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Abstract: As technology continues to evolve rapidly and new computing resources are introduced,
the utilization of these tools poses increasing complexity for individuals with physical or neuro-
logical needs, primarily due to the absence of accessibility and inclusive principles. A promising
solution involves shifting the focus from disabilities to abilities, and in that way, creating adaptive
environments capable of accommodating various user profiles and minimizing disparities, ensuring
universal access. However, a notable challenge arises, particularly for individuals with autism, who
face barriers in participating in the software development process due to psychological conditions
hindering their responsiveness to traditional data collection methods like questionnaires. This sys-
tematic review aims to investigate scientific articles that delve into participatory and inclusive design
models tailored for children with autism. The primary objective is to explore adaptability within
universal design frameworks in developing new computational artifacts. By addressing this gap, the
review contributes to the ongoing effort to create more inclusive and adaptive digital environments,
focusing on improving accessibility and enriching the experiences of users with autism.
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1. Introduction

Working with computational products is a domain where universal access is the key
to success [1]. The term “accessibility” extends beyond special needs or age, encompassing
the quality of life of many users who need to be included in an increasingly computerized
society [2]. This research delves into the crucial area of designing accessible interaction
models for individuals with autism, a topic of significant relevance in computer science
and accessibility.

Accessibility barriers exist in people’s daily lives, and they need to explore new physi-
cal spaces and access information, products, and services [3]. Creating more inclusive social
environments requires being mindful of individual differences and functional capabilities.
This understanding can lead to developing computational artifacts that adapt to specific
characteristics, promoting equity and participation for all [4]. The potential impact of such
artifacts, whether for permanently or temporarily disabled, or highly functional individuals,
is immense [5,6].

Design projects that adhere to the universal design (UD) principles can mitigate
issues encountered in software development [7,8]. UD involves creating products and
environments that can be used by all users to the greatest extent possible without the need
for any adaptations or specialized designs [9]. This means that all environments and tools
should cater to the needs of various individuals, including those with differences in vision,
hearing, mobility, motor skills, height, weight, comprehension, communication, and other
diverse aspects [10].
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Therefore, designing accessible software for any user is crucial, as it enables virtual
action to be both feasible and comprehensible, accommodating diversity. Inclusion is an
integral component of user interface design [11]. Consequently, by implementing inclusive
design (ID) methods in developing environments, they become functional for users with
specific needs or abilities [12-14].

However, in some cases, for instance, young individuals with autism are unable to
engage in the software development process [15]. Moreover, when the users are children,
comprehending their genuine needs and preferences in application development is even
more challenging, as they lack the psychological capacity to respond to the questions
utilized in data collection [16,17].

Therefore, this systematic literature review (SLR) aims to analyze scientific publications
incorporating individuals with autism in the design process to characterize an accessible
interaction design model to achieve individualized adaptability in computer artifacts based
on UD. Furthermore, the research carried out here is also justified by the lack of proposals
(SLR) in the databases IEEE Xplorer, ACM Digital Library, Science Direct, Google Scholar,
Scopus, and SBS-OpenlLib that address the topic and problem presented.

2. Research Methodology

With the aim of selecting high-quality articles, the methodological guidelines followed
to guide this SLR were supported in accordance with [18]. Even though we were based
on [18]'s guidelines, we confirmed and adjusted the SLR protocol using the comparison
in [19]. Furthermore, this research followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) protocol [20], as it constitutes a set of procedures
to catalog scientific articles in an organized and consistent way, in addition to having the
necessary elements to select the data for the problem proposed here. Figure 1 demonstrates
an adaptation for the research proposed here.

5 Registers identified in the initial selection: EXCIRUded artides = (1559)
3 Databases (IEEE Xplorer, ACM Digital easons:
= Library, Science Direct, Google > : Tesearoh a;;a (909)
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E
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Figure 1. Systematic review methodology (adapted from [19]).

To ensure peer-reviewed studies of justified quality, the systematic review process was
conducted by two reviewers. In the cases of disagreement among the reviewers, decisions
were made by consensus, and when questions persisted, agreement between the reviewers
was measured using Kappa coefficient statistics [21].

The initial proposal of this SLR was to use a filter of a maximum of 5 years (2018 to
2022). However, with the low inclusion in the number of relevant articles and for updating
purposes (current period for publication), the filter was extended to 10 years, covering 2013
to 2023.
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2.1. Research Questions

The SLR was initially conducted using research questions following the PICO acronym
for participants, interventions, comparators, and outcomes (PICO) [22]. For participants,
we defined children with autism; as interventions, we were looking for software artifacts
resulting from the design; for comparators, different models, methods, or approaches for
design with children were defined; and for outcomes, we expected to find a combination
of techniques for designing with children with autism. These perspectives led us to the
following research questions:

[RQ1] What methods or techniques of the participatory design (PD) and ID, or UD, are
currently being used to involve children with autism in the technology design processes?

[RQ2] What models currently accommodate and guide the rehabilitation and learning
activities for children with autism?

[RQ3] To what extent are researchers working with children with autism while design-
ing computational artifacts?

2.2. Search Key

Based on the research questions and keywords, a search key (string) was created
to consult the databases: (“INCLUSIVE DESIGN” OR “PARTICIPATORY DESIGN” OR
“UNIVERSAL DESIGN”) AND (“INCLUSIVE DESIGN” OR “PARTICIPATORY DESIGN”
OR “UNIVERSAL DESIGN”) AND (“CHILDREN WITH AUTISM”).

2.3. Databases

To guarantee the quality of the studies, six databases were consulted and chosen
because they are the most recognized nationally and internationally in engineering, infor-
mation technology, and education. They also present good indicators for publishing articles,
conferences, and book chapters. They are IEEE Xplore, ACM Digital Library, Science Di-
rect, Scopus, Google Scholar, and SBC-OpenLib (SOL). We followed the recommendations
provided in the RSL literature mentioned by [23] to select the articles that present primary
studies. Therefore, we prefer the articles with quantitative data. However, because the
models we are looking for are more qualitative in nature, we had to include these articles
as well. However, we chose the articles with solid arguments based on some inference
mechanism and not on mere assumptions.

2.4. Inclusion Criteria

As inclusion criteria, the following were defined: (il1) the research that presents or
discusses application models aligned with the PD and ID designed for children with
autism; (i2) the research that presents any artifact, tool, software, application, tangible
game, or system developed for children with autism; (i3) the study addresses adaptive
design techniques for children with autism; and (i4) the study presents any technique or
method that includes children with autism in the design process.

2.5. Exclusion Criteria

As exclusion criteria, the following were defined: (el) the studies that do not corre-
spond to the research area; (e2) the articles not written in Portuguese and English; (e3) the
articles with duplicate entries; and (e4) the articles published before 2013.

2.6. Selection Strategy

In the selection strategy, a review method was applied in three phases called initial
selection strategy, preliminary selection strategy, and final selection strategy. In the initial
selection strategy, which corresponds to the study identification phase, the research began
with a search in the databases. The works retrieved from the databases were initially stored
and documented in a bibliographic reference organization software (Start). In total, the
databases returned 2026 articles (Table 1).
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Table 1. Query results in databases.

Data Base English Portuguese Total

IEEE Xplore 898 19 917
ACM Digital Library 632 20 652
Science Direct 176 5 181
Google Scholar 73 36 109
Scopus 96 7 103
SBS-OpenlLib 59 5 64

Total 1934 92 2026

To complete the initial phase, the exclusion criteria informed in el, 2, €3, and e4 were
applied. The result is exemplified in Table 2.

Table 2. Articles excluded in the initial selection phase.

Exclusion Criteria

Database Search Area  Language Duplicate Ye.ar o.f Total
Records Publication

IEEE Xplore 389 24 2 296 711
ACM Digital Library 304 16 4 223 547
Science Direct 88 0 32 123
Google Scholar 59 4 0 13 76
Scopus 57 2 8 69
SBS-OpenLib 12 0 0 21 33

Total 909 49 8 593 1559

In the preliminary selection strategy, filters were applied by reading the titles, abstracts,
introductions, and conclusions of the stored works to identify relevant studies. To assess the
quality of the studies, the articles were classified into three categories: accepted, rejected, or
doubtful [24]. The articles classified as doubtful were analyzed in full (partial or complete
reading) and subsequently classified as accepted or rejected.

Finally, in the final selection strategy, the articles were analyzed in full (complete
reading) and recorded by the reviewers to justify the acceptance of the work based on the
inclusion criteria.

3. Results and Discussion

The SLR results indicate the acceptance of 34 articles, representing 1.68% of the total.
Table 3 presents the final result according to the selection phases.

Table 3. Results of the search according to the selection phases.

Database Dafsse Initial Selection Pgeelli:;ir::;ry Final Selection
IEEE Xplore 917 206 54 2
ACM Digital Library 652 105 65 17
Science Direct 181 58 14 1

Google Scholar 109 33 19 5
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Table 3. Cont.

Database Dafsf;e Initial Selection Pge:elli;ntiir::;ry Final Selection
Scopus 103 34 21 6
SBS-OpenlLib 64 31 19 3

Total 2026 467 192 34

The final list of the articles accepted by the SLR was organized according to the
databases consulted and exemplified in Tables 4-9.

Table 4. Final list of articles selected in IEEE Xplorer.

IEEE Xplorer
. L. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation =~ Professionals Adaptability
Identifying the design
Sofian, Hashim,  preferences of children
01 and Sarlan with autism through the Questionnaire No Yes No
(2021) [25] perspective of

proxy users.

Mubin et al Using gamification to
02 (2021) [26] ’ improve social skills in Interview No No Yes
children with autism.

Table 5. Final list of articles selected in ACM Digital Library.

ACM Digital Library
N Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation = Professionals Adaptability
Assist children with
autism in teaching and
Cesario et al. communicating through ~ Observation and
o1 (2016) [27] a virtual environment to questionnaire Yes Yes No
become autonomous in
atomized routines.
Recognizing and reading
the emotions of children Observation and
02 Tang (2016) [28]  with autism through an Yes No Yes

Internet of questionnaire

Things approach.

Design personas to
Leal, Teixeira,  improve communication
03 and Silva and develop Questionnaire Yes Yes No
(2016) [29] technologies for children
with autism.

Design an adaptive

training system to .
Zheng et al. monitor the attention Ob.servatllon and Yes Yes Yes
(2017) [30] levels of children Interviews

with autism.

04
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Table 5. Cont.

ACM Digital Library
. .. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation =~ Professionals Adaptability
Frauenberger, = Combining methods for
05 Makhaeva, and  participatory design with Case study Yes Yes No
Spiel (2017) [31] children with autism.
Help children with
Wilson et al autism record and
06 ) express their interests in Study design Yes Yes Yes
(2017) [32]
support, home, and
classroom settings.
Kolakowska, .Introduce a game
Landowska designed to automate the
07 . measurement of therapy Observation Yes No No
and Karpienko .
(2017) [33] progress for children
- with autism.
Dickstein- Improve the collection of
Fische. Pereria relevant data, such as
08 - ’ gestures and expressions, Observation Yes No No
and Fischer ; b .
(2017) [34] in therapy sessions with
children with autism.
Support the
communication and
Abdullah and interaction of children
09 Brereton with autism in classroom Observation Yes Yes No
(2017) [35] activities to better
express their
real interests.
Develop an approach for
Spiel et al. participatory assessment
10 (2017) [36] with children Case study Yes No Yes
with autism.
Identify the preference
Melo et al. patterns of children with  Interview and
1 (2017) [37] autism regarding case study Yes Yes No
interface components.
Accelerate learning and
Johnson and skill acquisition in
12 Picard children with different Case study Yes No Yes
(2017) [38] neurological
developments.
Develop operational
Chen, Wang, communication skills
13 and Su and facilitate asking for Observation Yes Yes Yes
(2017) [39] help in children
with autism.
Understanding the
Cibrian et al attention and emotions
14 ’ of children with autism Observation Yes Yes No

(2018) [40]

when listening to
different sounds.
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Table 5. Cont.

ACM Digital Library
. .. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation =~ Professionals Adaptability
Involve children with
Zhu, Hardy, autism in co-design Co-desien
15 and Myers workshops through a workshog S Yes Yes No
(2019) [41] participatory and P
iterative process.
Improving
communicative and .
16 Johnson et al. affective exchanges Interv1ew.and Yes No No
(2020) [42] observation
between non-verbal
children with autism.
Pinheiro and Design an accesmb}e app .
to automate daily Inspection
17 Marques . . No Yes No
routines for children methods
(2021) [43] . .
with autism.
Table 6. Final list of articles selected in Science Direct.
Science Direct
. .. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation = Professionals Adaptability
Kamaruzaman The d(?velop me.nt ofa Task-centered
01 etal. (2016) [44] numerical learning app desien Yes Yes No
' for children with autism. &
Table 7. Final list of articles selected in Google Scholar.
Google Scholar
N Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation Professionals Adaptability
Create alternative
Braz et al. designs to personalize Paper
o1 (2014) [45] apps for children with prototyping Yes No Yes
autism.
Propose an approach to
Rosa, Silva, and help children with Case studv and
02 Aymone autism communicate ox erimZn ts Yes Yes Yes
(2018) [46] through design and P
augmented reality.
Magkafa and Imple.men‘t co—des.lgn .
practices in creating Observation and
03 Newbutt - Yes Yes No
(2021) [47] accessible interfaces for feedback
children with autism.
The creation of .
Rodrigues etal.  guidelines for designing Practical
04 (2023) [48] accessible interfaces for ~ C Do oN¢€ gnd No Yes No
questionnaires

individuals with autism.
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Table 7. Cont.

Google Scholar

C. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation =~ Professionals Adaptability
Facilitate the design of
Pereira et al interfaces for individuals
05 ’ with autism through Interviews Yes Yes No
(2023) [49] . L
design thinking
practices.
Table 8. Final list of articles selected in Scopus.
Scopus
.. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation = Professionals Adaptability
Castro, Castro, Incorporate .the soqal
- rules of peer interaction Structured
01 and Lima . . . . . . Yes No Yes
(2016) [50] in children with autism interview
through physical models.
Promote social initiation
. . in children with autism Participatory
Malinverni et al. . . -
02 using inclusive design Yes Yes No
(2016) [51] .
approaches in workshops
therapeutic games.
Evaluate a universal
S s, g ronment o
03 and Almeida PP °p Case study Yes No Yes
(2016) [52] of mathematical
reasoning in children
with autism.
Report a design method
Castro and for designing 1n.te111gent Workshops and
04 . and adaptive co-design No Yes Yes
Lima (2017) [53] . . -
computational artifacts sessions
for children with autism.
Emphasize the
importance of
Satterfield and participatory design to
05 Fabri (2017) [16] understand the real Case study Yes No Yes
needs of children
with autism.
Present an ergonomic
study to identify facial
06 Leite et al. expressions in children Questionnaire Yes No No

(2019) [54]

with autism in order to
assist them in teaching
and social interaction.
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Table 9. Final list of articles selected in SBC-OpenLib.
SBC-OpenLib
C. Evaluation Children’s Participation of Principles of
No. Authors Objectives Instrument Participation =~ Professionals Adaptability
Integrate an alternative
communication platform
with another for .
Passerino etal.  developing activities to Design centered
01 (2013) [55] help children with on the context of No No Yes
. . . use
autism with an emphasis
on homecare and
homeschooling.
Provide more autonomy
Neto et al. and social inclusion Questionnaire
02 (2017) [56] through an app for and interview Yes Yes No
children with autism.
Present the design,
development, and
03 Moita et al. validation of an assistive =~ Observation and Yes Yes No

(2017) [57]

game, with a focus on questionnaire
building narratives for
individuals with autism.

The tables with the information corresponding to each research (Tables 4-9) contain
the analysis parameters: the objectives of each study; the proposed evaluation instrument,
whether the project used the participation of children with autism, even indirectly; if there
was, there was also the participation of the main stakeholders (teachers, psychologists,
physiotherapists, and designers), including the parents or guardians of children with
autism; and whether the research presents the principles of adaptability in the universal
context. These findings are crucial for understanding the involvement of children with
autism and stakeholders in developing technologies for autism.

Therefore, these parameters (columns 4, 5, 6, and 7) should be discussed due to their
importance to the objectives proposed here. These parameters are related to the research
questions and are essential to understand them and, thus, answer them. They are as follows:

e  The participation of children with autism at a young age (4-10 years old) and directly;

e  The participation of primary stakeholders in the process of developing new technolo-
gies for children with autism;

e  Uses methods for children with autism through adaptability and universal design.

Regarding the first aspect observed (column 5), although twenty-eight studies report
that the methodology applied involves children with autism, six do not do so directly,
carrying out the consultation through their proxies or professionals who monitor the
assessments by observing the children and responding to questionnaires and interviews.
Moreover, despite being focused on “children with autism”, some research (16 in total)
does not work with these users at an early age [17,25,27,28,30,33,39-41,43,45-47,52,56,57].
These challenges highlight the complexities and sensitivities of directly involving children
with autism in technology development.

The other six studies [25,26,43,48,53,55] that did not use child participation (in person)
at any project stage conducted their projects with the participation of some professionals
and through information extracted from previous experiences. These authors worked
on projects that target children with autism as end users using methodologies such as
inclusive design, gamification, accessible interface design, and intervention to assist in
therapy sessions.

The difficulties of involving children with autism in the development of projects are
also reflected in the number of works that presented the profile of these users, with only
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six in total [37,40,41,47,51,57]. Therefore, the majority of the research (28 in total) does not
make it clear how they identify the interests of the children with autism in activities, as well
as their primary skills and needs [58,59]. Therefore, it becomes complex to design effective
technologies for this audience when it is impossible to define a profile to know the level of
empathy [60] or understand their deficiencies and assimilate the degree of interaction with
the design proposed in applications [36].

In column 4 (evaluation instrument), we observe that in 19 studies, observation,
interviews, and questionnaires were used as evaluation methods, with interviews and
questionnaires being applied to professionals and parents without consulting the chil-
dren with autism themselves. Despite varied abilities or mixed needs, projects aimed at
autistic audiences must create ways to engage children in activities and provide empirical
evaluations of technologies and interactive activities [14].

Another relevant aspect is the involvement of health professionals, education profes-
sionals, and parents in design projects for children with autism (column 6). We observed
that in 13 studies, there is no direct participation, or it is limited to just one professional
or guardian. This participation is not just beneficial but essential, as the experience of
living with children with autism can help interpret and define the main priorities regarding
the design and validate these applications [61]. Children’s participation underscores our
shared responsibility to create more effective technologies for children with autism.

An important detail about the research selected in this SLR is that a total of 23 arti-
cles [25,27-29,31,33,34,36,37,39-43,45,46,48,49,51,54,55,57] are committed to helping autistic
users in the communication process, especially children. Other research is dedicated to
helping with the social [26,50,56] and learning [30,32,35,38,44,47,52,53] aspects.

Despite the importance of working on the social aspects [62—-64] and learning [65,66]
with individuals with autism, communication attributes [67-69] are essential, including
improving social skills. Stimulating learning and improving the forms of communication
with this population favors affectivity, which helps with social dysfunction, making them
more participative and, therefore, recognizing their priorities becomes possible in practice.

The last aspect highlighted (column 7) corresponds to the few tools with adaptive
characteristics (14 in total) suitable for the different characteristics of autism. This aspect is
desirable because educational activities for children with autism must be adapted to each
case so that the individual develops and increases their learning skills [70]. In addition,
they must be able to be applied to other audiences, considering universal characteristics.

Through the selection process of this SLR, the articles extracted from the databases
were divided into three categories according to the keywords “participatory design and
inclusive design”, “universal design and adaptable design models”, and “design projects
for children with autism”. It is worth mentioning that grouping through keywords is a way
of answering the research questions (RQ1, RQ2, and RQ3). These categories are presented
in Figure 2.

Figure 2 reveals a notable trend: the number of accepted articles experienced a signifi-
cant increase from 2016 to 2017, with 21 articles. The year 2017, in particular, stood out as
the most productive, with 14 articles accepted. This surge in research output is a significant
development, indicating a growing interest and commitment to the field. However, the
subsequent years, starting from 2018, saw a decline in the number of accepted articles,
averaging 1.66% per year. This decline, coupled with the scarcity of accepted articles in
2022, underscores the need for continued research and innovation in the field of autism
and inclusive design.

It is concerning that most of the research (58.82%—20 articles) is being conducted
without adaptive methods. This trend indicates a lack of focus on techniques that could
enhance the participation of children with autism in the design process. The unique
characteristics of autism, which can pose challenges to integration in software development,
are not adequately addressed. Furthermore, the research overlooks the importance of
universal precepts that could also benefit non-autistic users.
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Figure 2. Temporal distribution of studies selected in the SLR by year of publication.

Inclusive design is not just a concept but a powerful intervention tool for addressing
the issues of inclusion in society. This is particularly relevant in the context of children
with autism, where inclusion is becoming increasingly necessary. Our society’s evolving
diversity calls for innovative approaches that can integrate everyone, regardless of their
individual limitations or deficiencies [71]. Therefore, the role of inclusive design in our
research and practices cannot be overstated, and its implementation should be a priority
for all of us.

4. Analysis of Research Questions through Working Groups

This section presents the methodologies of the works selected in the final selection of
this SLR, with these data referring to the research questions.

4.1. Participatory Design and Inclusive Design (RQ1)

The works cataloged in PD and ID present methods and techniques that aim to es-
tablish the ways of supporting children with autism based on participatory approaches,
involving all interested parties in the life cycle of a system design process [41]. However, in
most cases, designers develop artifacts relying only on their experience and documents ini-
tially produced in the data collection phase, without directly involving critical stakeholders
in the process, which is not enough to implement inclusive systems [16]. The use of PD
approaches, on the other hand, is not just a method but a transformative process that can
lead to the creation of inclusive and accessible programs that genuinely meet the needs of
target groups [47].

Blending methods (merging two or more techniques to achieve a certain goal) is an
example of how to contribute to the design process to build individual objects for children
with autism through participatory activities. Merging methods are important in these cases
as they allow designers to reinterpret and adapt techniques and tools based on different
characteristics, identifying other user profiles. However, as it is an approach based on
autistic characteristics, it is crucial to have the guidance and input of health professionals,
educators, and parents in these activities [31]. Likewise, as we are dealing with autistic
people, it is necessary to pay close attention to the limitations of each of them with the aim
of minimizing difficulties and overcoming different obstacles when involving them in PD
sessions. It is necessary to provide a pleasant experience by observing the aspects in which
they have the most difficulties, being able to involve them in any phase of the project, and
thus obtaining the necessary results [37]. Despite this complexity, this process becomes
essential and requires additional effort, as the inclusion of these users boosts the practice of
diversity [44].
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In the project by [32], the authors demonstrate that it is possible, through the PD
process, to register and express the interests of children with autism in supportive contexts,
such as the home and the classroom. This habit allows professionals to understand how
children’s communication and engagement improve when supported by flexible design
tools. Promoting affinity between everyone involved in technology development can help
designers identify the needs of autistic users [29]. However, it is necessary to include, in
the process, parents and community members who live with and know autistic people in
order to improve communication with these individuals [42].

The objectives for adopting PD may arise from expanding and adapting technological
resources to the demands of users with disabilities in their design. Furthermore, PD
provides a means of involving the end user at any stage of the design process, just as
ID makes both the software product and the design process itself accessible. These two
processes are essential for recognizing different types of users and how their needs and
skills may change over time, corresponding to their priorities.

Table 10 demonstrates the characteristics identified in the articles cataloged in the SLR
in the group on participatory design and inclusive design which are related to the research
question (RQ1). In addition to the authors, the title of the studies, the methodologies, tech-
niques and models, and the conference, magazine, or book in which they were published
are presented.

Table 10. Characteristics of work on participatory design and inclusive design.

No. Authors Title Methods/Techniques/Models Journal/Conference/Book
Kamaruzaman Developing user interface design Pa.rt1c1p.atory de.s en m.ethod Procedia—Social and
01 L . . ; with children with autism to . .
etal. (2016) [44]  application for children with autism . Behavioral Sciences
develop a learning app.
e On the Creation of a Persona to Persona technique to assistin ~ International Conference
Leal, Teixeira, .. . .
02 and Silva Support the Development of the communication of on Universal Access in
(2016) [29] Technologies for Children with children with autism and Human-Computer
Autism Spectrum Disorder their proxies. Interaction
Frauenberger, Blerﬂmg Methods: Deve}opmg ﬁlgndlng methods forv Research Concepts &
03 Makhaeva, and Participatory Design Sessions for ~ participatory design sessions Participatory Desien
Spiel (2017) [31] Autistic Children with children with autism patory &
Spiel et al. Participatory Evaluation with Approach to Rartlapatory Conferer}ce on H“ma“
04 o . assessment with children Factors in Computing
(2017) [36] Autistic Children . .
with autism Systems
. . . Using self-expression
Wilson et al. Digital Strategies for Supporting technologies to improve Conference on Computers
05 Strengths- and Interests-based S . s
(2017) [32] . . . . . communication with and Accessibility
Learning with Children with Autism . . .
children with autism
. .User Partlap.atory methods fqr Participatory design International Conference of
Satterfield and inclusive design and research in . . -
06 . . . . methods for case studies Design, User Experience,
Fabri (2017) [16] autism: A case study in teaching . . . . 1
. with children with autism and Usability
UX design
L . . Co-designer technique for .
Co-designing with Adolescents with . ; - . Australian Conference on
Zhu, Hardy, and . . involving children with
07 Autism Spectrum Disorder: From I Human—-Computer
Myers (2019) [41] . . autism in the software .
Ideation to Implementation . Interaction
design process
Jhonson et al. The ECHQS P}atform to Enhance ‘Part1c1pat0ry case stgdy to Interaction Design and
08 (2020) [42] Communication for Nonverbal improve communication for Children
Children with Autism: A Case Study children with autism
. . . Co-design in the context of
Magkafa and Implementing co-design practices articinatory desien to In book: Recent Advances
09 Newbutt for the development of a museum P patory & in Technologies for

(2021) [47]

design accessible interfaces

interface f tistic child . . . .
mntertace for autistic chridren with children with autism

Inclusive Well-Being
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4.2. Universal Design (RQ1) and Adaptable Design Models (RQ2)

The objective of universal design (UD) is to develop design models in which any
user, whether with some difficulty or mixed abilities, can interact without restrictions,
taking advantage of the available resources. And despite the need to develop software
adaptable to the autistic population, most research is being carried out for non-neurotypical
children. However, the works collected in this SLR on adaptive design models (ADM)
demonstrate viable and exciting solutions to support the objectives proposed here and
follow the principles of UD. These solutions have the potential to revolutionize the field of
special education and create dynamic learning environments for children with autism and
other accessibility difficulties.

The use of different approaches demonstrates how adaptive technologies can con-
tribute to understanding the characteristics of users with different specific needs [52].
However, when projects target a particular problem, they leave several questions when
extending their solution to other people with disabilities. When it comes to designing
for the autistic population, the vast majority have limitations, and the main reason why
this happens is the variation in the different levels of autism that exist [45]. However, by
combining the principles of universal design with adaptive design models, we can create a
new paradigm in special education. This approach holds the potential to develop dynamic
learning environments specifically designed to help not only children with autism but also
with other accessibility difficulties. The importance of guiding research with ADM lies
in the fact that it promotes a richer understanding of these users, allowing researchers to
identify and analyze the methodological potential of different interface design approaches,
as well as accelerating learning and skill acquisition, and encouraging social, cognitive, and
motor development [38].

It is worth mentioning that these projects, even though they are adaptive systems for
autistic people, do not eliminate the presence of educators who need to be well familiar with
the children to know their profile and adapt the learning content to the related training, and
thus inform, through feedback, changes in attention levels and behaviors [30]. An important
characteristic observed in adaptive systems is how educators can provide personalized
service since their students can have different profiles, especially when it comes to children
with autism.

The methodology used in [53] demonstrates how promising the technique of com-
bining (merging) different approaches is to develop design projects that can adapt to user
profiles. This proposal presents the models of artifacts that must adapt to the way they
interact with people from different aspects and highlights that holding workshops and
co-design sessions can help designers and education professionals to practice identifying
the particularities of the environment for each one of the children (in this case autistic).

Design recommendations, informed by the works in this section, based on fundamen-
tal user characteristics, enable software designers and educators to understand and develop
inclusive tools that can be adapted to each user’s needs. Furthermore, these recommenda-
tions provide solutions not only for the autistic population but also for other audiences.

Table 11 demonstrates the characteristics identified in the articles cataloged in SLR
in the group on universal design and adaptive design models which are related to the
research questions (RQ1 and RQ?2).

Table 11. Characteristics of work on universal design and adaptable design models.

No. Authors Title Methods/Techniques/Models Journal/Conference/Book
An Alternative Design Design usmg alterna.tlv.e
Perspective for Technology metadesign and semiotic International Conference on
01 Braz et al. (2014) [45] engineering to support

Supporting Youngsters with
Autism

communication for children Augmented Cognition

with autism.
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Table 11. Cont.

No. Authors Title Methods/Techniques/Models Journal/Conference/Book
Learning environment for Conference on Software
Autism Spectrum Disorders: A universal design approach Development and
Santos, Breda, and . . . . .
02 Almeida (2016) [52] A universal approach to the for evaluating a learning app ~ Technologies for Enhancing
promotion of for children with autism. Accessibility and Fighting
mathematical reasoning Info-exclusion
SPRING: Customizable,
Motivation-Driven Heterogeneous case study to
Jhonson and Picard Technology for Children reros - ooy Interaction Design and
03 . . stimulate learning skills in .
(2017) [38] with Autism or . . . Children
children with autism.
Neurodevelopmental
Differences
An EEG-based Adaptive Adaptive design for iterative ACM Symposium on User
Zheng et al. . . . .
04 (2017) [30] Training System for learning for children with Interface Software and
ASD Children autism. Technology
L . . Human-centered design and International Conference on
. Designing for children using . . . .
Castro and Lima co-design to design Universal Access in
05 the RtD and . .
(2017) [53] computational artifacts for Human-Computer
HCD approaches . . . .
children with autism. Interaction

4.3. Design Projects for Children with Autism (RQ3)

The last research group, characterized as design projects for children with autism,
brings significant contributions to these users focused on work that seeks to reduce mainly
social difficulties [51], communication difficulties [46], and the learning process [35].

Most of these studies have in common the goal of making children with autism self-
sufficient in everyday tasks and learning activities, promoting their independence [27]. For
this, communication skills are fundamental [57], especially in developing social interaction,
as they make it possible to establish reciprocity and build intersubjectivity between them
and other people [55]. Communication skills are also necessary to interact with children
with autism in specific classroom activities to express their real interests better, facilitating
their asking for help [39].

Recognizing interests and preferences [40] and identifying emotional reactions in
children with autism becomes very complex, as they avoid eye contact and oral commu-
nication, and gestures are complex actions to understand [54]. However, this process is
extremely important, as in addition to increasing the ability to collect relevant data, such as
attention, affect, gaze direction, and gestures [34], it allows designers to implement tools to
examine the level of the disability of these users, observing their emotions through facial
expressions or body movements [28].

Emphasizing the collaborative nature of our research, direct assistance from proxy
users to recognize preferences and design characteristics for children with autism is ben-
eficial and essential in developing applications for this audience [37]. Despite knowing
the importance of this collaborative approach, many works still need help to involve and
include these actors in design projects [25].

Another fundamental factor in developing applications aimed at children with autism
is the accessibility of computational artifacts [43]. In the software design process, solutions
must be designed and developed to meet users’ objectives [49]. Therefore, solutions must
be developed with accessibility in mind to ensure that, regardless of the user’s limitations,
applications are accessible, easy to use, and satisfactory [48].

In addition to the communication and learning aspects, it is essential to help and
understand the social aspects of children with autism [26]. Inclusive tools, such as gamified
games, can help in this scenario by arousing their interest and attention [33]. Inclusive
methods also favor the socialization of children with autism with other children [25].
Through the representations of physical spaces, which children with autism already know
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and are familiar with, [50] demonstrates how this type of interaction can help to understand
and incorporate the social rules of interaction with the peers of children with autism.
Likewise, [56] proposes the creation of a mobile application to be applied in the daily lives
of these users, being tested only on children with mild and moderate autism. This research
seeks to use technology to give more autonomy and social inclusion to people who have
a disability.

Table 12 demonstrates the characteristics identified in the articles cataloged in RSL in
the group of design projects for children with autism and which are related to the research
question (RQ3).

Table 12. Characteristics of works on design projects for children with autism.

No. Authors Title Methods/Techniques/Models  Journal/Conference/Book
SCALA e Siesta Cloud: uma .
. . < L Context-centered design for P _
Passerino et al. integracao para aplicagoes . Lo Simposio Brasileiro de
01 . - alternative communication P ~
(2013) [55] homeschooling visando a . . . . Informatica na Educagao
. 2 with children with autism.
inclusao
An inclusive design approach  Inclusive design and the fusion
02 Malinverni et al. for developing video games of methods to create Computers in Human
(2016) [51] for children with Autism therapeutic games for children Behavior
Spectrum Disorder with autism.
. Crescendo: Routine Learning Object-oriented tasks for . .
Cesdrio et al. . : . . . . Interaction Design and
03 (2016) [27] App for Children with Autism automating routines with Children
Spectrum Disorders children with autism.
Hf}l}.)mg Neuzo—typlﬂcal An Internet of Things
Individuals to “Read” the approach for emotion Interaction Design and
04 Tang (2016) [28] Emotion of Children with pproach for ¢ . 1 oeslg
. . ) recognition in children with Children
Autism Spectrum Disorder: An autism
Internet-of-Things Approach ’
A playground model to Inclusive design process to Simpésio Brasileiro sobre
Castro, Castro, and . 1 . support psychotherapy
05 . stimulate social interaction in . . Fatores Humanos em
Lima (2016) [50] . sessions for children . L.
autistic children . - Sistemas Computacionais
with autism.
Mycalendar: Supporting Self-directed approach to International Conference on
06 Abdullah and Children on the Autism supporting communication in Universal Access in
Bereton (2017) [35]  Spectrum to Learn Language non-verbal children Human-Computer
and Appropriate Behaviour with autism. Interaction
The EffeCtl.V eness of Using Intervention method for the .
Auto Organizational Menu to N . International Conference on
Chen, Wang, and . . communication of children
07 Communicate with . . Software and Computer
Su (2017) [39] with autism through a .
Classmates: A Case Study of case stud Applications
Autism Spectrum Disorders Y
Dickstein-Fischer, Interactive Tracking for Applied behavior analysis ACM/IEEE International
08 Pereria, and Fischer Robot-Assisted Autism therapy to collect relevant data Conference on
(2017) [34] Therapy from children with autism. Human-Robot Interaction
Kolakowska, Gyroscope-Based Game A combination of methods for  International Conference on
Landowska, and . . . . .
09 Karpienko Revealing Progress of Children =~ measuring therapy progress Machine Learning and Soft
(2017) [33] with Autism with autistic children. Computing
Searching for Preferences of Case study and observation to Simposio Brasileiro sobre
Melo et al. . . . .
10 (2017) [37] Autistic Children to Support identify interface patterns for Fatores Humanos em
the Design of User Interfaces children with autism. Sistemas Computacionais
Cotidiano: um software para Educational intervention S i
Neto et al. 1 . . . Simposio Brasileiro de
11 auxiliar criangas autistas em model for developing an app

(2017) [56]

suas atividades diarias

for children with autism.

Informatica na Educagao
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Table 12. Cont.

Authors Title

Methods/Techniques/Models

Journal/Conference/Book

12

Design e desenvolvimento de
um game assistivo para
autistas

Moita et al.
(2017) [57]

Qualitative approach to
developing an assistive game
for children with autism.

Simpdsio Brasileiro de
Informatica na Educagao

13

A Step Towards Identifying
the Sound Preferences of
Children with Autism

Cibrian et al.
(2018) [40]

Direct observation with the
help of health professionals to
identify sound preferences in

children with autism.

International Conference on
Pervasive Computing
Technologies for Healthcare

14

Design inclusivo: processo de
desenvolvimento de prancha
de comunicacgao alternativa e
aumentativa para criangas com
transtorno do espectro do
autismo utilizando realidade
aumentada

Rosa, Silva, and
Aymone (2018) [46]

Case study, experiments, and
direct observation through
design and augmented reality
to aid communication in
children with autism.

Biblioteca Digital Brasileira
de Teses e Sissertacoes

15

Graphic design of interactive
tools for people with autistic
spectrum disorders

Leite et al.
(2019) [54]

The systematic analysis of an
ergonomic and inclusive study
to create a graphic
environment for children
with autism.

In book: Advances in
Design for Inclusion

16

Multimedia Elements in
Designing Mobile App
Interface for Autistic Children:
Proxy User Perspective

Sofian, Hashin, and
Sarlan (2021) [25]

Interface design from the
perspective of proxies in app
development for children with
autism.

International Conference on
Computer & Information
Sciences

17

A Gamification Design
Framework for Supporting
ASD Children Social Skills

Mubin et al.
(2021) [26]

Design techniques applied in
the development of a
gamification framework for
children with autism.

International Conference on
Developments in eSystems
Engineering

18

Accessibility-oriented design
with a focus on autism aspects:
designing a mobile application

for autistic children’s
daily routine

Pinheiro and
Marques (2021) [43]

UserX stories, proto-personas,
and prototyping applied to the
design of an application for
children with autism.

Simpdsio Brasileiro de
Qualidade de Software

19

Utilizando Design Thinking no
design de aplicativos
educacionais para
criangas autistas

Pereira et al.
(2023) [49]

Collaborative design thinking
approach applied to interface
design for children
with autism.

Computer on the Beach

20

Um Processo de Design de
Interface com foco em
Usuarios com Transtorno do
Espectro Autista: Uma
Experiéncia Prética

Rodrigues et al.
(2023) [48]

Practical experience designing
interfaces for children
with autism.

Computer on the Beach

Analyzing Tables 10-12, we see a diversity of places where research was published,
25 in total. Among the locations are magazines, conferences, book chapters, and theses.
We highlight the most representative ones: Interaction Design and Children (four in total),
International Conference on Universal Access in Human—-Computer Interaction (three
in total), Brazilian Symposium on Informatics in Education (three in total), Brazilian
Symposium on Human Factors in Computing Systems (two in total), and Computer on the
Beach (two in total). It is also important to highlight that among the publication locations,
two are related to the area of IT and health and two are related to IT and education.
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5. Conclusions

As the development of computational tools continues to advance, it is crucial to
consider how these resources can be effectively utilized by all users, including those with
physical or neurological disabilities. This challenge becomes particularly complex when
we need a comprehensive understanding of the needs and preferences of these user groups.
A potential solution is to involve the users in the development process, gathering valuable
insights into their requirements. However, this approach is not without its challenges,
especially when it comes to engaging users with neurodevelopmental conditions, such
as children with autism. This paper presents the results of a systematic review process,
a critical step in our journey to gather information on current research focused on the
development of participatory, inclusive, and adaptive design models through universal
design (UD) for children with autism.

Therefore, the results point out the categorizations for the works selected by the sys-
tematic review process. Of the total of 2026 articles returned from the databases, applying
the exclusion criteria, 467 were selected in the initial selection phase. In the preliminary
selection phase, filters were applied by reading the titles, abstracts, introductions, and
conclusions of the articles, and 192 articles were selected. Finally, in the final selection
phase, based on the inclusion criteria, 34 articles were accepted in total, 27 in English and 7
in Portuguese.

Among the main limitations of the research, it was evident that the term “young
people with autism” was not clear enough to define an exact and common age among
the works found in this SLR, being different for each of them. In the research carried out
here, the main focus is around “children with autism” and, therefore, it was necessary to
determine age to restrict the selection of the works that had the participation of these users
and not allow including the works that used users of an older age. Thus, to avoid the “risk
of bias” [72], in the analysis and selection of the works, parameters related to the research
questions were adopted, to be analyzed and discussed. Therefore, the analysis allowed the
inclusion of children with autism ranging from 4 to 10 years old, which was not enough
to guarantee complete accuracy during the selection as some research did not inform the
profile of the participating children with autism.

The selected articles offer valuable recommendations for developing adaptive hard-
ware for children with autism, emphasizing inclusive and universal design processes. A
critical aspect of these recommendations is the active involvement of children in participa-
tory design (PD) processes, extending their participation throughout the entire research
and development phase. By leveraging the insights from these articles, we can address the
researched concepts more systematically, enhancing developer support and understanding
of the complexities involved in building computational tools adapted for autistic audiences.
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