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Abstract

Visual programming tools allow users to create interactive media projects such as games and animations using visual rep-
resentations of programming concepts. Although these tools have been shown to have huge potential for teaching children,
research has shown that they may not be accessible for children with cognitive impairments, including those with autism
spectrum condition. Therefore, this study proposes a set of recommendations for the design of accessible visual program-
ming tools for children with autism spectrum condition. Semi-structured interviews with experts (n = 7) were conducted
and thematically analysed to identify initial recommendations. A second set of semi-structured interviews with a subset of

the initial experts (n = 3) were then conducted to validate and produce a final set of recommendations.

Keywords Accessibility - Design - Visual programming - Autism - Learning disability

1 Introduction

Autism spectrum conditions (ASC), sometimes referred
to as autism spectrum disorders (ASD), are diagnosed by
the presence of social, communication and interaction dif-
ficulties, together with repetitive patterns of behaviour and
restricted interests [3, 4]. The individual conditions that
make up ASC (e.g. autistic disorder, Asperger’s disorder,
and pervasive developmental disorder) used to be consid-
ered as distinct conditions or disorders, however, the lat-
est Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) consolidated them into ASD [3]. According to the
new manual, the symptoms of these disorders “represent a
single continuum of mild to severe social communication
and restrictive repetitive behaviours/interest”. ASC is com-
mon among individuals with a learning disability, so much
so that there has been a debate on whether the two condi-
tions are distinct [33]. The United Kingdom’s Department of
Health even includes individuals with ASC as part of those
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with learning disabilities as long as they do not have average
or above-average intelligence [15].

Technology-based interventions have long since been
used for individuals with disabilities, including those with
ASC. A major advantage offered by this approach com-
pared to traditional approaches is flexibility, i.e. it can be
easily customised to meet the varying needs of users, and
be adjusted automatically based on each user’s interactions
[2]. The emergence of smartphones and tablets has led to
increased interest in technology-mediated education and
interventions for individuals with ASC. This is because, in
addition to the advantages offered by previous technologi-
cal platforms, the mobility of such mobile devices extends
the learning environment from classrooms to homes, which
promotes learning [2]. Another important contributor to the
popularity of technology-based intervention is the reported
appeal they have to children with ASC compared to tradi-
tional intervention approaches [2, 18].

Using these modern technological platforms, interactive
applications have been utilised to provide interventions for
children with ASC. They have been used for improving com-
munication skills [1, 11, 26], social skills [1] collaboration
skills [39], and academic skills [24].

A technology-based approach used to teach skills and
educational content to typically developing children that is
not being fully utilised for children with ASC is content
creation using Visual Programming Tools (VPTs). Visual
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programming allows users to “Specify a program in a two
(or more) dimensional fashion” [32]. During the last two
decades, VPTs (e.g. Scratch and Pocket Code) have been
created specifically for children to learn to program and
to create content related to their interests, e.g. animations,
interactive stories and games. These VPTs represent pro-
gramming concepts as visual objects (e.g. blocks or bricks)
that can be put together to create a program, and include
media resources that children can use to create programs,
e.g. character sprites or models, background images or land-
scapes, and sounds.

This study builds on the findings of an accessibility evalu-
ation of Scratch (that showed the existence of accessibility
issues in the VPT) [40], by gathering a set of recommenda-
tions to guide the creation of accessible, usable and engag-
ing VPTs for children with ASC, specifically those that also
have a learning disability. Recommendations were gathered
and then validated with experts by collecting data using
semi-structured interviews and subsequent thematic analy-
sis of these data. References to children with ASC made in
the remainder of this paper includes the target group of this
study, i.e. children with ASC and learning disability; the
target group are also referred to as “users”, especially when
presenting the gathered recommendations.

1.1 VPTs for children

This section briefly introduces the main VPTs found in the
literature and/or used in practice.

Scratch is the most popular VPT for children based on
findings in the literature. Using Scratch, children aged
between 8 and 16 years can learn to program while creat-
ing “interactive, media-rich projects” such as animations
or games [28]. Scratch has a rich media library for images
and sounds, an inbuilt sound recorder, a painter for creat-
ing custom images, and allows the importation of existing
media files. Each Scratch project consists of 2D media files
controlled by a script made up of colourful command blocks
snapped together. It has a single user interface with multiple
panes to ease navigation, provides an error-free program-
ming environment, i.e. there is no wrong way of snapping
blocks that fit together, makes data concrete by displaying
variables on-screen during execution, and visualises execu-
tion by highlighting blocks that are executing at runtime.

Pocket Code is a Scratch inspired mobile VPT targeted
at children between 13 and 18 years old. Using block-based
programming metaphors and a media library, it provides a
platform for creating animations and games while learning to
program [25]. Being mobile-based, Pocket Code also allows
users to create programs that take advantage of mobile sen-
sors such as compass and accelerometer.

Alice is an innovative three-dimensional VPT created by
the Stage 3 Research Group at Carnegie Mellon University
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[12]. It allows programming novices to create virtual worlds
with animations, interactive narratives, and games. Projects
in Alice are made up of 3D objects, each object holds its
private properties (e.g. height and width) and member meth-
ods. At the start of a project, objects are added to the virtual
world and positioned based on the needs of the user. Once
objects are initialised, the program code is added using a
drag and drop smart editor.

Kodu is a VPT created specifically for young children to
learn to program through individual independent explora-
tion [27]. It is built within a real-time 3D game and includes
features to assist users in creating content such as a terrain
editor, layout tools, character menus, etc. It reduces com-
plexity by handling physics, collision detection and camera
control. Kodu is packaged with several sample worlds that
the user can edit, interactive lessons, and an online commu-
nity for sharing worlds with other Kodu users. Programming
in Kodu, similar to Scratch, is block-based, where blocks of
instructions are put together using a “ when - do” approach.
In the “when ” slot sensors are declared to determine a con-
dition, and in the “dot” slot, the actions that should be per-
formed are listed.

1.2 VPTs as learning and teaching aids
for neurotypical children

Due to the graphical representation of programming con-
cepts provided by VPTs, the most obvious application for
children is in the context of learning programming visu-
ally instead of using text-based programming languages. A
study by Meerbaum-Salant et al. [29] showed that middle
school students with no previous programming experience
achieved a reasonable understanding of Computer Science
concepts using Scratch. The findings of another study by
Fokides [17] with 138 5th grade students using Kodu to cre-
ate games also showed that students were able to learn basic
game design and programming concepts as they authored
their first games.

Furthermore, proof of the suitability of VPTs for learning
programming has been found when comparing the level of
students’ programming abilities and misconceptions based
on the programming language used to learn [30]. More than
200 10-12-year-old students from four schools participated
in this study and were divided into six subgroups. Every two
subgroups were assigned a separate programming language
to learn to program with, i.e. two subgroups used Logo,
another two subgroups used Python, and the last two sub-
groups used Scratch. Pre- and post-tests were used to assess
the participants’ understanding of sequencing and loops. The
results showed that misconceptions about loops were mini-
mised when visual block-based Scratch was used compared
to when text-based Python and Logo were used.
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Another context in which VPTs have been applied is in
learning specific academic subjects. Ke [22] implemented
a design-based approach to learning mathematics with 64
middle school students. Participants worked within design
groups and played several educational mathematics games
before creating their own games using Scratch. The evalu-
ation demonstrated improved attitudes towards mathemat-
ics by the students after participating in the game making
process.

Storytelling is also a context in which VPTs are used.
Burke and Kafai [10] investigated the possibility of cre-
ating Scratch computer programs as a way of developing
the creative and storytelling abilities of children. Middle
school children aged between 11 and 14 years took part in
the study, and 60% of participants felt their storytelling skills
improved.

In addition to learning programming, computational con-
cepts, academic subjects and improving creativity, additional
benefits of using VPTs have been reported. For example,
Séez-Lopez et al. [37] found that the use of VPTs also
resulted in increased motivation, fun and enthusiasm on the
part of the children.

1.3 VPTs as learning and teaching aids for children
with ASC

A study by Munoz et al. [31] shows that the computational
thinking skills of children with ASC could be improved by
the use of VPTs. The study involved seven children aged
between 11 and 15 years participating in a five week work-
shop for creating games using Scratch. Results showed
encouraging improvements in the computational skills of
the participants, especially considering the fact that they had
no prior programming knowledge.

Social skills of children with ASC could also be improved
with the help of VPTs as reported by Eiselt and Carter [16].
These researchers conducted an 8-week programming
course with eight children with high functioning ASC aged
between 9 and 15 years which aimed to teach programming
and social skills through game making. By the end of the
study, improvements in programming knowledge and social
interactions was observed. It is, however, interesting to note
the findings reported by Bossavit and Parsons [5] from their
study with two teenagers with ASC programming a game
of their choice using KODU. The findings report the dem-
onstration of problem-solving and programming skills by
the participants, but very little interaction and collaboration
between the two participants.

Overall, the literature was found to contain few studies on
the use and benefits of VPTs by children with ASC, and the
few that exist involve individuals with no reported associ-
ated learning disability. However, the accessibility evalu-
ation of Scratch conducted by Zubair et al. [40] observed

seven participants with learning disabilities, five of whom
were also diagnosed with ASC, using Scratch to create sto-
ries; and also interviewing their class teachers after these
observations had taken place. Findings from the observa-
tions revealed that the participants struggled with a number
of user-interface, and cognition-related accessibility issues.
Findings from interviews with teachers revealed that these
issues were caused by the VPT’s poor visual labelling, lack
of constraints, and the unavailability of templates to scaffold
and guide users.

Although Bossavit and Parsons [5], Eiselt and Carter
[16], and Munoz et al. [31] did not report any accessibil-
ity issues, very little is known about the cognitive abilities
of the users that participated in these studies. It is possible
that unlike the 5 participants with ASC that participated in
the study conducted by Zubair et al. [40], the participants
in the three studies above do not have an associated learn-
ing disability. This means that they may not face the same
difficulties in using VPTs as those with ASC and related
learning disabilities.

1.4 Accessibility recommendations for designing
interactive applications for children with ASC

None of the studies that proposed accessibility recommenda-
tions for designing interactive applications for children with
ASC found in the literature are targeted towards designing
VPTs; however, recommendations have been proposed for
designing accessible serious games [38], websites [9, 35],
mobile applications [13], virtual reality (VR) applications
[7, 19], tangible user interfaces [36] and other interactive
applications [14, 23, 34].

Various methodologies were used in gathering these
guidelines including literature reviews [7, 9, 13, 19, 38],
engaging stakeholders [35], extending existing guidelines
[23], combination of literature review and stakeholder
engagement [34], and from research experiences [14, 36].

Despite the differences in the types of applications tar-
geted, and the methods used by these studies, several rec-
ommendations were common among most or all of them.
For example [9, 13, 34, 35] all recommend having visual
objects as an alternative means of presenting information
and [9, 13, 23, 35] recommended using simple straightfor-
ward language with no jargon, acronyms, etc. This shows
that although there are accessibility recommendations that
are context-specific, there are also important accessibility
recommendations that address important needs of the target
group and remain valuable across several contexts.

1.5 Aim of the study

This study aims to gather and propose a set of recom-
mendations for designing accessible and engaging VPTs
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for children with ASC, specifically those that also have a
learning disability. In doing so it is hoped that more chil-
dren with ASC will be able to use VPTs, with potential
benefits reported to include improved engagement and
collaboration [21].

2 Gathering recommendations

The following section describes the qualitative study
designed to gather design recommendations for acces-
sible VPTs for children with ASC.

2.1 Participants

Teachers with experience in working with children with
ASC, and researchers with both practical experience with
children with ASC as well as published works in areas
related to their characteristics, needs, or their use of tech-
nological interventions were recruited as experts. They
were recruited from existing links with special education
needs schools and academic researchers in the relevant
fields, and by searching online for academic experts with
relevant experience. Seven experts (E1-E7) agreed to par-
ticipate (three males and four females; two teachers and
five academic researchers). Their professions, roles and
experiences are presented in Table 1.

Table 1 Interviewed experts, their professions and experience

2.2 Method

All seven participants were interviewed between
May-August 2018. Ethical approval was sought and received
from Nottingham Trent University’s Ethics Committee
before participants were recruited and interviews were
conducted. Steps were also taken to ensure anonymity and
confidentiality of participants. Six of the interviews were
conducted face to face, and one was conducted via video
conferencing (Skype). All interviews were semi-structured,
lasted between 30 and 60 min and were audio-recorded with
the permission of the interviewee.

Before the start of each interview, the interviewer dem-
onstrated the main features of VPTs by creating an exam-
ple animation program using Scratch. Then the interview
was conducted with questions asked around the observed
behaviours and difficulties associated with using VPTs
identified by a previous study by the authors that evalu-
ated the accessibility of Scratch for children with learning
disabilities and ASC [40]. Specifically questions were
asked around: the occurrence of difficulties, i.e. why an
observed difficulty occurred and whether similar diffi-
culties are known to occur in other contexts; mitigating
difficulties, i.e. how can an observed difficulty be miti-
gated and how are similar difficulties in other contexts
mitigated; significance of behaviours, i.e. whether an
observed behaviour is associated with any of the observed
difficulties. The researcher was flexible and opportunis-
tic in following up on relevant and interesting points as
they arose, and by using the points raised by experts to
decide the sequence in which behaviours and difficulties

Expert Profession Experience

El Researcher

Associate professor in education with research interests within the field of special education needs and disabilities includ-

ing the use of technology to provide personalised learning experiences for those with disabilities. Has additional experi-
ence from working in special needs schools and as a language therapist for children with communication difficulties

E2

E3

E4

E5

E6

E7

Researcher

Teacher

Researcher

Researcher

Researcher

Teacher

Senior researcher with more than 10 years research experience in the area of assistive technologies, and strong interests in
the use of virtual reality by children with autism spectrum condition

Assistant head teacher at a school for students aged 3—18 years with severe learning difficulties, profound a multiple learn-
ing difficulties and autism spectrum condition. Also has more than 20 years experience in the special education needs
field

Professor in the field of learning disabilities with more than 30 years research experience in the field. Expertise in the
design and evaluation of technology for students with a range of cognitive impairments and autism including virtual
environments, serious games and robotics

Associate professor with research interests in the behaviour of autistic individuals, the use interactive applications (e.g.
video games) as a method of intervention or to understand the behaviours of individuals with ASC. Has received
research funding from bodies including US National Science Foundation and the UK National Institute for Health
Research, and has collaborations in several countries

Associate professor with research interests in autism in education. Over 20 years research experience in various university
research centres in multiple countries, and has worked in special needs schools

Classroom teacher with several years of experience at a school for students aged 3—18 years with severe learning difficul-
ties, profound and multiple learning difficulties and autism spectrum condition
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(observed from the aforementioned previous study) were
discussed.

2.3 Analysis

Recorded interviews were first transcribed and then ana-
lysed using thematic analysis [8]. Specifically, theory-
driven thematic analysis was used to analyse the inter-
view transcripts. In this approach, the researcher codes
and creates themes to answer specific questions that are
being asked of the data [8]. Codes are used to denote
basic parts of the data that are interesting and relevant to
the issue being researched, and themes describe mean-
ingful patterns in the data. The question that was asked
to emphasise and identify (for coding) experts’ recom-
mendations for the inclusion or exclusion of features to
improve accessibility was “What features should visual
programming tools have or avoid to ensure that they are
accessible, usable and engaging for children with ASC?”.

All excerpts of the interview transcripts that directly
referenced a recommendation for the inclusion or exclu-
sion of a feature were coded, as were excerpts describing
features/approaches that worked or did not work well for
the same target group either applied to other software
applications, or in real life. This approach was helpful
in highlighting recommendations explicitly suggested by
experts, as well as justification for making recommenda-
tions based on insights provided by experts.

After coding the interview transcripts, the first round
of theme creation was performed by grouping together
related codes to form potential themes. Coded extracts
for each theme were then checked for consistency with
each other, and the theme. This led to the elimination of
redundant extracts, coded extracts that did not fit their
codes or theme, and ultimately led to the creation of nine
consistent and meaningful themes. A final pass at review-
ing the themes, their codes and extracts was conducted.
This time all codes and extracts were found to be consist-
ent with their themes. Themes were named to highlight
the main concept associated with their coded extracts; for
example, the created theme that contained coded extracts
emphasising the importance of personalisation features
in making VPTs accessible was named “Personalisation”.

QSR Nvivo 12 was used to conduct this data analysis.
It was used to transcribe audio interview data, code data,
and store themes.

Each theme and its related recommendations are dis-
cussed next. Excerpts from the transcripts related to each
theme are provided to show the opinions of experts in
their own words.

2.4 Findings

The nine themes identified from the transcripts cover expert
recommendations on various matters ranging from the type
of hardware platform most suitable for VPTs targeted at
children with ASC, to the type of content that should be
provided within the VPT and how it should be presented.
For each theme discussed in this section, relevant excerpts
from the transcripts are provided. A complete list of gathered
recommendations organised by themes and their descrip-
tions is also provided in Table 2.

2.4.1 Mobile device compatibility

The use of VPTs requires constant and continuous interac-
tion with visual representations of programming logic (e.g.
blocks and bricks), and objects that are being programmed
(e.g. character and background images). These interactions,
as pointed out by E6, may not be straightforward for all users
with ASC, especially using a mouse as an input device.

They need to be learning the link between what they’re
doing... some of them play video games and they’re
very clear that what they do with their hands has an
effect on what happens on the screen, but with other
children, making that link, particularly if they’re going
to use a mouse can be difficult (E6)

A potential solution to this problem is making VPTs compat-
ible with and accessible on mobile touch screen devices such
as smartphones and tablets. This could greatly reduce the
distress caused by difficulties in interacting with other plat-
forms that offer less intuitive input techniques. In addition
to the directness of interaction and intuitiveness offered by
touch screen devices, E4 points out that most young people
including those with ASC own and use smartphones and
tablets, and are comfortable interacting with objects on a
touch screen.

A lot of young people use iPads obviously, and they
get used to controlling things with their finger. And
that conceptual link between you touching it and it
doing something is a much shorter jump isn’t it, it’s
much easier to understand what’s happening there.
Whereas with the mouse when you have to do the
double click on things, some of that will be difficult
for some children. Even if you tell them they have to
click twice, they leave it so long that it does not work
as a double click (E4)

The need for an accessible interaction method cannot be
overstated because as explained by E5, interaction difficul-
ties can cause a ripple effect leading to difficulties in other
areas.
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For example, if you have difficulty performing mouse
operations then maybe you’re also going to have dif-
ficulty structuring and sequencing, not because you
fundamentally have difficulty structuring sequencing
but because you can’t click the mouse in order to tell
the computer what to do (E5)

2.4.2 Engaging users

Individuals with ASC are known to have restrictive inter-
ests; these interests may seem random, peculiar and some-
times strange. However, experts believed some core areas
of interests are common among individuals with ASC, and
integrating content related to these areas of interest within
VPTs could potentially lead to higher engagement levels
and motivate users to create programs around their areas of
interests. E3 and E6 had this to say on the subject:

I mean there are some things that sort of generally
float their boats in terms of ASC. I’m sort of being
very generalistic here, for example, Thomas the Tank
Engine, you know, they like the repetition, they like
that it’s not unpredictable and it’s a very closed world
(E3)

So there are people who have weird and wonderful
interests but there are some things that a lot of young
people are interested in and it’s a bit different for boys
and girls. So, for younger children, we know Thomas
the Tank Engine is you know’ they actually love
Thomas. For older boys, a lot of boys still like trains
but not Thomas. With girls, they tend to love animals,
you know. There are probably a number of core things
that you could perhaps say: ‘we know that a lot of boys
like these things and a lot of girls like these things and
maybe we’ll focus on integrating those’ (E6)

In addition to providing content related to known core areas
of interests of children with ASC, another suggestion made
by E3 is to use content receiving high levels of interest from
users within a VPT as a potential choice (to build projects
around) for other users that are not motivated.

If a child is motivated by one character, maybe you
could take that and get rid of the others and use it as a
choice for somebody that is less motivated (E3)

2.4.3 Information presentation and visualisation

The use of visual icons and symbols instead of text, or to
support text, was a key suggestion by experts. This is due
to the reading and reading comprehension difficulties, and
preference for visual means of communication associated
with children with ASC. E6 expressed concern about having
more text labels than visual labels in VPTs:
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I mean there is the issue of having to be able to read
for meaning, it’s not just reading the words, it’s
reading and understanding what it is, you know. If
I read that, what will I have to do? So you have to
have a certain level of reading comprehension, don’t
you? I know there are other online programs that are
directed at young people with a certain level of intel-
lectual ability and reading ability. So if it’s some-
thing that’s supposed to be accessible to everyone
perhaps there needs to be a bit less writing and more
visual kind of representations (E6)

E4 also shared similar concerns about users needing to
read and comprehend textual labels in order to use a VPT.
To illustrate the difficulty of the task, E4 compared it to
reading a foreign language that one cannot speak:

Think of it as if you were a native Italian speaker
looking at this (scratch interface in English) and
didn’t know any English how much of it could you
understand?

Therefore, as E6 mentioned, just like other applications
targeted at children with disabilities in general, VPTs for
children with ASC should present information visually,
with as many visual symbols and icons as possible to make
it easy for users to understand without the need to read text
or text labels. E1 also made the same recommendation as
seen in the excerpt below:

You could have a version that minimized the need to
read or eradicated the need to read by putting sym-
bols on it. You can have a run icon, you can have a
jump icon and lots of other things (E1)

2.4.4 Sounds

ASC is commonly associated with high sensory sensi-
tivities, and affected children can be highly sensitive to
sounds. Therefore, E4 expressed concern over the use of
sounds in VPTs:

Is auditory feedback necessary? Because I don’t
think at the moment that’s a good idea, it may well
be that the auditory system could be overloaded for
some people with ASC (E4)

Since sounds may not cause distress for all children with
ASC and could be useful in content creation and program
execution, the recommendation proposed here is to make
sounds optional for the use of VPTs and only played when
turned on. Therefore, feedback should also be provided
through other means, e.g. visual feedback for those that are
sensitive to sounds and therefore have sounds turned off.
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2.4.5 Restrictions and limitations

Experts unanimously believed that the numerous choices
(e.g. sprites, backgrounds, sounds, blocks) and open-ended
scenarios (e.g. blank projects) presented by VPTs can be
overwhelming for children with ASC. This is true even in
their everyday activities as explained by E3:

When you are working with autistic students and you
ask them an open question they struggle with that. So
for example, if I was to say “how do you feel?” there
are sort of many different answers you can give. But
if I say “do you feel happy or sad today?” it sort of
closes it down (E3)

According to E4, another negative effect of having this
level of choice comes in the form of children with ASC
performing repetitive tasks as a way of controlling their
arousal levels.

There’s a lot of theory around arousal levels and
emotional disengagement in autism. A lot of the
things observed [by the researcher] are attempts
by the person to control their level of arousal. You
are confronting somebody with a lot of information
[within the VPT], and their return to doing repetitive
tasks or something else is their attempt in saying “I
can do this, let’s just carry on doing this” (E4)

Therefore, experts suggested the use of restrictions or
limitations (when and where appropriate) as a way of
providing safe and manageable options for children with
ASC. This could potentially lead to them being comfort-
able enough to try out new things without getting over-
whelmed. E6 suggests how this approach can be applied
to providing a manageable number of media elements (e.g.
story characters) to use in projects within a VPT:

So, you wouldn’t make 50 characters available, you
maybe make five available, so they’d just pick from a
really small number so that they’re not getting over-
whelmed by the sheer number and not knowing what
to pick. If there’s a small number, they can pick on
what they like the look of and then quickly get into
doing something with it (E6)

In addition to media elements such as characters, limita-
tions or restrictions can also be applied to other aspects
of VPTs such as tools, features, programming elements,
etc. However, E1 cautioned that there might be a down-
side to this as having too many restrictions may prevent
engagement.

So, the educator in me thinks I wouldn’t want the
restrictions to be there all the time, because I would

be wanting to support them to do something more,
but I would also want to be having it open enough
so that they can get engaged in the first place (E1)

Therefore, a balance should be struck where restrictions
exist to prevent users from getting overwhelmed and react-
ing negatively, but not too much to prevent users from
engaging with the VPT.

2.4.6 Scaffolding

Experts believed that children with ASC may have difficul-
ties with creativity and imagination, sequencing events,
understanding and using programming elements (even if
they are visual). They recommended the use of scaffolding
to guide the users through the various stages of program
creation, from media selection to program logic speci-
fication. As E6 explains below, individuals that require
scaffolding to perform tasks that require sequencing and
structuring (e.g. writing a story) without the use of a VPT
will surely require scaffolding from the VPT if they are to
use it to perform the same task independently.

Sequencing and structuring may well be things that
those children have difficulty with when they’re writ-
ing a story by hand in a book, you know, some chil-
dren have that difficulty. So again, there might be
a need for a bit more scaffolding for children who
might have that difficulty. If you just sit them in front
of a piece of software and ask them to create a story,
that will be really difficult (E6)

Children with ASC also find it difficult to visualise imagi-
nary things, settings or situations as pointed out by E3:

A lot of students struggle with imagination. [Creat-
ing content using VPTs] is equivalent to say role-
play, unless you’ve actually got something in front
of them, some props, then they will struggle just to
make a story out the sky (E3)

Scaffolds can also help children with ASC to avoid this
difficulty by showing them what a possible outcome can
look like, hence making it easy for them to create.

Having a sense of direction in the sense of reward,
not reward but a clear idea of what an outcome might
look like... I think sometimes young learners in gen-
eral, but especially autistic groups, if you show them
what the end goal is going to look like, they can
better see the journey. And I think if you can pro-
vide scaffolding, thus enabling better structure and
sequencing and things like that. I think that will bet-
ter enable them to stay on track (E2)
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Another potential benefit of having a scaffold as seen in the
extract above is keeping users on track to achieve their goal
and preventing them from getting lost in unrelated tasks.

Based on insights gathered from experts, we recommend
the use of templates that can guide users through program
creation, as well as programming specific scaffolds through
the provision of highly abstracted programming blocks that
represent scripts for performing popular actions.

2.4.7 Goal orientation

Findings show that experts believe designing VPTs with spe-
cific goals in mind can make it easier to identify the aspects
of VPTs that need to be eliminated, restricted, automated or
greatly simplified to allow children with ASC to focus on
achieving goals and obtaining feedback. For example, E6
had this to say about eliminating reading activities to get
users to focus on programming:

You want them to try and do something quickly you
know, so you don’t want them to have to read things
and be concentrating, it’s not a reading exercise it’s a
programming exercise. So if they’re trying to read and
work out what they have to do, it slows things down
to the extent that they lose interest, and then you have
lost purpose... If the purpose of the activity is to learn
programming using the program then it needs to be
easily accessible so they can do it quickly because then
they’1l get feedback, “wow I can make that work™ and
then they will want to do something more complicated
(E6)

This approach could be a way of reducing frustration,
increasing motivating and goal achievement, and encourag-
ing actual visual programming. This, in turn, can lead to
continued use of the VPT. However, success needs to be
achieved quickly for this to occur as E4 mentions below:

If you don’t understand [visual programming], more
exposure is going to help you with that. But then
you’re not going to get more exposure unless you get
some degree of success. One thing we tried to do when
we were designing stuff was trying to make sure that
people could actually get something done, there will
always be some degree of challenge but they always
got some degree of success because if they don’t, they
just give up (E4)

2.4.8 Personalisation
Children with ASC face varying degrees of difficulties, and
experts stressed the need to acknowledge this when design-

ing VPTs: “you need some differentiation built-in” (E2).
For example, when discussing the appropriate application of
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limitations and restrictions, E1 suggested making decisions
based on the needs of each child: “If I knew a child I would
make different decisions according to the child.” (E1). E6
also made a similar recommendation:

You have to work at the pace of the child because for
some children they might stick at only having five
symbols (programming blocks) for quite a long time
whereas another child might get it straight away and
the next week they want to be writing a story. So you
might have to make more available for them more
quickly (E6)

Personalisation can also be applied in prioritising the child’s
interest when providing content to create programs with. E7
believed that this can help increase engagement:

I think if it’s following their interest a bit more I think
that’s going to make it more interesting to them, isn’t
it? It’s picking up on something they know about and
want to learn about. I think that’s another additional
problem with probably all of them, is finding the things
that float their boat, which is a massive issue, which
is why you know personalizing it is probably going to
help with that difficulty (E7)

For personalisation, a VPT would require a knowledge of
the characteristics of the child using it, and make decisions
based on the characteristics and needs of the child. There-
fore, the recommendations proposed here are to have user
profiles for storing user information and then to personalise
based on the contents of the profile.

2.4.9 Managing changes

Most of the recommendations discussed in the themes above
propose some form of modification to the user interface or
logic of VPTs to improve accessibility. Implementing these
modifications will undoubtedly produce changes that will
be noticeable by the user. Although children with ASC
are known for their difficulties with dealing with change,
experts suggested informing them about modifications to
VPTs before they occur as a way of reducing the difficulty:

A characteristic of people with autism is that change
can be something that’s really challenging but if they
know it’s going to come and the connotations of the
change are good ones then they can find it easy to cope
with it (E4)

Some children will hate it if you change it from the
way it was originally but actually in my experience
you can, you can warn them, you can explain why you
can present it as a good thing. So, I wouldn’t say that
it would be wrong to do it, but I think it’s how you
present it (E1)
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It can be seen from the excerpts above that although chil-
dren with ASC characteristically do not respond well to
unexpected changes, they deal well with changes that they
are made aware of, and understand the benefit of. Therefore
making changes slowly and not drastically can make it easier
for children with ASC to accept the changes as explained
by E2:

If you can scaffold it and gently move things from one
to two to three to four, you know, be clear about where
they are in the journey, I think that the expectations
can be managed well enough that it shouldn’t represent
a major problem (E2)

The recommendations proposed for helping children with
ASC handle changes made to VPTs as a result of personali-
sation are: to present notifications whenever a change is due
to be made; to avoid making major changes at an instance;
and to have a feature that keeps track of changes applied for
each child and presents it in a visual manner when requested.

3 Validating recommendations

Some of the initial recommendations gathered were explic-
itly stated by experts, while others were proposed by the
authors to address concerns raised by experts. Therefore, a
validation exercise was conducted to confirm the validity of
all proposed recommendations. The validation study and its
findings are presented in this section.

3.1 Participants

The same approach used to recruit participants in the ini-
tial study was used for participant recruitment in this study.
Three experts, all of whom had participated in the initial
study (E1, E4 and E6), agreed to participate.

3.2 Method

A qualitative approach to validation was employed using
semi-structured interviews as the data collection method due
to the success of this approach in the initial study and the
richness of the data gathered. Since ethical approval was
already secured for the research before the start of the initial
study, no new ethics permission was required.

All interviews took place on May 2019, were held face
to face, lasted between 30 and 45 min and were audio-
recorded with the permission of the interviewee. Before the
start of each interview, each expert was given a copy of the
proposed recommendations. Then a semi-structured inter-
view approach was adopted to investigate the validity of the
recommendations previously derived within each theme.
Experts were asked whether each recommendation could

improve VPTs’ accessibility to children with ASC. Based
on the expert’s response, the interviewer then followed up
on any interesting points raised by asking questions to either
validate (e.g. how would it affect the experience of a user
with ASC?), correct existing recommendations (e.g. how
can the recommendation be improved?), or even to derive
additional recommendations (e.g. what would you recom-
mend instead?).

3.3 Analysis

The interviews were first listened to, to identify interesting
concepts and then transcribed before the transcripts were
coded. Coding was done by examining the data for opinions,
suggested modifications, additions or eliminations. When
any of these were identified, it was coded and assigned to
the theme it relates to (no code was found to require a new
theme). Then the codes in each theme followed a similar pro-
cess as specified above. Findings showed agreement on the
validity of all recommendations, two recommendation addi-
tions, no eliminations, and some suggested modifications.

QSR Nvivo 12 was used to conduct this data analysis. It
was used to transcribe audio interview data, store notes, code
data and update themes.

3.4 Findings

The findings of the validation exercise are discussed in this
section. Excerpts from the interview transcripts are used to
show experts’ opinions about the recommendations in their
own words. The changes made to the gathered recommen-
dations as a result of the findings are presented in Table 3.
Newly added recommendations and their descriptions, and
updated recommendations for initial recommendations are
presented in italics.

3.4.1 Mobile device compatibility

There was a general agreement by experts on the need for
VPTs to be available on mobile devices:

It would be fantastic if it could be very portable, for
children who can engage on phones that would be
great. | think as a minimum it should be on some kind
of tablet (E1)

If you can give them the opportunity to create some-
thing where they haven’t got to be holding a pen or a
mouse and they can create an animation or whatever
it’s going to be, I think that would be really important
because we don’t want to set up an alternative means
of doing something that still has challenges for them. I
think most children understand drag and drop because
they do it all the time in games and things (E6)
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Table 3 Changes to recommendations as a result of validation

Theme Recommendation

Description

Engaging users  Integrate content known to interest those with ASC

Suggest popular content to unmotivated users

Information
presentation
and visualisa-
tion

Represent information visually using icons/symbols

Goal orientation Provided templates should scaffold towards projects appro-
priate for teaching relevant skills to children with ASC

Personalisation
and Customi-
sation

Store personal user information and preferences

Record users’ interaction histories for personalisation

Support user customisation, i.e. manual selection of prefer-

ences

In addition to the initial description: where possible, make use
of such media items on splash screens, lock screens, etc. to
capture the attention of users

In addition to the initial description: this should only be
applied for users that are not resistant to new information

In addition to the initial description: restrictions should focus
on features and not media content or programming elements,
even if the user is fixated on them

Templates should be designed for projects that teach children
with ASC relevant skills such as communication and col-
laboration

VPTs should have user profiles for storing relevant personal
information about users (e.g. interests, capabilities and dif-
ficulties). An automated user modelling test can be used to
collect user data for initialising the user’s profile, otherwise,
the data can be entered manually by a caretaker

VPTs should record users’ use of the tool (e.g. frequency of
programming blocks’ usage, properties of programs cre-
ated). This record should be automatically updated with
each use of the tool

The VPT should also allow manual setting of preferences as a

way of overriding automatic personalisation. For example, a
user should be able to choose font size and colour

3.4.2 Engaging users

Experts welcomed the recommendation for integrating
content that is known to interest children with ASC within
VPTs. E6 also suggested making the most out of this type
of content to capture the attention of users:

Make sure that some of their favourite things are on
the first screen that they see, I think that would be
really important. If it’s sharks or rainbows or uni-
corns you know, whatever their thing is “my favour-
ite thing is going to be behind the screen, so I need
to keep going” (E6)

However, with regard to making popular content sugges-
tions to unmotivated users, E4 warned that this might not
be suitable for those that have highly restrictive interests:

It may well be that in their profile you get a ques-
tion about their resistance to new information. I can
imagine scenarios where if you’re really into Thomas
the Tank Engine and somebody keeps saying you
should use my little pony, then it won’t go down very
well (E4)

Considering these findings, the descriptions for the recom-
mendations related to the integration of engaging content
were modified.
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3.4.3 Information presentation and visualisation

Although all experts agreed on the need for visualisation
using icons/symbols, concerns over the choice of using
new or existing symbols/icons to use were raised:

”Regardless of what they’ve been used to, some chil-
dren will be able very quickly to pick up a new [visual]
language, a new set of icons, they’ll just quickly figure it
out. And others obviously might want it to be something
maro familiar” (E1)

E4 believed that using existing sets will be best since
children with ASC will already be familiar with them, and
if they are not, then they get the chance to learn a symbol
set that will be useful to them in other contexts. This also
helps to avoid putting the children through the unnecessary
task of learning to understand the visual language in order
to be able to use the tool. However, the use of an existing
symbols set might come with certain Intellectual Property
and Rights restrictions, and different children might be
experienced in the use of different sets, which may mean
having VPTs support multiple sets and to record individual
preferences within profiles. Therefore, E6 favoured the
idea of having new sets created and used for VPTs and
argued that as long as the children are interested, they will
be able to learn the new symbol set:
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I found when we have introduced’, whether it’s for
communication devices or programming, you know
when kids started getting into the Lego programming
and model making things because they’re engaged
with it and they are enthused, they can quite quickly
learn the rules and the symbols that go with it. So I
think if you have a new set and they’re excited to use
it, they will be able to learn (E6)

Considering these findings, we propose the use of existing
visual/iconic languages where possible and only use new
ones in cases where the use of existing ones is not possible
due financial, legal or other constraints.

3.4.4 Sounds

The need for making all sounds optional for the use of VPTs
was also agreed on by experts.

3.4.5 Restrictions and limitations

Experts all agreed on the need for restrictions and limitations
to ensure users remain focused and not overwhelmed:

I think it’s really important because when you give
too many choices, it might look great, but they just
don’t know where to begin. It’s linked to their execu-
tive function challenges, being able to differentiate
between what’s important and not important, and how
to organize things (E6)

However, when imposing restrictions to help users get out
of repetitive cycles, E4 advised against imposing them on
content used to create programs even if the user is fixated
on that content:

I think if they are only fixated on some topics then you
should exploit that and remember that you are trying to
get them to move up the levels of coding (E4)

The corresponding recommendation was updated to reflect
the additional information gathered.

3.4.6 Scaffolding

All experts agreed on the need for structure using templates
and the provision of scaffolds, to ensure children with ASC
with different needs and abilities can program using VPTs:

It’s an opportunity to really engage in a different way
with something they’ve never done and it might’, it
should be highly motivating especially if it scaffolds
at the right level (E1)

The use of templates is a good idea, particularly for
the children having moderate or severe learning dif-
ficulties (E6)

3.4.7 Goal orientation

This recommendation was also well received by experts.
E6 mentions that this design approach can also serve as a
way of giving caregivers ideas on how VPTs can be used by
children with ASC, thus encouraging them to introduce the
use of the tools at home or in class:

I mean people pick out particular programs and tools
because they think it will help with a particular goal.
So this would be another way of getting the caregivers
interested in picking this software (E6)

E6’s insight led to the addition of a new recommendation for
ensuring VPTs are goal oriented.

3.4.8 Personalisation

Recommendations concerning personalisation were greatly
supported by all experts. However, a concern was raised by
both E6 and E1 regarding the time and precision required to
accurately set up profiles:

The user profile presumably is something that a teacher
or parent or someone else might be able to put in as
opposed to the child themselves right? So all of these
things will take a certain amount of setting up (E6)

To tackle this issue and to improve the accuracy of the infor-
mation within profiles, E1 suggested using a user-modelling
test for children with ASC to automatically generate their
profiles. Additionally, E1 suggested the provision of a fea-
ture that allows caretakers or the users themselves to further
customise automatically generated profiles. This is useful
especially in cases where the applied automatic personalisa-
tion is not producing the expected positive results.

3.4.9 Managing changes

Experts all agreed that these recommendations are necessary
for managing the frustrations that children with ASC face
when dealing with change.

4 Discussion

The aim of this study is to propose recommendations for
designing accessible, usable and engaging VPTs for children
with ASC, specifically those that also have a learning dis-
ability. A literature review was carried out, but no recom-
mendations were found for designing accessible and usable
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VPTs for children with ASC or children with cognitive
impairments in general. In response to this identified gap,
the first part of the current study gathered recommendations
by conducting semi-structured interviews with seven experts
and using thematic analysis to analyse the interviews. This
led to the proposal of 16 recommendations categorised
under nine themes identified from this thematic analysis.
However, not all the recommendations were proposed by the
experts themselves, some were proposed by the authors to
mitigate concerns raised by the experts. To ensure the valid-
ity of both recommendations by the experts and the authors,
a validation exercise was conducted using semi-structured
interviews with three experts. Findings from this validation
exercise ensured the validity of all gathered recommenda-
tions and also provided new data that led to the addition of
two new recommendations. Several initial recommendations
were also updated to further clarify their meaning. This was
mainly done by rewording or adding content to their descrip-
tions, although in one case one recommendation was broken
into two separate recommendations. This increased the total
number of proposed recommendations to 19, while the num-
ber of themes remained unchanged.

The first recommendation proposed suggests making
VPTs compatible with mobile touch screen devices. This
recommendation aims to take advantage of the widespread
ownership and use of such devices by the target group. Inter-
viewed experts believe that the familiarity that most children
have with this mode of interaction would make it easier for
the target group to understand the interactions required to
make use of VPTs. This could also reduce the difficulties
associated with clicking and dragging objects using a mouse
and other less intuitive input devices faced by those with fine
motor skills difficulties. Accessibility recommendations for
designing other types of applications for the target group
have also proposed utilising mobile devices for improving
accessibility [9, 13].

Although making VPTs accessible on mobile devices can
make it easier for children with ASC to access and use them,
access does not always imply usage. One way of getting
the attention of children with ASC is by taking advantage
of their interests [6]. Therefore, the experts recommended
integrating content related to the topics known to interest
children with ASC within VPTs, and in clear sight of users,
to encourage interaction and programming of projects. A
similar recommendation has been made for designing acces-
sible virtual reality applications for the target group [7].
Davis et al. [14] also recommended accommodating special
interests of children with ASC when designing interactive
applications as well as avoiding content associated with any
fears the users may have.

VPTs are known for visually representing programming
constructs and program execution. However, for these tools
to be accessible for children with ASC, visualisation must

@ Springer

be extended to the labelling of all user interface elements.
Findings from this study show that experts were concerned
about the accessibility of VPTs depending on the abilities of
children with ASC to read and understand textual informa-
tion. To address this, experts recommend the use of visual
icons/symbols in place of text, or together with text to con-
vey the purpose of user interface elements including visual
programming elements (blocks or bricks). This recommen-
dation was found to be popular in the literature [9, 13, 34,
35] as it can improve the accessibility of any application,
especially if the visual icons/symbols used are familiar to
the users [9, 23, 35].

Avoidance of default audio feedback and playback within
VPTs is another recommendation made by experts, as audi-
tory hypersensitivity is common among individuals with
ASC [20]. However, complete elimination of sounds from
VPTs is not recommended since audio feedback might be
useful and even entertaining to some children. The recom-
mendation is to have all sound off by default, make the VPT
usable without sound, and only play sounds when a user
explicitly declares that preference as recommended by Boz-
geyikli et al. [7] when designing accessible VR applications.

VPTs targeted at children offer collections of media
objects, visual programming elements, and in some cases,
additional tools/features for editing, creating, storing and
sharing media, programming elements and projects. While
this may be advantageous for encouraging creativity in neu-
rotypical children, experts warned that children with ASC
might find having numerous choices overwhelming. This
can affect their ability to pick out programming elements as
well as media objects to program. Therefore, limiting these
choices to a set that is manageable and useful (given the
user’s goals) reduces the possibility of overwhelming the
user and makes it easier for them to make choices. Although
meaningful usage of VPTs requires a subset of visual pro-
gramming elements and media objects, other tools/features
available within the VPT may not be entirely necessary
depending on the nature of the project being created. Such
tools can be removed to declutter the user interface and pro-
vide fewer options for the user. Similarly Bozgeyikli et al.
[7] and Davis et al. [14] recommend preventing users with
ASC from performing certain tasks or accessing certain fea-
tures by removing the features or taking over control of the
applications at certain times.

Experts believe that users with ASC may require scaffold-
ing to program within VPTs. An important observation made
by one expert (E6) is that users that require scaffolding to
perform a task without the use of technology will not be able
to perform that same task with the use of interactive technol-
ogy unless the technology itself provides scaffolding. There-
fore, the use of templates within VPTs is recommended to
provide guidance and structure to build projects around.
To further scaffold the users’ programming experience, the
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provision of higher abstract level programming elements is
also recommended. For example, some users might be able
to create a script that makes a character jump using visual
programming elements for moving along the x and y-axis.
However, not all users will be able to accomplish this, and
in this case, the provision of a “jump” visual programming
element that abstracts the movement along x and y-axis will
be more suitable. Although scaffolding can be important for
the accessibility of all interactive applications, these pro-
posed scaffolding recommendations are unique compared to
the scaffolding recommendations found in the literature, e.g.
providing relevant examples [35] and providing multimedia
instructions [9, 34]. This is due to the creative nature of VPT
use compared to other applications, e.g. websites.

Designing VPTs to be goal-oriented instead of “sandbox”
in nature is also recommended by experts. This will allow
users to quickly access and use features that are relevant to
their goal [9, 14, 23], program an executable project, obtain
feedback, and become more motivated. Without providing
goal-oriented focus, VPTs may become platforms where
children with ASC spend most of their time on secondary
or low-level tasks.

Support for each individual user’s unique characteristics,
interests and goals should be offered within VPTs. The use
of profiles is recommended for storing user information as
a route to personalisation. The user profile should be a live
data store created and updated either manually or automati-
cally by logging relevant user interactions. The VPT should
then make decisions based on the contents of the user profile
on how other recommendations should be applied, e.g. the
restrictions to apply to programming elements. A recom-
mendation is also proposed for allowing the user or a teacher
to explicitly specify preferences for overriding those auto-
matically set by the tool, in cases where the changes made by
the tool do not suit the user. Accessibility recommendations
for designing for those with ASC propose personalisation
and customisation of various features such as text size, col-
our and font [9, 23, 34], characters and environments [7, 38],
and number of elements within the interface [9].

Personalising to meet and subsequently keep up with
changing needs, interests and capabilities of users will
undoubtedly lead to changes that affect how the tool looks
and functions. Individuals with ASC are characterised as
being resistant to change, and by their preference for consist-
ency and predictability. Therefore, it is proposed that users
are made aware of any changes that are going to happen due
to personalisation beforehand. Additionally, the provision
of a feature that presents a visual history of personalised
changes applied for a user is recommended. Only Khowaja
and Salim [23] proposed a similar recommendation, while
Britto and Pizzolato [9] recommended restricting interface
changes and proposed keeping users informed about the sta-
tus of the system and providing constant feedback to users.

The complete set of proposed recommendations are pro-
vided in Table 4. They are presented in a descriptive manner
intentionally to ensure their applicability to VPTs of differ-
ent nature (e.g. those that support block-based programming
or those that have a game based programming environment),
and to allow flexibility in the way they are applied by design-
ers and developers. However, to avoid ambiguity, concrete
examples have been provided (where it appears appropriate)
to show how the recommendations can be applied to exist-
ing VPTs; however, these examples are in no way meant to
be exhaustive.

5 Limitations

Like any research investigation, this study has its limitations.
The interviews were mainly driven by discussions around
the outcomes of an earlier study, detailing the behaviours
and difficulties faced by five children with ASC while using
Scratch 2.0. However, we believe the recommendations that
were gathered as a result of discussing these observations
can be generalised to making all VPTs accessible. Secondly,
although all experts that were interviewed had extensive
experience in designing interventions for children with ASC
(either traditional or technology-based), not all were familiar
with VPTs before participating in this study (although three
were very experienced in using VPTs). To address this, a
Scratch programming demonstration was shown at the start
of all interviews.

6 Conclusion and future work

In spite of the popularity of VPTs for use by neurotypical
children, and the reported benefits of using them in a range
of learning contexts, there is still a lack of research on their
use for children with ASC, especially those with a learn-
ing disability. Following on from previous research evalu-
ating the accessibility of VPTs for children with learning
disability including those also diagnosed with ASC [40],
this work aimed to propose a set of recommendations for
designing accessible, usable and engaging VPTs for children
with ASC. An initial set of recommendations were gathered
from interviewing seven experts before being updated after
validation by interviewing a subset of the previous seven
experts (three in total). Finally, a set of 19 validated acces-
sibility recommendations for designing accessible VPTs
for children with ASC and learning disability are proposed.
Although these do not represent an exhaustive set, they have
all been validated by a set of experts.

Empirical studies that evaluate the accessibility of VPTs
designed with the proposed recommendations need to be
conducted in order to fully validate the recommendations.

@ Springer
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Therefore, as future work, we intend to implement these rec-
ommendations into an existing VPT and evaluate its acces-
sibility for children with ASC. The first set of recommenda-
tions that will be implemented as part of this future work are
those proposed within the personalisation theme, and will
mainly be applied to scaffolding and limitations related to
programming elements. An ontology will be used to repre-
sent programming elements categorised based on complex-
ity and purpose, and how they should be made available to
users depending on their characteristics (as represented in
their profiles). Three personae created for children with ASC
by the authors will be used to create the user profiles that
will be used in the ontology.
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