since the platformwas designed for mobile devices such
as smartphones and tablets, the Unity game engine proved
to be the most suitable option owing to its development
capability for mobile platforms such as iOS and Android.
Additionally, it offers a wide range of integrations with ser-
vices and tools such as data analysis, graphic creation, and
automated testing.

Unity Analytics was used to enhance the platform’s func-
tionality. This package, delivered as part of Unity Gaming
Services (UGS), provides a comprehensive solution for ana-
lyzing data at distinct stages of the application. The package
was used to capture specific events related to user pro-
files, groups organization, daily tasks, scenarios, and game-
play. The insights obtained through Unity Analytics were
employed to enhance educational content, ensuring that it
aligned with the user’s personalized progress.

The user interface was implemented using Doozy UI, a set
of systems provided by Doozy Entertainment for creating,
managing, and animating interfaces. This technology allowed
the creation of user interface panels using views and handling
them using Flow Controllers, as shown in Figure 9.
Doozy UI facilitated the creation of an intuitive and visu-

ally appealing interface that enhanced the overall user expe-
rience.

Spine is a program designed specifically for the creation
of 2D animations [60], and was used for development of
project’s animations. Animations made in Spine are efficient
in terms of loading and rendering even onmobile devices. The
animations developed for the platform are not just aestheti-
cally pleasing, but also serve a functional purpose. Through
carefully crafted movements and fluid transitions, the artists
have directed the users’ attention towards critical elements
of the application. In addition, they employed a range of

FIGURE 9. Visualization of the login flow graph with doozyui nody.

FIGURE 10. Main menu screen of autism assistant platform.

techniques, such as netting, attachments, and procedural
animation, to add a layer of interactivity that engages and
captivates users.

The platform notification system utilizes the OneSignal
push notification service. Our development team imple-
mented a specialized service to handle the REST API pro-
vided by OneSignal, ensuring that notifications are sent with
the correct data. The service uses OneSignal credentials
provided via the interface, which are securely stored as envi-
ronment variables in the code to make the external API call.

The Autism Assistant platform was developed to provide
personalized support to parents and therapists who work
with children who suffer from autism and have special
needs. Users, including parents, therapists, and caregivers,
can create personalized profiles for each child and group
them according to well-established therapeutic criteria. The
application modules can be accessed from the main menu,
as shown in Figure 10, or from the settings bar, which includes
options for configuring the application settings, selecting
modules, or logging out. The application settings allow users
to configure notifications, adjust sound volume, log out of
their account, delete their account, or review the application’s
terms and conditions.

Module I focuses on children diagnosed with ASD up to
2 years old. Modules II, III, and IV cater to children aged
2 to 8, considering their increased technology interaction
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FIGURE 11. Parent guide that includes the following components: a)
Objectives and daily activities tailored to the child’s age and b) A
comprehensive guide for parents.

abilities. All modules provide parents with detailed informa-
tion on the therapeutic protocol and guidance for implemen-
tation.

Module I is designed for the child’s parent or caregiver and
includes an introductory data form that collects the neces-
sary information to personalize the educational content based
on the child’s age. Parents can access the guide and begin
treatment with daily tasks that are divided into three parts of
the day. Figure 11 depicts the parent’s guide, which features
separate sections for the child’s goals and daily tasks. At the
bottom of the page, users can find the ‘‘Activities Journal’’
button, where they can view the treatment history, completed
tasks, and observations.

Module II of the platform focuses on enhancing children’s
ability to recognize objects and perform actions through a
variety of game scenarios. These scenarios can be created
by adult users using the scenario configurator. The par-
ent/caregiver or therapist can configure the scenario to meet
the specific needs of each child, considering their age and
ability level.

The scenario configurator, as illustrated in Figure 12,
comprises three key components: the scenario manager, the
scenario editor, and the action configurator.

The scenario manager is responsible for overseeing all
scenarios.

The scenario editor enables users to create new scenarios or
modify existing ones to fit child’s needs. The scenario editor
allows the parent or therapist to customize the scenario by
adjusting various settings. For instance, they can modify the

FIGURE 12. Scenario configurator of module II including: a) Scenario
manager and b) Actions configurator.

FIGURE 13. Illustration of the therapy game module in the Autism
Assistant platform.

scenario’s name, scenario’s mode, and action list based on the
chosen environment bathroom, park and so on.

The action configurator facilitates the selection of object
aspect, their positioning in the scene, and the inclusion of
distractors to enhance the game’s level of difficulty. Further-
more, the action configurator provides options for config-
uring the number of times an action is repeated, as well as
time-related settings such as the duration of the action and
the interval between repetitions.

The module responsible for running therapeutic scenar-
ios, as shown in Figure 13, is a vital component of the
autism-specific therapeutic application. This module simu-
lates a therapy session based on well-defined therapeutic
techniques and strategies, such as ABA therapy procedures.

The Receptive Mode involves child input, requiring chil-
dren to perform a set of actions to learn how to associate
different concepts and develop the necessary skills. In the
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FIGURE 14. Illustration of the ‘‘Brushing Teeth’’ animation.

FIGURE 15. Module III of the autism assistant platform.

Receptive-Teaching mode, users are presented with action
steps one by one. In the Receptive-Verification mode, users
are assessed to determine if they understood how to perform
the action correctly and if they have made progress in devel-
oping the necessary skills.

The Expressive Mode is also based on ABA therapy strate-
gies, and aims to develop the behavioral skills of individuals
diagnosed with ASD. The scenario helps children learn to
perform various actions and identify elements within the
scenario, with parents and therapists serving as evaluators and
supporters. In the Expressive-Teaching mode, the app runs
the action steps automatically, and the child must identify
each element in the action. Parents and therapists evaluate
whether each item was correctly detected by the child or not.
In the Expressive-Verification mode, actions are executed to
evaluate whether the child has mastered them.

An example of an action is ‘‘Brushing Teeth’’ whose pur-
pose is to teach the child how to brush their teeth correctly.
To do this, the child must perform the steps of selecting the
toothbrush and toothpaste in the correct order without being
distracted by other elements present in the bathroom envi-
ronment. If the child performs the steps correctly, they will
see an animation of a child with an open mouth and a hand
holding the toothbrush, brushing their teeth, as illustrated in
Figure 14.

Module III is designed to enhance cooperation skills by
focusing on the ability of two participants to associate con-
textual elements within the given scenario (presented in
Figure 15). This module contains a scenario configurator that

FIGURE 16. Scenario configurator of module III.

FIGURE 17. Module IV of autism assistant platform.

sets the objects for each player and determines the duration
of the scenario, as illustrated in Figure 16.

Module IV aims to improve a child’s ability to perform
actions independently through video modeling. The videos
will feature real people demonstrating different activities
and their corresponding tasks. The training method consists
of three modes: the ‘‘Library’’ mode, which allows users
to pause or fast-forward videos, the ‘‘Decisional’’ mode,
where videos pause for child decision-making, as illustrated
in Figure 17, and the ‘‘Mini-session’’ mode, which starts a
small game scenario from Module II after playing the video.

This training method has proven effective, focusing on
repeating actions as closely as possible to those presented,
interpreting emotional states based on video data, and ana-
lyzing the gestures of people filmed.

e: QUALITY ASSURANCE
To ensure high-quality performance of the modules devel-
oped for the Autism Assistant platform, a comprehensive
quality assurance process was employed. This involved both
manual and automated testing of each feature. Automated
testing was conducted using the state-of-the-art AltTester
framework, which was specifically designed and developed
by the reputable Altom company for this purpose.

V. RESULTS
This section provides a detailed description of the evalua-
tion carried out by two ABA therapists who assessed the
platform’s modules for compliance with the requirements of
educational software for special education. The evaluation
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TABLE 2. Autism assistant evaluation using QEF. TABLE 2. (Continued.) Autism assistant evaluation using QEF.
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process was conducted using the Quantitative Evaluation
Framework (QEF). The QEF framework evaluates the quality
of educational software, developed with XTEC based on
the standard of reference ISO 9126 [61]. ISO 9126 is an
internationally recognized standard that outlines procedures
for assessing the quality of software. This comprehensive
evaluation allowed for a complete analysis of the platform’s
strengths and weaknesses in fulfilling the criteria of educa-
tional software for use in an autism context. The results of
the evaluation of the Autism Assistant platform using QEF
are presented in Table 2. The software was evaluated across
various dimensions, including functionality, adaptability, and
efficiency.

The evaluation highlighted the platform’s strengths in
terms of ease-of-use functionality, high-quality informa-
tional content, adaptability, and well-implemented pedagog-
ical strategies. It is praised for its ability to maintain the
child’s curiosity and interest in the content, while avoiding
anxiety-inducing situations. The platform is also noted for its
well-designed user interface and easy navigation, making it
efficient. The evaluation provided a comprehensive assess-
ment of the software’s capabilities, highlighting its suitability
for children with special needs and the potential for person-
alized learning experiences.

The conclusions regarding the suitability of the platform
for educational purposes in ASD therapeutic intervention
were drawn by only two specialists in ABA therapy, which is
insufficient to make generalized conclusions. This limitation
may affect the accuracy of the evaluation of the implemented
modules. Therefore, it is necessary to assess the usability
and acceptance of the platform by other users in order to
determine their level of satisfaction.

To address these limitations, we propose conducting an
experimental test of the application with parents and children
diagnosed with ASD in the near future. The study will be
carried out over a significant period of time to obtain accurate
results. After practical experiments, we intend to use the
Mann-Whitney [62] test to evaluate the satisfaction levels of
parents, teachers, and children who have used the Autism
Assistant application during the therapy process.

VI. CONCLUSION
This study aimed to investigate the theoretical and practi-
cal principles necessary to address the research question:
‘‘How can educational software be designed to provide
home-based therapeutic interventions for Romanian children
under 8 diagnosed with ASD?’’. To answer this question,
we designed the Autism Assistant platform utilizing the
Human-Centered Design methodology to ensure that the
needs of the end-users - therapists, children with special
needs, and their caregivers, were the primary focus of the
design.

During the platform’s development, we created various
design elements such as proto-personas, wireframes, and
interactive prototypes. We also collaborated with ABA ther-
apists specializing in autism treatment to validate our ideas.

The iterative development process allowed us to identify the
best design and functionality requirements for an educational
application catering to children with special needs. Thus, the
platform incorporates the principles of ABA therapy, such
as receptive and expressive learning methods, as well as
educational techniques such as video modeling, which is an
effective learning method by example.

We employed the latest technologies, such as the Unity
game engine, Ruby on Rails, React, MySQL, Doozy UI,
OneSignal, and Spine, to build well-structured and efficient
modules, providing improved performance onmobile devices
while conserving resources.

The Autism Assistant platform is suitable for use not only
in home-based therapy, but also in educational centers that
offer therapy sessions. It allows personalized educational
content for individual or group-based learning and includes
a module that encourages collaborative gaming.

Our evaluation of the platform’s suitability as educational
software utilized a quantitative evaluation framework based
on ISO 9126, demonstrating that the software met the estab-
lished criteria. The platform was described as an easy-to-use
tool that provides quality therapeutic information for parents
and caregivers. Moreover, its pleasing design helps maintain
focus on the educational process. However, the validation
requires further strengthening through practical experiments
conducted over a significant period. Thus, future research
will focus on evaluating the platform’s impact on educational
performance and user satisfaction using the Mann-Whitney
test.

Moving forward, we propose the development of newmod-
ules for adolescents and young people with autism. These
modules aim to enhance communication skills and inter-
personal relationships by simulating real-life scenarios in a
virtual environment using virtual reality technologies.
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