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Autism Spectrum Disorder (ASD) can cause a gulf in communication
that casts children with autism to the fringes of social and family life,
despite the best efforts of their carers. These children often struggle
with social interaction, lack of interest and empathy, and require
intensive therapy to improve their ability to communicate with others.
Improvements in social interaction are often hampered by experiences
in which children with autism are more susceptible to being bullied.
Social and communication technologies (e.g. smartphones and
tablets), which children with autism tend to gravitate toward, and to
which many families have access, may play a significant future role in
building resilience and improving social interaction. Based on
technology reviews and stakeholder interviews, we are developing
modules for a machine learning artificial intelligence platform (a
chat-bot) that assists children attending an Australian mainstream
school to recognise and respond to social bullying and sarcasm,
allowing bullied autistic children to develop the social prowess to
withstand their aggressors.
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Introduction

The digital fringe refers to people who are generally excluded in the design of digital
solutions due to lack of access, lack of resources or social exclusion (Davis et al., 2017).
Yet there are some instances where social exclusion fosters digital inclusion. In these
cases, practical, innovative and sensitive design solutions are required to draw these
people in from the social fringes. This article is based on the premises that the nature of
autism spectrum disorder (ASD) can lead to social exclusion for children even within
mainstream communities and that these children tend to gravitate toward technologies
to facilitate learning. Children with autism are more susceptible to being bullied, further
compounding social isolation. We therefore propose that utilising this tendency for
digital participation, in this marginalised population, may provide a solution for children
with autism to recognise and respond to social bullying.

People who experience bullying report low self-esteem, mental illness, propensity to
self-harm and suicide ideation, which may persist well after the bullying has ceased
(Hebron & Humphrey, 2014). Risk factors that increase the probability of being bullied
include ethnicity, poor social interaction, and low academic success (Lodge, 2014).
Conversely, social networks have been found to offer a significant protective factor in
minimising the extent of bullying (Hebron & Humphrey, 2014), and consequently, the
ongoing effects.

Special needs children, particularly those with autism, have been identified as being
more likely to be bullied (Hebron & Humphrey, 2014; Anderson, 2014), potentially
partly due to the inherent difficulties they face in forming positive relationships in social
networks. Sadly, Anderson (2014) found that autistic children who have a desire to
interact with other children were bullied more frequently than children who preferred to
play alone. The longevity of the effects of bullying and the impact of those effects on an
already vulnerable population indicate the need for sensitive long-term solutions that are
easily integrated into everyday lifestyles.

Living on the fringe

ASD is a complex lifelong condition that becomes apparent from early childhood. The
spectrum denotes an array of neurodevelopmental disorders with associated impacts on
functioning (ranging from mild to severe). While each individual is different, many
struggle with communication, social interaction, and sensory processing, and may
exhibit deficient or repetitive behaviour and a lack of interest and empathy (Patel,
Preedy & Martin, 2014). In Australia, 1 in every 100 individuals (approximately
230,000) have ASD and together they comprise the second largest representative group
(29%) of those who receive funding from the National Disability Insurance Scheme
(NDIS) (NDIS 2018, p. 33).

There is strong evidence to suggest that early diagnosis of ASD can lead to better
outcomes for the individual later in life (Christensen et al., 2016). However, while ASD
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assessments include a complex array of behavioural, psychosocial, and movement
kinematics monitoring, the age that diagnosis occurs can vary significantly, with most
between the ages of 2 and 8 years old. Early diagnosis tends to occur more often for
males than females, because symptom manifestation can be more prominent and
perceptible in males (Kreiser & White, 2014). For females, the subtlety of symptom
manifestation can result in no diagnosis, misdiagnosis, or a significantly delayed
diagnosis. The earlier accurate diagnosis occurs, the greater the impact of interventions
and therapy in promoting higher function in later years.

Interventions are generally implemented at various stages of childhood development,
and are tailored towards the severity of the neurological condition. Individuals with
autism are more likely to have other neurological conditions, such as an intellectual
disability, which can impact upon the treatment options available. As a result,
professionals and practitioners will generally select appropriate interventions that are
evidence-based and have demonstrated positive impact for individuals with ASD (Wong
et al., 2015). Reviews of the evidence-based practices commonly used to assist
individuals with ASD at various ages and stages of development are readily available
(Wong et al., 2015; Ospina et al., 2008). Most interventions are aimed at impacting and
improving communication and social interaction, behaviour and play, academic
prowess, cognitive function and ability, employability, movement and motor skills, and
mental health and emotional wellbeing.

Learning deficiencies are common among individuals with ASD, although severity can
vary significantly. Such deficiencies can make it difficult for children with ASD to
develop new and diverse strategies for working through and dealing with interactions
with others in complex situations. Learning deficits hamper the ability of the individual
to engage in social and cultural understanding, potentially exacerbating other
deficiencies associated with their autism condition (Jordan, 2013), such as learning
subtle social practices and emotions through interactions with others. Individuals can
become overwhelmed, disconnecting and withdrawing from life-events, scenarios or
interactions for which they may have low tolerances and that negatively impact them
(e.g. low tolerance to sensory stimuli). A subgroup of children with autism are ‘visual
learners’, requiring information to be presented in a way that can be seen. These
children often have difficulty analysing the meaning of oral instruction (Tissot & Evans,
2010). Early intervention, therefore, aims to facilitate learning incorporating the unique
complexities associated with autism in a given individual (Jordan, 2013).

Early difficulties with social interaction lead to challenges in maintaining both personal
and professional relationships. As a result, individuals with autism often struggle with
employment throughout their adult life, reflected in an unemployment rate of more than
50% in both Australia (Scott et al., 2017, p. 2) and America (Wehman et al., 2014, p. 1).
In the UK, only 15% of people with autism have full time paying jobs, and
approximately one-third of those who have joined the workforce in any capacity have
experienced bullying in the workplace (Bancroft, Batten, Lambert & Madders, 2012, p.
15).
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The bully’s advantage

Identifying bullying in children with ASD is hampered by the fact that children with
ASD may have limited speech and struggle to communicate their experiences. In these
cases, being bullied can compound social interaction difficulties and impede
communication development. Moreover, some individuals struggle with understanding
social interactions and may not know themselves whether they are being bullied. This is
particularly common with indirect bullying such as social exclusion (Hebron &
Humphrey, 2014) and makes it all the more difficult to support students being bullied.
An Australian-wide study found that 80% of adults with autism reflected that they had
not received sufficient support for bullying experienced during their education
(ASPECT, 2012, p. 27). Many did not complete their education because of bullying, and
thus have difficulty supporting themselves financially, as evidenced by the high
unemployment rates cited above. The prevalence of bullying beyond the schoolyard,
and into social media and the workforce, together with its strength as a predictor for
reduced quality of life in able adults with autism (Hong, Bishop-Fitzpatrick, Smith,
Greenberg & Mailick, 2016), strongly supports early implementation of programs to
build lifelong resilience against bullying behaviour.

Once a child has been identified as either likely to be or being bullied, it is important
that they are taught strategies and skills on how to recognise and respond to the social
situation. Guidelines for developing anti-bully plans are becoming commonplace in
most schools; however, innovative methods are required for teaching children with
autism as they may have difficulty perceiving the concept of bullying and social
betrayal. Methods of teaching involving technology are becoming more appealing for
children with autism as these individuals tend to gravitate towards technology (Boser et
al., 2014). It is believed that the visual focus and having the locus of control account for
some of the appeal (Ennis-Cole, 2015). Social skills programs, such as the Secret Agent
Society, that incorporate technology including role play and computer games, have been
shown to be effective in improving the ability of people with autism to recognise
emotions and manage bullies (Beaumont, Rotolone & Sofronoff, 2015).

At this point in time, it is not known which form of technology is best able to help an
autistic individual understand and respond to bullying behaviour. We conducted app
reviews and stakeholder interviews to help determine how technology could benefit
children with autism in general.

This article contributes to the development of a strategy for designing digital
technologies for children on the autism spectrum. In particular, we explore a technology
in the form of an artificial intelligence (Al) conversation agent (commonly referred to as
a chat-bot). This technology could play a unique role as a digital intervention in the
management and building of resilience to bullying behaviour. We summarise our recent
study, which examined how families and children on the autism spectrum are accessing
and using mobile technology. We then present our Al chat-bot, HARLIE, which we are
developing for individuals with neuro-developmental impediments, including autistic
children, and the lessons from previous work on which we are basing HARLIE’s future
design. Finally, we discuss the implications of our findings, and the future role of
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technology in improving outcomes for individuals on the spectrum and conclude with a
summary of the next steps associated with our work.

Designing participatory technologies

Insight into the development of technologies for people with autism can be gleaned
from successes and failures of previous technologies. To determine what apps were
already available and what aspects of those apps were beneficial for children with
autism, we used a web crawler to examine 56 million reviews from more than two
million apps. The full mobile app review is detailed elsewhere (Ireland, Bradford &
Silvera-Tawil, 2017).

Mobile App Review Summary

In summary, of the 56 million app reviews downloaded from the Apple App and Google
Play Stores, about 1 in 7,500 reviews from Apple and 1 in 50,000 Android reviews
contained useful information. Only 57 apps were found that were specifically designed
for people with autism and claimed to be evidence-based. More than 85% of the reviews
were for an app that was neither designed nor advertised for people with autism. This
was confirmed by manually reading the description of each app for mention of its
intended users. Despite the small number of ASD specific apps, children with autism
were reported to have experienced benefits, particularly in language, education and
attention. Reviews with poor ratings usually reported cost, followed by functional issues
and advertisements. For our purposes in designing participatory technologies, the
functional issues are of most import. The consequences of a malfunctioning mobile app
were clearly illustrated by a parent:

Bought this app for my 5 yr old with autism. He loves Disney. App always
crashes so now all he does is scream in frustration when it repeatedly doesn't
work.

After technical issues, the greatest source of frustration and distress came from
developers making changes to the app appearance by adding or removing features,
changing interfaces or upgrading colour schemes. A specific example of this occurring
was detailed by one parent with a child on the autism spectrum whose favourite game
was changed by the developers:

This was my son’s favourite game. My son is autistic. A seemingly small change
like this is life-altering drama for him. Please change the icon, at least, so he
thinks it's a different game.

Had these apps been developed with, for and by people in the autism community, using
a participatory/co-design approach, developers could have taken the necessary steps to
avoid causing distress (Ireland, Bradford & Silvera-Tawil, 2017). For our bullying
module, this means that beta versions are unadvisable, and that all developed and tested
scenarios need to remain accessible.
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Expert interviews in the wider autism community

As part of our initial research design, we implemented expert interviews (as described
by Flick, 2014) with seven individuals in the wider autism community, targeting their
understanding of the crucial considerations when developing technologies to support
children with ASD (Farr-Wharton, Ireland, Good, Chang & Bradford, 2017). Expert
interviews were uniquely beneficial to this task, in comparison with other interview
techniques, because of the complexities and sensitivity associated with autism. For
ethical reasons, this limited the scope of interviews to key stakeholders involved with
children on the spectrum. The stakeholders we engaged for interview included a parent
of children with autism (male, referred to as P1 when quoted), two teachers who work
with children with autism (males, quoted as T1, T2), two speech therapists who have
worked extensively with children with autism (females, quoted as ST1, ST2), and two
occupational therapists with significant experience working with children with autism
(females, quoted as OT1, OT2).

The questions asked of participants centred on three specific topics: (a) challenges most
commonly experienced with the children, (b) key barriers perceived to make monitoring
progress of a child challenging for parents, therapists and teachers, and (c) solutions
already explored to overcome some of the challenges faced in their role.

Expert interview insights

The responses from the expert interviews provided emergent themes regarding the
challenges participants have faced in their roles when interacting with children with
ASD and the potential opportunities for overcoming the perceived barriers. There were
two underlying themes that emerged strongly from their responses: (a) There are distinct
challenges in monitoring the development and progression of children with autism and
communicating this effectively with the ‘care team’ (i.e. family, carers, clinicians and
teachers), (b) Parents and carers are continuously seeking innovative tools that enable
improved social inclusion and encourage quality family-time with their child(ren).

Challenges for Monitoring Development and Progression

Our clinician and teacher participants (i.e. ST1, ST2, OT1, OT2, T1, and T2) explained
that monitoring development is challenging, particularly outside of a clinical or
classroom setting, where children may become disengaged with the content in focus.
Clinicians may miss key opportunities to examine new skills and progress, particularly
when these skills may have been learned and implemented in the home, away from
observation. In these instances, clinicians often rely on parents to record (through
video), the occurrences of when behavioural or interaction development is being
demonstrated or exhibited by the child. This is because clinicians need to physically
observe changes within skills to adequately assess development progression and tailor
the therapy they provide. For example, ST1 and OT1 both suggested that parents can be
enthusiastic about their child’s developmental progression and may be prone to
embellish instances when they noticed a child improving their skills, which have
previously been identified as deficient. P1 also stated that he can sometimes find it
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difficult to explain progress to a clinician, as they will often ask for the behaviour (or
skill) to be repeated in the clinical setting. In some instances, the child can become
disengaged from the clinical setting and will not necessarily repeat the behaviour. In
these instances, the parent is encouraged to record the behaviour when it is enacted at a
later time for demonstration at their next consultation with the occupational therapist.
As there are challenges and complexities associated with this process, occupational
therapists and speech therapists are seeking new tools that enable better capture of
behavioural and skill development in children.

Teachers experience similar challenges with monitoring the progress of children with
ASD. T1 and T2 both spoke to the challenges faced by teachers to provide a tailored
learning experience to a child, particularly when non-ASD children also require
learning assistance in the same classroom. This problem is exacerbated as the classroom
size increases. T1 also stated that there were challenges in facilitating parents’
expectations of providing tailored learning to suit their child’s needs, as there are limits
for how to achieve this cohesively. T1 suggested that to achieve this cohesion, there
needs to be a common message, instruction, and strategy that is implemented regardless
of location (e.g. home or in the classroom). This requires the ability for parents and
teachers to communicate more effectively and often to ensure synergy is achieved in
messaging. T2 also provided the perspective that a monitoring and communication
platform would break down barriers for children with ASD and improve the learning
they ultimately receive.

“Tools’ for Improving Social Inclusion and Quality Family-time

Many of our participants (e.g. OT1, ST1, OT2), and in particular P1, mentioned the
need for targeted tools for parents and carers, which are tailored to their child’s context,
and encourage quality family-time and inclusion. P1 suggested that enabling quality
family-time and inclusion would help their child to continuously improve the
development of their skills within the home setting. P1 also suggested that they
continually seek new apps that positively engage and stimulate their child in
developmental opportunities, rather than those that promote repetitive, addictive or
negative engagement (e.g. ‘watching the same Youtube video over and over’ (P1)).
Specifically, P1 mentioned that the technology they seek needs to be dynamic in how it
responds to the child, and ‘common scripts’ (P1) or features must be implemented so
that the child is able to utilise ‘standard’ interactions if they are unsure of what do to
next. OT(1, 2) and ST(1, 2) also spoke to the opportunities for technology to engage
ASD children at home, where that technology would assist in leading to positive
outcomes for the child, such as cultivating social interactions skills.

P1 spoke to the challenges associated with purchasing expensive therapeutic technology
for their child. Often, parents will try to support the development of their ASD child, as
best as they can, through improving their access to therapeutic goods and services,
particularly those that are easy and accessible (e.g. apps for their phone or tablet).
However, P1 mentioned that he, and others in a similar situation, have limited resources
to rely on within the home, as their government-funded assistance is finite and is
usually allocated to recommended services (e.g. occupational/speech therapists and
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intervention programs). This leaves parents with little resources to spend on other tools
and supports, often requiring personal investment in such interventions, which may not
have any scientific evidence to support their claims, reducing the incentive to invest in
‘higher risk’ opportunities (e.g. services that have little-to-no evaluation of their
effectiveness).

In some instances, children with ASD may also require extended time with their parents
and carers, which can be demanding. P1, OT1 and ST1 spoke to the need for tools that
can support parents and carers in providing interaction time with their children. In these
instances, P1 suggested that if a tool can supplement a part of the extended time their
child required for interaction, while still providing the positive outcomes for the child,
this would help them as a parent immensely. They would be able to reallocate this time
to recuperation and for other necessary activities. However, producing opportunities for
co-interaction between parents/carers and children with ASD, which is facilitated or
aided by a stimulus, may encourage opportunities for quality family time to develop.

On the basis of our analysis of app reviews and stakeholder interviews, we determined
that a chat-bot would be an ideal technology to deliver information and resources
around bullying behaviour to children with autism. The chat-bot meets the need
identified by teachers, parents and clinicians for monitoring development of children
with ASD while providing the benefits of language development identified through our
app review analysis.

The rise of chat-bot technologies

With the advent of social and communication technologies, conversation agents, or
chat-bots, provide a means for users to become engaged in conversation, continuing and
progressing the dialogue in the same way human-to-human interaction occurs. They
have more recently been used within the health paradigm for their ability, amongst other
benefits, to autonomously gather key data about the user for analysis by clinicians.
Ultimately, this data can be used to tailor and improve the care clinicians provide. Some
examples where chat-bots have been implemented previously, include: (a) encouraging
physical activity in overweight adults (Watson, Bickmore, Cange, Kulshreshtha &
Kvedar, 2012), (b) encouraging behaviour change (Bickmore, Gruber & Picard, 2005),
and (c) providing information relating to sex, drugs and alcohol (Crutzen, Peters,
Portugal, Fisser & Grolleman, 2011).

Chat-bots present a useful tool to support the development of language and
communications skills in users. Chat-bots also provide stress-free interaction without
social anxiety, which allows users to practice and refine their communication skills
unencumbered. Tailoring the level of difficulty to suit the user’s growth can further
nurture their skills. With these capabilities, users can practice and develop their social
interaction skills with the chat-bot, prior to engaging with others face-to-face. This
process will empower them to feel more confident during social interaction with others.

Families with children who have been diagnosed with ASD receive government-funded
support, providing subsidised access to clinicians, therapists and service providers.
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These services are often provided outside of the home, and for some children, this can
add to anxiety, stress and disengagement, reducing their effectiveness. Access to
funding decreases after the age of seven and families rely more heavily on their own
resources to continue supporting their child’s development. Families may often seek out
new support tools and mechanisms that will help their child continue their
developmental journey throughout childhood and adolescence.

Children with ASD can find social interaction challenging and frustrating, which can
lead to social disengagement and result in social isolation. Improving their social
interaction skills is essential. To do this, parents, speech pathologists and occupational
therapists are heavily relied on to identify strategies that will support the child’s
progression. Parents can also gain assistance through service providers and charities.
However, aside from the time parents can spend with their child, there is little assistance
children can receive to improve their social interaction skills outside of the clinical
setting. Chat-bots present a potential solution to this problem. They can be used to
engage with a child outside and within the home, becoming a comfortable personal
assistant that can nurture the social interaction skills of a child.

Introducing HARLIE

HARLIE (Human and Robot Language Interaction Experiment) is a chat-bot we are
developing that is akin to Apple’s Siri (Ireland et al., 2016; Ireland, Bradford & Farr-
Wharton, 2017). Various modules allow conversations on a variety of topics such as
interests and hobbies, weather, identifying sarcasm, as well as condition specific
modules such as speech pathology, neurodegeneration and clinical care.

HARLIE is very extensive and leverages state-of-the art technology in speech detection
and natural language processing. None-the-less, expertise in computer science is not
needed to develop content for HARLIE’s ‘brain’. In fact, a majority of the existing
content was developed by speech and occupational therapists. HARLIE allows for
multi-modal interaction in the form of voice, text and images. For non-verbal children,
an interface using the picture exchange communication system (National Autism
Resources, 2017) is also being developed.

For individuals with developing speech, HARLIE can analyse the user’s voice and
communication. This includes measuring speech and syllable rate; how vowels are
articulated; vocabulary range and duration of mid-sentence pauses (Figure 1). These
metrics could be helpful for parents and clinicians to measure speech improvement in
children with autism as well as for researchers who are trying to understand the
challenges and benefits for the individual. Log data analysis in longitudinal studies
could determine the impact of social interaction on communication development.

Building a bullying module

HARLIE’s bullying module is under development pending co-design by the autism
community. A number of key stakeholders have expressed interest in being involved in
the evolution of this module for children, young adults in tertiary education and young
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employed adults with autism. Early content includes an example interaction of the
beginning of a conversation involving identifying whether the user is being bullied
(Figure 2). Images are embedded into the responses to help guide the meaning of the
conversation.

Content for the bullying module is being collected from the wider autism community
through several mechanisms including interviews, focus groups, workshops and most
excitingly, via a portal through which people with autism can log into and upload
content directly to the ‘brain’ of the bullying module. All content will be moderated
before being made available through the chat-bot.

Various scenarios are being designed for the chat-bot that allow the user to work
through different responses and reactions. These are currently being developed in
conjunction with children and adults with autism, parents, educators and clinicians.

Hi. | am Marke. Thank you for testing me m
Human

Hi Harlie on my name s

I I'm good thanks
- = ~7I'm good thanks

Okay, thanks for letting me know. Okay, thanks for letting me know.

Would you like to give a voice sample now? Would you like to give a voice sample now?

No I'm good thanks.
No I'm good thanks.

That's okay. | hear this is a mens shed

Are you part of a community group?

That's okay. | hear this is a mens shed.
| hear that community groups often offer the Are you part of a community group?

opportunity to craft and build things. Is that Umm yes | am.
something you enjoy doing?

umm yes | am

| hear that community groups often offer the
I see. What kind of thians do you wish you opportunity to craft and build things. Is that

uld make one day? something you enjoy doing?
cormeReness Oh yes | do this is really exciting. e loy -

Wooden train.

What project would you recommend to a _ ' .
beginner llke me? | See. What kind of thigns do you wish you

I
|
I
I
| Oh yes | do this is really exciting
|
|
| could make one day?

~ Uh huh a bird feeder.

Wooden train.

What supplies would | need to buy for my What project would you recommend to a
toolkit beginner like me?

~ Uh huh a bird feeder.

~
~ ;
S o What supplies would | need to buy for my
~ toolkit.
Thanks for the advice. Thanks forthe <
great chat, but | have to be off now. Bye. ~

Nice speaking with you

Figure 1: A sample dialogue between HARLIE and a person with autism. Green
rectangles designate dialog generated from HARLIE, blue rectangles designate responses
from the user, grey rectangles indicate pauses in the timeline (Ireland et al., 2016).
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14:23:09 15/05/2017

14:23:09 15/05/2017

£
eing bullied w

Press and Hold To
Speak

Figure 2: An example of a conversation to identify if a child perceives they are
being bullied.

Discussion

HARLIE, a chat-bot Al app, was originally designed for a clinical speech pathology
population. Over the course of its development, and commensurate with an autism
focused review of existing apps together with stakeholder interviews, it became clear
that HARLIE was the ideal technology to deliver a bullying module to help build
resilience in children with autism.

Our stakeholder interviews revealed that parents, clinicians and teachers are interested
in technology to support children with Autism. Specifically, they are interested in
technology that reflects development, dynamically responds to the child, allows for co-
interaction with family to facilitate quality time, and is affordable. Clear guidelines for
software development emerged from our analysis of existing app reviews. Based on this
preliminary research, we are currently conducting further developments to the bullying
‘brain’ with, by, and for the wider autism community. In the first instance, the bullying
module is being developed to complement school bullying programs.

The technologies targeting bullying in school

Within schools, a variety of technologies have been identified for their efficient delivery
of bullying-related information and for the interest they inspire within the younger
generations. For this reason, integrating interventions with technologies may be one of
the most effective means of engaging younger generations and improving the
effectiveness of interventions. For example, virtual learning has emerged as a key tool
used in schools to build resilience in victimised children and is having a positive impact
in reducing victimisation in general (Sapouna et al., 2010).

The roles of technology-leveraged interventions targeting bullying in schools have
differed significantly depending on their focus of intervention (e.g. a focus on bullying
or victimisation, age groups, and gender). However, many interventions have not been
formally evaluated for their efficacy in minimising bullying or victimisation (Sapouna
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et al., 2010). This is of growing importance as new forms of bullying emerge with the
new technologies becoming available to the consumer market (e.g. cyberbullying). With
the emergence of cyberbullying, the ‘boundaries’ of when and where bullying can take
place have swelled, no longer centred to the home or school environment. Even the
predators are increasingly anonymous to the victim (Li, 2007). The prevalence and
impact of bullying has also increased, which will continue to have implications for the
roles that interventions will need to play in preventing or mitigating opportunities for
bullying, or reducing victimisation and its impacts through building resilience in
victims, enabling them to navigate complex and challenging social situations.

Ttofi and Farrington (2011) stress the importance of the role of schools in providing
bullying and victimisation information, as well as interventions to reduce both. Their
study identified that common interventions implemented within school are reducing
bullying and victimisation by between 20-25%, which also suggests there is room for
improvement.

To reduce marginalisation, it is important that bullying programs designed for and by
people with autism complement those implemented in mainstream schools.

A final note on designing participatory technologies

Designing a device so that it has the desired impact, requires considerable expertise
from technology developers and members of the wider autism community. This work
sought insight from this latter group by summarising the results of a web-crawler that
scanned reviews of mobile apps that were related to autism spectrum and captured the
essential data on how the apps were of benefit and in some cases, how harm was caused
by app developers modifying the app. Unbeknownst to the developer, autistic users
often find change confronting and distressing. Despite the large amount of research
being done on technology uses in autism, only a relatively small number of apps were
found to be designed specifically for this cohort. We found no indication that any of the
apps had been developed by this cohort. To gain greater insights into this group,
members of the wider autism community were interviewed regarding remote
monitoring and technology that is customisable to the user, with several themes
emerging. Future work on incorporating the bullying module in the HARLIE chat-bot
and its eventual efficacy test will endeavour to consider these issues.

While chat-bots are arguably seen as the sexy new solution to autism intervention,
continuous improvements must be made to existing interventions and all emerging
interventions need to be validated for their efficacy to drive real-world outcomes for
individuals on the spectrum.

Conclusion

Children with autism are more susceptible to bullies due to their neurodiversity,
difficulties in initiating and understanding social interaction, repetitive behaviours and
heightened sensitivity to environmental stimuli, all of which make them vulnerable to
aggravation. They can be innocent of the strategies underlying the power differential
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that is characteristic of the bully-victim relationship, and may not perceive that they are
being manipulated or ridiculed.

To develop technologies to support children with autism to identify and appropriately
respond to bullying, we first needed to understand the benefits of technology, and the
features that were not beneficial, in the eyes of children with autism and their families.
Our analysis of reviews of existing apps found that apps had the potential to improve
social interaction by enhancing language, education and attention skills. Normal
software development trajectories, which tend to involve producing a beta version and
making improvements in response to user feedback, were inappropriate for this user
population. Our stakeholder interviews suggested a need for an affordable monitoring
technology, built to dynamically respond to the child. On the basis of these preliminary
studies, we propose the concept of using a conversational agent (chat-bot) to provide a
pseudo conversation partner for practicing various oral and visual scenarios to build
resilience against bullying.

The life-long difficulties a person living on the autism spectrum faces are well known
and have, to a relevant extent, been described in this article. A major element of these
difficulties is in handling complex social interactions and forming positive and fruitful
relationships with other people. Social isolation, vulnerability to bullying behaviour and
poor mental health are some of the consequences associated with ASD. Digital
participation may provide the answer for social marginalisation experienced by children
with ASD, especially when it comes to bullying. A chat-bot designed to help autistic
children recognise and react appropriately to aggressive behaviour in their peers may
assist in developing the social prowess required to develop resilience against bullies.
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