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This research explores the inclusion of children on the autism spectrum in the design
of educational technology from the perspectives of adult co-designers. A group of five
non-verbal children with a diagnosis of autism participated in a series of four design
workshops over the course of 6 weeks. Using a participatory design approach, a
small team of three teachers and two technology developers worked alongside the
children to design a language development and literacy app for use in a special
education classroom. The outcome of this process was a stand-alone education app
that comprised many of the contributions made by children during the workshops.
The inclusion of children with autism in technology design ensures the end-product
reflects their education needs and requirements. Using a qualitative approach, this
small-scale study sought to examine the participation of children with autism through
the various stages of the design process from the perspectives of their teachers
and technology designers. Data were collected through individual interviews and a
focus group with teachers and technology designers. Three major themes emerged
from thematic analysis: (1) valuing contribution; (2) the challenge of listening; and
(3) ownership in outcome. Emerging subthemes highlight challenges described by
teachers and designers in facilitating and maintaining meaningful participation in design
activities and their efforts to address these. Findings emphasise the value of participation
while questioning participatory practices for specific phases of design. The study
explores the challenges of equalising power between adults and children with autism
in participatory design projects. It uncovers tension between the desire to ensure the
authentic participation of children with autism where communication and engagement
is significantly compromised by the complexity of their disability. The small number of
participants and the modest scope of this design project limit the generalisability of the
findings. However, it points to the value of recognising children’s contributions and the
importance of striving to incorporate these in the final design artefact.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is not a single disorder but
a cluster of closely related disorders that share a common
characteristics. It is considered a lifelong, neurodevelopmental
disability and is characterised by the presence of persistent
deficits in three core areas of functioning: social interaction;
communication skills; and the presence of fixed or repetitive
behaviours (Syriopoulou-Delli and Papaefstathiou, 2019).
Autism, as it manifests in a child’s social-communication skills
and behaviours, is highly individualised and heterogeneous
with symptoms presenting in a wide array of combinations and
ranges of severity (American Psychiatric Association, 2013).
There is a high degree of variability between those diagnosed
with symptoms presenting across a broad range of severity.
For instance, some children diagnosed with ASD may have
above-average cognitive and verbal abilities. However, others
may have profound deficits in behaviour, cognitive and language
skills with the presence of psychiatric and medical comorbidities
impacting significantly on their functioning and participation.
Thus, some diagnosed with ASD can lead independent lives while
others may see their quality of life and that of their families and
communities significantly impacted (Howlin et al., 2004, 2013;
Farley et al., 2009). As our understanding of autism as a spectrum
conditions increases so does the debate concerning how best to
refer to people with a diagnosis of autism. To this end while most
adults prefer to be referred to as “autistic people”, term most
commonly used amongst health and education professionals
is “children/people with autism” (Kenny et al., 2016). There
is also a growing movement aiming to recognise autism as a
human trait or characteristic equivalent to colour, ethnicity or
sexual orientation. The “neurodiversity movement”, as it has
been referred to, aims to remove what is seen as “medical model”
labels that serve to discriminate against and stigmatize people
(Leadbitter et al., 2021).

Defined as a disability it’s characterised by significant
limitations in both intellectual functioning and in adaptive
behaviour, which covers many everyday social and practical
skills (Schalock et al., 2010). The heterogeneity of presentation
of autism complicates the study of its diagnosis, prognosis
and treatment interventions (Georgiades et al., 2013) and,
it challenges researchers to devise methodologies that can
match a diverse range of needs and preferences. For children
with ASD a common comorbid condition is Intellectual
Disability (ID). As many as 50–70% children with ASD
also have intellectual disabilities, compromising their social,
communication, cognitive, and adaptive skills (Matson and
Shoemaker, 2009). This impacts their abilities to participate in
research activities (Coons and Watson, 2013). One of the core
features of ASD: impairment of communication; has a significant
effect on a child’s ability to partake in activities requiring face-
to-face collaboration with others. Although deficits in language
skills are not universal in autism, they are found in the majority of
children with the disorder (Kjelgaard and Tager-Flusberg, 2001).

The potential technology can offer to support developmental,
educational or therapeutic interventions for autistic children has
been highlighted in the literature (Valencia et al., 2019). Previous

studies have documented the efforts made by professionals to
actively exploit the potential technology has to offer children
facing the challenges posed by a disability such as autism to
support education (Knight et al., 2013), development (Martolia
and Gupta, 2020) and participation (O’Neill et al., 2017).
Researchers, parents, teachers and others involved in supporting
children on the autism spectrum increasingly recognise the
potential computer-technology offers as an effective and efficient
tool in research, education and treatment (Ploog et al., 2013).
Research highlights the value of technology in areas including:
communication (Logan et al., 2017), sharing interests with
others (Kamps et al., 2015), self-regulation (Picard, 2009), and
developing a sense of personal competence (Rapp et al., 2018).
To this end, technology has demonstrated beneficial outcomes
for children with autism in better understanding and recognising
emotions and feelings (Schuller et al., 2013), developing
cognitive flexibility (Pascualvaca et al., 1998), expressive and
receptive vocabulary (Ploog et al., 2013), and reducing repetitive
behaviours (Odom et al., 2003; Boyd et al., 2012). Applications
focused on addressing key deficit areas for children with autism
include improving communication skills (Bosseler and Massaro,
2003; Hetzroni and Tannous, 2004; Schlosser and Wendt, 2008;
Hailpern et al., 2009), empathy and emotion recognition (Moore
et al., 2005; Fabri et al., 2007), and social-interaction skills
(Mesa-Gresa et al., 2018).

Designers of technology for children on the autism spectrum
are challenged by several factors: (1) the heterogeneous
nature and presentation of the condition; (2) the evolving,
developmental nature of the disability (DiCicco-Bloom et al.,
2006); and (3) the challenge presented by children with ASD
in generalizing skills learnt using technology to naturalistic
environments (Parsons et al., 2011). An increased recognition of
the benefits that can be accrued from well-designed, purposeful
technology for autistic people has led researchers and designers to
explore the use of design methodologies that focus on reflecting
inclusivity in their unique and individual needs in the final design
outcome. In particular, there has been an increased recognition
of the value of involving the child with ASD in the design
process both, in terms of the outcomes of design and proving
children with a feeling of ownership over the final product
(van Rijn and Stappers, 2008; Frauenberger et al., 2011; Benton
et al., 2014). A clear motivation for the active inclusion of
children with autism in technology design is to ensure that
the end-product accurately reflects the expressed needs and
requirements of the child. It is anticipated that the needs of the
child participating in the design process is representative of a
broader population of children with similar needs and thus, the
final design product will accurately reflect their collective needs.
Including the proposed user of the eventual design outcome,
offers the opportunity to build a technology based on real needs
rather than assumptions. Thus, ensuring a higher chance of
creating a successful and useful product.

Designing with children with autism is not a straightforward
process. Typical design processes involve identifying the
needs, demands, and opinions of users and often depend on
interviews and discussion. The underlying assumption is that the
representative user is both willing and able to communicate freely
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and transfer knowledge and opinion (Herriott, 2015). Efforts
have been made to develop techniques and process to support
designers in working with children with autism. Researchers have
drawn on participatory design (PD) practice to inform bespoke
methods for working with and including children with autism
in design. Examples include work by Benton et al. (2012, 2014)
in developing the IDEAS method and the D4D model. Further
techniques and methods have been developed by Frauenberger
et al. (2010) and Makhaeva et al. (2016). However, many such
approaches continue to rely on verbal communication with and
between participants throughout the various design phases.

In many situations, designers will depend on “proxy
participation” relying on the knowledge and authority of other
adults such as parents, teachers or other personnel (Boyd-
Graber et al., 2006; Shen et al., 2016). The use of proxies,
as an alternative to using challenging or difficult to access
populations in user-centred design research, is not new and
in some instances children themselves have been employed as
proxies in design processes (Metatla et al., 2020). For instance,
designers have sought to use neurotypical children as proxies
to represent children with autism in design and development
(Sofian et al., 2021).

Although the use of proxies may offer much to designers
in terms of convenience, devolving decision making to an
adult proxy is certainly problematic in terms of ensuring that
there is a somewhat equitable distribution of power across the
design team. The combination of lack of clarity regarding their
role, unequal power relationships, difficulty in communicating
ideas, and dealing with adults in a largely unfamiliar context
present challenges requiring a balanced and empathetic approach
(Frauenberger et al., 2011). In studies involving children with
autism, adults familiar with participating children are often
looked to support the decision making processes (Boyd-Graber
et al., 2006; Boyle and Arnedillo-Sánchez, 2016; Shen et al.,
2016). When designing with young children from populations
where communication disabilities are common (e.g., autism), it
is perhaps to be expected that designers will rely on feedback
from proxies, such as parents, teachers, and care workers (Hamidi
et al., 2017). An example of this can be found where researchers
worked closely with a non-verbal autistic child and his mother
during the development of an assistive communication app
(Agarwal et al., 2013). Here, it is arguable that the mother
plays both the role of proxy and user, as is often the case in
such situations where it is reported that a parent will typically
advocate on behalf of and otherwise represent their non-verbal
child (Herriott, 2015). The advantage of such approach is that
a proxy with sufficient knowledge of the child will be well-
placed to recognise and convey the child’s unique requirements.
While research has shown agreement between proxy and self-
responses in a research setting (e.g., Schmidt, 2014), little
work has been done to explore the role of proxies in design
studies (Boyle and Arnedillo-Sánchez, 2016). It is more common
for researchers to consult with carers and family members
because they prefer proxies who have most familiarity with the
participants, even if this does come at the cost of specialist
scientific knowledge of the participants’ disability (Robb et al.,
2021). Another approach, adopted by Boyd-Graber et al. (2006),

involved using subject area experts such as Speech and Language
Pathologists as proxies due to their familiarity with the child and
their condition.

The aim of this research was to examine the perspectives of
novice, adult designers who were tasked with collaboratively
designing a learning technology with children on the autism
spectrum. The study focussed on exploring their own
participation in a design project and the roles and responsibilities
they assumed in order to successfully complete the assigned
design tasks. Furthermore, the research aimed to explore their
perceptions of how the participation of children with complex
communication and comprehension needs evolved through the
various phases of a typical software design lifecycle.

METHODOLOGY

Exploratory research is conducted when a problem or
phenomenon has heretofore attracted little attention or
study and describes “a broad ranging, purposive, systematic
undertaking to maximize the discovery of generalizations
leading to a description and understanding of an area of
social or psychological life” (Stebbins, 2001, p. 3). Researchers
explore in order to discover new knowledge about a group,
process or situation. Qualitative methods for research in
technology design have increased in popularity due to
their suitability to capture the situated experience of those
designing and, or using technology. The purpose of exploratory
research enquiry is to find what is occurring in an area
with little understanding, to seek new insights, to assess
phenomena in a new light and to generate ideas and hypotheses
for new research.

With a focus on the experiences of adult participants in
a design project and their reflections of the participation
of children on the autism spectrum, this study drew upon
Grounded Theory to inform the theoretical sampling,
systematic data collection practices and the use of multiple
data sources until saturation was determined to have been
achieved (Corbin and Strauss, 2012).

The Co-design Process
This study took place at the Al Noor Centre in the State of
Qatar. It is part of a larger study aimed at supporting the
work of the Institute’s team of Speech and Language Therapists
(SLT) by assisting in the design of software resources to support
the development and practice of prescribed, pre-verbal social
interaction skills. Such a clinical focus would be typical of the
therapeutic work SLTs provide to children with a range of
complex disabilities. The overarching ambition was to install
and make available the developed resources as an integrated
virtual-learning environment providing technology enhanced,
education and therapy opportunities for children availing of
the centre’s services. During the initial planning for this design
project it was agreed that some of the children from the school
would participate in the design of the technology they would
eventually use in the school. Two mixed gender classes of children
aged between 8 and 12 years were selected for participation in
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the design project. Only five, of the 15 children registered in
both classes, were available to participate in the design project.
The remaining seven children were not available to participate
fully in all three workshops because of illness, absences from
school or scheduling difficulties with other appointments such
as on-going blocks of Speech and Language Therapy. Four
male with a chronological age ranging from 8 to 11 years
and a 10 year old female were participated in all the design
workshops. All children had a diagnosis of ASD as confirmed by
their school records.

A series of four collaborative workshops were designed to
support two volunteer Computer Science students to design a
software application to support letter identification and matching
sounds with images of common objects. The volunteer students
were recruited from a programme at a local University and
took the role of “designers” for the project. They were tasked
with developing and testing a prototype software application
that met the requirements of the teachers involved and matched
the needs of the children with autism that would use the
software application. The teachers were tasked with supporting
the designers through the process and ensuring the active
participation of the children in all the workshops’ activities.

Drawn from a similar theoretical and historical background
as user-centred design, participatory design (PD) seeks to ensure
that the prospective technology end-user is not just the focus
of the design process but also an active contributor right
through the process. PD offers designers a methodology for
accessing the experience, needs, tacit knowledge and preferences
of participants and seeks to bring this to bear on the design
process. PD has increased in popularity in a range of research
disciplines including human computer interaction, information
systems and more recently the design of technology solutions
for children with disabilities. The diversification in application
of PD reflects recent, rapid technology developments across
various domains and contexts (Halskov and Hansen, 2015).
Within the context of this research, PD was adopted as the
framework to support the active participation of children. The
four collaborative workshops encompassed all the phases of the
software design process but had different focus and objectives.
Workshop one was structured to facilitate the gathering of user
requirements data through observation, class based discussion
and collaborative engagement in tasks with all of the children.
Workshop two focussed on co-creating design artefacts with
the children to incorporate these into the software design.
Participating adults supported each child to engage in creative
activities to generate audio and visual artefacts that could inform
the design of the first proto-type. Activities during workshop
two comprised drawing, colouring and sound recording with
participating children using a range of supportive technologies
and techniques. Workshop three focussed on the designers
presenting a low-fidelity paper proto-type of the proposed
visual interface for the software. During this workshop the
adults presented the lo-fidelity proto-type to the children and
gathered their reactions to the various elements of the proto-
type and recorded their likes and dislikes to revise the design
incorporating children’s opinions. Workshop four focussed on
presenting a fully functional prototype to the children and

involved adults supporting the children testing the prototype and
sharing feedback.

Ethical Considerations
A strict ethics protocol was developed collaboratively by both
institutional parties participating in the study. Ethical approval
was obtained from the Research Department at the Mada Qatar
Assistive Technology Centre and from the Ethics Committee at
the School of Computer Science and Statistics, Trinity College
Dublin. Informed consent was obtained for all participants
in both the design project and this research study prior to
the commencement of the design workshops. The parents of
children participating in the design workshops were provided
with a written brief of the project, the implications of their
children’s participation and were informed of their right to
withdraw their child at any time. The adult participants were
also informed of the implications of their participation, the data
management procedures that would be followed and their right
to withdraw at any stage.

Participants and Sampling
Morse (2015) stresses that determining an appropriate sample
size for any study requires consideration of a broad range
of factors including, but not restricted to: the topic under
examination, the study design, the quantity and quality of the
data gathered and the analysis conducted by the researcher.
Due to the embedded nature of this study within a larger
technology design project, participant selection was conducted
using purposive, convenience sampling (Etikan et al., 2016;
Creswell and Plano Clark, 2017). Participants were purposively
selected for this study as they were considered to possess the
knowledge and experience under investigation. Furthermore,
the participants could be considered a “convenience” sample
in that they were accessible to the researchers, they were
involved in the broader project activities and were willing to
participate in this study.

The characteristics of those involved across the larger project
were such that they brought a range of perspectives and
experience to the design process and their involvement was such
that they were considered to have gained a degree of insight that
would facilitate their reflective contributions to this study.

All five participants were actively involved across all design
workshops previously described and had the opportunity to
observe and support the participation of children with autism
across all design activities. Of the five participants, two were
teachers, both female, and worked full-time in a special education
centre. Both participating female teachers had over 5 years’
experience working directly with children with autism. The
remaining male participant had 2 years’ experience working in
Special Needs Education and had only transferred to the school
in the month previous to the commencement of the project.
Teachers participating were aged between 25 and 32 years. The
remaining two participants were students enrolled in an Master
of Science programme in Computer Science at a local University
who had both volunteered to participate as designers in the
larger project. They too were involved in the design workshops
described here. Both these participants were female aged 22 and

Frontiers in Education | www.frontiersin.org 4 June 2022 | Volume 7 | Article 867964

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-867964 June 3, 2022 Time: 16:17 # 5

Boyle and Arnedillo-Sanchez Perspectives of Design Participation

24 years and had no prior experience in software or technology
design for children with disabilities and had no experience
working directly with children on the autism spectrum.

Data Collection
This study employed a semi-structured interview protocol
designed by the researchers to elicit data from participants at key
stages through the design process. This process allowed study
participants to reflect concurrently on the participation of the
children involved in the project through the various design stages.

To design the bespoke interview guide both authors followed
the constructivist approach as recommended by Råheim et al.
(2016). Thus facilitating the building of relationship between
researcher and participants that would ensure the process of
eliciting participants’ experiences. Interviews were conducted
face-to-face on an individual basis at three intervals during the
design process. The first took place after the first workshop and
the second took place a month later following the conclusion
of the third workshop. The final round of interviews with
participants was held immediately after the final workshop took
place approximately 2 weeks later. Interviews were conducted
in English and led by the first author while a research
assistant was available throughout to provide Arabic translation
support for participants if required. The first author had
only limited fluency in Arabic and although all five study
participants were bilingual the additional translation support
allowed the researcher to understand some of the Arabic language
interactions between study participants and the children with
autism. All interviews and the focus group were recorded
and transcribed immediately by the researcher and a bilingual
research assistant.

In conjunction with the semi-structured interviews data was
also gathered during a focus group with all participants. This
focus group took place approximately one week following the
conclusion of the final workshop and prior to the finalisation
of the artifact designed. The aim of this focus group was
to provide the entire group with an opportunity to reflect
on the overall process and to discuss observations made
by the researcher during the course of the design process.
These observations were posed as open ended questions and
aimed to provide an anchor to the emergent discussions.
This approach ensured a focus on their experience of the
design process was maintained while allowing open ended
discussion and equitable opportunities for contribution to
participants. The focus group was facilitated by the first
author with a bilingual research assistant to support Arabic
translation where necessary. The audio of the focus group
was recorded in its entirety and was transcribed by the
research assistant.

Data Analysis
Braun and Clarke (2006) argue that thematic analysis is a
useful method for examining the perspectives of different
research participants, highlighting similarities and differences,
and for generating unanticipated insight. Six phases were used
to analyse the generated data. These included transcription and
familiarisation with the data, generating initial codes, searching

for themes, reviewing themes, defining themes and finally,
writing the report. Initially the primary author read and re-read
transcripts in collaboration with a research assistant fluent in
both English and Arabic with a view to fully understanding and
gaining familiarity with the transcribed text. A further reading
and re-reading of the transcripts was conducted in order to
identify initial codes. During this stage the interview transcripts
and those from the focus group were examined separately.
Following completion of coding of all relevant data, both the
primary author and research assistant independently reviewed
and analysed coded data by combining and collapsing multiple
codes with a view to generating initial themes. Consideration
was given to the iterative nature of the study and how
participants’ expressions of their experiences changed from
the initial interview through to final focus group. Emergent
codes were further analysed by both authors and a set of
themes were then extracted and named through further review
of the original data and through detailed discussion. Finally,
the emergent themes and sub-themes were presented in an
appropriate format for reporting.

Trustworthiness and Rigor
The nature of the study ensured that the first author spent time
in close proximity with participants as the design cycle unfolded
(Elo et al., 2014). The iterative data gathering process described
here provided opportunities for participants to reflect on the
preceding rounds of data gathering and included a final session
that involved peer debriefing for participants to ensure a further
perspective on gathered data was possible (Nowell et al., 2017).
A final process of member checking through the data analysis
was not possible in this study as the two student volunteers were
no longer available to the researchers following the conclusion of
the design project.

Efforts made to ensure the validity of the results of this study
required prolonged engagement with all data gathered to ensure
accuracy and saturation (Houghton et al., 2013; Creswell, 2018).
Furthermore efforts were made to triangulate the various data
gathered and a data audit trail including records of the data, field
notes, transcripts and generated design content was compiled
through the study to ensure dependability.

RESULTS

The analysis of all transcribed field notes, design content
generated by participating children, interviews and focus group
yielded a number of themes and subthemes that are outlined in
Table 1 below and in through subsequent sections.

Valuing Contribution
The first theme emerging, “valuing contribution” reflects efforts
by the adult participants to actively encourage the contributions
of children with autism participating in the various workshops
and design activities. Two subthemes were identified that
describe how adults participating alongside the children sought
to uncover meaning in the children’s contributions and sought to
understand these as representations of their lived experience.
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TABLE 1 | Summary of themes and subthemes extracted.

Themes Subthemes

(1) Valuing contribution (i) Uncovering meaning

(ii) Design contributions as
representations of participants

(2) The challenge of listening

(3) Ownership in outcome (i) How successful design equates with
a need to communicate ownership

(ii) Collective ownership of the eventual
design outcome

Uncovering Meaning
It was interesting to note how the two participating designers
made every effort to uncover meaning from the contributions
of participating children. They expressed a sense of obligation
as designers to seek meaning in the drawings, sketches and
sound recordings and spoke of how their discussions as designers
focussed on inferring meaning from these.

This sense of obligation may have emerged from an
increasing awareness on the part of the two designers that
supporting co-creation for children with autism was not a
straightforward process.

“understanding and figuring it out meant that we had to start
and think about the complicated way it was made, sometimes with
a computer, sometimes with help, maybe with both, but everytime,
making even a colour swatch was not straightforward.”

The process of inference and meaning making that they
reported required deliberate consideration of the context in
which each child’s contribution was created and how it was
created. There was a clear sense that the contribution of each child
could not be understood without understanding the process by
which the child created it.

“. . .I feel very strongly that each of these little things that
were made represented the child’s communication, something they
wanted to say but couldn’t and we had to try and see what that
was, or no-one would know.”

The children’s teachers referred to themselves as “translators”,
aiding in the process of deciphering meaning, answering the
designers’ questions, drawing on their knowledge of each child
to assist in elaborating meaning in contributions. Teachers
did, particularly during the early stages of the design process,
question the designers’ need to understand the meaning of
children’s contributions. In some instances tried to gauge or
speculate as to the children comprehension of the design
process; “did they know” or if they fully understood the
purpose of the activities they were engaged in. It did, however,
appear that as the process continued and as both designers
and teachers worked collaboratively to interpret and attribute
meaning to the visual and auditory elements generated by the
participating children.

It was evident, however, that despite their endeavours to
attribute meaning to each of the children’s contributions, the
designers in this study did find the process challenging and
somewhat beyond their expertise and experience. They both
articulated how their participation in the co-design workshops

and in seeking feedback on the first prototype made them
aware of their own lack of expertise and experience working
with and alongside children with significant communication
challenges. Both designers highlighted their lack of experience as
a limiting factor in the design process rather than questioning
the suitability of including children with autism as design
participants or partners.

Design Contributions as Representations of the
Participant
The value designers and teachers attributed to children’s
contributions was also demonstrated by their willingness to
incorporate these into the overall design of the software under
development. This was also evident in how the efforts to integrate
these into the design changed how adult participants saw the
design as representing the children.

During the early phases of the design process, participating
teachers expressed a scepticism that designers’ efforts to build
an understanding of the children and their needs could be
translated into a software solution. Through their reporting the
teachers positioned themselves as the most valuable source for
understanding the needs of the participating children. They
cast doubts on how the various visual images generated during
the second workshop in particular could be incorporated into
the design, expressing they would be “surprised if any or
even one of these pictures” were incorporated into the software
design. However, this changed as the process progressed and
in particular during workshop three when both designers
presented a series of screenshots representing their ideas for
the final software interface. Following this workshop, one of
the teachers remarked that “it was amazing what they did,
really, we couldn’t imagine how they did that”. Presentation
of these prototype visual interfaces were instrumental in
highlighting for teachers the value brought by the designers to
the overall process.

Despite the challenges, both designers demonstrated a
determination to incorporate as many of the visual and auditory
expressions available to them. They described how they sought
to incorporate the visual images and audio available to them in
three ways. Firstly, to make use of the contributions as “design
elements” such as, incorporating images created by children into
the graphical interface as a background image or incorporated
in another image. Secondly, they spoke of “disassembling” the
children’s contribution and sometimes taking a shape or colour
or sound and using this in the design. Finally, they referred
to a process of using the available contributions to guide their
creativity as they worked to construct their prototype design:

“sometimes, it was looking at these pictures and images that were
not clear to us in what they meant, but instead they were just like
our inspiration, you know.”

During the course of their elaboration on their efforts to
incorporate individual children’s visual and audio contributions,
both designers described how it ensured that the eventual
design outcome would represent the children participating both
individually and collectively. They spoke of their role as designers
changing from depending on traditional creativity to:
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“making sure that I used the materials given to me by the children
creatively.”

Even though teachers were initially unsure whether it was
possible to include children’s contributions in the design
outcome, they subsequently found their engagement with the
designers helpful in understanding the mechanics of design.
Therefore, they reported a residual sense that the efforts
by the designers to incorporate children’s generated design
contributions may not be fully appreciated by the children
themselves due to the limitations in their understanding brought
on by their diagnosis. As one teacher described it:

“I feel it is a pity, I wish that [child] could understand how it is their
work now that we can see on the screen and everytime to play with
it, how much of him is in it.”

Expressions of value were apparent in the efforts of both
designers but also on the part of the teachers who grew
through the process to understand how the creative expressions
of children with significant challenges could be transformed
into a design solution that meaningfully and sympathetically
represented them.

The Challenge of Listening
The second theme to emerge represents the challenges faced by
adults in their efforts to support the participation of children with
autism through the various stages of a design process.

The earliest phases of the overall design process were
deliberately designed to provide novice designers with
opportunities to better understand the requirements of the
software to be designed and the needs of the users, namely
children with autism, that would eventually use it. The designers
participating did not have previous experience working with
children with a disability and were unfamiliar with the workings
of a Special Education environment. Their initial impressions
of the task ahead of them was one of trepidation and a lack of
confidence in their own abilities and skills. They felt that their
lack of experience and expertise left them ill-equipped to engage
with the children or with their teachers. It is unsurprising that
what they perceived as their “equipment”, the traditional tools
of dialogue, questioning and observation were not suited to the
group they were working with and did not serve to support
them in identifying user-requirements that would underpin the
software design.

“nothing had prepared us for being in that classroom, I did not
know what to say, when to speak, who to speak to or even when I
was in the wrong place sometimes, after one day in the classroom I
could only thing that we can never do this, no way.”

All participants recognised the value, however, in spending
time getting to know each other and getting to know the
children in the class. Furthermore, there was a clear sense of
the importance of understanding the space that the children
inhabited and where technology fitted into the routine of the
classroom. These early interactions were characterised by a sense
of being overwhelmed on the part of the designers, and of the
teachers being unsure as to what exactly their role was and how

best they could support the children in getting to know the new
people in the classroom.

The designers reported how reliant they were on listening in
a traditional design project and how the absence of traditional
dialogue between themselves and children who were functionally
non-verbal stripped them of this key, operational tool.

Both teachers and the designers participating in this study
recognised the need for a process of understanding each
other’s roles in relation to supporting the participation of
children with autism through the design process. Both groups
reported how they “got to know each other” and “about
each other” through collaborations that had the participating
children at the heart of them. They reported that much
of their dialogue during the early stages of the process
were focussed on the designers learning about children with
autism in the most general terms with teachers reporting
that the designers seemed overly concerned with whether
or not particular behaviours, needs or characteristics were
typical of autism or particular to the child. Teachers felt
that in those early phases, the designers were not asking
the correct questions and were relying on the teachers to
make sense of what they were encountering. For their part
the designers did accept that they felt discomfort engaging
in conversation with children who were non-verbal which
made them turn increasingly to the teachers for interpersonal
engagement:

“. . ..I was just out of my comfort zone and I realised that I needed
to hear someone answering me when I was talking to them, I never
realised that before, so it was easier just to talk about the children
and not to them some of the time.”

Ownership in Outcome
The final theme from the data gathered from the adults
participating in this study refers to participants’ expressions of
achievement in the successful generation of a design outcome
and how this reflected the contributions of all participants. The
teachers and designers reflected at times a pride in completing
the design process and a need to appreciate the outcome in terms
of what was achieved. An emerging subthemes reflected these
by stressing the need to understand the successful outcome of a
design process in terms of how invested the participants are in
that outcome. A further subtheme reflected how the adults felt
that it was not just the contributions of the children that ensured
a successful outcome, but an increasing sense of the role they
played themselves.

How Successful Design Equates With a Need to
Communicate Ownership
During the final phases of the design process, and particularly
once the prototypes had been presented during the third
workshop, there was clear increasing trepidation by the teachers
and the designers with regard to what a successful outcome
would be. Their vision in terms of what constituted a successful
design outcome began to emerge during those final weeks where
designers were working with the two teachers to understand
the feedback they had gathered during the third workshop. The
meaning making process they engaged in appeared motivated
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by their increasing concerns about what the actual outcome of
the design would be. These concerns and trepidation suggest a
growing investment by the adult participants in the prospective
outcome of the design project.

Teachers were concerned about whether it was even possible
to transform the information and experience gathered during
the workshops into a meaningful software application. There
were concerns their original ambitions: a software focus on
providing learning opportunities for children with autism; may
not be realised. Teachers feared the designers had become
more concerned with ensuring the design outcome reflected the
contributions of participating children than fulfilling the learning
requirements outlined at the initiation of the project:

“I like what they have done [first prototype], but it is not like a
learning software, I don’t want to have this then have to buy other
software, that would be a waste of time I think.”

The designers on the other hand expressed concerns about
how their design outcome would be perceived by the children.
They expressed worries that the children would not like the
software, would be unable to use it or would refuse to use
it. Furthermore, it was clear that these concerns extended or
accentuated their perceived lack of experience working with
children with autism. The participants acting as designers in this
project felt that if the software was not accepted or usable by the
children, it would amount to failure on their part to successfully
translate the contributions available to them into tangible design
elements:

“I don’t think we can make it clear enough, if we cannot show how
it is part of them, then no-one will want to use it.”

During the final phase of the process, particularly after the
prototype presentation in workshop three, it emerged designers
equated authentic representation of the participating children
with their satisfaction of the outcome. To achieve this, they
incorporated many visual and auditory elements created by
children in workshop two in various elements of the software.

Designers and teachers were further concerned with the need
for individual children to recognise their own contribution and
the fact that these would not be apparent in the final design.
Following the final demonstration of the working software
application a designer noted:

“I spent the entire time really trying to show every child what they
personally contributed and I almost forgot to show anyone how it all
worked, I was more worried they wouldn’t understand or get what
they did.”

The three designers in this project made it clear that they felt
that the success of the design outcome was their responsibility,
and they needed to convey their concerns with their lack
of experience working with autistic children from the early
stages of the project. Whereas the two teachers increasingly
emphasised how each designer’s knowledge and expertise was
growing and expressed satisfaction that their discussions between
the third and fourth workshops had a clear focus on what
direction their design was taking and why this was this case. In
probing the reason why there was such a focus on incorporating

children’s contributions in the eventual design outcome it was
evident that the adult participants had begun to equate these
with individual children’s sense of ownership of the software
application. It appears that both designers and teachers felt
that if they could make it clear to children that they had
a direct contribution to the software and acknowledge their
investment in the process, it would increase ownership of the
eventual outcome.

Collective Ownership of the Design Outcome
All the adults participating in this design project were able
to express retrospective satisfaction with the outcome. Overall,
designers and teachers described the developed software in
positive terms as “very useful” and “successful.”

Furthermore, all the participants expressed their participation
in the process as “unique,” “a privilege,” and “a good thing.”
In particular they highlighted how the collective nature of the
activities throughout the process helped them to understand each
other and to develop new perspectives. All participants attributed
value to “designing together” and articulated they had a collective
responsibility to ensure that this included the children as well
as themselves. Some of the participants spoke of the challenges
in continually checking that they were engaging in practices
that encouraged the participation of children across the design
activities:

“There was no guidelines for it, nothing that we could follow and it
was easy sometimes, particularly in the early part, in the class just
to forget or ignore the children and to just focus on what we were
doing, but we knew we couldn’t do that.”

Study participants described feeling that there were times
when they were unsure of the utility of facilitating children’s
participation in the various design activities. One of the teachers
in particular reflected that it would be easier for the designers
to simply consult with the teachers considering the marked
communication challenges that were faced.

In exploring why all participants felt a responsibility to ensure
children’s inclusion in the design, both groups reported that
they were motivated to do so because they recognised the very
real danger that their involvement could not happen without
the efforts of the adults in the project. All participants saw
their efforts to support children’s participation in the design as
contributing to the eventual success of the project. Furthermore,
they linked the participation of the children, and their efforts to
support that, as a key factor in the children using the software
application that emerged at the end of the project.

The two participating teachers commented that the process,
not only produced a software application that matched their
needs but also:

“all of the work together seemed to prepare each of the children for
what would come at the end of the project, the anticipation made
them excited to see it and use it when it came.”

It was interesting to note, however, that the three designers
signalled a disappointment that the satisfaction of the
children participating was not as evident as they would
have liked. They reflected that as designers they invariably
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seek affirmation of their work at the end of the process and
acknowledged that in design projects with more complex
end-users this is something that should not be expected. The
two teachers participating also acknowledged this challenge
highlighting their own concerns that regardless of the focus
on showcasing each child’s contribution, communicating
such complex concepts in many cases may be beyond the
children’s understanding. Additionally, they commented
on the communication challenges faced by the children
in this study and how these impacted both theirs and the
designers understanding and appreciation of how; (1) children
participating understood their input into the final design, (2)
understood how the various prototypes and elements that
had been presented in the third workshop were realised as
a functioning software application. The teachers suggested
their disappointment that the communication challenges
reduced the feedback that designers received. They further
speculated that this might impact how they perceived the
success of the project.

“it is difficult, because working with children with limited
communication you live with uncertainty, but when you put in
such effort, you want to feel a clear reward for the effort.”

For their part the designers indicated that they sought
affirmation in their design from observations of the children
using it rather than through verbal feedback. One of the
designers went as far as to state that watching children use the
software was more “authentic” than relying on more traditional
expressions of feedback.

Despite the obvious challenges in communicating their
collective appreciation of the design outcome and of each other,
the adult participants in this study all suggested that they shared
a tacit acknowledgement that the children had enjoyed being part
of the design process and that this enjoyment translated into their
understanding that it was “their software.”

DISCUSSION

Working with children with complex learning profiles poses
a range of methodological, practical and logistical challenges
for designers or researchers. The complexity was multiplied in
this study by introducing what could be considered “novice
designers” who collectively had to develop ways in which
they could include children for which traditional forms of
discursive engagement are not appropriate in design workshops.
Furthermore, these two groups of adult participants had to
contend with learning about autism as a condition, what
was involved in a typical design process and perhaps most
importantly, about each other. Design projects that are
characterised as participatory highlight the concept of mutual
learning as a core benefit of engaging in such projects (Robertson
et al., 2014). Examining the processes of design and the
experiences of the participants, it is reasonable to conclude that
the design project reported here does indeed reflect many of
the traditions and processes usually associated with PD. The
exploratory nature of engaging in a design project for all of
the participants necessitated the need to learn by doing, adopt
creative and collaborative approach to problems that emerged

and to foster meaningful communication between the various
groupings that comprised the design team (Nesset et al., 2021).
In this study, the early phases of the design process were
characterised by mutual learning which matured so that the adult
participants became increasingly aware of the role they could
play in empowering the participating children. This suggests
that the process was such that the adults participating in this
design project actively shifted their focus from the outcome to the
process itself, a characteristic that is inherent in PD (Bossen et al.,
2016). As such, empowering the adults in this design to define and
creatively shape their own participation and that of the children
from one of designing for users to designing with users.

From a practical perspective, design research is heavily
reliant on traditional, discourse based, collaborative data
gathering processes such as observation, interviews, focus groups,
questionnaires and simulation. For many children with complex
disabilities, such as those participating in this study, the high
level social and communication skills requires a full engagement
with such data collection practices often resulting in researchers
modifying and adapting their processes to meet the needs
of participants.

It is clear from the study reported here, however, that
creating the conditions to allow adult designers to support the
participation of children with complex needs does not necessarily
lead to successful, empowering and meaningful experiences for
children. Both groups of adults were very clear in the early
stages of the design of the limits of each other’s knowledge and
experience, but worked to collaborate to address the challenges
that emerged, such as the challenges in understanding what it was
that could be contributed by children with autism and how these
could be translated into meaningful design contributions that
reflected each participant. This combination of a lack of clarity
regarding their role, unequal power relationships and difficulty
in communicating ideas, is echoed in other design studies
with children with autism where a balanced and empathetic
approach was the key to its eventual success (Frauenberger et al.,
2011). Working with children with atypical communication skills
necessitates a complex process of decoding and interpretation by
the communication partner (Frauenberger et al., 2010). There
was a recognition by all adults that key to including children with
autism in the design process was to support their participation
in co-creation activities. Seeking understanding and meaning in
those contributions and incorporating these into the software
design was considered to have the greatest impact on the design.
The experiences of those adults participating in this study,
however, is similar to that reported elsewhere and attests to
the value of such efforts while highlighting the difficulty in
implementing this (Frauenberger et al., 2011). Other researchers
have also suggested that overcoming these challenges may involve
offering children with complex disabilities even greater capacity
for participation in design activities, increased opportunities
for expression and power in what has been referred to as a
design after design approach (Brereton et al., 2015). The potential
effectiveness of such iterative approaches are also highlighted
elsewhere in studies with children experiencing similar challenges
of communication and understanding (Hamidi et al., 2017).

The sense of collective ownership and investment in the final
design outcome appears to bear out the assertions made in other
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studies that highlight the benefits to placing the child with autism
at the centre of the design process, in terms of an improvement
in the design outcome (Fletcher-Watson, 2014), mutual learning
and empowerment (Bell and Davis, 2016).

This research study, by virtue of the needs of the children
at its core saw a high degree of involvement by adults. Both
categories of adult participants, teachers and designers, varied in
their experience and understanding of children with autism, thus
presenting an opportunity to conduct a careful examination of
how different stakeholders can best support a child with autism in
the various activities that comprise a technology design project.
Descriptions of the role that adults play supporting children in
design are often generic however, what emerged over the course
of this research were differences in the role based on each group’s
knowledge, expertise and skill working with children with autism.
By combining two groups of “novice” designers with different
backgrounds, expertise and approach the opportunity emerged
to examine the relative contribution of both groups.

For designers with limited experience of working with
children their responsibility in the early phases of a design project
was to: (1) build rapport with participating children, (2) increase
their understanding of children’s needs and preferences in their
own context and (3) organise their emerging understanding
within the typical workflow of a design project. In these earliest
phases of a project, the responsibility of those adults familiar
with participating children was to: (1) ensure the comfort and
safety of children was maintained in the midst of the change
that was brought about when new people were brought in to
their environment, (2) facilitate the building of rapport between
children and these new unfamiliar adults and (3) begin a process
of establishing the design project as a collective endeavour and
to ensure that children were made aware that was happening
and the ways in which they would be involved. As designers’
understanding of the children’s lived experience evolved and
enhanced they required opportunities to discuss and reflect
on the information that they encountered and relied on the
expertise of the participating teachers to assist in the meaning
making process. This collaborative meaning making is something
that is also evident in other design studies (Scariot et al.,
2012). As the design processes transition to the development of
potential solutions participating adults play key roles in ensuring
children with autism were supported in participating in this
development. Those most familiar with children provide: (1)
material support (through the provision of suitable technology),
(2) physical support (through assisting with activities), cognitive
support (by explaining the process and helping to finish activities)
and (3) emotional support (through prompting, encouragement,
motivation and withdrawal if required).

Finally, a key finding in this work emphasises the importance
of creating a culture that supports the participation of children
with autism; through valuing the contributions of children and
respecting their decision making by creatively examining ways
in which these can be represented in the final design outcome.
For adults that seek to support and facilitate the participation
of children with autism both in design projects and potentially
beyond these, a key part of their role is to harness children’s
strengths and abilities and provide the required support that each

child needs to participate to their full potential. This remains
an area that would benefit from greater exploration. Bringing
a broader range of perspectives across different experience with
more experienced practitioners would add significant value to the
existing knowledge in this area.

LIMITATIONS

The modest scale and limited sample size represented in this
study should be acknowledged. The nature of the conditions
that presented to the authors was such that the design project
in its entirety was conducted in a single location, in a single
class with the staff and children usually located or situated in
that class. By their nature, special education classes tend to
be smaller than those in mainstream education settings with a
high staff to student ratio. During the preparation for this study
consideration was given to including children from different
classes from the Centre. This was quickly ruled out following
discussions with the school staff as it was felt that asking children
who required consistency of routine to be expected to work with
unfamiliar children and staff would be unfair and ultimately
disruptive for them.

The numbers of adults participating in this study are small,
as such it must be stressed that the findings presented here
reflect the contributions of only five adults. The number is,
however, reflective of many small-scale design projects that
occur within organisations and learning institutions for children
with autism where resources are often scare and innovation
is sought from within (Lorenzo and Lorenzo, 2018). Similarly,
the limited representation of the typical staff that would work
alongside children in a Centre such as this were not included
in this particular study as they participated in some of the other
design activities and workshops that were being carried out as a
series of events. Future studies should seek to capture a broader
range of perspectives including those of therapists and healthcare
practitioners, those involved in non-formal caring roles and
children’s parents and primary care-givers.

CONCLUSION

This study, while recognising the size and scale of the design
project reported here offers some new insights as to the
experiences of adults serving both as active co-designers and
facilitators for children with autism presenting with complex
communication and cognitive needs. The themes that emerged
from the analysis of data point to the motivation to engage
with children with complex disabilities and ensure their
active participation by focussing on: (1) developing a shared
understanding of their lived experience, (2) supporting their
capacity to contribute media and content to the overall design,
and (3) ensuring that every effort was made to represent
these contributions in the eventual design. The engaged and
collaborative nature of the design process also contributed to a
final, collective sense of ownership in the final outcome of the
design and the reflections by the adult participants that the overall
project was a success.
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