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Thesis Abstract
The focus of this thesis is on social communication and interaction between children on
the autism spectrum in Bangladesh. Building upon recent research on social
communication and play between children on the autism spectrum using technology,
this thesis uses publicly available digital apps and toys to investigate the forms of social
communication and play behaviours that non-speaking children on the autism spectrum
engage in. The studies described below also examine the affordances which enable social
communication when playing with toys or iPad games. The thesis uses a participatory
design approach where the choices of both the apps and toys were dependent upon the
children’s abilities and preferences.
Study 1 is a pilot study examining the forms of social communication and play behaviour
during which the children engage in an open play session with toys or iPad apps. A
modified version of Parten’s classic social participation scale was used to examine social
communication and play when the children are playing with toys. The results showed
that parallel play occurred for longer than any other form of play during the sessions. A
qualitative grounded theory approach was used to derive a new coding scheme to
examine and analyse play and social communication when children were provided with
individual iPads. The resultant coding scheme was used in Study 2a.
Study 2a, based on dyads, investigated the extent to which different types of games were
associated with play and social communication between children on the autism
spectrum. The games differed according to the mechanics of the games (passive and
clicks, drag and drop and creative). Correlational Analysis was also run to examine the
relationship between the children’s social skills and the social communication and play
behaviour exhibited by the children. A further qualitative multimodal approach was
used to examine the affordances of the iPad which allowed for the different types of
social communication between children. The results highlighted the importance of the
physical position of the child in relation to others in promoting social communication
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behaviours between the children. The results also confirmed findings from earlier
research showing that children on the autism spectrum are more likely to engage in less
complex forms of social communication and play like onlooker behaviour. In all the
sessions, the children were more likely to engage with the iPad than performing repeated
actions and behaviours. No significant relationship between the behaviours and the
children’s ability or the different app types were found. The multimodal analysis
revealed that the app mechanics like auditory and visual prompts afforded for the
children to engage in social communication behaviour like imitative behaviours or
expressing curiosity in the other children’s activities.
Study 2b followed the same analyses as Study 2a but instead of iPad games, the children
were given three different types of toys. An adapted coding scheme based on Parten and
Ruben’s play observation scale was used to code the data. Like Study 2a, duration of play
and social communication behaviours, a relationship between the children’s social skills
and the behaviours coded and finally a multimodal analysis of the affordances of the toys
were all included in the analysis. The results revealed that play behaviour differed
significantly depending on the types of toys they were playing with, where both the
trainset and the dress up dolls were preferred over the soft toy dog. Overall, the children
were also more likely to engage in parallel play than solitary, cooperative or disengage
from that task. When comparing sessions, it was found that parallel play occurred for the
longest time when the children were playing with the train set, followed by the dress up
dolls and finally the soft toy. The results showed that Onlooker behaviour occurred for
the longest time when both children were playing next to each other. No significant
relationship was found between the children’s abilities and the behaviours. The
multimodal analysis revealed the importance of the type of toy and which behaviours
were most likely to occur when playing with each toy. Specifically, the analysis showed
the importance of having a variety of different objects that the children could pick and
share, which explains the lack of engagement with the soft dog toy since there was only
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one of them. The qualitative examination also showed that it is only when both children
understand and share goals that cooperative play can occur between them.
This thesis provides evidence for the different ways in which non-speaking children on
the autism spectrum in Bangladesh interact with toys and iPad apps. Implications of the
thesis include the importance of examining the mechanics of apps and toys and what
type of social communication behaviours they provide affordances for. The difference
between toys and iPads are discussed, particularly focussing on the findings that toys
enable some cooperation and the ability to share and borrow from the other children,
whereas the iPad seems to make the children more curious and eager to imitate actions
they are observing. The findings of the thesis demonstrate the different ways in which a
non-speaking child on the autism spectrum communicates and the importance of the
position of the child in relation to another to promote communication and play in an
open play session. Finally, the thesis provides further evidence of the need to only
choose toys and digital games depending on the abilities of individuals on the autism
spectrum and consider their interests when recruiting them into research.
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Thesis Lay Summary
Although children on the autism spectrum often have a wide range of abilities, they
often face challenges in social responding and interacting with their peers. They often
find playing with others difficult and tend to play alone more than children not on the
autism spectrum. As playing with others has important benefits for development, such as
the development of social skills, communication, and language acquisition, it is
important to find ways of promoting joint play between children with autism. Previous
research has shown that technology-based toys, such as touchscreen devices or digitally
enhanced toys are helpful in supporting play in children with autism. Most of this
research has been based in Western contexts, with little consideration of whether these
findings apply to children in developing nations like Bangladesh. Furthermore, many of
the studies which examines the effect of technology uses apps which have been designed
for the purposes of research and not those available for public use. The current thesis
examines how children on the autism spectrum play and communicate with each other
when playing with tablets in Bangladesh. The thesis also examines the differences in play
styles between children on the autism spectrum when playing with toys. Finally, the
thesis examines how playing with toys versus with iPad games spurs on different
behaviours for children on the autism spectrum.
The thesis consists of two studies which examine the nature of play behaviour between
children with autism when playing with an iPad game or with toys. The first study
developed and tested a new analysis to observe and measure non-speaking
communication in children on the autism spectrum when playing on iPads. The new
analysis showed that children on the autism spectrum engage with social behaviours
differently than children not on the autism spectrum. The first study also showed that
certain types of social and cooperative behaviours only appeared when the children were
playing with toys. Study 2a examines factors which may have an impact on how children
play with each other when playing with iPads. Factors like the type of game, the position
of the child and the child’s social skills are studied. This study found many differences in
the ways children on the autism spectrum play with each other while playing with
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different types of games. Namely that when playing with the iPad games, children seem
to be more curious about what the other child is doing and want to see what they are
doing. Study 2b examines the same factors as study 2a but when children are playing
with toys. This study found that children can play together when using a common space
to play and share toys. The study also found that children enjoy having different objects
to play with.
The results of these studies highlight the importance of more research into the effects of
technology on children on the autism spectrum in populations outside of Western
populations. The results also show that even children who cannot communicate
effectively with language are more willing to communicate with others when given the
opportunity to do so. The thesis shows that different toys and digital games encourage
children to communicate with each other in different ways. The thesis identifies the
need for more research into this field in different countries and carry out cross cultural
comparisons between different populations to see whether children on the autism
spectrum play with each other in different ways when playing with either iPad games or
toys.
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Introduction to the Thesis and Literature Review
There is very little examination of play and social communication in children on the
autism spectrum in a developing nation like Bangladesh. The thesis seeks to fill that gap
and examine the differences in play and social communication between children on the
autism spectrum. Research has demonstrated that play and social communication
between peers is essential for the development of children (both neurotypical and
neurodiverse children) (Murray & Ramstetter, 2013; Papoudi & Kossyvaki, 2018; Yuill,
2020). It is also well established that children on the autism spectrum engage in social
communication and play in different ways when compared to their peers. Children on
the autism spectrum also have a varied range of social skills and abilities which mean
that it is rare for a single approach to be universally beneficial for the entirety of the
population (Heasman & Gillespie, 2019).
Research has also demonstrated that children interact with physical toys and digital
applications and platforms differently (Fletcher-Watson, 2014; Grynszpan et al., 2014;
Hourcade et al., 2012). The examination of digital applications and platforms in children
on the autism spectrum is extensive. Given the wide range of social skills and abilities of
children on the autism spectrum, there is a lack of closer examination when it comes to
how non-speaking children on the autism spectrum communicate and play with each
other. Furthermore, much of the research is based in developed countries with very little
examination of children on the autism spectrum in developing nations. The current
thesis examines non-speaking communication between children on the autism spectrum
and how play differs between the children when they are playing with either physical
toys or digital applications in a developing nation. The following chapter introduces the
relevant topics to understand social communication and play in children on the autism
spectrum and covers the context of autism in Bangladesh where the research was
conducted. It is important however, to first address the debate around the use of
terminology and how to accurately portray the condition in research.
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Autism Terminology
In the literature, there is still a lack of consensus around the terminology which should
be used to describe individuals on the autism spectrum. This needs to be given more
thought and consideration as the terminology and how individuals are described may
have harmful impacts on them. It is therefore important to examine the origins of
placing individuals on the autism spectrum at the core of all research surrounding them.
First examined in a clinical context with patients, Carl Rogers popularised a personcentred approach to mental health conditions (e.g., person with depression as opposed to
depressed person which is commonly seen as the identity first approach). This has now
evolved into person first language (PFL) and identity first language (IFL). This was also
applied in a much wider context, particularly in people with disabilities in the hopes that
PFL would humanise individuals and hence reduce stigma and violence towards them
(Dunn & Andrews, 2015). However, recent studies examining this issue has
demonstrated that this has not been the case. For example, Gomes (2018) demonstrated
that the PFL approach had no meaningful change in the way that individuals with
disability have been treated in public due to the extended use of PFL in media and
research.
The argument around PFL and IFL are made more complex by the fact that there is a
wide range of variability in the preferences of PFL or IFL in different communities
(Gomes, 2018). A general approach therefore has been to speak to the members of the
community and ask for and use their preferred terminology in research and beyond. This
was largely driven by researchers or individuals with the condition speaking about the
impact of the language. One of the most influential of these is by Lydia Brown in her
essay The Significance of Semantics: Person-First Language: Why It Matters (Brown,
2011). In the blog she speaks about the issues with PFL and how it tends to separate the
person from the condition and specifically the idea that a person must be considered
away from their condition to be considered a person in the first place. Despite all the
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conversation there is still no consensus around the use of IFL and PFL in the community.
Significant cultural shifts and a larger understanding regarding the complexities of
language and how it affects the individuals, and the ways in which research benefits the
concerned parties has, over time, changed how said terms and terminology is used and
applied. A recent survey by Bury et al., (2020) of Australian adults on the autism
spectrum found that there was a split preference in the community about which
language they prefer. The survey, however, did find that the least offensive of the terms
is “person on the autism spectrum” (Botha et al., 2021). Considering this, the current
thesis will use this terminology when needed (i.e., children on the autism spectrum). The
choice of terminology does not have a relationship to Wing’s 1997description of autism
as a spectrum but rather is reflective of the language most preferred by the autism
population. The conversation around the language used to describe people on the autism
spectrum also extends to the most accurate description for individuals on the autism
spectrum who are capable or not capable of speech.
The common and historic terminology to clinically separate individuals on the autism
spectrum with or without the ability to communicate through language has been verbal
and non-verbal. Although generally accepted and widely used in the research, there is
some evidence to suggest that there may be a slight preference of non-speaking instead of
non-verbal or minimally verbal (Botha et al., 2021). Since the primary focus of the thesis
are non-speaking children on the autism spectrum, the terminology ‘non-speaking
children on the autism spectrum’ will be used throughout this thesis. Best practice then
would always be to work within the community and adopt the terminology which they
prefer to use and reflect that in research, going forward. This is a quickly evolving
discourse, therefore accepted terms used in the thesis may change in the future.
Although this has been an important topic to address in research, it must be noted that
the conversation around autism has not been addressed in the same way in Bangladesh.
The understanding and the framework for autism in Bangladesh is still a medical model
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where clinical deficit models are the preferred method to communicate the condition. It
is only recently that conversations around the different dimensions of the condition are
being discussed. Therefore, there has been no close examination of the preference of
terminology in the autism community in Bangladesh. Further details about the context
of research and the understanding of autism in Bangladesh is covered later in the
chapter.

Overview of Autism Spectrum
Autism is a condition first described by Leo Kanner in his seminal 1943 work. He
described a group of children who displayed communicative problems, repetitive
physical movements (for example, hand flapping) and difficulties in learning and
operating language. Around the same time, Hans Asperger worked with another set of
children with similar difficulties but without as many problems in language
development, which he called Asperger’s Syndrome (AS). This is extremely important
because even from this early phase of research it was clear that there is a wide range of
abilities within the umbrella term of autism. However, it is only recently (2013) that the
Diagnostic and Statistical Manual of Mental Health Disorders or DSM collates the two
conditions under one: Autism Spectrum Disorder (ASD) or Autism Spectrum Conditions
(ASC).
Autism has historically, been difficult to diagnose because of the lack of standardisation
across diagnostic tools (Fletcher-Watson & Happé, 2019). Since the originally
documented observations of Kanner in 1943 the definition of autism has become far
more complex but robust. ASC is now widely accepted as a complex, pervasive,
heterogeneous condition with multiple aetiologies, sub-types and developmental
trajectories (Masi et al., 2017). The closer correlation between the diagnostic criteria in
the DSM-5, (American Psychiatric Association, 2013) and the International
Classification of Diseases (ICD-11) (Silleresi et al., 2020), coupled with the greater public
awareness of the condition has led to more accurate and widespread, frequent diagnoses.
25
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For a long time autism was viewed as a binary condition, which means one either has it,
or does not (Wing, 1997). This had a harmful impact on individuals who showed
symptoms of autism. They were generally all treated as having the same symptoms and
capable of performing the same skills. This meant that very little credence was given to
the variance of the condition and the individual differences which is now widely
accepted in the current literature. This changed once researchers started looking at
autism as a spectrum (the term first coined by Wing, 1997). This meant that, instead of
being considered a binary condition, terms like autistic 'traits' became the more accurate
way to represent the different dimensions of the condition. This implies that individuals
can exhibit a range of symptom severity across a spectrum. This makes the condition
easier to understand and is, in a simple way, presenting the range of different abilities
expressed by individuals with autism. The Diagnostic and Statistical Manual of Mental
Disorders (American Psychiatric Association, 2013) listed autism as being recognised by
“persistent deficits in social communication, social interaction and restricted, repetitive

patterns of behaviour” (American Psychiatric Association, 2013, p.50).
The DSM-5 focuses on three main areas of social difficulty in ASC; “deficits in social-

emotional reciprocity e.g., failure to initiate or respond to social interaction, deficits in
communicative behaviours used for social interaction, e.g., including the use of verbal or
nonverbal communication and gesture, and deficits in developing, understanding and
maintaining relationships, e.g., absence of interest in peers ” (American Psychiatric
Association, 2013, p.50). While there has been a marked increase in accurate diagnoses in
ASC through standardisation of the DSM and ICD-10 diagnostic criteria (Volkmar et al.,
2004) this does not address the fact that there is very little research detailing the cultural
bias and differences in diagnostic method. Throughout the history of research on autism
there is a marked lack of cross-cultural evidence, or research in non-Western societies.
This thesis will seek to add to non-Western autism research by examining how
technological interventions impact on play and social communicative behaviours of
children on the autism spectrum in Bangladesh.
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As mentioned, autism is an extremely complex spectrum condition with multiple
contributing factors both in terms of diagnoses and manifestations of different
behaviours. A good place to start this would be to view autism through the lens of
Morton and Frith's (1995) model on mental disorders including ASC. They identify three
distinct levels of causal factors for any psychological disorder: biological, cognitive or
behavioural. They argued that interactions between those levels to varying degrees
would serve to increase understanding of the causal factors of those disorders. The three
patterns recognised were i) disorder arising from a single biological origin (e.g. fragile X
syndrome) ii) multiple biological and behavioural causes linking to one cognitive factor
(e.g. dyslexia) or iii) a condition defined by its behavioural factors with multiple
cognitive and biological factors contributing to it (Fletcher-Watson & Happé, 2019). The
chapter will examine autism through these lenses briefly before moving onto prevalence
and co-morbidity.
It must be noted that most literature now agrees that autism has a genetic factor which
contributes to the behavioural differences identified above (Happé et al., 2006; Masi et
al., 2017; Volkmar et al., 2004). Historically, there has been a focus on understanding and
identifying a single root cause of autism. Over the years this has proven to be not so
useful in explaining the condition very well. Autism seems to fit simultaneously into and
not into all of the patterns identified above Morton and Firth’s (1995) framework
(Fletcher-Watson & Happé, 2019). As greater and greater numbers of children receive a
diagnosis of ASC, there is a rapidly increasing and intensified search to discover the
single cause of this developmental disorder (Cardon, 2016). Explaining all the features of
autism, across all individuals on the autistic spectrum is a challenging task. This is
because autism presents itself in many ways, behavioural dimensions, although
somewhat well defined in both the DSM-5 and the ICD-10, manifests itself in many
ways depending on the concerned individual. For example, speech difficulty can present
as not speaking at all, to individuals who never stop speaking (Fletcher-Watson & Happé,
2019). Restricted and repetitive behaviours, another defining feature of autism can be
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just as varied, with hand-flapping or an almost obsessive fascination in a particular toy or
subject. This is also made more complex by the fact that ASC is also quite often comorbid with intellectual disability (ID) and Attention deficit hyperactivity disorder
(ADHD) (Myers et al., 2019). In most cases, identifying which behaviours are caused by
ID and which by ASC is extremely difficult to determine. However, it is understood that
the underlying causes for even identical behaviours can be different in individuals on the
autism spectrum.
Due to recent evidence of the variability in the behaviours of individuals on the autism
spectrum, Wing’s 1997 seminal work identifying autism as a spectrum can now be seen
as too linear. Research into this area recognises that it is extremely difficult to categorise
individuals into sub-categories on the autism spectrum. As explored previously for
example, difficulties in speech can be different in individuals and therefore hard to
determine where along the spectrum they would lie, it is exceedingly rare that two
individuals can share the same space within a linear spectrum. A new way to explore this
would be to adopt Caroline Hearst’s view “that it is more like a constellation than a

spectrum. It does not move along one line going from low to high, it circles in many
spheres” (as cited in Fletcher-Watson & Happé, 2019, p. 40). Happé et al., (2006)
introduced the idea that autism could be defined as interactions between a cluster of
behaviours relating to communicative difficulties, social impairment, and repetitive
behaviours she labelled this the fractioned triad. Key to this understanding is that all
three dimensions have different underlying causes in different individuals all of which
contribute to a diagnosis of ASC. The researchers now argue that it is because of this
variability that the search for a single underlying factor for autism should be abandoned,
and a more individual perspective taken. This means that interventions and programmes
designed to help individuals on the autism spectrum should take a more personalised
approach focusing solely on the need of those individuals working with their closest
stakeholders. This is not to say that sub-categories for groups is futile or unnecessary but
rather to recognise that the benefits of interventions can be different for different
28

29

individuals. Moreover, designing interventions which can be adapted and catered to
individuals of all abilities is extremely important. This also creates difficulties in the
diagnosis of ASC which in turn affects the prevalence, particularly in developing nations
like Bangladesh.

Autism Spectrum and Intellectual Disability
As mentioned, autism presents different levels of impairment experienced by people,
which can vary greatly. The DSM-5 takes this into account when diagnosing a patient,
whether there is or is not, an intellectual and/or language impairment and an assessment
of an individual’s functioning according to three severity levels. These three levels, as put
forth by American Psychiatric Association (2013) are Level 3 - requiring very substantial
support, Level 2 - requiring substantial support and Level 1 - requiring support. The
levels are accompanied by descriptors for both social communication and restricted
communication, repetitive behaviours separately, so that the level of severity of the two
domains attributed to an individual can be more clearly defined. This change reflects the
fact that intellectual disability (ID) is very commonly associated on the autism spectrum.
An individual is considered to have an ID with an IQ < 70 and ID can be separated into
three groups: mild ID, IQ 55 to 69, moderate ID, IQ 40 to 54 and severe ID < 40 (Bittles
et al., 2002).
It is estimated that 70% of individuals who have been diagnosed with autism also show
some form of ID, where one-third will have mild to moderate ID, and another third,
severe to profound ID (La Malfa et al., 2004; Matson & Shoemaker, 2009; Myers et al.,
2019). These findings have led to a discussion around whether, it can be said that ID is a
causal factor in the autistic traits found in these individuals, but further research has
evidenced that even if 70% of people on the autism spectrum have ID, 40% of people
with ID do not have ASC (La Malfa et al., 2004; Matson & Shoemaker, 2009). It is
therefore more likely that autism is a causal factor in ID rather than ID being responsible
for autistic-like traits, although it can be argued that they may just be co-occurring,
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rather than causal factors (i.e., there is third underlying factor such as brain
abnormalities).
The long-term outcome of individuals diagnosed with autism and ID generally is poor as
this diagnosis is often associated with those more severely afflicted by symptoms, with
only a small minority of individuals with IQ < 50 achieving a good level of functioning
by adulthood (Howlin et al., 2004). Howlin et al., (2004) assessed the outcomes of 68
adults diagnosed as children with autistic disorder and found that IQ was strongly
associated with adult outcome: children with mild to moderate ID, (IQs between 50 and
69) remained very dependent, either living at home or in residential care, whereas
children without an ID (IQ > 70) fared much better, with some very good outcomes (e.g.,
living independently, with a job and having friends). The poor long-term outcome for
adults on the autism spectrum is estimated to cost the UK economy approximately £25
billion annually (Buescher et al., 2014; Knapp et al., 2009).
It is important to note that all the studies mentioned above focuses on Western
populations with developed economies. It is extremely important therefore to examine
the context of developmental disabilities in other nations which have not engaged in
much research on autism. The research in this thesis is based on Bangladesh, a
developing nation which has historically not had much research into examining autism.
The following sections therefore examines the context of mental health conditions and
autism, specifically in Bangladesh.

Stigma and Lack of Knowledge of Disabilities and Mental Health Conditions in
Bangladesh
Treatment of disabilities and mental health conditions is hampered by both a lack of
understanding and stigmatisation which create barriers to seeking and receiving support
(Hossain et al., 2017). In Bangladesh, the major barriers seeking help for mental health
conditions are lack of knowledge about symptoms of mental illness (69%), social stigma
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(12%), delay by doctors (8%), belief system (8%) and lack of social and financial support
(3%) (Giasuddin et al., 2012).
The public health care system in Bangladesh is meant to provide support and treatment
for all medical conditions. Most public system hospitals are either heavily subsidised or
free. However, the facilities provided by the hospitals vary significantly according to the
location of the person seeking help. For example, most of the smaller hospitals do not
have a psychiatric department (Giasuddin et al., 2012; Hossain et al., 2017). As such, the
system places very little emphasis on developmental disabilities or mental health
conditions. The major issue in treating mental health conditions is a prevalent lack of
support for any mental health condition at a primary care level (Hossain et al., 2014). In
addition, some studies have reported wait times ranging from 10 weeks to several years
to be referred to a hospital (not a mental health professional), largely depending on
whether the individual is from a more rural or urban environment (Hossain et al., 2014).
The majority of treatment for developmental disabilities and mental health conditions
therefore, tend to be based around private hospitals providing tertiary care and some
treatment from public health institutions in major cities (Islam, 2014). It is not surprising
then that a significant portion of the population also seeks alternative methods of
treatment and support, for example from religious or traditional sources (Hossain et al.,
2014). However, the choice to seek help from these alternative methods may also be due
to the stigma of disabilities and mental health conditions in Bangladesh (Akhter et al.,
2018; Hossain et al., 2017). The support and treatment options for families and
individuals on the autism spectrum vary widely depending on which Upazila (subdistrict) an individual is in (Islam, 2014). This has the potential to exacerbate conditions
like autism, where early detection and intervention programmes are generally
considered to be the most effective forms of treatment (Huerta & Lord, 2012).
An extensive pathway study, examining the pathways that individuals can take in
seeking mental health studies found similar results. The study by Giasuddin et al., (2012)
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found that in Dhaka, the capital of Bangladesh, there were a few pathways to reaching a
mental health professional. The data was analysed by examining who the first carer was
for each of the individuals before being assigned to a mental health professional. The
major pathways identified by the study were, private practitioner (44%), native or
religious healer (22%), direct pathway (16%), other medical facilities (12%) and general
hospital (4%). The wait times varied significantly depending on which pathway was
taken (Giasuddin et al., 2012). In Bangladesh, it is not necessary for patients to be
referred to a mental health professional from a primary care level. Patients are free to
approach specialists directly to seek treatment. However, a key issue with this, especially
in regard to disabilities and mental health conditions is the lack of understanding or
acceptance of the conditions and symptoms. If an individual has no awareness of the
symptoms of the condition, they are entirely reliant on their initial carer to identify
these symptoms and only then can the individual seek help for these issues. The study
also found that most of the referrals had very little detail on the individual’s specific
mental health issue. Most had vague uninformative statements such as “mental illness”
(Giasuddin et al., 2012, p. 133). The study also found that less than 50% of patients were
referred to a mental health professional by either a private practitioner or general
hospital with a diagnosis prior to meeting the mental health professional. They also
found that concordance between the diagnosis, in the circumstances where there were
any, was poor (Giasuddin et al., 2012). The results of this study are extremely significant,
as it gives an overview of pathways which individuals may take should they seek some
help for mental health issues. It is important to note however, that the study only had 50
participants, all of whom had come to Dhaka Medical College Hospital seeking help with
mental health issues. The study therefore does not provide information on the
availability of mental health professionals in the country overall.
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Prevalence of Autism
Despite the lack of non-Western research autism is now considered to be the most
common neuro-developmental disorder in children internationally (Fombonne, 2009).
This is because since the 1990s the prevalence has risen dramatically to approximately 1
in 100 (American Psychiatric Association, 2013; Charman et al., 2007; Rice et al., 2012)
whereas in the 1940s autism was considered a rare condition, with only the more
severely affected children receiving a diagnosis and a prevalence estimate of 1 in 2000 in
1940 (Rice et al., 2012).
The upward trend of autism prevalence might be accounted for by changes to the
diagnostic criteria which now includes a broadening of the scope of diagnosis,
substitutions from an alternative diagnosis to include autism and also a decrease in the
age of diagnosis (Fombonne, 2009; Williams et al., 2006). However, Fombonne, (2009)
also pointed out that because of the lack of data there are significant difficulties in
comparing prevalence studies over time and an actual increase in prevalence could not
be ruled out. In the UK, a study by Howlin and Asgharian, (1999), examining the average
age of diagnosis reported that for autism the average age of diagnosis was 5.5 years, and
11 years of age for AS. The other comparable study in the USA showed that the average
age of diagnosis reported for autism was 3.1 years and 7.2 years for AS (Mandell et al.,
2005).
Autism is typically viewed as a predominantly ‘male disorder’ with a higher incidence of
autism in males compared to females with a ratio estimate of 4:1 (Dworzynski et al.,
2012; Fombonne, 2009; Werling & Geschwind, 2013). This suggests that the number of
girls and women with the condition may have been vastly underestimated. There is
evidence that this could fall further, potentially as low as 2:1, as the diagnostic processes
become more tailored to identifying autism in girls and women ( Devlin, 2018). The
popular belief is that females who are diagnosed tend to be more severely affected. As a
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result of the early assumption that autism impacted the male population more than the
female, studies have tended to enlist male-only cohorts for research ( Devlin, 2018).
For both males and females diagnosed on the autism spectrum and a moderate or severe
intellectual disability, the ratio shows less disparity, with a median score of 1.7:1
(Fombonne, 2013). It has been proposed that the naturally higher sociability of females
compared to males may prevent the less impaired from being identified in screening tests
and therefore some of the gender bias may indicate a failure to discern autism in higherfunctioning girls (i.e., those without an intellectual disability, Baron-Cohen, 2002).
Nonetheless, there is clear evidence of a higher prevalence in males (Werling &
Geschwind, 2013).
Most research on autism is based on Western samples, with a focus on male participants.
This should be reflected upon when considering the main theoretical accounts offered
for autism. Although there has been wider recognition, understanding and diagnosis of
autism in recent years, there remains a noticeable lack of research in how autism is
evaluated, assessed and acknowledged in other countries. It cannot be denied that the
increase in diagnosis in not just autism but other mental health disorders pose a major
public-health issue, and that the burden of this potential health crisis falls heavier on
middle to low income countries. In Bangladesh, (the focus of this thesis) the burden of
mental disorders is high, and yet goes largely under-funded, unrecognised and underresearched (Hossain et al., 2017; Soron, 2015).

Diagnosis and Prevalence of Autism in Bangladesh
Bangladesh is a developing, middle income country with a population of 162 million
people (Bangladesh Country Profile, 2018). A major struggle in the treatment of children
on the autism spectrum lies in the stigma surrounding the condition in Bangladesh
(Soron, 2015). This stems from a lack of understanding around the condition. In recent
times, however, there has been a real push by both the government of Bangladesh and
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private institutions to address this by raising awareness of autism (Tabib, 2016). This is
evidenced by the formation of the Centre for Neurodevelopment and Autism based in
the central government hospital of Bangladesh, Bangabandhu Sheikh Mujib Medical
University (BSMMU) (Tabib, 2016). The centre has a large part to play in raising
awareness of autism and providing support for children at early developmental stages.
Patients themselves have lack of awareness of psychiatric conditions in Bangladesh
(Uddin et al., 2015). Although parents can recognise certain symptoms of conditions like
autism, they lack the understanding around the nuances of behaviour of children on the
autism spectrum. As a result, a diagnosis of the mental health condition is difficult and
can be harmful for the children receiving the diagnosis. The main problem remains the
lack of medical professionals trained in autism or other mental health conditions.
Misdiagnoses and mistreatment, therefore, still occurs and could contribute to the
disparity in prevalence rates between cities and rural areas of Bangladesh (Akhter et al.,
2018). The problems are often compounded by the fact that even if they are successfully
diagnosed with the condition, there is no guarantee that the child will receive any
support for the condition.
A review of mental health conditions in Bangladesh states that the lack of understanding
around mental health disorders, both in terms of treatment and the seriousness of the
issue is also due to the lack of psychiatrists in Bangladesh (Hossain et al., 2014). This is
especially true of children and women suffering from mental health conditions (Hossain
et al., 2014). There is a real lack of child mental health professionals in the country,
resulting in a large gap between the need and the availability of help for children (Karim
et al., 2006). This key issue needs to be addressed immediately, as currently the most
vulnerable population is receiving the least help. The issues lie in both individuals
seeking help and the services provided (Hossain et al., 2014). Referrals to mental health
professionals from either general practitioners or health care providers are “virtually
non-existent” (Hossain et al., 2014). In addition to help and support not being available
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to individuals suffering from mental health conditions, in the rare instances where an
individual does see a professional, the support available is inadequate and frequently
results in misdiagnoses and inappropriate treatment (Giasuddin et al., 2012).
There are several challenges in managing and tracking individuals on the autism
spectrum in Bangladesh. One of which being a lack of demographic information on the
prevalence of autism in the general population or any kind of reliable stats surrounding
autism in Bangladesh (Hossain et al., 2017). In their systematic review, Hossain et al
(2017) only found three relevant studies which map the prevalence of autism in
Bangladesh. However, each of the studies focused on different age ranges and hence has
differing values on the prevalence rates of autism in the country. The numbers range
from 0.2% in 2005 for 5-10 year olds to 0.84% in 2009 for 5-17 year olds (Hossain et al.,
2017). The problem is further complicated by the population spread in Bangladesh,
where there is a disproportionate number of people in the major cities of Bangladesh in
comparison to rural areas. This is evidenced by the stark differences in the prevalence of
autism in cities compared to rural settings. A study to find the prevalence rate of autism
in rural communities in Bangladesh found it to be 0.75/1000 in 18-36 month olds
(Akhter et al., 2018). In comparison, in Dhaka, the number is as high as 3% (Hossain et
al., 2017). This disparity, along with the lack of studies examining the prevalence of
autism overall makes it even more difficult to accurately understand the prevalence of
autism in Bangladesh.
The study that found the prevalence of autism in Bangladesh to be 0.75/1000 in rural
children aged between 18-36 months, also found the prevalence of cerebral palsy and
developmental delays being much higher (Akhter et al., 2018). Age specific early
diagnosis of autism in the rural community was not explored earlier. A national study
conducted in 2013 examining prevalence rates for a range of developmental disabilities
showed that the overall prevalence of autism was 1.55/1000 amongst the study group of
7280 children aged between 0–9 years. The study also revealed that prevalence of autism
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in the rural community studied was 0.68/100014. From the total sample (n=5286), only 4
cases were found to have autism with a prevalence of 0.75/1000 children. Among the
four cases three were boys and one was a girl, and their age ranged from 20–30 months.
The highest prevalence rate found was for cerebral palsy at 5.6/1000 children.
Developmental delay (2.6/1000) was the second highest prevalence. Although it was
estimated that about 300,000 children were affected with autism in Bangladesh with one
case in every 94 boys, and one in every 150 girls, was estimated to have symptoms of
autism (see Autistic Children’s Welfare Foundation site). In the study by the ministry of
Social welfare of Bangladesh prevalence was 3% of total population across all the age
groups (Akhter et al., 2018).
The huge variance in the prevalence rates of autism and mental health conditions in
Bangladesh is also due to variations in the research methodologies used by each of the
studies. Most of the studies use different techniques to measure the prevalence of autism.
Only the study by Akhter et al., (2018) chose to run their own test batteries with
professionals to determine the prevalence rates. The rest examined the rates according to
the number of cases identified/diagnosed in specific health centres (Hossain et al., 2017).
These numbers themselves are highly unreliable as they were also in different settings;
community-based or clinic-based (Hossain et al., 2014). The issues surrounding achieving
accurate prevalence rates poses problems in terms of implementation of policy.
Bangladesh is one of several countries committed to the Global Autism Public
Health (GAPH) initiative, which sets out guidelines into raise awareness, improve
services and fund research into autism (Autism Takes a Huge Leap Forward in

Bangladesh, 2011). Although much work has been done to meet the goals set out by the
initiative, there still needs to be a significant amount of work which needs to be done to
provide adequate support to individuals on the autism spectrum in the country.
In addition to the problem of demographics, which are critical in informing government
policy, there are fundamental issues with both the overall mental health issues in the
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public health system of Bangladesh and the educational system in Bangladesh (Tabib,
2016). As mentioned before, the disproportionate spread of the population in favour of
major cities is a key factor in this. It is not unusual, for example, to not have any
institutions dedicated to providing support and assistance to individuals on the autism
spectrum and their families, to only have centres in the major cities of Bangladesh. In
addition to the issues related to both educational and public health systems, another
major struggle for autism in Bangladesh is the huge stigma around all mental health
conditions in Bangladesh (Soron, 2015).

Support for Children on the Autism Spectrum in Bangladesh
Bangladesh has a fairly strong public school system, (Bangladesh, 2018). However, no
framework or guidelines exist in treating and managing children on the autism spectrum
(Tabib, 2016). This makes it incredibly difficult for children to receive support within
the public-school system of the country. To the author’s knowledge there are only rare
examples of general schools in Bangladesh which have facilities for both neurotypical
children and children with developmental issues. Therefore, the most likely alternative
for children seeking support for autism is by attending specialised educational
institutions. Therefore, it is often the case where a family with both neurotypical
children and children with developmental issues attend different educational institutes.
These specialised institutions are mostly privately run and can often be outside the
financial means of the general population. Furthermore, there is a lack of these
institutions in more rural areas of the country. The quality and facilities of these
institutions can vary significantly. As there is no standardised set of instructions
governing facilities and level of support to be provided to the children with
developmental difficulties, each school has its own set of guidelines they follow. The
facilities and staff also largely depend on the organisations supporting these institutions,
as some are for-profit institutions and others which either are or work in conjunction
with a larger not-for-profit NGO (Ehsan et al., 2018).
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Due to these issues, unfortunately it is not unusual for a child with developmental
difficulties not to receive any support in rural areas. These children often end up staying
with their families for the entirety of their lives without any additional support for either
themselves or the family. The only choice is to move to a larger city, however, often that
is not possible with families of lower income (Tabib, 2016). There are, however, some
positive outcomes emerging from the institutions running programmes for children on
the autism spectrum and other developmental conditions. Many of the institutions now
accept children from rural areas through scholarship programmes or government
subsidies. Some institutions also provide full familial support for families, with the
primary caregiver(s) intimately involved in the intervention programmes. Specialised
schools will often have a full-time educational psychologist on staff in addition to
instructors providing individualised support plans for the children. These can range from
basic skills like eating and changing by themselves to teaching them specific social skills
to help their communication. The most significant obstacle in improving awareness and
support for individuals with mental health conditions overall is the stigma faced by those
suffering from mental health disorders in the country.
In June 2010 the government of Bangladesh initiated 73 Disability Service Centre in
district and Upazila (sub-district) level with a special “Autism Corner”. Autism was
incorporated in the primary education curriculum. “Autism” related chapter was
included in the “Physical Teaching, Health Science and Sports” book of grade nine and
ten, moreover few information on autism is provided almost in every grades (Soron,
2015). A strategic action plan has been developed for children with special needs under
the umbrella of inclusive education. Children with autism are now allowed to get 20
minutes extra time in public examinations and in private sectors there are two percent
reserved seats for autistic children for admission.
Moreover, the National Autism Academy was established under Ministry of Education to
conduct substantial research to develop a culturally sensitive, cost-effective and
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intervention-based curriculum and contents (Global autism movement and Bangladesh,
Center for Research and information. 2014). In July 2012, Dhaka Declaration on Autism
Spectrum Disorders was ratified by seven regional countries. Bangladesh tabled
“Resolution 67/82” Addressing the socioeconomic needs of individuals, families and
societies affected by autism spectrum disorders, developmental disorders and associated
disabilities at the United General Assembly in 2013, which was unanimously adopted. A
‘One Stop Mobile Service’ program has been initiated to reach families that live in
villages who lack access to medical facilities.
The use of technology in assisting children on the autism spectrum in Bangladesh is a
developing field. Most of the work has been focused on helping the diagnosis of autism
in areas where there is a lack of specialists to diagnose and treat autism. Bangladesh has
128 million active internet and mobile phone (76% of the population) users which makes
mobile applications easy to introduce and implement (Ehsan et al., 2018). One such
example is Autism Barta – a translated mobile platform which adapts the M-CHAT to
help screen children on the autism spectrum (Bardhan et al., 2016). Ehsan et al (2018)
conducted a qualitative study to look at the use of technology (among other factors like
social stigma) in assisting in education and training programmes for children on the
spectrum in Bangladesh. The authors found that although many professionals are aware
of the use of technology in other countries, they are not confident in using the same
technology in Bangladesh. The professionals are wary to use the technology as they have
not been tested in the local context. Another factor preventing the adoption of more
technology-based applications is the generational divide where younger practitioners are
more willing to use technology but more senior practitioners are not. Technology and
internet use in Bangladesh is still early and this present some challenges in the use of
technology-based tools in the treatment and care of children on the autism spectrum.
One such example is the proliferation of misinformation and misconceptions which the
population are exposed to regarding autism. The general population do not have a trusted
source of information around autism and hence unverified and often false claims get the
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most amount of attention (Ehsan et al., 2018). Finally, there is a lack of communication
between primary caregivers and professionals working with children on the autism
spectrum. It is rare for example for them to work cooperatively to support the child as
part of a coordinated programme. To tackle some of these issues, Ehsan et al. (2018)
developed a voice based digital space to connect parents to their peers via a moderator to
identify best strategies to support their children. This programme is still early has not
been used or tested widely.
At this point in this chapter, the major underlying causes for autism will be explored and
analysed in detail. Firstly, the biological foundations will be examined, then
consideration will be given to prominent cognitive models of autism.

Biological Mechanisms of Autism
In recent years the increased ability of medical facilities to look into genetic code and
bio-markers has allowed for researchers to broaden their research into autism (Masi et
al., 2017). As discussed previously, recent studies have confirmed that there is a gender
bias in autism diagnoses, what has not been clear, until more advanced research methods
were available, was whether this was down to researcher/medical bias or if this were the
effect of genetic variation between male and females (Werling & Geschwind, 2013). The
striking prevalence of male bias shown in diagnosis of autism with a ratio of
approximately 4 males to every 1 female diagnosed, indicated that there were gender
specific biological and genetic factors at play. Specifically, researchers have investigated
two major drivers in sex-specific biology: genetics and hormones.
Unsurprisingly, there is support for the role of testosterone as a causal factor in autism.
Baron-Cohen (2002) went so far as to suggest that the secretion of foetal testosterone,
which drives the human sexual differentiation in the womb, may also act as a driver for
the hyper-masculinisation of the developing brain, thus leading to pronounced autistic
traits in later life presenting more in the male population than in females (Baron-Cohen,

41

42

2002). During their review of research into sex differentiation in autism, Werling and
Geschwind (2013) revealed evidence to support this theory, that increased foetal
testosterone levels did have significant impact on the development and structure of areas
of the brain which could lead to the prevalence of autism traits being present as their
development progresses through childhood and adolescence (Werling & Geschwind,
2013).
Devlin and Scherer, (2012) found that there is evidence for genetic variation in the
aetiology of autism. Specifically, genes associated with intellectual development and
neuropsychiatric disorder were found to be common pathway genes and autism-risk
genes. In addition, genetic variation, DNA mutations and environmental influence on
gene expression and/or protein function were all seen to have an effect on increasing the
autism traits observable in individuals (Masi et al., 2017). It should be noted at this stage,
however, that despite the burgeoning expansion of research available in this area, there
remains a huge percentage (70%) of the population diagnosed on the autism spectrum
whose aetiology is unknown, therefore it cannot be concluded that genetic factors alone
are responsible for autism.
Neurological studies also shown some differences in total brain volume and specific
regions of the brain in populations with and without autism (Ecker, 2017; Ecker et al.,
2015). These studies show differences between populations with and without autism in
terms of specific regions of the brain like the front temporal and front parietal regions,
the amygdala, hippocampal complex, cerebellum, basal ganglia and anterior and posterior
cingulate. However, it must be noted that differences in a population on the autism
spectrum also showed a wide range of variability in regions and brain volume. Individual
differences play a big role in the development of these specific regions. Furthermore,
research has not yet been conclusive enough in determining whether these differences
caused autism or whether they were simply a result of individuals on the autism
spectrum. Studies into neurotransmitters also showed significant differences between a
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neurotypical population and those on the autism spectrum, primarily that modifications
of GABA (gamma-Aminobutyric acid) and glutamate are significant factors in individuals
on the autism spectrum (Ameis & Catani, 2015). Neuroimaging techniques like
functional magnetic resonance imaging (fMRIs), electroencephalography (EEG),
magnetoencephalography (MEG) and near infrared spectroscopy (NIRS) have also shown
some differences between populations with and without autism (Fletcher-Watson &
Happé, 2019). A study using fMRIs found that neural networks were less active in
individuals on the autism spectrum when engaging in Theory of Mind (ToM) tasks for
example and also that there may be differences in how the brain functions when in a rest
state when comparing the two populations (Padmanabhan et al., 2017). Most of the
research covered in the above section is based on participants in Western developed
countries. Therefore, there is a gap in the literature addressing whether these findings
are equally relevant in the international context.

Cognitive Models and Theories of Autism Spectrum
So far, the chapter has explored both the behavioural and diagnostic features of autism
and briefly touched upon biological mechanisms of autism. However, most models, (both
current and previous models) examine autism in terms of cognitive processes. FletcherWatson and Happé, (2019) identify three major types of cognitive models in the
literature. They are; primary deficit models (earliest models which posit that a single
fundamental deficit explains most if not all the symptoms of autism), developmental
trajectory models (which examine differences in a child’s interaction with the
environment which builds up a pattern of behaviour seen in autism) and finally domain
general information processing models (which focuses on how individuals on the autism
spectrum process information from the environment in both social and non-social
contexts). The following sections examine these types of models in more detail,
particularly in the context of peer interactions and social interactions.
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Primary Deficit Models and Theory of Mind
Within comparative psychology there is a view that primates possess self-awareness
because they display mirror self-recognition (MSR), this ability to recognise the self is
thought to make it possible for chimps and apes to infer mental states in others.
recognizing and understanding that other people know, want, feel, or believe things; in
short, having what Premack and Woodruff (1978) originally dubbed as ‘Theory of Mind’
(ToM). The ability to comprehend the mental state of another is considered to be a
crucial attribute in developing social skills. A theory of mind is impossible without the
capacity to form ‘second-order representations’ (which is the capacity to ascribe the
ability to have intentions and beliefs onto another individual than oneself) (Premack &
Woodruff, 1978). This seminal work and subsequent research examined and identified
that ToM was essential to social interactions and peer relationships.
Baron-Cohen et al., (1985) identified that children with autism are impaired in
development of ToM. This is a highly influential work which brought about a complete
change in perspective on how autism is examined and explained. Although this is now
seen to be a little too simple, it is important to examine this in detail as future theories
both challenge and build upon this work. This seminal wok attributed the developmental
challenges seen in autism to deficits in ToM. The impact of this is shown very clearly in
the result of the widely used false-belief play task known as the Sally-Anne Task. In
order to succeed in the task, the child has to be aware that different people can have
different beliefs about a situation. During this task the child watches two dolls acting out
a simple scenario. Once they have been introduced to the characters – Sally and Anne –
Sally then places a marble into her basket and leaves the scene. Anne then removes the
marble from the basket, without Sally witnessing, and places it into her own box. The
Sally doll then returns to the scene and the child is asked to identify where Sally will
look for the marble. From around 3.5 years of age children are able to identify that Sally
holds a false belief (i.e. that her belief (the marble is in the basket) does not match the
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reality of the situation (the marble is in the box)). Being able to appreciate this
distinction is thought to be evidence of the faculty to have one’s own representation of a
situation. In the case of the Sally-Anne task, that Sally is unaware of Anne moving the
marble, and to simultaneously hold in mind Sally’s belief that the marble remains in her
own basket (Baron-Cohen et al., 1985).
This experiment showed that younger neurotypical children and those on the autism
spectrum, who have not developed this capacity, simply state the reality of the
situation attributing knowledge to Sally that she cannot possibly possess; that the
marble is now in the box and that she will know to look in the box. In order to make
sure the conclusions are concrete; the experimenter then asks two further questions to
check the child’s understanding of what they have just witnessed – the first “where is the
marble really?” and the second “Where was the marble in the beginning?” in order to test
the child’s perception of reality and their memory. Without fail all children were able to
answer both the reality and the memory questions correctly, however the crucial belief
question, “where will Sally look?” proved consistently difficult for the children with
autism, where 16 of the 20 subjects failing to answer correctly on both trials. It is
important to note that the study also found that age matched children with downs
syndrome often pass this task in comparison to children on the autism spectrum, this
suggests that ToM deficits are independent of ID.
A slight variant and updated theory which builds upon this early work on ToM is BaronCohen's (1995) paper defining ‘mindblindness’. The mindblindness theory proposes that
children on the autism spectrum experiences a delay in the development of their Theory
of Mind (ToM), leaving them with degrees of mindblindness. Therefore, they find
another person’s behaviour confusing and unpredictable, even frightening. Baron-Cohen
concluded that mindblindness or difficulties with empathy can explain the socialcommunication difficulties in autism, whilst the more recent concept of 'hyper-
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systemising' (explored in the next section) tries to highlight the areas of strength in
autism: excellent attention to detail, and unusually narrow interests.
It is important to note that much work has been done in this field since the seminal work
by Baron-Cohen and colleagues (1985). Primarily, the argument arises from whether
deficits in ToM is a central deficit in autism or whether they are a part of a range of
different factors resulting in behaviours typically seen in autism. In fact research has
found that ToM deficits do not account for the full breadth of behaviours seen in autism
(Fletcher-Watson & Happé, 2019). A driving factor for this idea is that in all studies
examining ToM there are always some participants who pass (Fletcher-Watson & Happé,
2019). One explanation is that certain individuals possesses mentalising abilities beyond
the abilities of other individuals on the autism spectrum. However, an alternative to this
would be that some of the participants had developed alternative strategies which
employ different cognitive mechanisms other than mentalisation. There is evidence to
suggest that some individuals did find alternative strategies to pass the false belief task
using methods other than mentalisation (Frith, 1991). However, these strategies do not
necessarily translate well into real world social interactions. So even though some
individuals on the autism spectrum may pass the test, it does not mean that they find
social interactions any easier.
Another method used to test for mentalising abilities in autism is the strange stories task
developed by Happé (1994) and more recently in video format by Murray et al., (2017)
demonstrated that individuals on the autism spectrum without a learning disability
showed lower levels of mentalisations than neurotypical adults. Fletcher-Watson and
Happé (2019) hypothesise that there could be two main reasons for autism individual
passing ToM tasks. One being that children who typically show developmental delays in
this area overcome this in late adulthood. Another is that autism individuals develop
strategies to overcome ToM problems. However, this has only made more complex when
examining the relationship between autism and IQ. Namely that there is a strong
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negative correlation between children with more severe symptoms of autism and IQ.
Therefore, a third alternative presented by the authors is that individuals on the autism
spectrum fail these tasks because of an additional processing issue. Understanding why
these differences arise is critical to navigate the complex behavioural issues displayed by
individuals on the autism spectrum. These would likely lead to more relevant strategies
to improve social interactions in children on the autism spectrum without the barrier of
complex ToM tasks. The causal link between mentalising abilities and autism is made
even more complex by findings which demonstrate that other populations which also
show difficulties in mentalising (children under 4 years, children with other learning
difficulties and deaf children) do not show the same difficulties with social interactions
as individuals on the autism spectrum (Fletcher-Watson & Happé, 2019).
Findings discussed above therefore bring into question whether ToM really does explain
all the deficits seen in individuals on the autism spectrum. Another alternative to the
ToM model in explaining deficits in autism is executive functions (EF). Executive
functions (EF) refers to a group of cognitive abilities that includes planning, cognitive
flexibility, goal attainment and monitoring the environment for feedback on goal
attainment (Winsler et al., 2007). All of these skills are thought to be facilitated by the
frontal lobes of the brain. The difficulties faced in EF by children on the autism spectrum
often result in them struggling with organisational and self-management skills.
Researchers into this field argue that many of the earlier failures in these task arise from
executive function difficulties and not mentalising. Hughes, Russell, & Robbins, (1994)
found that children who show difficulties in EF do so, even in non-social tasks as well as
social tasks. Even though this evidence seems to show that EF does have a role in social
interactions in autism, it is important to note that there is contradictory evidence
showing individuals with intact EF but still showing difficulties with ToM (Pellicano,
2007). Cardon, (2016) evaluates a number of different technological interventions that
could help a person on the autism spectrum to overcome the difficulties presented by EF
deficiencies. The researcher notes that disorganisation is an added barrier in tackling EF,
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but fortunately can be supported by something as simple as a device which can be used
to set reminders, take notes, update calendars, access maps and directions and ensure that
a schedule or routine is habitually reinforced and can help an individual to manage large
volumes of information and planning which can alleviate the pressure and symptoms of
autism (Cardon, 2016).
It is important to note that most of the studies discussed have not examined social
interactions in real world situations. The research also does not cover autism spectrum in
different cultural contexts and particularly developing nations. The links between EF and
social interactions in the real world is not as widely researched. One perspective about
the links between EF and real world social interactions shows some evidence but this has
to be taken with some caveats as the findings have not been widely replicated (Happé et
al., 2006). Studies examining links between EF and autism also have difficulties in
explaining the other dimensions of autism like RRIBs in addition to difficulties in social
interactions (Jones et al., 2018). This large-scale study with 100 autism adolescents used
SEM to find links between EF, ToM and social communication and RRBIs. This study
found direct links between ToM and both social communication and RRBIs and EF on
ToM but not EF on the social communication. This is a significant finding, which
explores the idea that EF is a key factor which affects ToM but not directly the key
behavioural symptoms of autism.
ToM is clearly important for play behaviour and social interactions, however, may not be
the only or even the most significant factor affecting social interactions in children and
individuals on the autism spectrum. Social interactions, particularly between individuals
on the autism spectrum will incorporate a much larger set of skills and perhaps more
importantly, the interactions between behaviours and the environment. More research
since the earlier work on ToM led to an increased focus on interactions between
individuals on the autism spectrum and their environment. As explored above,
examining a single origin deficit to define all the behavioural differences seen in autism
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could be futile. Future theories focused more on multiple differences in different
developmental pathways which lead to the behaviours seen in individuals on the autism
spectrum.

Empathising and Systemising
The Empathising-Systemising theory is an extension of ToM deficit models and adds
more detail in light of research done since Baron-Cohen et al's. (1985) work. The theory
explains the social and communication difficulties in autism and Asperger’s syndrome by
reference to delays and deficits in empathy, whilst explaining the areas of strength by
drawing reference to intact or even superior skill in systemising (Baron-Cohen, 2002).
Baron-Cohen set out to look deeper into the understanding of sex-differences in defining
autism. He noted that traditionally studies had focused on verbal and spatial abilities
when looking at the difference in development of skills between male and female
subjects. He identified systemising: the drive to scrutinise variables in a system and to
understand, construct and control systems, as well as the term empathising: a drive to
identify and appropriately respond to the thoughts and emotions of another person
(Baron-Cohen, 2002). He went on to further define these in terms of autism, stating that
empathising – the process by which individuals predict the behaviour of, and grow to
care about the opinions of others – is present more often and more spontaneously in the
female population. On the other hand, systemising – the process by which a person
develops a deeper understanding and control of the behaviour of a system – is on
average, according to Baron-Cohen, present in a greater degree within the male
population. He then went onto hypothesise that because of this lack of empathy in the
typical “Male brain type” that autism could be considered a representation of the hypermasculinisation of behavioural and cognitive types (Werling & Geschwind, 2013). A
component of empathy is the response element: having an appropriate emotional
reaction to another person’s thoughts and feelings. This is referred to as affective
empathy (“The Routledge Handbook of Philosophy of Empathy,” 2017). According to the
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Empathising-Systemising (E-S) theory, autism and Asperger’s syndrome are best
explained not just with reference to below average empathy but also with reference to a
second psychological factor (systemising), which is either average or even above average.
It is the discrepancy between E and S that determines whether a person is likely to
develop autism.
The E-S theory has been extended into the extreme male brain (EMB) theory of autism
(Baron-Cohen, 2002). This is because there are clear sex differences in empathising
(females performing better on many such tests) and in systemising (males performing
much better on tests). Autism and Asperger’s syndrome can be seen as an extreme of the
typical male profile, a view first put forward by the paediatrician Hans Asperger. To see
how this theory is effectively just an extension of the E-S theory, one needs to
understand that the theory posits two independent dimensions (E for empathy and S for
systemising) in which individual differences are observed in the population. The
“Extreme Male Brain Theory” (Baron-Cohen, 2002) of autism provides us with some
understanding of why this gender bias is such a commonly found theme in autism
research. This theory is based on the premise that was first suggested by Hans Asperger
in 1944, when he wrote that ‘The autistic personality is an extreme variant of male
intelligence. Even within the normal variation, we find typical sex differences in
intelligence. In the autistic individual, the male pattern is exaggerated to the extreme’
(Baron-Cohen, 2002)
A major criticism of this theory is the impact that this theory has had on the autistic
population. This is particularly true for females on the autism spectrum, including
making it difficult for them in understanding their symptoms and therefore resulting in
misdiagnosis of autism. Bird and Viding (2014) questions the finding that empathy is
lacking in all individuals on the autism spectrum. This has negatively impacted
populations on the autism spectrum as there is an impression that individuals on the
autism spectrum lack empathy altogether. It must be noted that this may have more to
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do with the lack of a clear consensus of what empathising means in the research context
and in society. The E-S theory, however, does provide concrete examples especially in
terms of the systemising quotient in giving reliable markers for autism. In terms of the
current research these findings again point towards outcomes and measures to examine
when looking at peer interaction in children on the autism spectrum. Systemising skills
point towards mechanics, which children on the autism spectrum will find most easy to
engage with in terms of the toys and games they interact with, but also in terms of what
type of interactions are most likely to be seen from individuals on the autism spectrum.
Due to the heavy criticism and shortcomings of the EMB and E-S models in explaining
all the behaviours of autism, other models have been developed which take an allencompassing model which captures the various dimensions of autism and explains the
breadth of behaviours seen across individuals on the autism spectrum. Further, the
models are also heavily based on Western populations and not on developing nations
which means that cultural differences and the context of social interactions in those
cultures are not addressed.

Developmental Trajectory Models
These models examine subtle differences in interactions with the environment observed
during infancy which manifest as autism symptoms in later life. As mentioned earlier,
according to a large scale European study autism can be reliably diagnosed at 42 months
(Salomone et al., 2016). However, the study also found a wide range of variability in the
age of diagnosis according to the country and access and expertise of testing procedures.
Diagnoses made earlier than 3 years can often be quite unreliable and can also change
significantly over the lifespan (Bieleninik et al., 2017). Research into this area have
historically focused on video data and analysis where infants are observed in a myriad of
different situations and scenarios in laboratory based and home settings (FletcherWatson & Happé, 2019). However, due to the variability in the method of collection,
social interactions and their nature it was always difficult to standardise and hence most
51

52

of these studies suffered from a lack of reliability. Later studies focused on more
prospective studies like sibling studies. An example of such a study is by Zwaigenbaum et
al., (2005) that use different measures to asses behaviours specific to infants on the autism
spectrum. They use an observation scale they developed themselves to examine infant’s
behaviours, a computerized visual orienting task, and other standardized measures to
measure temperament, cognitive and language development. They found several
significant findings relating to social interactions, namely; ‘ atypical eye contact, visual

tracking, disengagement of visual attention, orienting to name, imitation, social smiling,
reactivity, social interest and affect ’ (Zwaigenbaum et al., 2005, p. 143). Although
important and significant, these findings suffered from a lack of generalisability. All the
children included in the study were from families with a child who had previously been
diagnosed on the autism spectrum, therefore, it is questionable whether these same
effects would be seen in a population of families where the first child had developed
autism. Furthermore, sibling studies also do not have control groups with other
developmental difficulties like ADHD, dyslexia, or ID. As a result of these criticisms,
developmental trajectory models have so far been unable to form precise and reliable
early markers of autism. The models which can be separated into two distinct categories,
theories which focus on social domains and theories which do not focus on social
domains.

Social Domain Hypotheses
The social domain hypothesis states that autism is caused by a lack of interest in social
cues and content in the environment during infancy. This hypothesis works on the
premise that infants on the autism spectrum have a fundamental disruption in the
mechanism that prioritises any social content like faces, smiles, and voices. Although like
ToM, this theory deals with social stimulus itself, not understanding the mental state of
another individual. Evidence for this came from the finding that children on the autism
spectrum do not pay as much attention to social stimuli like clapping or name calling or
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faces when compared to neurotypical infants or infants with other developmental
differences (Dawson et al., 1998). In another study, Chawarska, Volkmar, and Klin
(2010) demonstrated that children on the autism spectrum do not show as much
attentional bias towards faces when compared to neurotypical children or children with
learning difficulties. It is well established that social interactions and peer relationships
depend on the recognition and paying attention to the faces of individuals. Therefore,
knowing the difficulties that children on the autism spectrum face in later life with
forming new relationships and interacting with peers, this is a significant finding. These
findings have been criticised, namely that studies have found that these differences in
looking time and attentional bias disappear in later life (Elsabbagh et al., 2013; Guillon et
al., 2014). A significant critique of the social orienting hypothesis comes from Johnson
(2014) who points to recent evidence that showed that differences in attention to social
stimuli do not actually start at infancy but rather show up later. He also points to
evidence that domain specific differences are a much better and a more accurate
predictor of autism over social orientating in infancy. The social motivation hypothesis is
like social orientating hypothesis but differs in that, it focuses more on the rewards to
social interactions as opposed to biases in social attention. Like the social orienting
hypothesis, these would present themselves in infants in the form of less interest in social
activities and a want for the infants to stay isolated. Over time reinforcement of a lack of
rewards from social interactions would lead to behaviours which lead to a positive
diagnosis of autism. Major critiques of this hypothesis come directly from individuals on
the autism spectrum themselves. For example, it is common for children on the autism
spectrum to form close bonds with either their siblings or to their primary caregivers
(Teague et al., 2017). Additionally, there is also evidence of children on the autism
spectrum trying to interact with others during play (Lai et al., 2017). These has
significant impacts on measuring and examining social interactions and play in children
on the autism spectrum. Lai et al's. (2017) study for example shows that children on the
autism spectrum are often eager to seek interactions in environments where social
interaction is encouraged. This finding is extremely important and demonstrates that
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children on the autism spectrum may not be able to engage in social communication not
because of a lack of trying but rather because their behaviour is seen as not normal. It is
therefore clear that promoting social interactions in children on the autism spectrum is
best achieved in environments where they are supported and encouraged to engage with
others without negative feedback. This is explored in more detail later in this chapter
where the negative impact of reinforced social isolation is explored.
Another recent social domain theory is the double empathy problem (DEP) first coined
by Milton, (2012). The double empathy problem is defined by Milton as a “disjuncture in
reciprocity between two differently disposed social actors which becomes more marked
the wider the disjuncture in dispositional perceptions of the lifeworld” (Milton, 2012, p.
884). Milton theorised that the fundamental disconnect between individuals on the
autism spectrum and individuals without autism and their shared understanding of the
world creates fissures in their ability to communicate. Milton critically takes this further
and shows that typically, this disconnect is an experience that very occasionally affects a
non-autistic individual, whereas it is a constant experience for most individuals on the
autism spectrum. This extends to individuals on the autism spectrum having difficulties
in ascertaining the emotional states of other individuals. This affect has been seen in the
ability of individuals on the autism spectrum to understand facial and behavioural cues
(Brewer et al., 2016; Sheppard et al., 2016) more detail on this is examined later. Most of
this research relates to the interaction between individuals on the autism spectrum and
non-autistic individuals. However, the DEP can also be examined in terms of
communication between individuals on the autism spectrum.
Heasman and Gillespie, (2019) demonstrated the importance of intersubjectivity in
facilitating communication between individuals on the autism spectrum.
Intersubjectivity defines the variety of different ways in which individuals relate to each
other and build social relationships. In their study, they identified two key features of
intersubjectivity between individuals on the autism spectrum, an assumption of common
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ground and a low demand for coordination. In relation to the assumption of common
ground, the study found that when both individuals reached a common ground,
subsequent conversations and interactions proceeded smoothly and with a high level of
success. However, if the common ground was not achieved, the communication could
lead to disruptive behaviours. In the case of demand for coordination, the research found
that the lower the demand for coordination, the higher the chances that the
communication between them would have less disruptions. This research on the factors
which influence communication between individuals on the autism spectrum point to
the scenarios in which successful communication is most likely to occur. The study
examined conversation while children on the autism spectrum were playing a video
game together. This shows that a video game, particularly one that has low demand, (the
children are easily able to understand the mechanics and engage with the game) can
encourage communication between individuals on the autism spectrum. There are a few
important caveats which must be noted for this study; the participants were all speaking
therefore communication was examined through reciprocal conversation. The study did
not examine non-speaking participants, therefore non-speaking communication was not
examined. The games were also ones which both the individuals were familiar with, and
therefore they could quite easily engage with the game without the activity interfering
with the communication between the individuals. The study was also on adults,
therefore communication between children might look different. Even with the caveats,
this study provides a significant understanding of the situation and the factors which lead
to successful communication between individuals on the autism spectrum.
Another interesting study by Crompton et al., (2020) examined the impact of DEP on
communication between individuals on the autism spectrum. In it they compared how
information passes along a “diffusion chain” (where a piece of information is passed along
eight people). The groups were either mixed, which meant it included a mixture of
autistic and non-autistic individuals, and two groups which were exclusively made up of
autistic or non-autistic individuals. The results found that there was significant decline in
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the accuracy of the information in the mixed group, but no differences were found
between the autistic and the non-autistic groups. Further, the rapport ratings were low
for the mixed group but was the same for both the autistic and the non-autistic groups.
The results of this study shows the importance of the common ground and shared
understanding in successful communication and more importantly, one where the
individuals also felt more comfortable with each other and connected to each other. The
breadth of the evidence then suggests that communication between individual on the
autism spectrum can be quite successful and one where the individuals to do not feel
strained while communicating with each other. It has to be noted that varying range of
abilities of the individuals on the autism spectrum were not tested in the study
(Crompton et al., 2020).

Non-social Domain Hypotheses
A final development trajectory theory regarding early child and infant development
involves examining non-social domains. Unlike the previous models discussed in this
category these models involve looking at domains which affect other domains not related
to social interactions. Evidence from these theories is the most effective in explaining
early markers of autism. One specific example of this is a study that shows that the gapoverlap task (which measures a child’s ability to switch between an object which is in the
child’s view and then hidden) is an extremely good indicator of a child developing
autism (Jones et al., 2014). Another key marker is motor development, including the first
appearance of well-known repetitive behaviours like hand-flapping or finger twiddling.
Recent studies have also expanded on non-social motor actions by studying eye
movement, specifically eye movement fixation length (Wass et al., 2015). This field of
research is still relatively new and although promising, does not add much in terms of
understanding and developing social interactions and promoting or maintaining social
interactions in children on the autism spectrum. Despite not being directly relevant, it
can be argued that these specific skills contribute to successful social interaction. It is also
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possible that certain skills and behaviours, such as those observed in infants, make it
difficult for neurotypical individuals to form connections with said infants. As explored
previously, these subtle differences in behaviour in later childhood, further work to
make interactions with neurotypical peers more difficult. The combination of different
metrics like physical actions and behaviours is a good model to fully capture the actions
and purposes of children on the autism spectrum while they are playing in a free play
scenario.
Developmental trajectory models have come a long way in explaining causal factors for
autism. The objective of the current thesis is to promote play behaviours and peer
interactions in children on the autism spectrum in Bangladesh. As such it is important to
explore theories which examine scenarios and environments which are most likely to
promote these interactions. Green et al., (2017) showed that in a parent child play
scenario, what is important is to create an environment which supports peer interaction
between the child and the parent. The research highlights the importance of examining
and trying different methods which best suit the child and caters most to the child’s
skills. The research states that the key to the most successful peer interaction between a
child on the autism spectrum and the parent is finding the best methods and practices
which the child finds most engaging and rewarding.
It would perhaps be more helpful to examine autism not as a single deficit or look for a
developmental trajectory models which define it. Autism is better examined as a system
of different information processing systems all of which contribute to understanding
another individual’s mental state. As explored above, factors like EF may have a much
larger role to play in terms of social interactions. These developments have led research
into examining alternative models which deal with information processing.
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Domain General Information Processing Models
Information processing theories hypothesise that markers of autism are best explained by
information processing models not linked to social interactions specifically. These
theories have been shown to be most reliable in being able to predict for signs of autism
as well as defining the systems which individuals on the autism spectrum are most likely
to face difficulties with.

The Weak Central Coherence Theory and Other Perceptual Models
The idea of the “central coherence” is first defined in Firth and Happé, (1994). This
hypothesis states that autism individuals tend to pay close attention to details but not to
their global environment or perspective. The Weak Central Coherence (WCC) theory
has become one of the most researched and pervasive models in the literature. The
theory states that autistic traits and behaviours are a result of the individual not being
able to process global or wholesale information while performing a task or interacting
with the environment. This means that the individual is able to focus on a very narrow
aspect of the environment. There are several different studies that provide evidence for
WCC, including many which use different designs (Fletcher-Watson & Happé, 2019). A
convincing piece evidence comes from drawing studies. A meta-analysis by Van Der
Hallen, Evers, Brewaeys, Van Den Noortgate, and Wagemans, (2015) showed that
individuals on the autism spectrum are much slower at global processing. Studies also
show that individuals on the autism spectrum are more able to take features out of
context than neurotypical individuals. The research on this do not suggest that
individuals on the autism spectrum have a specific deficiency in global processing but
rather that they choose not to focus on global processing over details. Van Der Hallen et
al., (2015) also concludes that when asked specifically in terms in which the children
understand, individuals on the autism spectrum can be forced to focus on global
perspectives.
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A alternative perceptual model is Mottron’s Enhanced Perceptual Functioning (EPF)
model which suggests that individuals on the autism spectrum actually have higher
abilities of information and detail focus over neurotypical peers (Mottron et al., 2006).
The researcher demonstrated that individuals on the autism spectrum are capable of
drawing “impossible” figures over neurotypical peers. Another similar model is proposed
by Plaisted-Grant and colleagues (O’Riordan et al., 2001; Plaisted et al., 1998). These
studies showed that individuals on the autism spectrum are extremely good at
discriminating features in visual search tasks but did not perform as well in tasks that
required them to focus on generalised features. Over the years, this model has been
supported by studies of brain regions and activities in those regions when performing
different tasks (Samson et al., 2012). This increased evidence from neuroimaging studies
have given this model more weight. The EPF model differs in a significant way from the
WCC model, where the WCC attributes the poorer performance in global tasks to a
deficit of individuals on the autism spectrum in processing global information, EPF
suggest that it is due to the high level of superiority in the individual’s perception and
ability to focus on a single aspect (Mottron et al., 2006).
These models contribute to understanding the types of tasks children on the autism
spectrum find most engaging and ones which enhance their skills. If for example a task
requires generalisation and global processing, the children are more likely to disengage
from the task. This understanding is an important factor to consider when selecting tasks
and activities for children in a study. These considerations are discussed in later sections
particularly in finding the balance between the games and toys for the children which
they find enjoyable and engaging. This is made more complex when trying to promote
social communication between the children while they are also playing with the games
or toys given to them.
Another unifying model of autism based upon the perception is the IntenseWorldTheory
of autism (Markram & Markram, 2010). This theory merges developmental trajectory
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and uses neurobiology to create an all-encompassing model to explain the behavioural
characteristics of autism. The theory is based upon the understanding around individuals
on the autism spectrum having intense experiences with sensory information. The
theory suggests that the hyper-sensitivity and the hyper-reactivity to different sensory
information leads to hyper-perception, hyper-attention, hyper-memory and hyperemotionality. The theory draws upon evidence from the neurobiology of the brain. The
severity of the reaction to the stimulus and how deeply the individual is affected by the
stimulus is dependent upon the experiences of the individuals themselves. This is where
the concepts of developmental trajectory and neuroplasticity also contribute to this
theory. The theory suggest that the different tracks are reinforced over time, which leads
individuals to become more and more focused on either a single track or multiple tracks.
This creates individual differences not only dependent upon the experiences but the
brain structure of the individuals as well. The progression of the condition occurs as
individuals show hyper-preference to certain actions, behaviours or reactions which may
be constantly reinforced over time. As time progresses, the individual then develops an
environment and internal world where they have very specific interests and
understandings of the different aspects of the world and perhaps most importantly, one
without many surprises and less cognitive load to deal with and process information
outside of the world they have created for them. A criticism of this theory comes directly
from individuals on the autism spectrum themselves because of its heavy reliance on
perception and sensory information framing their interests. A similar theory, one which
is supported by a significant portion of the community is the theory of Monotropism
(Murray, 2019b).
The theory of Monotropism was first proposed by Murray et al., (2005), like the
IntenseWorldTheory, it seeks to explain multiple dimensions of traits and behaviours
through a unifying theory. In basic terms, monotropism defines the brain as a system of
interests and attention. This theory states that the brain of an individual on the autism
spectrum is based upon the varying number of interest that the individual has. In
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contrast to the neurotypical brain however, the interest of an individual with autism
may be much narrower and more focused. These interests in turn dictates the attention
that the said individual places on activities and objects while interacting in an
environment. It is important to note that these interests are not stagnant and can change
over time and is dependent upon the environment in which the individual is in, at the
time. The interest can be extremely varied and broad, and as mentioned above, some can
be long lasting while others can be temporary. For an individual on the spectrum these
interests can create patterns of thoughts and ideas which are specific to the individual
and can sometimes seem surprising to others. However, these interests can be extremely
rich and detailed, and the patterns of thought can be extremely useful to the individual
in navigating the world and environment in which they are in. The theory has gained
traction within the autism community at large, this is perhaps best seen in a piece called
“Me and Monotropism” by Fergus Murray, an identifying “autist” and son of Dinah
Murray (the original author of Monotropism) (Murray, 2019a). In contrast to examining
the theory via diagnostic criteria, he relates it to his lived-in experiences. In terms of
social communication for example, the lack of interest of an individual on the autism
spectrum on many different tracks of information, eye gaze, speech, other environmental
stimuli can explain many of the behaviours associated with autism and how they
communicate socially. The monotropism model would say that this is because the
individual would pay attention to one narrow aspect and miss other cues or stimuli. In
his essay Fergus Murray states that it is common for everyone to miss cues and other
sources of information, just that it might be different for an individual on the autism
spectrum and an individual not on the autism spectrum. Further studies examining social
interactions are explored further below. Both Monotropism and The
IntenseWorldTheory of autism explains not only the different ways in which children
and individuals on the autism spectrum interact with each other but also adds to how
they interact with different objects. The different affordances of different objects
combined with the specific interests of the child can explain why some children choose
to interact with some types of toys over others. This can also apply to different
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mechanics when children on the autism spectrum engage with computer-based games or
technologically enhanced toys.
One of the major indicators of successful social interactions is the ability to pay attention
to and notice faces. As explored already, children on the autism spectrum show less
attentional bias than neurotypical children. Even when children are paying attention to
faces, it is often in the areas of the mouth and not the eyes, as is the case with
neurotypical children (Neumann et al., 2006). Researchers argue that the reason is not
due to social interactions or rewards as previously explored but rather a symptom of the
brain’s inability to integrate multimodal information. A meta-analysis by Philip et al.,
(2012) examining fMRI scans in autism found differences in integration of brain regions
and not a singular deficit in one particular area. This may explain behaviours typically
seen as antisocial by neurotypical individuals expressed by individuals on the autism
spectrum. neurotypical individuals pay more attention to and integrate multi-modal
information much more than individuals on the autism spectrum. This manifest itself in
terms of social interactions as not being able to integrate for example a smile to an
emotion or a laugh to actions. This hypothesis is backed up by findings from eye-tracking
studies, where the largest difference between individuals with and without autism was
found in multimodal stimuli, such as the link between audio-visual stimuli and
movement (Chevallier et al., 2015). Evidence from these studies suggest that individuals
on the autism spectrum are most likely to engage in social interactions when in
environments where there are fewer sensory stimuli. As such, a simple design with a
lower number of sensory stimuli might encourage interactions in those on the autism
spectrum as said individuals are less likely to be stressed or overstimulated. Self and other
awareness play a significant role in peer interactions and social communication between
children on the autism spectrum.
Simply put, self-awareness can be defined as the ability to be introspective, while being
able to identify oneself as an individual who is distinctly independent from the
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environment and from others. Self-awareness is the process by which individuals
identify their own consciousness. It allows the individual to recognise and understand
their own character, feelings, motives, and desires (Kapp et al., 2013). There is evidence
to suggest that individuals on the autism spectrum have trouble thinking about, and
making sense of, themselves (Lombardo et al., 2010). Research into self and other
awareness by Lombardo et al. (2010) used functional magnetic resonance scans to
determine brain activity in 60 volunteers – 23 male and 7 female who had been
diagnosed as being on the autism spectrum, with a pair matched set of 23 male and 7
female volunteers with no known disorders. The volunteers were asked to make
judgements either about their own thoughts, opinions, preferences, or physical
characteristics, or about someone else's – in this case the Queen. By scanning the
volunteers' brains while they responded to these questions, then following up with a
further “surprise-test” of the adjectives used during the initial questioning, the
researchers were able to visually demonstrate differences in brain activity between those
with and without autism. The brain scans revealed information about activity in the
ventromedial pre-frontal cortex (vMPFC). The vMPFC is an area of the brain that is
thought to become active when an individual thinks about the self. This area was more
active in those volunteers without any known disorders when they were asked questions
about themselves compared to when they were instructed to think about the Queen. In
contrast, for volunteers who had been diagnosed on the autism spectrum, the brain
region responded equally – regardless of whether they were contemplating answers
about themselves or the Queen. This study is extremely important in that it demonstrates
how important and significant other awareness is in individuals on the autism spectrum.
It also identifies the specific regions of the brain responsible for other awareness. Other
awareness, and skills like face processing and social skills can also be seen as fundamental
abilities needed by children to engage not only in social communication, but also in
order to engage in play with other children.
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Social Communication and Play in Autism
It is important at this point to address social communication, interaction, and peer
interaction among children on the autism spectrum. In the literature there is wide
consensus around the importance of social communication, interaction, and peer
interactions for children’s development (Vaughn et al., 2016). Additionally, the literature
states that the terms social communication and interaction are often used
interchangeably and refer to behaviours which either initiate or respond to behaviours
from others within their environment. As covered above, this is typically an area in
which individuals on the autism spectrum have difficulties and show a lack of interest in.
This is also reflected in peer interactions between children on the autism spectrum.
There is a wide range of evidence to show that children on the autism spectrum do not
follow the same developmental trajectory as children who are not on the autism
spectrum. For instance, children on the autism spectrum tend to develop skills like
pretending and social play in different ways when compared to children not on the
autism spectrum (Bauminger-Zviely & Shefer, 2021). Research into the different types of
play behaviour has strong theoretical links. For example, some developmental trajectory
models would say that children on the autism spectrum have specific interests and focus
on only certain aspects of an interaction. This would mean that children may miss some
social cues which would lead to pretend play and social play. This usually manifests itself
in less complex social interactions in the case of children on the autism spectrum, for
example, children typically do not engage in much cooperation, helping behaviour or
sharing (Fantasia et al., 2014). Children on the autism spectrum tend to show more basic
forms of pro-social behaviours like maintaining proximity to each other, imitation and
other passive behaviours like observer behaviour (Gates et al., 2017). Even when the
children respond to social interaction from others, their responses tend to be different
than children not on the autism spectrum (Scheeren et al., 2020). These differences mean
that individuals on the autism spectrum often have difficulties in maintaining sustained
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social interactions with other individuals, such as their peers (Hartley & Fisher, 2018;
Locke et al., 2016; Rice et al., 2012).
Schopler and Mesibov (1987) defined social skill as consisting of the ability to relate to
others in a reciprocally reinforcing manner, and the ability to adapt social behaviours to
different contexts (DiSalvo & Oswald, 2002). They went on to suggest that children on
the autism spectrum are not entirely void of these social abilities, but that their skills in
social reciprocity are deficient in terms of flexibility and spontaneity. The resulting
studies in this field tended to focus on developing social skills of the individual on the
autism spectrum through adult led interventions and direction. While the studies did
often find that it is possible to modify the behaviours and social abilities of a child on the
autism spectrum (i.e. observed improvement in the ability to make eye contact, respond
to social cues and orient themselves toward a person (Lovaas, 1987)) when interacting
with adult experimenters they did reveal some issues with this set up. While these
studies were useful and provided support for the idea of early intervention to help
support the development of children on the autism spectrum it was recognised that social
interaction being learned in this false environment with only adult interaction was not,
in fact, in the best interests of the child’s long term ability to communicate with children
of their own age group and naturally occurring social circle (Rogers, 2000). Children on
the autism spectrum display significant deficits in social skills in a wide variety of
settings (Cardon, 2016). In schools, students on the autism spectrum may display several
problems in social skills involving peers and/or adults, such as: making and maintaining
eye contact, recognising or displaying nonverbal body language, participating in
cooperative play, beginning or sustaining conversation, responding appropriately to
conversations or nonverbal expressions, and developing lasting friendships (Davidson et
al., 2015). Such characteristics make it difficult for typical children to engage in and
maintain social interactions with children on the autism spectrum (Gonzalez-Lopez &
Kamps, 1997; McFadden et al., 2014). Being able to identify certain social skills
interventions may enhance adaptive behaviour, social acceptance, or independence in
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children on the autism spectrum (Bellini et al., 2007). Social skills and peer interactions
have a direct impact on the play behaviour of children on the autism spectrum.

Defining Play
The United Nations recognises play as a fundamental right of the child. This is because
play is recognised as an important aspect of children’s development and is crucial to
ensure that children can form better relationships in future (Pellegrini, 2009). Piaget
defined play as process undertaken by individuals to understand the world more and to
try and find the place and function of objects in the world. Play begins with children
exploring functions of an environment and trying different things (accommodation).
This process continues because the individual has not yet developed the correct strategy
or schemas to correctly identify how to navigate that environment. This results in
children trying different strategies until they have successfully discovered the “correct”
way in which they can interact with the environment (assimilation) (Piaget, 1951).
Children develop these schemas over time and retain key schemas for future use which
enables children to navigate environments more easily over time. Eventually, this leads
to children being able to perform symbolic manipulations of objects. At this stage
children can place their own functions on objects. According to Piaget, children are
almost completely preoccupied with social play develops at around 7 years of age. One of
the major criticisms of Piaget’s work is that they are formed around European
understandings of behaviour and expectations. Piaget’s theories have also been criticised
for focusing too much on the assimilation of objects, where adjustment and the process of
learning object function is seen to be equally important (Henricks, 2018). According to
Burghardt (2006) play is defined as a spontaneous period where individuals engage with
each other and around them in unexpected ways and in ways which are distinctly
different from reality. Play can take different forms according to the function of the
object the children are interacting with and the social context within which they are
interacting with the object. When interacting with different objects, children can engage
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in pretend play, where they assign different functions to the object depending upon the
social context within which they are using the object. For example, a stick can be treated
like a sword or even a completely different animal depending upon the world which the
child has created. Critically, this world can also be shared with other children. In this
context, all the children treat the stick as the object they have assigned to the stick.
However, this can be temporary, where the stick loses that function when moving to a
different context. These different forms of play are critical to the development of
children in forming relationships and to understand the world around them. This has
implications for how play has been examined historically, and what effect of toys and
different activities may have on the play between children. This is especially true of
children on the autism spectrum as play and social communication often looks different
in the population (Papoudi & Kossyvaki, 2018) (this is covered more extensively later in
the chapter).
Considering the criticisms of Piaget’s theories, Vygotsky (1980) took a different view of
play. According to his definition, play is a process where individuals create imaginary
environments within the real world and then respond to challenges within those created
environments. This theory introduces play primarily as a social function where toddlers
learn early on that they can change the environment (moving an object, affecting
change) and that the environment, in turn can cause the toddlers to be happy or sad.
From a very young age, children cannot resist the urge to interact with the environment
in different ways. The addition of this social element can be a way in which children
learn and develop new skills. This can come from interactions with adults, however,
Vygotsky argues that it is interactions with peers which can teach children the most
about the environment and society (Henricks, 2018). Although primarily developed with
neurotypical children, Vygotsky's work could also apply to the importance of social
interaction in the development of children on the autism spectrum.
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Play in Children on the Autism Spectrum
Play provides children the ability to experiment with social skills and therefore use those
skills in the future to form future relationships. In addition to being essential to the
development, play is also understood to be essential to the development of social skills.
Play takes on different forms according to the developmental age of the individual. In
neurotypical children, children’s first interaction with unknown objects results in
exploratory play, this means that the child is manipulating and moving the object and
trying to discover different properties of the object. At around 12 months, pretend play
starts to develop, this is where the children can use objects beyond their intended use,
when engaging in pretend play, children start expressing more creativity in their use of
the object. Over time, exploration of toys and objects are reserved for novel items and
generally account for far less of their play behaviour (Pellegrini, 2018).
Play behaviour expressed by children on the autism spectrum are different to
neurotypical children (Papoudi & Kossyvaki, 2018). There are two major social skills
considered essential to successful play; joint attention (the ability to share attention
between themselves and others), and the use of symbols (the ability to understand
meanings of gestures, words, mimicry, and play). One of the major differences is that
children on the autism spectrum tend to spend longer in solitary play (playing by
themselves exploring aspects of a toy) for much longer than non-autistic children. More
complex forms of play are therefore less likely in an open play scenario in children on
the autism spectrum (Lawrence, 2018; Yuill, 2020). Parallel play: when a child is playing
alongside another without any coordination or interaction between them and
cooperative play; when a child coordinates their actions and acts towards a common goal
are both uncommon in children on the autism spectrum. Additionally, children on the
autism spectrum demonstrate the same level of exploration of objects and toys as
neurotypical children but do not develop symbolic and pretend play in the same way.
Children on the autism spectrum are typically isolated from play with neurotypical peers
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because they cannot engage in the activity in the same way as the other children expect
(Qualls & Corbett, 2017; Vincent et al., 2018). A primary reason behind this may be the
restrictive and repetitive behaviours of children on the autism spectrum. The repetitive
behaviours interrupt the general flow of play and can also be a reason behind the lack of
more creative play seen in children on the autism spectrum (Papoudi & Kossyvaki, 2018).
However, research into play behaviour in children on the autism spectrum recently has
shown that even more complex forms of play can be promoted in children on the autism
spectrum provided that they are placed in an environment that encourages and rewards
their actions (Charlop et al., 2018). For example, associative behaviours, where a child
shares or borrows material from another child is quite common in children on the autism
spectrum if they share proximity and finds the exchange rewarding to their experience.
A significant factor affecting play in children in autism is repetitive and restrictive
behaviour which often interrupted play and left the children more isolated and
disinterested in engaging with others during play (Charlop et al., 2018). Research
examining play behaviour in children on the autism spectrum has also found that a
myriad of different skills contribute to the atypical play behaviour seen in children on
the autism spectrum (Charlop et al., 2018). It has to be noted however, that medical and
biological interventions have typically not been very successful at promoting play
behaviour in children on the autism spectrum (Charlop et al., 2018). Conversely, a
structured setting which is both supportive and nurturing to promote play can be
extremely beneficial to children on the autism spectrum in expressing higher forms of
play. Play incorporates a broad range of skills like joint attention, language acquisition
and other domains in child development. In autism, play has also been linked to better
treatment outcomes (Charlop et al., 2018). Critically, because of the different skills
involved in play behaviour, it is important to examine different social skills which can
play a role in overall play behaviour.
Due to the difficulties that some children on the autism spectrum show with social skills,
including reciprocation of social overtures, initiation of social interactions, eye contact
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and emotional understanding, a classroom situation in which a child on the autism
spectrum is expected to behave and interact in a particular way can often create an
environment that results in anxiety, stress, and trauma for the child (Cardon, 2016;
Huskens et al., 2015; Odom & Strain, 1984). This, understandably, frequently leads to
autistic children avoiding social contact by removing themselves from the situation,
alternatively the child may behave disruptively in response to the situation (i.e.,
aggression towards their classmates, teaching staff or themselves, destruction of property
and materials, tantrums. These negative responses make it more challenging for
neurotypical children to maintain the communication and that can have the effect of
isolating the child on the autism spectrum further as these negative representations form
a barrier to their peers approaching them (DiSalvo & Oswald, 2002; Gonzalez-Lopez &
Kamps, 1997). The lack of these skills, especially those relating to social reciprocation
and overtures can have a significant impact on the types of behaviours seen in play. For
example, misunderstanding or failing to respond to social cues can negatively impact
successful play behaviours. These are only exacerbated when it involves play between
individuals all of whom have autism. The following sections examines several
interventions which focus on social skills critical to play behaviour and then moves
specifically into interventions using technology, finally the most common outcomes
examined in play are identified and discussed.
Children on the autism spectrum often demonstrate motor and verbal repetitive
behaviour which is inappropriate to the play (i.e. repetitive actions which do not relate
to the toy itself) (Paterson & Arco, 2009; Van Santen et al., 2013). A child with autism
may repeatedly manipulate an object or perform a movement/gesture in the same way
over an extended period but may not make sense in terms of the play object. Repetitive
speech is also included, which may take the form of a child repeating what he/she said
previously or repeating what another person said previously (Van Santen et al., 2013). In
open play, it is also important to define motor repetitive play (physical actions) and vocal
repetitive play (repetition of a sound or phrase said over and over again) (Paterson &
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Arco, 2009). Vocalisation is defined when the participant’s lips are moving and/ or there
is audible sound when nobody else’s lips are moving. It includes audible words and nonspeech-like vocalisations including high pitched squealing, yells, growls, and grunt.
However, it cannot be coded as vocalisation if the participant is saying the same nonpurposeful statement more than two times in a row without a response (Winsler et al.,
2007). Vocalisations are coded when they are communicative, (i.e., using the above
stated actions to get the attention of the other child in the room). Onlooker behaviour is
a very specific form of gaze behaviour. In this behaviour the child looks specifically over
at the other child’s toy or the child. No other gaze is recorded as onlooker behaviour, it is
only done so when the gaze is towards the child or the other child’s toy. Again, this
behaviour is quite often used to capture a dimension of open play which is not captured
by physical interaction with the toy (Coplan & Rubin, 2001; Farr et al., 2010).
Deficits in functional language and social interaction are two defining behavioural
characteristics of children with autism (Goldstein, 2002; Loucas, 2015; Wolfberg &
Schuler, 1993). The absence of successful social behaviour can inhibit the development of
intelligence, language, and related skills, which are imperative to more typical childhood
development (Guralnick, 1981). Further, without some support these delays often lead to
severe social isolation, perhaps the single most important variable in the failure of
individuals with autism to interact in normalised environments and develop social
relationships (Holt, 2015). Of interest to the current study is the acquisition of socialcommunicative skills as behaviours that are critical to the integration process in public
school programs and the development of friendships with typical peer classmates
(Goldstein, 2002; Goldstein et al., 1992; Reichow & Volkmar, 2010).
As research into an inclusive environment and peer communication between children on
the autism spectrum progressed it became clear that the simple act of placing a child into
an environment with typically developed peers would not, in any significant sense,
improve the social abilities of the child. In simple terms, for a child on the autism
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spectrum, learning social skills does not occur by continued exposure to them. Children
on the autism spectrum can learn more effectively with more targeted support. This
support is not just to teach the child on the autism spectrum specific social skills and
coping mechanisms, but also training for peers and teachers. This would not only help
them understand the reasons behind the social difficulties that the child may be
experiencing, but also to learn how to produce and maintain interactions and to
reinforce appropriate social behaviours in children to help them in similar situations.
When the skills are mastered, the children are then expected to practice them in natural
situations (Ladd, 1984). This applies to social behaviour as well, a targeted intervention,
where a structured setting is introduced, is more likely to promote a specific behaviour in
children on the autism spectrum than a more ‘free-form’ open play scenario (Holt, 2015;
Porayska-Pomsta et al., 2012).
A very recent study by Bauminger-Zviely and Shefer (2021) designed one of the first
specifically designed for children on the autism spectrum and their peer interaction and
play in naturalistic settings. The Autism Peer Interaction Observation Scale (APIOS) has
four main categories of interaction between children on the autism spectrum, nonverbal
communication: gestures, prosocial behaviour, social play, and conversation: quality of
dialogue. Each category in turn had four scores with 1 being the most complex and
appropriate in each category and 4 being the least appropriate and least complex in each
category. The study found strong correlations with different measures to capture social
interactions, the Vineland Behaviour Scales, 2nd edition (VABS-II) for adaptive and
socializations skills and the Social Responsiveness Scale, 2nd edition (SRS-2) to capture
social atypicality. In the case for the Vineland Behaviour scales, the study found that
children with higher scores also scored lower on the dimensions captured by the APIOS.
Likewise, the study found a similar relationship with the SRS-2 and the APIOS, where
the children with higher SRS-2 scores, (more impairment) with higher scores on the
APIOS. The scale is also one of the few that measures non-verbal communication in
children on the autism spectrum when interacting in a naturalistic setting. When closely
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examining the findings from the non-verbal communication, the study showed a weak
correlation (r = .32) with the social communication and interaction dimension in the
SRS-2 and a weak correlation (r = .32) for the communicative dimension in the VABS-II.
When examining the social play dimension of the APIOS with both SRS-2 and VABS-II,
the study only found a significant relationship with the social communication and
interaction dimension in the SRS-2 (r = .27). Finally, when looking at the relationship
between social pretend play in the APIOS and the SRS-2 and VABS-II, the study found
significant correlations for both the communication dimensions, r = .27 and r = .26
respectively. The study shows the importance of examining play and other forms of
communication separately because they capture distinct behaviours. The study also
shows how the SRS-2 might be more appropriate in capturing the different dimensions
of play and social communication over the VABS-II.

Play Interventions and Programmes that Support Play in Children on the Autism
Spectrum
Children on the autism spectrum present different levels of cognitive and linguistic
ability which has already been established and discussed earlier in this chapter. Across
these abilities within autism, children continually exhibit difficulties in spontaneous
play. In recent years researchers have recognised difficulties of socio-communicative
skills possessed by children on the autism spectrum can be reduced by creating
structured play interventions that teach and strengthen these skills in early years of
school settings. Early interventions can aid in the development of these skills in later life
(Kossyvaki & Papoudi, 2016).
The recognition that setting and the structure of an intervention or play session may
support children to have successful social interactions led to a great deal of research
being done into how environment can impact on the development of new skills and
relationships. Researchers began looking at how educational institutions could improve
outcomes for children on the autism spectrum and what interventions and changes had
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the most positive impact on their social development. Multiple researchers have
endeavoured to introduce play-based interventions into schools (Kossyvaki & Papoudi,
2016). To review the results of these studies the classification system for play created by
Ingersoll and Dvortcsak, (2006) that splits play into two distinct classifications, the first
being behavioural/naturalistic. Behavioural or naturalistic interventions are based on the
conjecture that new skills should be taught in an environment where systematic
reinforcement follows a correct response to established, clearly signposted stimuli
(Cooper et al., 2007). The second type of play is developmental/relationship based. These
interventions are based on the assumption that a child on the autism spectrum progresses
at the same rate of development as their neurotypical peers and advocate that practice of
the milestones missed will improve performance (Kossyvaki & Papoudi, 2016).
Of the studies reviewed by Kossyaki and Popoudi (2016), seven were conducted in
mainstream school settings, five in what is referred to as “special settings” and two did
not provide enough evidence to discuss the setting in any defined detail. There are
studies that exist claiming that play is often deemed inappropriate in school settings as
children should be focused on developing academic skills instead of play skills (Kossyvaki
& Papoudi, 2016). The findings in the review are a direct challenge to those assumptions.
The study found high ecological validity of interventions being run in school-based
settings. The study also found that play behaviours can often improve skills in other
domains in children on the autism spectrum. Likewise, it has been recognised that there
is a limited pool of studies researching play intervention within a specialist school setting
(Kossyvaki & Papoudi, 2016) and that further extensive research is required in mainstream and inclusive school settings. The authors state that there is a disconnect between
the benefits of school-based interventions seen in research and the lack of use of these
interventions in actual school settings. This is even more pronounced in Bangladesh,
where the benefits of play are even more minimised in favour of more domain specific
intervention programs like speech development. Furthermore, much of the research
reviewed, examines evidence from Western populations and not from developing
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nations. This highlights the need to examine play and social communication in children
on the autism spectrum in developing nations.
Bellini et al. (2007) conducted a review of fifty-five research papers into school-based
interventions in their paper. This meta-analysis, contrary to Kossyaki and Popuodi’s
(2016) research, concluded that ‘school based social skills interventions are minimally

effective for children on the autism spectrum’ (Bellini et al., 2007). A possible
explanation for this outcome may be that the interventions studied in the meta-analysis
were often conducted in “contrived, restricted and decontextualized” settings (Bellini et
al., 2007). For example, the participant(s) and experimenter, while still in the school,
would isolate the experiment to a smaller, isolated resource room or other area away
from the natural school setting that a child would normally encounter on a day-to-day
basis. The findings of the above study are no longer the general consensus in the
literature, however, as many studies since have found that structured play settings are
more beneficial to children on the autism spectrum (Farr et al., 2010; Hinske et al., 2010;
Holt & Yuill, 2014). However, school-based settings are still seen as being beneficial in
teaching children specific skills as that provides children with the environment they are
more comfortable in and as they may spend a significant amount of time in the school
settings.
It must be noted that a deeper investigation into the results showed a very interesting
contrast between interventions that were applied in the child’s typical classroom setting
and those that were conducted in a manufactured, artificial setting. Interventions that
take place in the naturally occurring classroom settings produced remarkably more
positive results in both maintenance and generalisation across all variables (i.e.
participants, settings, play stimuli) (Bellini et al., 2007). This distinction has valuable
implications for the future of education for children on the autism spectrum. For
educators and other school personnel the results of this analysis show the importance of
prioritising social skills interventions that can be practically and effectively introduced in
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natural school settings in the long-term success of development and maintenance of
social skills in children on the autism spectrum. However, the review also found that
peer mediated interventions found more significant differences in social skills when
compared to individual interventions. Moreover, a specifically targeted intervention
focusing on a specific outcome which links to the outcome is more likely to produce
benefits in social communication in children on the autism spectrum. This is particularly
pertinent as often children on the autism spectrum can have trouble transferring skill
sets from one context to another (Bellini et al., 2007). However, the evidence on the lack
of effectiveness in using targeted designs in comparison to naturalistic settings is not so
clear cut. For example, a commentary by (Yuill, 2014) points that cooperative actions
between two children on the autism spectrum is best achieved in a design with
constraints which provides the children with an environment in which the children are
provided the opportunities to act cooperatively with each other.
Wolfberg, DeWitt, Young, & Nguyen, (2015) found that in terms of play behaviour,
isolation, onlooker, parallel and common focus are particularly important in discerning
the ability of children on the autism spectrum to engage with their peers. These factors
in a different form are also addressed in studies of neurotypical children, most notably by
Ruben’s Play Observation Scale. Odom and Strain, (1984) also identified sharing,
assistance and negative affect as being relevant in determining the nature of the peer
communication. Since then, Farr, Yuill, & Raffle, (2010) further organised the behaviours
of sharing and assistance into associative behaviours, where the participants are either
borrowing or loaning play materials without organisation or a common goal. This is
different from co-operative behaviour since co-operative behaviour requires a common
goal and involves both children working together to achieve similar goals. Therefore,
associative behaviours add a further dimension to understanding the peer
communication in children on the autism spectrum. Another factor often looked at for
peer communication is vocalisation, or more specifically speech (Banda et al., 2010).
Although studies have shown significance in examining speech, few studies have
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examined non-speaking but vocal communications in children on the autism spectrum.
This is particularly important when examining social play in children who are largely
non-speaking. A study by McFadden et al., (2014) separated social communication into
distinct categories when examining verbal communications (comment, request, play
organizer, turn taking, nicety, help). However, like many studies above, this involved a
neurotypical participant interacting with a child on the autism spectrum. Furthermore,
the study worked with verbal children. These behaviours however can also be displayed
by children on the autism spectrum without speech. Non-speaking communications, like
gesturing or directed vocalisations can also be extremely informative. To the researchers’
knowledge, non-speaking communications especially vocalisations have not been studied
to any great length in the literature.
Peer-mediated programmes have been recommended to address social skills
acquisition— that is, the use of peers as instructional resources or change agents, with
training on how to model, prompt, and reinforce academic and/or social responses from
students with disabilities (Gaylord-Ross & Haring, 1987). Gaylord-Ross and Haring
(1984) taught three young adults with autism and their peers to use age-appropriate
objects such as Pacman, Sony Walkman, and gum in addition to social scripts to increase
social interactions during break-time. Several other investigators have incorporated peer
training in social-communicative strategies (e.g., play organisers, mirroring/attending,
commenting, choice making, requesting) to increase the initiating and responding by
students with developmental disabilities and autism (Goldstein et al., 1992; Wong et al.,
2015). The use of social skills instruction featuring published curricula, joint action
routines, and socio-dramatic scripts has also provided an effective strategy for improving
specific skills and peer interaction (Goldstein, 2002; Holt, 2015; Kalyva & Avramidis,
2005).
In addition to play/leisure settings, tutoring and cooperative learning groups
incorporating social interaction skills for students with disabilities have also been shown
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to be effective strategies for increasing peer interaction (e.g., Hunt, Staub, Alwell, &
Goetz, 1994; Kamps, Barbetta, Leonard, & Delquadri, 1994; Kamps et al., 2002). In the
Kamps et al., (1994) study, for example, groups of 3 peers and 1 student with autism
participated in tutoring in vocabulary words, oral reading, and comprehension games
during daily 30-minute sessions. Students with autism and peers showed increased
reading skills on pre- and post-test quizzes and increased appropriate interactions during
the intervention groups (Kamps et al., 1994). Similarly, Hunt and colleagues (1994)
demonstrated improved learning for cooperative learning group participants both with
and without disabilities. Students with severe disabilities mastered fine motor grasping,
passing objects independently, acknowledging classmates, and asking for turns with
generalisation to non-group settings. Peers in cooperative learning groups including a
member with severe disabilities showed rates of correct math responses equivalent to
those of peers in groups without a participant with disabilities (Hunt et al., 1994).
The least explored area of social interaction development for children on the autism
spectrum including ones specifically looking at play is the communication that takes
place between two children on the autism spectrum. The majority of studies either
investigate interactions between autism children and an adult experimenter or within a
peer age looking at how autism children interact with their neurotypical peers (Ospina et
al., 2008). While these studies have provided valuable insight into the development,
improvement, and possible interventions for children with autistic spectrum disorders,
the lack of peer-to-peer studies within autism groups means that there could be a vital
piece of the puzzle missing in understanding how social interactions for children on the
autism spectrum develops. As mentioned in the previous paragraphs, studies that use the
development/relationship-based model, while useful, work on the assumption that
autism children develop along the same trajectory as their neurotypical peers. This
assumption is problematic as the comparison with neurotypical children serves to
highlight the deficiencies in the development of the autism child. Moreover, these
problems also persist when comparing children of different severity of autism, where
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children on the autism spectrum with more severe difficulties display a range of abilities
not seen in children on the autism spectrum with less severe difficulties. This is most
apparent in emotion recognition and ToM understanding (Baron-Cohen et al., 2001,
2006).
Several studies have examined the response to social skills between children on the
autism spectrum and their typical peers (Goldstein et al., 1992; Odom & Strain, 1986;
Odom & Watts, 1991; Sainato et al., 1992). Odom and Strain (1986) trained three
preschool children with autism to initiate and share with peers. Also, the investigators
trained four preschool children who were prompted by their teachers to initiate and play
with students with autism. Teacher prompts increased initiations of students with autism
and peer training enhanced social responses. In another study, Gonzalez-Lopez and
Kamps (1997) investigated the effectiveness of several social skill training approaches
involving typical peers (e.g., prompting, reinforcing, ignoring the disruptive behaviour).
The peers and students with autism were trained to initiate greetings, play, imitate,
share, take turns, ask for help, and request things. Four children with autism participated
in this study. Three of four participants increased social initiations and decreased
problem behaviours at the end of the intervention. However, these studies say very little
about how these interactions noted above would be different in peer-to-peer interaction
between children on the autism spectrum. As such this needs to be explored in more
detail.
There have been several studies focused on promoting play behaviour and social skills
interventions for children on the autism spectrum including peer training, adult or peer
modelling, script/script fading, priming, direct instruction, reinforcement, video
modelling, group social skills training (Goldstein, 2002; McFadden et al., 2014; Murdock
et al., 2013; Pierce & Schreibman, 1997). Peer-mediated interventions are one of the
most often used methods to increase social interactions between children with and
without disabilities (Banda et al., 2010; Goldstein et al., 1992). Peer interventions
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typically involve training peers to initiate interaction and/or respond to social initiations
made by children on the autism spectrum (Pollard, 1998; Rogers, 2000). However,
several studies show that training through peers is not enough to teach effective social
communication (DiSalvo & Oswald, 2002). Studies have suggested that there is need for
constant reinforcement of behaviours and ongoing adult prompting in natural settings is
important for children on the autism spectrum to maintain these social skills (Banda et
al., 2010). For example, a recent comprehensive review of social skill interventions with
persons on the autism spectrum indicates that modelling and reinforcement are the most
popular strategies used in published research (Matson & Smith, 2008). Thus, including
components of modelling and reinforcement in peer-mediated interventions may be the
most efficient and effective way to improve social skills in students on the autism
spectrum in natural settings (Banda et al., 2010).
Fantasia, De Jaegher, & Fasulo, (2014) examines cooperative actions in children on the
autism spectrum during play and points out that there is evidence in children engaging
in cooperation with either their parents or primary caregivers, they argue that although
minimal cooperation is required to perform simple tasks like getting dressed or eating
etc. The researcher states that the barrier to cooperation in research is too high. They
argue that defining cooperation only when two minds read each other’s intentions
ignores the context of those interactions. Further, they state that such a narrow
definition also ignores the results of the cooperation action. A commentary on this article
points out that the nature of those cooperative actions should be considered (Yuill, 2014).
She points out that there needs to be distinction between ‘going along with’ actions and
true joint attention where children have a shared goal. For example, they point out that
often interaction with neurotypical peers or primary caregivers is more an example of
scaffolding and not cooperative and collaborative actions. Holt and Yuill, (2014)
demonstrated that when examining cooperative actions between individuals on the
autism spectrum, it is important to place them in situations where the environment has
sufficient constraints to encourage peer communication. This evidence along with their
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follow-up study also demonstrated that importance of design in promoting play and peer
interaction in children on the autism spectrum (Holt & Yuill, 2017).

Digital Technology in Autism Spectrum
Digennaro Reed, Hyman, annd Hirst, (2011) found that technology has been a driving
factor for interventions in teaching social skills, which are fundamental to play and social
interactions, to a population on the autism spectrum in recent years. It might be argued
that these findings are unsurprising, as explored above Baron-Cohen, (2002) identified
that the high levels of systemising abilities in children on the autism spectrum make
technology naturally attractive to children on the autism spectrum. It is important to
define the technology as it has been used with individuals on the autism spectrum. There
is a huge range of different devices which have been used in research, this can be as
simple as a DVD player with videos or alternative or augmented reality platforms
(Grynszpan et al., 2014; Hourcade, 2015). The use of technology in this thesis will reflect
this breadth of different devices used with individuals on the autism spectrum. As such
technology will be defined as any electronic device that requires electricity to run (this
includes mobile devices which run on battery power). It is not strictly necessary for the
technology to have a direct user interface, for example, by this definition, a video player
which plays videos for modelling behaviour will also be identified as technology.
Mazurek and Wenstrup, (2013) found that children on the autism spectrum prefer to use
digital-based applications over non-digital ones. They did a comparative study comparing
technology use between children on the autism spectrum (n=202) to their neurotypical
siblings (n=179) and found that on average children on the autism spectrum spend 62%
more time watching TV or playing video games. The study found longer durations of
video game play in children on the autism spectrum per day. The study also found
evidence that children on the autism spectrum experience higher levels of problematic
video game use (Parsons et al., 2015). However, proponents of technology use in
interventions for children on the autism spectrum have stated that technology quite
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often helps and even allows them to interact socially in ways they could not without
technology (Parsons et al., 2015). When examining the lived experiences of individuals
on the autism spectrum, for example, a survey found that the ‘digital bubble’ they create
for themselves is essential (Kapp et al., 2013). Fletcher-Watson and Durkin, (2015)
suggests that children on the autism spectrum prefer to use digital based applications
over non-digital games and toys because they have more defined parameters and follow a
more understandable pattern. Further evidence to suggest individuals on the autism
spectrum prefer digital technology to non-digital alternatives may come from the fact
that autism experience lower levels of anxiety when using technology (Mintz et al., 2012;
Watabe & Suzuki, 2015). A case study of a child on the autism spectrum showed the
child excelled at video-games, even though he was performing poorly in other key
developmental areas like language skills, mathematics and reading skills, and social skills
(Griffiths, 2003). This allowed him to gain more self-confidence, helped him with his
self-esteem, and also had a calming effect. However, it must be noted that the true
psychological link between children on the autism spectrum and why they prefer digital
technology is not yet well known.
Fletcher-Watson’s (2014) review identified 56 papers examining the use of technology in
individuals on the autism spectrum to teach them specific skills. The results of this
review point out a fundamental difficulty in analysing beneficial outcomes of
interventions using technology in individuals on the autism spectrum. The paper found
that most studies looking at technology-based interventions use original research
methodologies which in most cases cannot be compared with each other in meaningful
ways. Even papers examining the same outcome (e.g., social interaction) can use different
methodologies to test their hypothesis. Methodologies varied from pre-test, post-test, test
batteries to video coding of behaviours. This may be because of the absence of an
established and standardised way to test specific outcomes of the technology-based
intervention techniques. This is because the studies focus on certain outcome behaviours
as well as using various types of technology. Therefore, most studies in the literature
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examine a key behavioural outcome which do not translate well across studies. Most of
the studies examined in the literature adapt or create their own measures to analyse the
outcome behaviours which they are interested in. This makes it extremely difficult to
conclusively state which difficulty in autism is helped most by technology. This problem
is made even more complicated using the technology itself. Many of the studies either
design their own technology or use different ones. Again, this means that conclusively
narrowing down and determining the specific effect of technology becomes difficult.
Additionally, the interventions have also been focused towards specific behaviours
which do not translate well across the methodologies (Fletcher-Watson, 2014).
In addition to examining shortcomings in methodology the review also examined what
types of computer assisted technology is most likely to benefit children on the autism
spectrum (Fletcher-Watson, 2014). The review highlights for example that when using
technology with younger children with little to no verbal abilities, it is advantageous to
have attractive and colourful characters paired with engaging audio. In this instance,
technology has a distinct advantage over traditional toys. Another factor often examined
when using technology to teach social skills is real life images versus cartoon images. The
review highlights that it is best to use real life images when teaching a particular social
skill (i.e., face and emotion processing). However, if the aim of the intervention is not to
focus on realistic images, then line drawings can be very effective. The review could not
conclude which type of technologies are best at promoting what type of skills, this is
primarily because many similar social skills, like interactions and face processing for
example having used different technology have shown similar positive outcomes without
a reliable way to distinguish between the effectiveness of them. This is an important
aspect to consider when picking digital apps for children on the autism spectrum. It is
important that in play, children find the activity or toy engaging and attractive and do
not find the activity boring and therefore disengages from them. The aim of the current
thesis is on play and social communication with digital games and physical toys,
therefore similarities of the toy to human faces or real-world scenarios is not considered
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to be important. The primary objective of the digital games selected should focus more
on the ease of use and appropriateness to the population, not tied to a teaching of a
specific skill.
Clark, Austin, and Craike, (2015) examined the attitudes of parents and professional’s (in
this study professionals included therapists, teachers and support workers who were
working with the children) attitudes toward the use of iPads by 90 parents and their
children and 31 professionals. It must be noted that the study does not deal with the
same children who are treated by the same professional and have the same parent.
Therefore, the study does not make any comments about how the technology is used by
the children. However, the study does provide some valuable insight from stakeholders
in a child’s life who use technology on a regular basis outside intervention studies. The
study found that even though parents reported high use of iPads amongst their children,
the use of iPads in a professional capacity was more limited. This is more surprising given
that both the parents and the professionals held extremely positive attitudes towards the
use of iPads in terms of information and communication technology (ICT). These results
suggest that the use of iPads is seen as favourable and advantageous to the children by
both parents and professionals. Moreover, the study shows that technology related
anxiety and education level did not significantly affect these attitudes towards the use of
iPads in children. Critically however, the study identifies those professionals do not
utilise iPads to the same extent as is warranted by their use in home environments. This
suggests that attitudes towards the use of technology in children on the autism spectrum
is changing quite rapidly for the positive. This change is key if more interventions using
technology were to be put in place to help children on the autism spectrum.
Another key research field in technology in autism is in the development and use of
speech generating devices (SGDs). SGDs are mainly used to help individuals with
developmental difficulties to more easily communicate and interact in social scenarios
(Cardon, 2016). SGDs enable the individual to select a picture or visual representation
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which will then produce an audio output. In children on the autism spectrum with some
verbal knowledge, it can facilitate and even improve social interaction skills especially in
situations and scenarios with which the child is unfamiliar. Additionally, it is becoming a
widely used tool in communication with young people on the autism spectrum (Cardon,
2016). SGDs are a sub-category of a wider umbrella of communicative tools known as
augmentative and alternative communication (AAC). Parents might sometimes believe
that the use of AAC can hamper or interfere with a child’s natural development (Cardon,
2016). However research suggests that early intensive intervention programmes utilising
AAC can not only help in the language development but can also enhance it. (Millar et
al., 2006). This review on the use of AACs in speech development showed that in most
cases, the use of AACs improved speech development in individuals with developmental
difficulties. More importantly, almost all except for one of the studies examining a child
on the autism spectrum showed a decrease in speech development, all the other showed
an increase in speech development. The use of AACs in promoting speech and other
social skills is well supported. As well as behavioural outcomes, technology has also
assisted children in helping them gain more social skills (Millar et al., 2006). It is
important to the reader to be able to understand the different types of technological
interventions used in supporting children on the autism spectrum as the current thesis
will examine how successful interactive technology is in improving peer communication
in children on the autism spectrum. These developments in technology-based
applications and devices merited more research to examine the other ways in which
technology can be used and applied to, in children on the autism spectrum. Of particular
interest for the purposes of this thesis are interventions and technologies used to promote
social interactions and play behaviour in children on the autism spectrum.
It is important to first examine studies looking at communication overall as they cover
fundamental aspects necessary to play behaviour in children on the autism spectrum. A
review (Ospina et al., 2008) analyses special educational programmes, the Lovaas
treatment and some studies examining communication focused interventions. The
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authors found that there were not enough studies examining the use of technology in
autism. Of the studies examined, the authors concluded that the usage of technology in
autism in teaching and maintaining specific social skills need more research to examine
the specific outcomes that they have on individuals on the autism spectrum. There are
several support programmes or interventions available for helping children and adults on
the autism spectrum, including many which use technology (Wong et al., 2015). The
programmes assist them in overcoming or facilitating for these difficulties. Most of the
studies in the literature seek to improve communication in children on the autism
spectrum using specifically designed teaching techniques aimed at focusing on and
improving very targeted symptoms in children on the autism spectrum (Wong et al.,
2015).
Since this review, the use of technology has become more widespread and varied in the
field of autism (Huskens et al., 2015). These include robotic systems, alternate and
augmentative technologies as well as computer based digital applications. A metaanalysis by Grynszpan, Weiss, Perez-Diaz, and Gal, (2014) showed that digital based
applications greatly helped children on the autism spectrum by improving various skills
related to social communication. The paper showed that several studies showed
significant improvements in the communicative abilities of children in technology-based
interventions compared to traditional methods of communication. The review examines
various technological interventions in terms of effect sizes looking at pre-post outcome
measures. Grynszpan et al., (2014) found that effect sizes can vary according to the
technology used, (desktop based, robotics, virtual reality and mobile computers). The
study did not address which types of the interventions worked best for what outcomes
but did find that the overall effect sizes for a control group and the intervention group
using technology-based interventions were 0.47 for studies with controlled groups and
the same for studies with randomised controls. The review does point to issues in
methodology and design in the studies selected as well as pointing to the fact that they
only had 22 studies in their meta-analysis. In terms of methodology, the study points out
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that the studies included sometimes used a home-based specialised software delivered
without a professional as well as studies which used school-based interventions delivered
by a professional. The various methodologies may point to the issues in evaluating the
true benefits of which designs are most likely to help what outcomes in children on the
autism spectrum. Furthermore, the study also addresses the issue of the technology used
in the studies selected. For example, they point that many of these studies were
conducted using technology which was not available to the public. This places a barrier
to these technologies and therefore limits the number of people who would have access
and therefore benefit from these technologies. The review also found that there was a
bias in the participants, where 67.8% of the participants had average or higher than
average IQ. This points to a more widespread issue in this field where individuals on the
autism spectrum with more severe communicative difficulties are often overlooked.
The next section of the thesis shifts to examine how technology has been used in
different circumstances to teach or promote social skills in children on the autism
spectrum. The use of different forms of technologies are examined and conclusions are
made as to their uses. For example, whether certain technologies are better at teaching
certain skills. This may also be dependent on the abilities and capabilities (on both motor
and cognitive dimensions) of children on the autism spectrum. Hourcade (2015)
identifies various technologies which have been used to teach and promote social skills
in children on the autism spectrum. These include motion-based games, multitouch
tabletop interfaces, tablets and mobile devices, tangible toys, and virtual characters. One
type of technology not included in Hourcade’s (2015) account is virtual reality, which in
recent years has also become prevalent in teaching different skills to children on the
autism spectrum (Zhao et al., 2018).
There is a difference in research where social communication and skills related to it are
taught individually or in group settings. The two approaches use similar technologies but
implement them in different ways. When considering individual skills training, one of
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the most widely used intervention techniques is video modelling or the use of digital
avatars to teach specific and targeted social skills. One such example is a study by
Hopkins et al., (2011) showed that both children with higher IQs and lower IQs on the
autism spectrum demonstrated significant improvements in social skills following a techbased intervention (Hopkins et al., 2011). This study used a software called FaceSay
which introduced children to computer animated avatars (animals and humans) to help
them in their emotion recognition. The study was an RCT with 49 participants (24 high
IQ and 25 low IQ) where in addition to the two groups based on their IQ, they also used
a control group (14 of the 25 low IQ and 11 of the 24 high IQ) who did not play FaceSay
but drew on Tux Paint, an open-source drawing game. The study employs three different
games each teaching a specific skill (attention to eyes, holistic face processing and
discriminating facial expression). The study is extremely robust in that it measures the
impact of the game on real life settings (during recess) using observational measures in
addition to test batteries (Social skills rating system). The study also used post-tests to see
what other improvements were detected in the children after the intervention. The
children with higher IQs demonstrated an improvement in facial recognition, emotion
recognition and social interaction. The children with lower IQs demonstrated an
improvement in emotion recognition and social interaction. However, despite this
study’s strengths, a significant limitation of the study is that it only recruited children
who were enrolled in a special school where the children were experienced with
different interventions in addition to the one the researchers were testing. The study also
only focused on a short term follow up therefore whether the effects lasted in the long
term could not be addressed. Another study used an animated series titled The
Transporters (Golan et al., 2010) to teach social skills in children on the autism spectrum.
The series was specifically designed to enhance emotion comprehension in children on
the autism spectrum. The study found that at the end of the intervention, the children
on the autism spectrum preformed significantly better than the control group and also
performed relatively similar to neurotypical children. These results suggest that not only
can tech-based interventions improve specific difficulties faced by children on the autism
88

89

spectrum but also that these differences can translate to a more natural environment as
well. This is of particular interest to the focus of the current thesis, as it shows that
technology can help children on the autism spectrum find avenues to express behaviours
which they may show difficulties with. The studies also show that children on the
autism spectrum responds to different technologies and mechanics in different ways. In
addition to the use of virtual avatars, another method to teach social skills to children on
the autism spectrum has involved the use of video modelling.
Digennaro Reed et al's. (2011) review found that most tech-based interventions were
applied either through videos or DVDs. They argue that a major strength of using video
in interventions is that they require relatively cheaply available technology to create and
can also be manipulated and catered to individual needs. A variety of different skills was
also found to be effectively improved through video technology, particularly studies
which was focused on initiating conversation and play skills. A limitation of the review
is that it could not compare across different abilities of the children on the autism
spectrum. The review also found that rather problematically, that none of the studies
used a scale to explicitly measure for social skills deficits. This is a problem as even
though several studies showed significant gains and outcomes in target areas, (most
commonly in terms of initiating conversation and play behaviour) independent variables
were too varied to be considered reliable. The authors argue however, that this is due to
the difficulties in recording or measuring more complex social interactions like
maintaining relationships or more advanced social skills. A more extensive review, done
by Ramdoss et al., (2012) showed that the use of computer-based interventions (CBI)
reported mainly mixed outcomes in its effectiveness in teaching social skills to children
on the autism spectrum. Papers in the review measured the effectiveness of the CBI in
improving various different social skills, like face and emotion recognition and false
belief tasks. Even though many studies showed positive outcomes following the
intervention, the sheer variation in targeted behaviours and outcome measures made it
difficult to properly asses the overall effectiveness of CBIs in improving social skills in
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children on the autism spectrum (Ramdoss et al., 2012). Furthermore, even studies
examining identical behavioural outcomes (e.g., face processing) do so using different
software and different evaluation techniques. Like in the study by Digennaro Reed et al.,
(2011) Ramdoss et al., (2012) also concluded that the use of tech-based interventions,
especially in its ability to improve social skills needed to be researched in more detail.
The skills covered in the above studies are critical to building towards play in children
on the autism spectrum. Although not all of the skills are relevant to play behaviour
directly, social skills taught in these interventions play a significant role in laying the
foundations for play behaviour.
Another study technology used to teach individuals on the autism spectrum social skills
have used touchless full body motion technologies. These technologies are most
beneficial to individuals who may not have the fine motor skills required to operate
devices like computers or touchscreen devices. One of the earliest uses of this technology
is by Parés et al. (2005) who designed an interactive virtual environment called
MEDIATE. The program could provide real time feedback based on the movement,
utterances and the touch of children on the autism spectrum. The system involved
children entering a room with two screens on which children could view objects and
manipulate them. The system also captured the arms and the position of the child in
relation to the screens and projected images based upon which areas of the screen were
occluded by the children. The room was big and allowed for free movement of the child
in the space. A qualitative examination of the children using the platform revealed that
the children enjoyed the use of the technology and the lack of restrictions and
instructions allowed for the children to express themselves creatively and interact with
the different games and activities on the screen. MEDIATE also reduced the number of
repetitive actions by the children, allowing them to interact with the technology more.
A similar but slightly different full body technology is ReacTickles©. The techonology
allowed for full body motion and used an interactive whiteboard to test the
concentration and social skills of the children. In comparison to MEDIATE,
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ReacTickles© was also used in classroom settings with multiple children, to teach turn
taking and other collaborative activities. Results of the analysis showed that the children
showed increased concentration when playing on the software and more enjoyment and
turn taking when engaging in group activities with other children. Both studies
demonstrate the benefits of using this technology in improving social skills in children
on the autism spectrum. However, a limitation of the studies is that they use proprietary
technology and highly specialised software which is not available to the general public.
Both these studies demonstrate the importance of capturing body position, movement
and gestures and interactions with technology in capturing different behaviours of
children on the autism spectrum. The studies show that children interact with
technology in different ways many of which are non-verbal. Therefore, to capture the
behaviours of children on the autism spectrum when they are interacting with
technology, non-speaking behaviours must be recorded and captured.
Bartoli et al. (2014) used the Microsoft Kinect to design and test whether social skills and
concentration could be improved with the use of full body interactions. They designed
three different games which the children could play to promote different skills, the
Bubble Game and the Space game were used to improve fine motor skills, including
accuracy of movement and speed. The Shape game was used to teach body orientation
skills and imitation skills to the children. The results of the study showed that the
children all improved their targeted skills like visual and motor skills. The study also
developed a set of guidelines to follow to design touchless interfaces to teach children
different social skills. The suggestions include developing one game per child, adapting to
needs over time, making each game focused on one skill, providing clear visual
instructions, providing rewards, minimizing transitions, streamlining the number of
visual elements, providing clear feedback, providing dynamic visual stimuli, and a careful
utilisation of surprise elements to keep children interested. The guidelines, although
specific to the use of full body motion interfaces can also be useful in the design and use
of different applications to teach skills to children on the autism spectrum. Using a
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technology and game which the children may find more engaging and enjoyable can also
alleviate frustration which some children on the autism spectrum may experience when
engaging in different activities.
Frustration for an individual on the autism spectrum that can cause a rise in negative and
destructive behaviours, also has the potential to drastically reduce the quality of life
experienced by a person on the autism spectrum (Cardon, 2016). As covered previously
in detail the challenges faced by an individual on the autism spectrum in developing
social skills and interactions is often attributed to the fact that children on the autism
spectrum have difficulty understanding and interpreting the mental states of others
(Firth & Happé, 1994). This deficit impacts on a variety of other skills in the repertoire of
an individual’s development (Firth & Happé, 1994). As explored earlier, there is,
however, evidence to suggest that children on the autism spectrum do want to interact
with their peers but may be doing so in ‘antisocial’ methods which causes them to be
unsuccessful in their attempts at building relationships (Lai et al., 2017). In recent years
the substantial advances made in technology and the ability to have accessible, affordable
incredibly effective technological tools for intervention at the users’ fingertips has
allowed for quite remarkable opportunities for technology to be used to improve the
learning, development and understanding for people on the autistic spectrum, in turn
allowing them more access to resources and, crucially, develop easier, less stressful
methods of interacting socially with their peers.
It is important to note that many of the tech-based interventions given to children on
the autism spectrum are done so in a school environment (Digennaro Reed et al., 2011;
Parsons et al., 2015). This refers to specific interventions monitored and evaluated by
researchers, not the use of technology at home overall. Some studies also found that the
use of appropriate technology could prove to be as effective as face to face interventions
(Ramdoss et al., 2012). Like neurotypical children, children on the autism spectrum also
spend large periods of the day in a school environment surround by their peers. It is
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known that children on the autism spectrum have difficulty communicating with others,
this includes their peers in school (Hughes, 2014). Trembath, Balandin, Togher, and
Stancliffe, (2009) showed that neurotypical peer mediators improved communicative
behaviours in children on the autism spectrum (Trembath et al., 2009). In the study, the
children on the autism spectrum had been given SGDs to help them communicate with
their peers. All play was conducted in a naturalistic setting and the peer-mediator was
encouraged and rewarded for playing with the child on the autism spectrum. The
authors also suggest that in an inclusive school setting, children should be encouraged to
interact with children on the autism spectrum. Additionally, that they should receive
some training to better interact and engage in social play with the other children.
Chung et al., (2007) found that dedicated peer-mediated sessions could improve various
social skills in children on the autism spectrum. In these sessions, 7 children (4 on the
autism spectrum, 3 neurotypical children) were led by a researcher in dedicated session
intended on improving peer interaction between them. The study used a specifically
designed peer interaction programme called social skills training (SST). The programme
exclusively targeted verbal communication skills. The two key behaviour categories
targeted in the study were appropriate talking (AC) and inappropriate talking (IT). All
but one of the children taking part in the study demonstrated an increase in AC after the
intervention period. Again, this result is encouraging as it demonstrates the need to
promote peer interaction amongst both neurotypical children and children on the autism
spectrum. More critically, it shows that social skills can be improved through peer
interaction and with the proper encouragement, children on the autism spectrum can
interact more effectively with their peers. The study demonstrates that for children on
the autism spectrum social communication can be seen and in turn be beneficial, but that
setting is extremely important. Specifically, children on the autism spectrum benefits
from being given the opportunity to communicate with others in settings where they
feel comfortable and encouraged to do so. However, peer interaction among children on
the autism spectrum is rarer in the literature. Even more so those using a comparison
93

94

paradigm between traditional toys and tech-based toys (Digennaro Reed et al., 2011). In
their review, for example, Grynszpan et al., (2014) found that even though many studies
using innovative technology in children on the autism spectrum taught social skills, none
examined peer interaction in children on the autism spectrum. This shows that
examining peer communication in children on the autism spectrum especially in a play
scenario is scare in literature. This is especially true in Bangladesh where both
technological interventions and play are both undervalued in educational institutions.
This may be because the benefits to the use of technology highlighted above are not
apparent in Bangladesh.
It is important therefore to examine the different factors which affect play and social
communication between children on the autism spectrum. There is also a need to
examine how different technologies have been used to promote play and social
communication between children on the autism spectrum. One popular method of
examining collaborative play between children on the autism spectrum has been in using
multitouch tabletop devices. These devices are large touchscreen devices which multiple
children can operate simultaneously. These are typically placed between the children
taking part, giving them the opportunity to view the screen and see what impact each
action is having on the screen. One of the earliest uses of tabletop interfaces is by Piper
et al. (2006). In the study, they designed a software called SIDES, a multitouch tabletop
interface to facilitate communication and collaboration between 4 children on the autism
spectrum. The objective of the game was to direct a frog to go from one location to
another using a series of arrows, however each child only has a limited number of arrows
which meant that they had to work together to ensure they met their goal of making the
frog reach the target. There were a few interesting findings which appeared in the
evaluation of SIDES in promoting communication. Overall, SIDES did show more
positive communication between the children than aggressive or negative
communication. However, the study also demonstrated the importance of rules and the
use of constraints to prevent some children from taking a controlling role and give all the
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children the opportunity to contribute equally. Interestingly, the study found that a
computer mediator, where the software was indicating turns worked better at reducing
aggression than a human mediating the turns. This study not only demonstrates that
children can benefit collectively from interacting with each other using technology, but
also the importance of rules and a system to ensure that children are not given too much
freedom to do whatever they want. A structured setting then enables children to
collaborate and take turns to achieve a common goal. However, it is also important to see
how children on the autism spectrum engage in play behaviour and social
communication in an open play session where they have the choice to interreact with
toys in their own way. As demonstrated by Parés et al. (2005) freedom of choice can
encourage children to act more creatively and can increase enjoyment for the children
while they interact with a digital space.
A study examining play and social communication of children in an open play session
using tangible toys is by Farr et al. (2010). In the study, the researchers examine the
difference between traditional toys and their matched digital alternative is by Farr, Yuill
& Raffle (2010). In this study, the researchers looked at the effectiveness of a tech-based
intervention, Topobo a tangible user interface (TUI) with LEGO™. A TUI is a field in
Human-Computer Interaction (HCI). It allows for individuals using the system to control
animated reactions by using physical forms. Topobo allowed for the children to define
movements which could be replayed and created according to their own wants. The
technology, like LEGO™ can be built up much like LEGO™ with the major difference
between Topobo and LEGO™ being that animations could be made in Topobo whereas
in LEGO™, it would fall apart. The study found that both neurotypical children and
children on the autism spectrum demonstrated more social interaction and lower solitary
play in the Topobo condition over the LEGO™ condition. Unlike previous studies
examining peer interaction in children on the autism spectrum, this study examines peer
interaction between children on the autism spectrum and not with other neurotypical
children. The results of this study are important to note as it demonstrates that peer
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mediated learning, previously only shown in interactions with children on the autism
spectrum and neurotypical children can also apply to learning between children on the
autism spectrum.
An expansion of this idea and an expansion of tangible toys is the development of an
augmented digital space (Farr et al., 2012). The researchers used a design which merged
digital and traditional toys. In their study, they set up three different stages, all using an
augmented castle called Augmented Knights Castle (AKC) with figures and different
objects like a castle and different environments. The AKC was mapped out with RFID
readers to respond (with audio cues) to actions and interactions with the toys. For
example, a ghost placed in the tower would howl. The study used 12 children all with a
positive diagnosis of autism. The children were placed into groups of three and were age
matched. In the first stage, the children were presented with a deactivated AKC which
meant that the castle worked as a regular toy without any interactive elements. In the
second stage, the AKC was turned on which made the objects react in different ways
depending on where they were placed. In the final stage, configuration was introduced
to the children, where they could use a control to change the reactions and the feedback
which each of the toys made when placed in different areas. Cooperative play was
defined as mutual engagement between the children, where they were either sharing
toys or holding up toys to show another child. The study recorded different forms of
play, disengaged, onlooker (where the child is watching another child play), solitary play
(when a child was playing by themselves turned away from the other child without
paying any attention to the other child), parallel play (when the child was not actively
engaging with the other child but playing alongside), associative play (the borrowing and
loaning of play material), cooperative play (where the children take turns and work
collaboratively), and finally repetitive play (where the child was performing repetitive
actions without any relation to the other children). The study found longer durations of
cooperative play in the AKC condition in addition to lower durations of solitary play
than in the KC condition. This was an important finding, showing that feedback and
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more interactive technologies can promote more peer interaction in children on the
autism spectrum. The findings of the above study show that children on the autism
spectrum can greatly benefit from auditory feedback from physical toys, taken together
with previous research findings from other forms of technology, it can be assumed that
feedback and audio/visual prompts and interactive elements play a large role in
improving engagement in children on the autism spectrum. An additional strength of
(Farr et al., 2012) is that it demonstrates the impact of the properties of toys and the
types of behaviours which they afford. The physical properties of the toys do not change
when going between the stages, the toys are identical. What does change are the
enhanced auditory feedback which as demonstrated by the above study, affords for
different social communication and play. The addition of customisation adds another
factor which affords for further behaviours in children on the autism spectrum. Clearly,
different toys and their properties afford for different behaviours. The study
demonstrates the importance of both enabling ease of access and usability for the target
population but also to pay attention to the types of behaviours afforded by the different
properties of identical toys.
Most of the technology described in above (except for the Microsoft Kinect) are
proprietary, which means that the implementation of the technology in a developing
nation like Bangladesh may not be cost effective. Due to the lack of access, tablets and
other mobiles devices can be considered the most cost effective and suitable technology
to be used. There has been a wide use of tablets to promote play and social
communication between children on the autism spectrum. An example of such a study,
that uses a shared inked digital space, where an action of one child affects another and
the children are asked to agree or disagree with another child’s action is Holt and Yuill's,
(2017) study using dual or single tablets. The study used a Separate Control of Shared
Space (SCoSS) framework first developed by Kerawalla et al. (2008) for peer
communication in neurotypical children. In the study, two children play on either one
tablet or two. A picture is first presented to the children and the aim is to place a series of
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these pictures in a sequence, pressing an agree button presents each subsequent picture.
In the dual tablets condition, both the children must agree on their own tablet for the
next picture to be presented. In the study with 8 boys diagnosed on the autism spectrum
and another severe learning disability, they found that other awareness (both active
other awareness and attentional other awareness) occurred more in the dual tablet
condition in comparison to the single tablet condition. It must be noted that this was a
focused study with a small number of participants and had to use tablets which shared a
WiFi network. Therefore, similar designs would not be possible in an environment
where Wi-Fi is not readily available and utilised. Regardless, this study highlights that a
dual tablet paradigm which uses a shared world can force participants to engage in other
awareness and cooperative behaviour.
Hourcade et al. (2012) developed a series of tablet applications to teach social skills to
children on the autism spectrum. The applications are part of the Open Autism Software
initiative which made this apps readily available and programmable, greatly increasing
their accessibility and use in children on the autism spectrum. They developed four
applications, each focused on teaching a certain set of skills; Drawing and Music were
developed to teach fine motor skills, creativity, storytelling, turn-taking, sharing and
collaborating, Untangle was developed to teach talking to solve the puzzle
collaboratively, fine motor skills, turn-taking, and finally Photogoo was developed to
teach emotion recognition, fine motor skills, detecting and predicting facial emotions.
Two children on the autism spectrum shared a tablet between each other to play the
games. The researchers then used observational data to evaluate the applications in
teaching the specific skills by comparing them to physical toy alternatives (Hourcade et
al., 2013). The results of the study showed that the children were more likely to
communicate and speak to each other when using the apps in comparison to the toy
alternatives. Additionally, the study also found an increased rate of encouraging
comments in both Music and Untangle. This is one of the few studies which
demonstrated the beneficial impact of tablet applications in promoting social
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communication and collaboration over their toy alternatives. However, the study does
not consider the different affordances of the toys and the tablets. Due to their extremely
different properties, it may not be appropriate to directly compare the two conditions.
Further the evaluation of the social communication was based on verbal communication
and did not examine non-verbal communication.
Studies which use observational data, particularly utilising video recording for example
use a variety of different coding schemes (Fletcher-Watson, 2014). This is apparent in
just the two studies explored above (Farr et al., 2010; Yuill et al., 2014) both studies use a
slightly different definition for cooperative, solitary and parallel play. This is because
most studies either adapt previously used coding schemes developed for neurotypical
children or create an entirely new one for the purposes of their study. The key issue is
that studies will often target different behavioural groups. For example, Chung et al.,
(2007) only focused on verbal interaction, (Farr et al., 2010) focused on a wider range of
behaviours, so developed their coding scheme for the purposes of their study. The SocialCommunication Assessment Tool (S-CAT) (Murdock et al., 2007) was developed to
measure the peer-interactive abilities of children on the autism spectrum with their
neurotypical counterparts. Again, this measure would only be valid when using for
children on the autism spectrum and neurotypical. There are also questions about the
validity of measures designed for traditional interventions and whether they can be used
for tech-based interventions. As mentioned above, several of these coding schemes were
designed to specifically work with the intervention programmes designed for them. Farr,
Yuill & Raffle (2010) developed the coding scheme for use in typical social play scenarios
for example, social play is extremely important in the developmental trajectory of
neurotypical children. For children on the autism spectrum, social play is a key area
which they have difficulty with (Shim et al., 2001). And increased anxiety in not being
able to communicate effectively with peers is also common amongst children on the
autism spectrum. This increase in anxiety can manifest itself in children on the autism
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spectrum by exacerbating the symptoms of autism (Cardon, 2016). Therefore, social play
becomes a key aspect for intervention in children on the autism spectrum.
It has been argued that technological interventions in play, when properly tailored and
administered, can potentially provide a child on the autism spectrum access to peer
communication and social networks that they previously may not ever have had the
skills to access to (Cardon, 2016). These interventions can have life changing
consequences for a person on the autism spectrum, allowing them to interact with the
world around them, developing a far more robust set of executive functioning and social
skills (Farr et al., 2010, 2012; Hinske et al., 2010). Yuill (2020) lays out some key
considerations which must be given when developing and designing a play space to
encourage play in children on the autism spectrum. Firstly, the need to adopt a
participatory design, where the children in the study get to choose and decide which
objects or toys they want to play with. This process would enable proper levels of
engagement from the children and therefore increase the likelihood that they participate
fully in the study. This is important when working with children on the autism spectrum
as they are known to have more specific and focused interests. A second consideration is
using a design that is specifically catered for the children to make sure they are not
excluded from the study. The design needed to be general enough that all the children
would be able to engage with the activity. Finally, the environment of the study should
also be appropriate to the children to increase interaction and promote the activities of
the study. These considerations played a significant role in the design of the current
study and was worked into as many aspects as possible in the current thesis.

Current Thesis
The importance of play behaviour in the development of children has been shown in the
above sections. As demonstrated, play behaviours between children on the autism
spectrum can also have beneficial effects beyond play. In spite of the breadth of data
explored above, a significant shortcoming in the literature is the lack of studies in
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developing nations using technology (Bölte et al., 2016). In addition, when examining
outcome measures in the studies, it is clear that the outcomes vary greatly depending
upon the design and the aims of the study. This is not surprising, as many of the studies
use different technologies, with different populations and in completely different
environments.
The current thesis is the first of its kind to explore the different ways in which children
on the autism spectrum engage in social communication and play behaviour when
interacting with digital games and toys in Bangladesh. As an exploratory study, the
researcher knew that logistical and technological constraints within the country would
make it impossible to study more technologically advanced study methodologies like
tangible toys or even a shared WiFi network. The most appropriate study to replicate in
the context of the current thesis was determined to be the study by Hourcade et al.
(2013). Furthermore, because of a lack of technological interventions in the country, a
completely new coding scheme had to be developed to examine play when non-speaking
children on the autism spectrum engage with digital apps on individual tablets. The
thesis will also synthesise the coding schemes used in previous studies and use the
detailed and well established definitions of play behaviour set by Rubin, (1989) to
examine how children play and communicate with each other when playing with
different toys. As such the outcome measures for the thesis will focus mainly on general
broader outcomes of play. Due to the different ways in which the digital games and toys
will be examined, a comparison between toys and digital toys will not be possible. The
main aim of the thesis was therefore to examine how children on the autism spectrum
engaged in social communication and play when interacting with either digital games on
tablets or toys. This was addressed across 3 different studies asking different questions
and iterated on each other to give an overall picture of how children play and
communicate with each other when playing with digital games or toys. The outcomes of
the studies also varied slightly as Study 1 was a pilot which informed the subsequent
studies and therefore were adjusted for Study 2a and 2b. Each chapter will be preceded
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with relevant previous research explain in more detail the design choices and
experimental methodology adopted in each study.
Study 1 which was a in part a replication and extension of the Hourcade et al. (2013)
study to examine key differences between toys and iPad games. Most of the outcomes
will account for children of various abilities. Study 1 had two main objectives; to
establish and design a coding scheme to examine and record play and social
communication between children on the autism spectrum when playing on tablets and
to use existing coding schemes to establish how children engage in play and social
communication when playing with different toys. In addition, at the request of the
school and to best replicate recess like settings in the school a triad of children was used.
Slight alterations to the scheme were made to better fit the context of the study (details
in Chapter 3, Table 5). The study had some significant findings but also flagged up
several issues with the design and the coding scheme itself. These were addressed and the
scope of coding broadened for the subsequent studies.
Study 2 changed the groups from triads to dyads and investigated the extent to which
different types of games were associated with play and social communication between
children on the autism spectrum. The games differed according to the mechanics of the
games (observation and clicks, drag and drop and creative). Correlational Analysis was
also run to examine the relationship between the children’s social skills and the social
communication and play behaviour exhibited by the children. A further qualitative
multimodal approach was used to examine the affordances of the iPad which allowed for
the different types of social communication between children.
Finally, Study 2b followed the same analyses as Study 2a but instead of iPad games, the
children were given three different types of toys. An adapted coding scheme based on
Parten and Ruben’s 2001 play observation scale was used to code the data. Like Study 2,
duration of play and social communication behaviours, a relationship between the
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children’s social skills and the behaviours coded and finally a multimodal analysis of the
affordances of the toys were all included in the analysis.
The study adopted an approach to best cater to children of all abilities. A decision was
made by researchers early on that the apps had to be completely nonverbal. This is
because in the children recruited in the studies would not be able to read and
comprehend English. The apps also had to be publicly available to ensure the highest
level of accessibility for the school and the children. All the apps selected for the study
were from the same developer, TocaBoca. They design child friendly non-speaking
games which feature colourful characters with simple mechanics making them easy to
use and learn. This was essential, as early conversations with the school administrators
revealed that many of the children would not have much (if any) experience in using
tablets, especially not in school. Details of each of the apps and designs are given in each
study (Chapter 3, 4).
All participants were recruited from Beautiful Mind, a specialised school in Dhaka,
Bangladesh.

Study 1: An exploration of play behaviours and social communication
when children on the autism spectrum play with iPads or toys
As covered in previous chapters, play has been widely recognised as an essential aspect
for the development of key social skills in children (Holmes & Willoughby, 2005; Rubin,
1989). Play allows children to develop their communication and language skills.
Additionally, engaging in play helps children to practise problem solving skills and
recognise the emotions of others they are interacting with. Children on the autism
spectrum show some difficulties in social interaction and communication meaning they
tend not to engage in play behaviour and social communication in the same way as
children without autism. Very early research, starting with the first identification of the
condition by Kanner in 1942 observed that children on the autism spectrum choose to
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engage in play by themselves and do not engage with other children as much as their
neurotypical peers (Kanner, 1943; Lord, 1984). Holmes and Willoughby (2005) examined
children on the autism spectrum of different ages playing in free play sessions (recess)
where the children were free to move and pick and choose from a wide variety of toys in
the environment. They used a modified version of the POS (Rubin, 1989) and coded for
15 behaviours, Functional play, Constructive play, Dramatic play, Games-with-rules,

Exploratory play, Solitary play, Parallel play, Group play, Transitional behaviour,
Unoccupied behaviour, Onlooker behaviour, Peer conversation, Anxious behaviours,
Hovering, Rough-and-tumble play, and Aggression. The study found that children on the
autism spectrum engaged in functional play more than other forms of play like
exploratory, dramatic, or constructive play. They also found that children are most likely
to spend time in parallel play, that is, they are next to each other playing individually
without interacting with each other. This study was one of the first to show play
behaviours of children on the autism spectrum in a naturalistic school-based setting. The
findings and the definitions used in the above study are directly linked to the behaviours
which are important to code and analyse when children on the autism spectrum are
playing with each other with toys and games. The current study draws on these to
categorise and code play in children on the autism spectrum when playing with different
toys. These patterns of play are still seen in more recent studies, where children on the
autism spectrum engage in functional play and do not engage with other children in the
classroom (Wong & Kasari, 2012).
In addition to these observed patterns of play behaviour in children on the autism
spectrum, they also typically show difficulties in maintaining and initiating joint
attention (switching focus between objects and people) (Kasari et al., 2006, 2012; Toth et
al., 2006). Joint attention is essential in communication as it allows children to share
focus with another child. This common ground can then lead to more complex forms of
interactions like speech or sharing of objects and toys to achieve a common goal (Yuill et
al., 2014). When children on the autism spectrum do choose to gain the attention of their
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peers, they do so by pointing instead of sharing attention and focus on a particular toy
they are engaging with (Chown & Beardon, 2017). In addition to difficulties in joint
attention, children on the autism spectrum also do not engage in symbolic play (creative
play using objects not as their intended function) as much as their neurotypical peers
(Papoudi & Kossyvaki, 2018). These difficulties are well understood and documented in
the literature (Wong & Kasari, 2012). However, as seen in Chapter 1, research shows that
these skills can be effectively taught to children, provided they are given sufficient time
to receive training, the opportunity to participate in interventions and are given training
that suits their needs and behaviour (Kasari et al., 2006). Research shows that most
children – not just those on the autism spectrum – are unlikely to demonstrate joint
attention when they do not receive the support needed to express those skills.
Given that the majority of children on the autism spectrum in developed nations spend
most of their time in school, it is not surprising that school based settings provide
individuals with the most effective programmes to learn social skills (Cardon, 2016).
Research has also found that teachers typically do not have the necessary training or
ability to support children on the autism spectrum when it comes to engaging in joint
attention (Wong & Kasari, 2012). In their study, the researchers found that teachers were
often unaware of situations where their students may have needed more support. A
criticism of said teachers is that they often prioritised maintaining the general structure
of class and were more willing to intervene if their students were interrupting. The study
found that the children were likely to be disengaged from the task, but only disruptive
students tended to receive support from their teachers. The study is set in a naturalistic
setting in school. In some of the conditions, the children were free to choose toys and
objects to engage and play with. It must be noted however that this study was done with
a specific group of teachers at a time when iPads were first being introduced in school
settings, therefore the claims cannot be taken as universal and reflective of current
attitudes and practices in the usage of iPads in schools. When examining the types of toys
children on the autism spectrum pick, some interesting findings can be observed.
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Studies have examined that while playing with toys, children on the autism spectrum
exhibit certain toy preferences, play behaviour and modes of social communication. One
study found that children on the autism spectrum choose toys and objects not based on
their function and appearance, but rather due to the sensory input that the toys provide
(Holmes & Willoughby, 2005). Early research examining toy selection and play by
children on the autism spectrum found that children were equally likely to pick objects
around the house like water bottles or elastic bands to play with in addition to toys
(Siegel, 1996). Siegel theorised that the nature of the objects that they picked and chose
to play with afforded different types of behaviour and interactions.
More recently studies have examined whether these play behaviours found in
interactions with traditional toys change when children interact with digital devices like
tablets, or augmented toys which afford for different types of behaviour when compared
to more traditional toys. This research has taken on more importance because there is
clear evidence in the literature, as reviewed in Autism and Digital Technologies in
Chapter 1 demonstrating that children on the autism spectrum have strong preferences
to interact with digital technologies (Fletcher-Watson, 2014; Fletcher-Watson & Durkin,
2015; Grynszpan et al., 2014; Porayska-Pomsta et al., 2012).
Digital toys and traditional toys afford for different types of interactions when children
are playing with them (Farr et al., 2012; Francis et al., 2019; Hourcade et al., 2013).
Current research into play and social interaction in neurotypical children show that
when used in specific contexts, such as a structured goal orientated, digital toys and
games can promote more social interaction and play (Sakr, 2018). There is a wide body of
evidence which shows that technology is rapidly becoming an instrumental tool in
teaching social skills to children on the autism spectrum (Huskens et al., 2015; Chapter 1:
Autism and Digital Techonology for review). Most of these are interventions which are
designed to help children to improve their communicative skills when interacting with
adults or children without any developmental difficulties. The effective interventions
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(both in terms of ones which use technology and more traditional ones) are the ones
which are typically applied in school settings (McConnell, 2002). The school setting
allows for examination of behaviours which are more naturalistic than lab-based settings.
These interventions also allow for children to interact with children whom they are
familiar with. However, there has been a wide range of studies showing the effects of
play on social communication between children on the autism spectrum when
interacting with technology (Grynszpan et al., 2014; Ospina et al., 2008: See Chapter 1:
Autism and Digital Technology). Grynszpan et al. (2014) showed significant
improvements in the communicative abilities of children in technology-based
interventions. These findings are perhaps unsurprising, as Mazurek and Wenstrup (2013)
found that children on the autism spectrum prefer to use digital-based applications over
non-digital ones. Fletcher-Watson (2014) suggests that children on the autism spectrum
prefer to use digital-based applications because they have more defined parameters and
follow a more understandable pattern. The same review also found that most studies
looking at technology-based interventions use original research methodologies. This is
mainly due to a lack of established and standardised means of testing the effectiveness of
technology-based intervention techniques. Additionally, the interventions have also
been focused on specific behaviours which do not translate well across the
methodologies.
The type and the forms of technology used to promote and facilitate play and social
communication in children on the autism spectrum is extremely varied. Different types
of technology like augmented play sets (Farr et al., 2012) to tablets (Hourcade et al.,
2012, 2013) and tangible toys (physical toys with feedback elements like vibrations or
noises) (Francis et al., 2019) are evaluated later in the chapter. Each of these studies have
shown that the use of technology promotes and enhances play and social communication
in children on the autism spectrum. The overall evaluation and efficacy of these
technologies are made harder by the fact that even when using the same type of
technology (i.e., a tablet), the studies often use different applications or games, some
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which are specifically designed for certain functions. The different technologies and even
the tasks and games used in the studies can afford different behaviours amongst children
on the autism spectrum.
Multitouch user devices (a touchscreen device capable of registering multiple inputs by
touch) has taken two major forms in the literature, tablets, or tabletops. Tablets are
smaller devices which have a touchscreen interface. Many of the tablets used in studies
are commercially available devices. Tabletop touch surfaces are slightly more specialised
and are typically much larger than individual tablet devices. Battocchi et al. (2010)
conducted a study to evaluate the use of a tabletop multitouch device on collaborative
skills in children on the autism spectrum. In their study they used a program called The
Collaborative Puzzle game. In the game the children were presented with smaller
pictures which were all part of a larger image, the children had to drag the smaller
images on the screen and connect them to be part of a larger picture. Critically, they had
built in a forced collaboration mechanic where the smaller image had to have both
children interacting with the image to drag it into position. They found that this
mechanic encouraged more collaboration between children on the autism spectrum,
where they were working together and had a shared goal. In their paper, Yuill & Rogers
(2012) identify case studies where multitouch user devices have promoted social
communication, joint attention and play behaviour between children on the autism
spectrum. One of the major recommendations they make regarding these devices,
however, is the use of constraints and limitations to encourage social communication
between children on the autism spectrum. The paper asserts that constraints are very
common in everyday interactions and games and therefore it is not surprising that
constraints encourage specific targeted behaviours in the use of multitouch devices.
Although using similar technology, due to their size, orientation and mobility, tablets
and tabletops devices afford for different behaviours and different forms of interaction
between children (Hourcade, 2015; Hourcade et al., 2012). Additionally, due to the high
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cost of built for purpose tabletop interfaces, tablets are easier to implement and use in
developing nations like Bangladesh.
A tabletop device has a large screen to allow for the children to interact and engage with
the game. The shared space encourages more joint attention and hence more
collaboration between the children. However, a method to replicate shared spaces
between children and have the ease of access to tablet devices is the use of Separate
Control of Shared Space interfaces (ScoSS). In these interfaces, the users have individual
screens on which they can interact, but they are affecting change on a shared space.
Therefore, the users can see the impact that the actions of one user is having on the
shared space. ScoSS has been shown to promote other awareness and joint attention in
children on the autism spectrum when compared to non ScoSS interfaces (Holt & Yuill,
2014, 2017). The latter study showed the benefits of using a dual tablet set-up using a
ScoSS interface in promoting other awareness and communication in children on the
autism spectrum. This novel set up used two tablets connected via Wi-Fi to introduce
tasks and activities where both children could manipulate a shared space. The study also
demonstrated that the children were more likely to actively demonstrate other
awareness and communication when using individual tablets in comparison to a sharing
a device between two children. Importantly, the study showed these examples in a
largely non-speaking population where they had examples of a child trying to
communicate using gestures and grunts to coordinate actions. This study demonstrates
the benefits of using a dual tablet set up to promote collaboration and some
communication between children on the autism spectrum. An important factor not
examined in the study is whether the use of dual tablets is likely to promote or
encourage communication and play when they do not have a shared space (i.e., the same
game running individually on a tablet but not linked up in any way).
Most of the studies explored above, individually examine the types of social
communication and play which occur when playing with traditional toys and digital toys
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separately. Two studies by Francis et al. (2019) and Hourcade et al. (2013) directly
compare the differences in play and communication when children on the autism
spectrum are playing with traditional toys and their matched digital alternatives. Francis
et al. (2019) compared LEGO sets to Tobodo, a tangible user interface (an object which
can provide feedback to the user via touch and feedback through vibrations in the toy) to
see how play behaviour differed in the two conditions. They examined a play behaviour
and social communication of children playing in pairs. The results found that children on
the autism spectrum preferred the use of Topobo And engaged in more social behaviours
(onlooker behaviour, parallel play) when interacting with Topobo over the LEGO toys
during free play. Topobo however, was not a direct alternative to LEGO, this is because
the children could connect Topobo to create animals and programme these to move and
interact in more creative ways. This was not possible with the LEGO; critically however,
it is the sensory feedback and the properties of Topobo that facilitated more social
interactions compared to the LEGO.
Hourcade et al. (2013) compared tablet apps to closely matched physical alternatives to
examine whether communication differed across the two conditions in children on the
autism spectrum. The study used a single tablet shared by a pair of children. Three
different games and their alternatives were used, the apps were Drawing, Music,
Untangle and Photogoo. In Drawing, the children had the option to choose from
different colour palates and draw figures and express their creativity, they used the app
in conjunction with a story telling activity where the children had to take turns to draw
pictures to convey the next scene in the story. The non-tablet alternative to this was a
large paper with different coloured pens. In Music, the children were presented with a
series of grey blocks which when pressed would turn orange and would be removed
when pressed a third time. The children were asked to take turns in creating a piece of
music by selecting columns to play. The alternative to this was a musical keyboard which
the children could play with. In Untangle, the children had to untangle a collection of
dots which were joined by lines, the objective of the game was to make sure that none of
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the lines intersected each other. In Photogoo, the children had to manipulate an image,
for example a face, by drawing on it or changing aspects of it to display a certain emotion
as requested by the researchers. The alternatives to both Photogoo and Untangle were
regular activities like board games, art projects, and other activities which involved social
skills. Recordings of the play sessions were examined for different behaviours, verbal

interactions, supportive comments, discouraging comments, physical interactions,
atypical behaviours, social missteps, and time off task. The behaviours were compared
between the iPad games and their alternatives. The results showed that there were
significant differences between the two conditions in favour of the apps in verbal
communications and physical interactions. The study also showed that Untangle and
Music also encouraged the children to engage in more supportive comments.
Neither of these studies, however, considered the fact that the physical toys and tablets
have different affordances for different behaviours and therefore might result in a
different repertoire of behaviour for each type of toy that would not be captured by a
single coding scheme. For example, a grid of music which can be manipulated and played
on a loop will be very different to a musical keyboard which will not have the same level
of manipulation and control as the tablet. Furthermore, there was no traditional toy
alternatives to the activities Untangle and Photogoo digital apps, the researchers chose to
match objectives (e.g., turn taking, collaboration) over matching the properties of the
toys and apps themselves. The study also focused on verbal communication and did not
examine non-verbal communication. This is a factor that requires further examination,
particularly as children on the autism spectrum with more severe symptoms often are
non-speaking.
A strength of the above study by Hourcade et al. (2013) is that it uses a coding scheme
built specifically for the objectives of the study, the same is the case for Francis et al.
(2019). Both studies demonstrate the importance of examining the behaviour of children
on the autism spectrum using a behavioural scale specifically for children on the autism
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spectrum. A recent study by Hancock (2020) demonstrated the importance of creating a
coding scheme particularly catered to how children on the autism spectrum play with
objects. Hancock makes a strong case for creating a completely new way to examine play
and social communication for children on the autism spectrum. This is because their
patterns of play are often quite different to how neurotypical children play and based
upon which, a large proportion of coding schemes examining play has been designed.
She argues that this is always going to be an unfair comparison as there are certain
behaviours which take very different forms when comparing neurotypical children to
children on the autism spectrum. More importantly, using a coding scheme for
neurotypical children with children on the autism spectrum removes the complexity and
the difference of play in children on the autism spectrum. Hancock (2020) uses a
grounded theory approach to examine videos of children playing with objects and uses a
data driven bottom-up approach to categorise and observe the children’s play behaviour.
She not only outlines the functions of those behaviours but also highlights the
importance of designing a detailed coding scheme which is sensitive to incremental and
small changes in behaviours which indicate key objectives related to the development of
the child. There is evidence in the literature of researchers using existing behavioural
coding (Farr et al., 2010; Francis et al., 2019). However, in both these studies, the
schemes were heavily adapted so it could be used for children on the autism spectrum.
The current study uses the adapted coding scheme as used in Farr et al. (2010) with some
adjustments and additions to cater to the specific study design to code behaviours for
children playing with physical toys.
There are several key differences in the affordances of tablets and physical toys. There
has also been an absence of studies using identical games on individual iPads to examine
what effect this has on play and social communication between children on the autism
spectrum. The current study uses an exploratory methodology to examine play in a free
play session (in a school) when children are interacting with either individual iPads or
individual toys. The aim of the current study is twofold, the first is to derive and create a
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coding scheme for play, and the second is to examine and observe social communication
when children are playing identical games on individual iPads. Therefore, several factors
had to be considered when deciding which apps to use in the current study. The apps
had to be completely free of verbal instructions, easy to use, not requiring much
intervention from a guide (to facilitate more spontaneous free play), publicly available,
and finally suitable for a population without much experience in using tablets.
The first and most obvious source to consult would be the Open Autism Software as used
and developed by Juan Pablo Hourcade (Hourcade et al., 2012). All four of the activities
described above are available freely for download along with developer tools to develop
your own apps. However, all the apps required an extremely heavy presence of a
facilitator, to ensure turn taking, provide instructions, and for the general running of the
activities. So, an alternative set of apps needed to be investigated and tested. A popular
game developer Toca Boca was immediately identified as satisfying all the categories.
Their apps were publicly available, provided non-verbal instructions and were designed
to be played immediately by children. None of the apps however, had been used before
in research in children on the autism spectrum. The current study therefore tries to
match physical toys from the school to apps developed by Toca Boca, further details of
the apps chosen are given later in the chapter.
The second aim of the study is to use an adapted coding scheme from previous research
to examine play and social communication when children are playing with physical toys.
The current study seeks to mirror a “free-period” or recess in a special school in
Bangladesh where children will have the opportunity to play with toys of their choice
and communicate freely with each other. Therefore, this exploratory study is specific to
the operation of most special schools in Bangladesh who operate on a similar schedule
where they often have free periods for groups of children. The objective therefore is to
first determine what kind of social interactions and play behaviour arises when playing
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with digital games on tablets and to use an established measure to examine play
behaviour in children with traditional toys.

Current Study
In Bangladesh, schools that teach children with special needs only recruit children with
special needs, there are very few examples of integrated schools. As a result, free time for
the students means that the children will not communicate with each other and will
choose to play by themselves, which is typical of children on the autism spectrum. This
study will therefore utilise this time to present a more structured play setting in which
the children may engage in more peer interaction during play. However, the difference
in the affordances between the toys and tablets apps means that they need to evaluate
separately as there will be a wide variation in the social communication and play
behaviour between the children when playing with toys vs digital games on iPads. For
example, when playing with traditional toys, children can share and move different toys
in ways which would be impossible to replicate when playing with digital games on
tablets. It must be mentioned here that this study adopted a participatory design
framework. This is to say that all the the toys selected were based upon toys which the
children were already familiar with and in some cases had played with before. Th
researcher observed and often directly played with the children with the toys the
children already had in school. The decision of the toys to be used in the study was taken
based on these interactions and conversations with the staff in the school. This extends
to the digital games as well where the games were selected to resemble the traditional
toys in appearance. The games selected were also all completely non-verbal and had very
simple mechanics much like in Hourcade et al. (2012) more details of the apps are given
in the methods section.
The current study examined play behaviour and social communication of children on the
autism spectrum in two parts. The first part (Part 1) was concerned with developing a
coding scheme for children playing digital games on individual tablets. This was deemed
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necessary as the current study uses a unique design with participants who do not have
much experience in using tablets and specially because they are using individual iPads. It
must be acknowledged that this type of design, where each participant has their own
device is less likely to encourage collaborative play. However, the decision was made to
avoid conflict as much as possible between the children and to closely match real world
situation adopted by the school. A mixture of the substantive coding approach and
theoretical coding, incorporating ideas from grounded theory was used to create the
coding scheme. This type of coding allowed researchers to examine emergent behaviours
and themes to come from the data within an existing theoretical framework (Hancock,
2020; Hernandez, 2009). The advantages of using this type of coding were that it allowed
for the behaviour of the children to inform and create patterns of behaviour which were
then be used to identify larger categories of behaviour. Further details about the coding
and how it was performed is given in the analysis and methodology section. As this is
adopting a grounded theory approach, a specific research question does not need to be
defined, the aim of the first part of the analysis is to examine in detail the types of social
communicative and play behaviours which emerge when children on the autism
spectrum play with digital games on tablets.
The second part (Part 2) of the current study is an adaptation of part of Farr, Yuill, and
Raffle's (2010) study examining the effect of TUIs on peer communication in children on
the autism spectrum compared to traditional toys. There are several key differences
between the current study and the above-mentioned study. Firstly, the current study
does not have a comparison technology group, but rather is focused on the evaluation of
play when children play with toys. Further, the current study uses triads as opposed to
dyads in its experimental set-up. This is because the objective of the study was to mirror
similar set-ups in the school itself where some children are placed in a room and
encouraged to play with different toys with an observer present. These set-ups are also
often used by the teachers to teach and develop specific skills like social communication.
The closest alternatives to these unique settings probably come from studies which
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examine peer communication in recess settings (Kretzmann et al., 2015; Mason et al.,
2014; McFadden et al., 2014; Vincent et al., 2018). All the above studies, however,
examine the effect of neurotypical peers in promoting peer interaction or engagement. In
the case of Vincent et al., (2018), they used the recess paradigm to teach social learning
as opposed to focusing on peer communication. In all cases however, the design was free
form. The toys and activities provided were controlled but the children themselves had
the opportunity to choose between the activities and toys present. A similar design was
adopted in the current study where the children were given an option of different types
of toys. In addition to being familiar with the children, each of the toys were also slightly
different in terms of their physical properties. This was introduced to give children more
choice to pick and choose to play with the toys they found most engaging. The research
questions for Part 2 are as follows:
1. What types of play behaviour and social communication emerge when children
play in a triad with toys in an open play session?
2. Do the social abilities of the children have an association with the play behaviour
and social communication observed?
3. Does experimenter involvement have a relationship with play behaviour in the
children when playing in a triad?

Methods

Design
Part 1: Derivation of new coding scheme for play and communication with iPad apps
5 triads of children were given different iPad games to play across 3 sessions each. Where
each session introduced new games. A combination of a grounded theory approach and
thematic analysis was used to derive a coding scheme focusing on the play behaviour and
social communication between the children.
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Part 2: Play and communication behaviour with toys
The design was a quasi-experimental repeated measures design. 5 triads of children were
observed for 3 sessions, with each session lasting 15 minutes. A coding scheme was used
to analyse which of the play behaviours and social communication occurred during the
sessions. Two different statistics are being used to analyse the behaviours, frequencies of
the behaviours and the percentage time of each of the behaviours that occurred.

Participants and Recruitment
30 children clinically diagnosed with ASC (ADOS administered by the school upon
entry) participated in the study (Age range 5 – 15; Mean = 8.90 SD = 2.82; 7 Girls and 23
boys). Participants were recruited from Beautiful Mind, a specialised school in Dhaka,
Bangladesh. The school separates the children according to their ability. The children
were selected to participate by two clinical and educational psychologists who are full
time staff members of the school. There are two main sections within the school: an
academic one and a practical one. The children in the academic section showed the
ability to learn traditional subjects like mathematics or reading and science. The practical
section was to teach the children more practical skills, like working with tools. In
addition, the children also had regular intervention programmes to improve social and
communicative skills. At the time of writing this paper, no technology had been used to
administer any of the interventions. As mentioned previously in Chapter 1, the school is
one of many privately-run institutions which cater to children with special needs,
including intellectual disabilities and downs syndrome. Most of the children recruited
were non-speaking, however children were not excluded based on either reading or
speaking ability. A full profile of the children is given in Table 1.
Table 1

Children’s profiles according to intervention and group number (Study 1)
Intervention Group
Number

Child ID

Age at
time of

Sex

SRS-2 Tscores

SRS-Level
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Table 1

Children’s profiles according to intervention and group number (Study 1)
testing
(2016)
iPad
1
S01
5
Male
85
Severe
S02
5
Male
85
Severe
S03
5
Male
86
Severe
2
S04
6
Male
60
Mild
S05
6
Male
58
Normal
S06
7
Male
65
Mild
3
S07
12
Male
72
Moderate
S08
10
Male
67
Moderate
S09
12
Male
47
Normal
4
S10
15
Male
60
Mild
S11
12
Female
76
Severe
S12
15
Male
61
Mild
5
S13
8
Male
71
Moderate
S14
8
Female
52
Normal
S15
9
Male
67
Moderate
Toy
6
S16
12
Male
76
Severe
S17
10
Male
80
Severe
S18
11
Male
72
Moderate
7
S19
9
Female
71
Moderate
S20
9
Female
85
Severe
S21
10
Male
63
Mild
8
S22
8
Male
59
Normal
S23
7
Male
59
Normal
S24
8
Female
88
Severe
9
S25
6
Female
79
Severe
S26
6
Male
52
Normal
S27
6
Male
67
Moderate
10
S28
10
Female
80
Severe
S29
12
Male
72
Moderate
S30
8
Male
71
Moderate
The researcher spent a considerable amount of time with the children to get familiarised
with the children which in turn gave ample time and opportunity to the children to get
familiarised with the researcher as well. The data was collected over a period of six
weeks, with the researcher being present every day during the entire school day, which
went from 8:00 – 14:00.
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Ethical Considerations
The study was reviewed and approved by the Clinical Psychology Research Ethics
Committee at the School of Health in Social Sciences in the University of Edinburgh.
The experimenter obtained PVG Scheme clearance from Disclosure Scotland status prior
to commencing the study due to working with vulnerable participant populations. For
recruitment in Bangladesh the school headmistress was contacted who then gave
approval for the research to be conducted. A participant information sheet and a consent
form were given to the parents or guardians of the children to be signed before
participation in the study. A professional information sheet was also given to the teachers
before the study, which explained the study in detail and the role they had to play,
namely the filling out of the SRS-2 and for the allocation of the children into their triads.
The consent form obtained consent to video record the play sessions. The parents were
also informed that they had every right to remove their child at any time from
participating in the study, prior to publication of the study. As most of the children were
non-speaking, assent was gained through gestures and in some cases verbal assent. At the
beginning of each session, the researcher asked the children “Do you want to play?” (In
Bangla). If the children nodded their heads or reached forward to interact with the toys
or the iPad, the session recording started. If, however, the child stood up from the table
and moved towards the exit, the recording was not started. Further details of how
difficulties were managed in the session is given in the procedures section. Additionally,
the session was ended immediately if the children chose to leave the room at any point
during the session.

Materials
Baseline Measures
The Social Responsiveness Scale-2 (SRS-2) (Teacher version) (Constantino & Gruber,
2012). This is one of the most comprehensive yet easy to complete measures of social
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communication for children on the autism spectrum. It only requires the person filling
the form out to be familiar with the child they are testing for at least 6 months. The scale
and its previous iterations has been used in the past by many researchers as a measure of
social communication in children on the autism spectrum (Baron-Cohen, 2002; Guérin et
al., 2018). A review of the test by Bruni, (2014) found that the reliability of the measure
was .90 and the internal consistency to be between .88-.95. It also showed test-retest
reliability of .66 for the teachers’ version although the reviewer notes that this may be
due to the different circumstances in which the teachers observed the children.
The SRS-2 is a scale where each question is based on a 4-point Likert scale ranging
from 1 (not true) to 4 (almost always true). The scale was completed by teachers for each
of the participants in the study. The SRS-2 is an evaluation of the social impairments
present in the participant and quantifies the severity of those impairments. It consists of
65 items which provides a total score as well as sub scores for each of the following
treatment subscales: Social awareness, Social cognition, Social communication, Social
motivation, Restricted interests and Repeated behaviours. Bruni (2014) did a review of
the SRS-2 and found an internal consistency rating of .95 and a test-retest reliability
coefficient between .88 - .92 indicating a high reliability.
Materials
Traditional Toys
There were five sets of traditional toys used in the study. As mentioned above, these toys
were selected because the children were already familiar with similar toys in school.
•

A train set, which consisted of tracks and two rail carriages. The tracks could be
attached and removed, and the train carriages could be linked to each other. The
children had to physically move the carriages on the tracks.

•

Cars, these were a set of 4 colourful toy cars which could be moved manually by
the children.
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•

A zoo animal set, which consisted of trees and several different animals including
lions, cheetahs, tigers, foxes etc.

•

A tea set, which consisted of three sets of teacups with accompanying saucers, a
tea pot, a jug, three sets of cutleries (spoon, knife and fork) and an assortment of
fruits.

•

A set of dolls, which consisted of a set of dolls with three different shirts and
trousers for men and three dresses for women.

Figure 1

Experimental Set-up of the Traditional Toys

.
Note: Examples of traditional toys presented to the children, the picture on the left
shows all the toys (mechanical, animal and people) the picture on the right shows just
the mechanical and animal toys.

iPad Games
Software
Apple iPads and Apps were specifically selected to match the appearance of the
traditional toys. All the Apps were designed by one developer, Toca Boca AB. These
were selected because of their ease of use and can therefore be played quickly without
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much introduction. Furthermore, all the apps were non-speaking and provided no
written instructions. When the children opened the app for the first time, a series of
prompts via flashing and a cursor showed them the basic operations of the game. Further
details of the specific apps are given below. The selection of the apps was also dependent
upon the different mechanics and systems which the games had. Further details of the
apps are given below to illustrate the differences in both the appearance of the game and
the different ways in which the children can interact with the apps.
•

Toca Train: the objective of this game is to keep a train running. The game
involves the children using single clicks to respond and interact with the
different elements on the screen. This game is the least involved of all the games
chosen for the study, the player is responsible for starting up the train (which
involves dragging a slider, see right side of Figure 2). After the train starts
moving, prompts (a flashing button) appear on the top right corner or the bottom
left corner of the screen when different activities like boarding passengers or
offload and load cargo comes up. Each activity is accompanied by a further series
of prompts to perform tasks. For example, once the train has stopped in front of
the cargo depot, a prompt lets the player remove or place the cargo on the train.
After the task is completed, the player must respond to another prompt to locate
the slider to make the train accelerate again. The player does not have to respond
to the prompts as they come up, there is no penalty to not performing the tasks,
the train will simply keep moving.

Figure 2

Toca Train
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Note: The figure shows a screenshot of Toca Train, the slider on the left controls the
speed of the train and the button on the top corner shows an example of prompts in the
game.
•

Toca Cars: in this game, players choose a toy car to drive and simply drive around
in an environment, with trees, other objects and has a track (Figure 3). The
control scheme of this game is slightly more complex than the train, in that the
player must keep their finger on the screen and direct the car in the direction
they want it to move. If they lift their finger from the screen, the car stops
moving. Again, there is no real penalty to hitting objects on the screen, there are
interesting animations when the car hits objects. Even though there are roads,
there is no requirement that the player needs to keep the car on the tracks.
Mechanically, this game is more involved than Toca Train because if the child
stops interacting with the screen, no further animation occurs. Additionally, this
does not have visual prompts like Toca Train. Every animation and sound are
dependent upon the car hitting another object in the game space.

Figure 3

Toca Cars
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•

Toca Nature: the objective in this game is to create a natural environment for the
animals to populate which they have to collect. Players begin by crafting the
environment for the animals to populate, so they will create mountains, ponds,
and place trees (Figure 4). The player then must zoom (using a pinch zoom, two
fingers) in on areas to see the animals which have populated the environment.
The game involves a series of drag and clicks to create the environment first and
once they have created an environment, they collect animals by dragging them
into collection boxes. The game has a day/night cycle and can run in the
background and save the environment that the children have created. Unlike
Toca Cars, if the children stop interacting with the screen, they can still see the
animals play and interact with their environments. However, unlike Toca Train,
the child does need to make sure that they are creating environments to make
sure animals populate the area and they also cannot simply watch the screen in
the initial stages. This was deemed to be the most complex of the games selected
as the goals (collecting animals) was complex and not much instruction is given
by the game to achieve those goals. Further, the game does not utilise distinct
prompts (audio or visual) different from the gameplay on screen.

Figure 4

Toca Animals

124

125

Note: Screenshots of the iPad app Toca Nature, the picture on the left shows the entire
map and the picture on the right shows a zoomed in version of the same map where the
children could interact with the animals.
•

Toca Tea Party: in this game, the player hosts a pretend tea party, they
choose the items to go on the table and then tap on the drinks and food items
to eat or drink the items (Figure 5). The screen has three plates and teacups
on each side of the screen with the bottom of the screen having a further
selection of treats to place on the plates. The game uses a combination of taps
to finish eating or drinking the items and can drag tea or treats to the plates
once the current one on the plate is finished. Once all the treats have
finished, a prompt appears at the bottom of the screen and the player must
physically tilt the iPad to “slide” the dishes into the sink. This is the only
game chosen with motion activated controls which the children must
interact with to continue the game. Like Toca Cars however, if the player is
not tapping or engaging with the objects in any way, nothing happens. This
game is also best played with others, with each player sharing one iPad.

Figure 5

Toca Tea Party
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Note: Players can drag the treats from the bottom of the screen to the individual plates,
then tap on the cups or the treats to finish them.
•

Toca Tailor: in this game, the player is responsible for dressing up a character
on the screen; they can accessorize and give them different clothes (Figure 6).
Additionally, they can take pictures and use their own environment to style
the clothing for the characters. This has similar mechanics to that of Toca
Tea Party, where all interactions come via taps or drags and drops items on
the characters to change their appearance. This is the only game which
involves a level of creativity, the player can customise and change the colour
of the clothing item and can add additional features like buttons or change
the patterns of the item. There were no visual or auditory prompts in this
game either, the player had to click on different virtual buttons to access
different options for the different items of clothing for their virtual avatar.

Figure 6

Toca Tailor
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Note: The image on the left shows the main screen of the game where the child can drag
and drop items on the character, the image on the left shows the customise screen, where
the child can alter the appearance of the clothing item.
Additional Software:
•

Noldus Observer XT 13: This is a specialised software which allows for
behavioural coding from pre-recorded video data.

•

IBM SPSS Version 25: This was used to conduct all the statistical analysis in
the study.

Video Recording
A video camera and tripod were set up before the start of each experiment to record the
play sessions (Figure 7). Each recording lasted for 15 minutes, and the videos were then
stored in a cloud storage platform (OneDrive provided by Office 365 from the University
of Edinburgh) only accessible by the researcher via a password.
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Figure 7

Structured Play Set-up

Procedure
Baseline assessment using the SRS-2 was completed by teachers before the children
engaged in the play sessions.
The children were recruited first by sending consent forms to their parents. The consent
form and the information sheet included a brief outline of the study and explained what
was expected from the children, there was also a teacher from the school present when
explaining the terms of the consent form to the parents of the children. Each parent had
a choice to remove their child from the study without having to give a reason for
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withdrawal until the research had been published, the consent forms also included a
section which obtained consent for the video recording of the children.
After the consent was obtained, the children were first matched according to which
section they were part of (academic or practical) by the school psychologists. Then they
were age matched so that each triad had all the children within a year of each other. The
school psychologist also ensured that the children had a certain level of familiarity with
each other, i.e., attended the same classes or attended behavioural therapy sessions
together. The experimenter had no previous knowledge about the abilities of any of
children before they were placed in their respective groups. Ten triads of children were
formed by the psychologists in the school, based on their familiarity and skill level (more
details given below). The groups were then allocated to either group 1 (iPad) or group 2
(Traditional) by random alternate allocation of the triads. Each triad engaged in a total of
3 sessions (15 minutes) spread across 6 weeks in their groups. Once the children were
allocated to their groups, the researcher held a session to explain the SRS-2 to the
teachers who were filling out the form for each child. Although the staff were all trained,
not all of them had familiarity with filling our standardised measures like the SRS-2. To
make sure that the forms were understood and filled out correctly, the researcher held a
training session where the staff were familiarised with the measure and given the
opportunity to ask questions and to clarify certain questions. The researcher was also
available for any other questions which may have come up as they were filling out the
questionnaire. Although every attempt was made to ensure that the measure was filled
out accurately, there remains a possibility that the SRS-2 scores are not as reliable as it
could have been had they been filled out by researchers who are familiar with the
measure.
The first sessions introduced the train set and toy cars in the toy condition and Toca
Train and Toca Cars in the iPad condition. The next session introduced the animals in
the toy condition and Toca Nature in the iPad condition. The previous sessions’ apps or
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toys were not removed. In the final session, the tea set and dress up games were
introduced to the children and Toca Tea Party and Toca Tailor were introduced to the
children. The children in the final session had all the toys and iPad games to choose
from. This design was selected to give the children the ability to familiarise themselves
with each of the toys and apps at the same time as giving them the choice to move
between the apps they found most enjoyable. As mentioned before, this is a pilot study to
determine which of the apps would be most successful for use in future studies. For
future studies, the apps would be narrowed down further based upon the level of
interaction between the children and the apps.
The play sessions were conducted in an isolated room with three children and the
experimenter. Three chairs were set up around a round table and the toys or iPads were
placed in front of the each of the children (Figure 7). The camera was set up as to get a
clear view of all three children.
As soon as the children were seated the experimenter demonstrated the use of the iPad
and the toys and encouraged the children to use them. For each subsequent trial, the
experimenter introduced the new apps and the new toys and then, left the children
alone to work by themselves unless they were having difficulty or required assistance.
All sessions had a free form design; however, the experimenter did provide guidance and
instruction particularly in the iPad condition to help the children. The children were
encouraged to play with the toys or iPads by themselves and have interactions between
them which were initiated by themselves. The sessions were all video recorded for
analysis. A video camera and tripod were set up before the experiment and the toys or
iPads were pre-arranged on the desk in front of each of the chairs for the children. The
entire play session was video recorded for coding and subsequent analysis.
As is the case when working with children, certain procedural issues did come up which
the researcher had to adjust to and manage while the sessions were running. In most
cases this meant that the researcher had to direct the attention of the children to the
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table and the toy if they went out of view of the camera. In extreme cases however, a
child did show distress at being in the room and start displaying signs of distress. If this
happened, the recording was immediately stopped, and the researcher comforted the
child and sought additional help form the staff in school to make the child feel
comfortable again. If the child showed eagerness to return to the play area, then the
session was resumed. However, if the child did not wish to return to the play area, the
session was ended, and the other children were returned to their respective classrooms.
Another important factor was the room where the sessions were conducted. As it was a
play therapy room, a cupboard was present with various toys in it. In some cases,
children did manage to get into the cupboard and take some toys out. In this instance the
researcher either asked for the toy and put it back in the cupboard, or if that failed then
the researcher would direct the children’s attention towards the toys in the study by
playing with it himself in front of them to entice the child to drop the other toy. If
neither worked, then the child was allowed to return to the play area and the researcher
would continue to try and direct their attention to the toys in the study. When the child
lost interest in the confounding toy, the researcher removed the toy from the play area.

Part 1: Deriving a coding scheme for play behaviour and social communication
when playing with digital games on tablets

Analysis and Results
The coding was done using Observer XT 13 to create descriptions of each child and what
they were doing at the time. The coding adopted a combination of both elements of
grounded theory and thematic analysis as it allows for the recognising and categorisation
of data from the data as opposed to proving a prescribed research question and
hypothesis (Braun & Clarke, 2006; Charmaz, 2014; C. L. Hancock, 2020). The current
study adopts a bottom-up approach, and the data is used to formulate themes (in this case
patterns of behaviour). This allows for more nuanced and distinct behaviours and actions
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to be captured. The combination of grounded theory and thematic analysis served
distinct purposes in the study. The use of grounded theory helped coding the initial
behaviours in a dynamic way where the behaviours at each point in time could be
observed and reviewed multiple times. The study adopted a thematic analysis strategy so
that themes of patterns could be formed from the behaviours and actions between the
children. Although grounded theory has been primarily used in analysing interview and
speech, it has also been used to develop coding, using non-speaking actions and
behaviours (Hancock, 2020). The use of both qualitative methodologies was considered
the most appropriate to capture and describe the types of play behaviour and social
communication which occurs when children on the autism spectrum are playing in a
free play scenario with tablets. The coding strategy had two main aims, one was to
establish individual actions of the children themselves and the other was to establish the
larger play categories. For example, this strategy allows for the coding to capture
individual actions of children (e.g., looking at something or changing body position)
while engaging in play behaviours as a group (e.g., playing alongside each other). The
combined use of both the coding approaches provides a better description of not only the
behaviours of the children but also helps establish overarching sequences of behaviour
which adds up to larger play categories.
The current study uses the coding strategy outlined by both Charmaz, (2014) and Braun
and Clarke, (2006). Grounded theory was used to observe and examine the initial
behaviours. Each of the observed actions of the children were reviewed multiple times
and changes made to try to capture all the nuances and complexities in the behaviour
and the context around them. The first stage involved watching all the videos to get fully
familiarised with the data. This involved taking some rudimentary notes about the
behaviours of the children and started framing the behaviours which would form the
base of the more detailed descriptions which were going to be created later. The
recordings of the play sessions were analysed at 30 second intervals. The first two
minutes of the video were skipped (giving the children time to acclimatise to the
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session). Two minutes in was therefore the first time in which all the behaviours of each
child were recorded, notes were taken about the behaviour of each child regarding their
position in relation to both the play area and the other children and any other activity
they may be partaking in at the time. Each child had their individual behaviours
recorded at each 30 second interval. The video was played for 2 seconds before and after
the interval to capture any vocalisations from the children. Each video, if they ran for
the full 15 minutes had 26 individual time stamps where the activities and positions of
each child was coded. This created a detailed list of each behaviour of the children in all
the sessions. Once the initial behaviours and notes for each child at each time point were
taken, the analysis strategy then switched and followed a strategy closely matching that
of Braun and Clarke’s (2006) thematic analysis methodology. At this stage of the coding,
categories were starting to be narrowed down according to similar actions done by many
of the children. An example of this is given in Table 2. This was a process through which
individual codes were organised according to similar behaviour, but larger play
categories were also determined according to the interaction between the children and
what each of the children were doing at the time. Great care was taken to ensure that
different behaviours were not collapsed in larger play categories to ensure that each
behaviour was considered and not removed. This was an iterative and dynamic process
which involved going over the codes and the larger themes numerous times. The process
took about 4 months where each behaviour was constantly reviewed and adjusted often
involving watching and re watching of the video to see whether further contextual
information about the behaviour changed the way in which this was categorised. For
example, whether a child leaving the desk meant that the child was always disengaged
from play. It was easy to determine that the child was away from the desk but required
more intense examination to see whether they were still interacting with the other
children in the session. There may be situations where the child was not interacting with
the iPad but were interacting with the other child. This necessitated a coding scheme
which was able to capture the interaction of the child with the iPad, separate from their
interactions with each other. The constant reviewing of the categories to makes sure that
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they fit in with the codes recorded in the first two steps was necessary to ensure that
each of the different actions in the sessions were captured thoroughly.
It is important here to address the researcher’s own biases when creating the codes to
capture the behaviours. The researcher had done research into play behaviour before,
and it is possible that this led to a closer focus into the behaviours which were interesting
to the researcher. To avoid this as much as possible, in the initial stage of the coding, the
researcher took care to describe everything about the child’s actions in as detailed a way,
as possible. One additional researcher not involved with the study but familiar with
grounded theory and thematic analysis coded 15% of the data set independently and
were asked to do the initial coding stage where detailed notes were taken at 30 second
intervals. This showed an agreement of 85% and 89% between coder 1 (the researcher)
and 2 respectively. This high level of agreement between the researchers meant that
there was a high level of consistency in the coding. The researchers discussed the
behaviour of the actions first noted and conflicts were mainly discussed and ironed out
on two videos before the rest of the data was coded by the author. In most instances
these discussions involved including more detail about position, and other behaviours of
all the children to gain the most complete picture of their actions in the sessions.
Table 2

Process of Generating Codes and Categories
Initial Codes

Second Coding

Child 1 leaning

Child’s position

towards child 2

towards other
children

Coding Categories

Body Orientation

Body orientation
and Position

Looking Behaviour

Child 1 looking at
child 2’s iPad

Final Themes

Interaction with
Interaction with

iPad

own iPad

134

135

Child 1 has iPad

Child’s looking

Interaction with

still running

behaviour

other child

Child’s actions
towards their own
iPad

The full coding scheme of behaviours is described in Table 3.
Table 3

Final Categories and Behaviours
Body Position

Interaction with iPad

Group Behaviour

Sitting at the table
(default position)

Interacting with the iPad game (responding
to prompts, using their fingers to drag
objects)
Using the iPad as an object (like blocks or a
mirror)

All 3 children
playing alongside
each other

Leaning away or
towards the table

Performing repeated actions of the iPad
(responding to a single prompt over and
over again)

2 of the 3 children
playing alongside
each other

Moving away from
the table (with
iPad)

Children using the iPad in creative ways,
not as an iPad, for example as an object like
a block or mirror

Only 1 child playing
with the iPad while
the other two are not
playing

Returning to the
table

Not Playing (none of
the children are
playing)

Left the play area
completely
Interaction with
other child or
researcher

Emotional Intensity

Gaze Behaviour

Vocalisation
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Table 3

Final Categories and Behaviours
Physical overture
towards researcher

Positive physical
demonstration
(laughing, throwing
up their hands in
joy)

Gaze towards child

Communicative
vocalisation

Physical overture
towards children

Negative Physical
demonstration (a
scream, pushing the
toy away)

Gaze towards other
child’s iPad

Random vocalisations
of sounds or words

Conflict with the
other children

Gaze towards their
own iPad
Gaze away from
play area

Note: Each of the themes/behaviours identified in the coding scheme are mutually
exclusive of each other. The behaviours in each theme i.e., Body Orientation and Position
cannot overlap each other, but behaviours between the themes can overlap, so each child
will have information regarding all of the identified themes at every point during the
observation

Body Orientation and Position
This category of behaviours was probably the most complex to capture in the coding
scheme. It was clear that the children quite often changed position and orientation
towards or away from either the iPad or another child in the play session. For example, a
child could be leaning over towards another child, and in fact in many instances this
showed a child’s closeness and familiarity with the other child. The orientation of the
child often led to an interaction with the child they were leaning towards. The child also
leant away over the table and reached over to interact with another child on the other
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side of the table. Again, the position of the child in relation to the iPad itself was an
indication of how engaging the child found the game they were playing. The position of
the child in relation to the iPad sometimes encouraged the other children to engage with
the child as well. For example, a child could be leaning over the iPad and deeply engaged
in the activities on the iPad and another child will look over to see what was happening
there. Orientation of the children also showed a measure of engagement with the iPad,
the child could be leaning back and away from the iPad and eventually leave the play
area by standing up and moving away from the table. Body orientation therefore was a
strong indicator for another communicative behaviour like interaction with the other
children or responding to the actions of another child.
The set-up of the session made it obvious to see when the child was clearly away from
the play area. Initially, this was taken as an indication of the child no longer engaging
with the children or the iPad. However, this was not the case, more nuanced behaviours
were observed during the analysis of the data. The child could be away from the table
but standing close to or directly behind another child looking over their shoulders. This
was clearly a form of social communication and behaviour which needed to be captured
in the data set, therefore the coding was adjusted to reflect this. A child could therefore
be away from the table but still be engaged in some forms of play behaviour.

Interacting with another child or the researcher
This category of play captured instances when the child interacted with another
individual present in the session. The interaction between the children was more
noticeable than body orientation and position. However, it was not always the case that a
type of body position and orientation would directly precede an interactive action.
Sometimes they were completely spontaneous and was not really signposted in any way.
For example, a child would reach out and grab another child’s hand to seek help or to
move their hand to a certain position on the iPad. This was often spontaneous but could
also be to help another child. For example, a child could notice that one of their peers is
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having difficulty with something and then press the prompt themselves or physically
prompt/point to the area in the iPad the child had to click to advance the activity in the
game. The same was sometimes also observed when the child reached out to the
researcher to seek help.
Finally, interaction between the children also sometimes led to conflict, where the
children had competing interests. It was not like the children were directly being
aggressive towards each other. What mainly caused conflict is if one of the children tried
to take or move the other child’s iPad or impede their play: for example, a child may be
playing with the iPads as blocks so wanted to take the iPad from another child who was
using the iPad to play games on. Another cause of conflict seemed to arise when a child
wanted to play the same game, they saw another child play but did not know how to
switch from their ones to the other. This was most obvious in group 1, where one of the
children was trying to stack iPads and constantly tried to take iPads away from the other
two children in the session. Although one child was happy to disengage, the other one
was not so keen to do so, and this created a situation where they were tugging on the
same iPad.

Gaze Behaviour
Interaction between the children could also be more subtle than the physical prompt
mentioned above, so there were instances where the child would spend time looking
over at the other child’s body and face or the child’s iPad. It was often difficult to
ascertain the purposes of this type of behaviour and particularly, what followed after this
interaction. For example, sometimes the child was simply looking at what the other child
was doing, however, although quite rare, there were times when the child tried to
replicate the actions they were seeing. For example, in one session, the following
sequence was observed, child spent 1 minute looking intently at another child
interacting with a prompt on the screen followed by which, the child responding to the
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prompt himself on his own iPad thereby performing the same action as the child he was
observing.

Vocalisations
Another method of communication utilised by some of the children were vocalisations.
Some of the children communicated by using one or two words to indicate joy or to gain
the attention of either the researcher or the other children in the session. These were
quite rare instances as most of the children were non-speaking. However, some of
children communicated via other noises and vocalisations to achieve similar goals as
above. In addition, there were other examples of spontaneous vocalisations which
seemed to be celebratory. For example, a child kept performing the same action on Toca
Train for much of the session, and each time after he responded to the prompt, he waved
his hands in the air and laughed.

Emotional Intensity
Although the angle of the camera in the sessions did not make it possible to see specific
detailed facial expressions of children, more overt forms of emotion were recorded
throughout the sessions. The children would wave their hands in the air and smile and
shout in joy when they were having fun. They would also stand up in joy and clap their
hands as well. Children would also express their disappointment or frustration in overt
ways. For example, a child would bang the table or sometimes try to hit themselves and
shout. In one instance for example, a child started to bang the table loudly and started to
grab the iPads from the other children in the session. He was only subdued when the
researcher intervened and comforted the child.

Interaction with iPad
Children were often extremely creative in how they played with the iPad. How they
played the game and what they could do with it largely depended on the games they

139

140

were playing. This is not surprising, the different games had different mechanics, aims
and goals, all of which contributed to giving the children a varying level of freedom
allowing them to interact with the iPad in different ways. The most passive of the games,
involving the least amount of involvement (need to interact with elements on the game)
from the game was Toca Train. When playing this game, children would often look away
from the screen and have the train running in the background but not looking closely at
it. This still allowed the children to play the game because they would simply look back
at the screen as they heard a prompt from the game. There were also cases where the
children would simply watch the train move and not interact with any of the prompts.
The children responded well to instances where they got immediate feedback from an
action they performed on screen. For example, a child in one of the sessions was
continuously moving the crane and smiling and laughing every time the crane moved.
Another child simply slowed down and sped up the train repeatedly. Due to the prompts
and noises of the game, children were also likely to respond to the sounds coming from
other children’s iPads by looking over and in some cases interacted with another child’s
iPad.
Toca Animals and Toca Cars were similar in their mechanics and involved constant
interaction with the game to get any kind of feedback from the game. In both games, the
children had to pay full attention to the game and once they stopped touching the iPad,
the game stopped and remained motionless. The children did not show much interest
particularly in Toca Animals, as the objective and the goal were more obtuse and the
children could not really engage with it in the same way as Toca Cars. For example, the
children had to perform a series of actions to get the game started and the goal of
collecting specific animals was extremely difficult to discern for the children and was not
clearly signposted in the game.
Toca Tea Party was the only game selected which was best played with other children all
interacting with one iPad. However, because each of the children had their own iPad,
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they still only played the game by themselves and did not interact with others to play the
game. The game still had a wide range of colours and noises which grabbed the attention
of the children. The children were also interested in what the other children were doing,
as noted by their looking behaviour, much like their behaviour displayed during playing
Toca Train where the noises and prompts captured their attention.
The most creative of the games were Toca Tailor, most of the children were able to
create unique articles of clothing and accessorize the characters on screen. The
mechanics were simple and most of the children were easily able to understand what
they were trying to do in the game. This was helped by the option of the children to take
pictures of their creations and then begin again from scratch with a new character. The
option to create unique patters and designs seemed particularly interesting to the
children and there were often instances where the other children were interested and
trying to examine what the other children were doing. In one instance a child helped
another to go to the customisation screen to create unique patterns.
Interestingly enough, the children interacted with the iPad without even playing the
games on the iPads. As mentioned above, sometimes, a child would try to stack up the
iPads on top of each other or try to line them up in a row. At other times a child ended
up using the iPad as a mirror by holding it up against their faces.

Group Behaviour
This category of coding captured the overall group behaviour of all three children as a
collective. There were different combinations of play where there were four levels of
play. The first was where 3 of the children were engaged and were playing with the iPad
alongside each other, the second where 2 of the children were playing alongside each
other, third where 1 child was playing and the other two were not playing and finally a
condition where all three of the children were not playing. The behaviour was classified
as playing alongside each other if the children were seated at the table with their iPads.
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They could be using the iPads in different ways but if they were engaged in play they
would be classified as playing alongside each other.
To test whether the new coding scheme had worked (i.e., that all the different
behaviours are captured effectively), a frequency count of each behaviour was taken.
After the full coding scheme had been designed, all the videos were coded again, after
skipping the first two minutes, each child’s behaviours were recorded using a binary
scoring system at every 30 second intervals. For example, each of the behaviours; sitting
at the table, leaning away from table, moving away from table and so on for each of the
categories were given a score. A score of 1 was given if the child was engaging in the
behaviour and 0 if the child was not. If a child was active in one state for the entirety of
the session, the child would get a score of 26 for that behaviour. Descriptive data of each
of the behaviour are provided in Table 4.
Table 4

Descriptive data for frequencies of behaviours for the children playing with the
iPad on the new coding scheme
Behaviour

Mean

SD

Sitting at the table

15.9

4.75

Leaning away from table

7.93

3.73

Moving away from table with iPad

6.07

2.79

Return to the play area

8.20

3.32

Left the play area

4.67

2.69

Interacting with iPad

19.4

6.85

Performing repeated actions on iPad

5.20

5.03

Using iPad creatively

10.1

5.67

All 3 children playing

13.9

8.36
142

143

Table 4

Descriptive data for frequencies of behaviours for the children playing with the
iPad on the new coding scheme
2 of the children playing

15.9

7.37

Only 1 child playing

7.07

4.17

No child is playing

3.00

1.60

Physical overture towards other children

6.27

4.25

Physical overture towards researcher

4.33

2.44

Conflict with another child

4.33

3.31

Positive emotion

12.5

5.73

Negative emotion

4.73

6.08

Gaze towards another child

6.93

5.31

Gaze towards other child's iPad

7.73

7.54

Gaze at own iPad

18.1

5.88

Gaze away from play area

9.47

5.30

Communicative vocalisation

3.47

5.53

Random vocalisations

5.27

5.81

The descriptive data shows that all the behaviours had means higher than 3. It must be
noted that the data was not normally distributed which meant that not every child
expressed each of the behaviours noted above. However, as the data shows, there were
enough examples of the behaviours occurring across the sessions to show that the coding
scheme was able to capture the data effectively. The data shows that there are enough
occurrences of the behaviours in the sessions which means that the coding scheme can
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be used in further studies to capture the play behaviour and social communication of
children on the autism spectrum when they are playing on iPads.

Part 2: Evaluation of Play and Social Communication with Toys

Development of the Coding Scheme
The video files were analysed using Observer XT 13, a specialised software designed to
code behaviours and expressions demonstrated by the participants in the study. The
coding was done by a single participant or on a group basis, depending upon the
behavioural category.
The initial coding scheme was taken from Farr, Yuill and Raffle’s (2010) study. However,
some changes were made to the coding scheme after a review of the videos. The original
coding scheme defined each play category (Disengagement, repetitive, solitary play,
parallel play, onlooker, associative, co-operative) as being mutually exclusive (i.e., each
child could only be any of those states at a given time). There was also a hierarchy in the
original coding scheme where each behaviour was a more complex form of peer
interaction than the one before. So, the most social level of play behaviour was cooperative, followed by associative then onlooker then parallel then solitary and finally
disengagement. For the current study, solitary play, parallel play, co-operative play and
disengagement were kept as being mutually exclusive but associative, onlooker and
repetitive behaviours were coded independently of the above categories. This meant that
a child could be in parallel play and also engage in onlooker, associative and repetitive
behaviour at the same time. This is an important distinction between previous research
examining play behaviour. Typically, associative and onlooker behaviours are considered
to be of a higher level of play than parallel play. This change was made because all three
associative, onlooker and repetitive behaviours were usually short events amongst the
children as opposed to play types. Onlooker and associative actions, in most cases were
less than 2 seconds in duration. It therefore made more sense to examine the behaviours
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separate to the play behaviours solitary, parallel and co-operative as opposed to distinct
play stages. This change was also made by Francis et al. (2019) where the researcher
recognised that applying the same stated rules for solitary, parallel and other forms of
play with associative and onlooker behaviour meant that the behaviours were not coded
and this meant that an important and quite often significant behaviour displayed by the
children was being missed. The remaining behaviours chosen for the coding scheme are
already well established as being examples of peer communication both among children
on the autism spectrum and neurotypical children (Digennaro Reed et al., 2011; Farr et
al., 2010; Parten, 1932). The coding scheme was also designed to observe and record nonspeaking modes of communication. The definitions of the play behaviours were adjusted
from the original coding scheme by Farr et al. (2010). Vocalizations were also added to
the coding scheme; this was to capture an additional dimension of communication. In
this participant group, most vocalisations were noises and grunts. Some of the
participants did have the ability for minimal speech but their utterances were often
unrelated to the task. Taking these factors into account vocalisations were categorised
into communicative (referred to in the coding scheme as ‘Directed’), where the child was
using vocalizations (grunts, squeals, shouting etc.) to gain the attention of either the
experimenter or uncommunicative (referred to in the coding scheme as ‘undirected’),
where the vocalizations are random or without communicative intent. For
communicative vocalisations, some further context needed to be present (i.e., the content
of the utterances had to be examined along with who or what the children was looking
at during the utterance). For example, a child could look at another child, and shout at
the child to gain their attention but then immediately turn away from the child and
continue to make the same sound. In this instance, the utterances towards the child
would be considered communicative but the subsequent utterances would not be
considered communicative. However, a child looking away from the other children and
making a noise which is a common utterance to gain the attention of someone in
Bangladesh (oi, or ay) repeatedly has been coded as communicative, especially if the
utterance stopped once they received the attention. A behaviour categorised as child-toy
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interaction was also added to examine the use of the technology and the toys as either
the object’s function or simply as an object (a train carriage as a brick). Finally, guidance
was also added to the coding scheme to see whether the amount of time guiding the
children either through full physical prompts or directing and pointing influenced their
communicative behaviours.
The final coding scheme had 7 behaviours which were independent of each other. These
were, play behaviour (disengagement, solitary, parallel, and cooperative) vocalization,
child-toy interaction, associative, onlooker, repetitive, and guidance. Play behaviour
consisted of 4 mutually exclusive actions, disengagement, solitary, parallel and cooperative (in order of ascending complexity). Vocalizations could either be directed or
undirected. Child-toy interaction could either be ‘object’ or ‘intended function.’
Associative, onlooker, repetitive and guidance behaviours were either active or nonactive. A final category “no data” was made to accommodate for periods where the child
was obscured, and their actions could not be seen on the video (M=1.29 SD=3.31).
The coding was carried out using a duration coding system where each behaviour had an
active and a non-active state (Heyman et al., 2014). The duration of each behaviour was
then converted into the percentage time according to the total observation duration and
a total count of each behaviour in the session. The observation was done by skipping the
first two minutes and then recording continuously in a 10-minute segment (this accounts
for the minimum time requirement for each session). In a duration coding scheme, each
behaviour has either an active state, a non-active state or a no data state (where the
actions of the participant are obscured). This is different to an interval coding scheme
where coding is done via behaviours in segments (every 10 seconds in a 3-minute margin
where the coder identifies whether the behaviour is active or not active). The coding
scheme also used a molar method i.e., nuanced behavioural categories were condensed
into one behavioural category as opposed to a molecular approach where every nuanced
behaviour is coded. The molar approach traditionally has higher levels of inter-rater

146

147

agreement and requires less training for the coders as there are only a few codes to
choose from (Heyman et al., 2014). Furthermore even though an interval coding system
provides higher inter-rater reliability (Heyman et al., 2014), it does not provide as rich a
data sample as a duration coding system. The current coding scheme, due to adopting a
molar approach with fewer codes increase inter-rater reliability and the duration data
gives richer data than an interval system.
For coding purposes, each behaviour was coded separately. This was because the first
coded behaviour, play behaviour (solitary, parallel, cooperative and disengagement) were
dependent upon the state that the other children were in. For example, parallel play was
coded when children were individually playing with their toy alongside another child
also playing individually with their own toy. Additionally, the play behaviours cooperative, solitary, parallel and disengagement were mutually exclusive (i.e., they could
not overlap), so each child could only be in the either of the above states. The switches
between these states were coded only if the states were active for at least 4 seconds, so
for example, disengagement was not coded if the child looked away for shorter than 4
seconds after being engaged in solitary play. After play behaviour was coded, the
remaining behaviours, associative, onlooker, communicative vocalisations, repetitive,
child-toy interaction and adult guidance was coded individually according to each child
starting with child 1. After 10 minutes had elapsed and all the behaviours for one child
was recorded, the coder went back to the beginning of the observation and did the same
for child 2 and child 3. Within the observation duration, each behaviour was coded as
either being active, non-active or having no data. Reliability testing was done through
the Observer XT13 software and was done according to the percentage agreement
between two independent coders according to the percentage time each coder agreed
that a child was engaged in one behaviour. Reliability testing analysing 10% of the
observed data came back with a Kappa rating of 0.87 (Play behaviour .88, associative .96,
onlooker .92, repetitive .85, vocalisation, .72, Child-toy interaction .82, and guidance
.94).
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The complete scheme is given below in Table 5.
Table 5

Coding Scheme with examples
Play State (Code)

Definition

(Continuous)
Play Behaviour

Disengagement
Participant is not attending to the task or other individuals
within the group this is the non-active state for this play state.
In both conditions this is coded when the child lost interest in
the task and did not engage with the toy for longer than 4
seconds. Examples like this included instances where the child
looked away or left the table and play area.
Solitary
Participant is taking part in the task but is working alone and
individually rather than with others. In this instance, solitary
play would be coded when a child is playing by themselves and
none of the other children are engaged in playing. Solitary play
would only be coded if all one child was playing, and all the
others were disengaged.
Parallel
Individual chooses to work alongside another participant but
does not influence or modify other people’s work and plays
beside rather than with. For example, from Figure 7, parallel
play be coded if any two of the children were playing at the
same time.
Co-operative
Student works with another person by turn-taking or
discussing play outcomes when tasks are distributed. Individual
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Table 5

Coding Scheme with examples
Play State (Code)

Definition

(Continuous)
works together with somebody (e.g., hands on something at
same time or discussing outcome together).
Associative

Borrowing and loaning of play material, this was coded when
children exchanged toys, so a child reaches over and grabs a toy
from the other child’s play area.

Onlooker

Participant is watching what the other individuals within the
group are doing but does not actively take part. This was coded
when the child looked over to the other child’s toy

Repetitive

Odd and repetitive behaviour typical of children on the autism
spectrum. For example, a child on the autism spectrum may
repeatedly play or manipulate an object in the same way over
an extended period. This action may not make sense in terms of
the object, such as repeatedly looking closely at a toy, shaking
the object or motor actions like hand flapping.

Vocalization

Participant makes a vocal utterance; this could be either
'directed' which indicates the utterance being directed at a
particular individual to get the attention of or to communicate
with the other child. ‘Undirected’ vocalisation is defined by
when a participant simply makes a noise away from the child
and is not directed towards any of the other children.

Child-Toy interaction

Participant is either using the toy as intended (function toy), in
the toy condition, this was coded when the child was using the
toy as intended. For example, when the train was placed on the
tracks, or the tea sets were being used appropriately. Function
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Table 5

Coding Scheme with examples
Play State (Code)

Definition

(Continuous)
object is when a child is using the tot or object or as an object.
For example, playing catch with one of the toys.
Guidance

Participant is receiving guidance from the experimenter. This
could be a physical prompt towards a toy or a particular area of
the toy or an instance where the experimenter, verbally or
otherwise directs the attention of the participant these actions
were interventions to support play and not guide play in
particular directions.

Note: Many of the definitions adopted in this study remain unchanged from the original
study by (Farr et al., 2010)

Statistical Analysis
The data were analysed in two steps, firstly a descriptive view of the percentage time and
total frequency of the behaviours is presented. Then a Friedman’s tests (all the variables
failed assumptions of normality) was run to examine whether there are any significant
differences between the behaviours using two different statistics of behaviour,
percentage time and frequencies. Finally, a correlational analysis was run to see the
relationship between the behaviours and the SRS-2 scores of the children.

Results and analysis for Part 2
The results were analysed using two separate statistics. Each behaviour as defined by the
coding scheme was analysed according to the percentage time spent by each of the
children exhibiting the particular behaviour and the frequency of times each child did
the behaviour. The percentage time was determined by looking at the durations of each
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play behaviour according to what percentage of the time it occupied in the total
observation duration. The frequency is the total number of times the behaviour occurs
across all sessions and behaviours. The same data then is cast in two different ways. Part
of the reason this was done was to see whether any main differences arose when
comparing the amount of time, a child spends in a particular state and the number of
times a child engages in the behaviour. The other more important reason to analyse data
from frequencies was to highlight the differences in the behaviours according to duration
and frequencies. For example, when analysing durations, a child who engaged in
onlooker behaviour continuously for 15 seconds would be the same as another child who
looked at another child’s toy 15 times but for 1 sec each. However, these two actions are
very different, in the first instance the child could just be interested in one particular
action of the other child. In the latter, the child could constantly look for several
different actions performed by the other child. In fact, in the sample both examples were
noticed during the sessions. Then again, some of the behaviours did not occur for long
enough to be analysed according to percentage time but could be analysed according to
total frequencies. The current study therefore examines whether the differences between
percentage time and frequencies would affect the nature of peer interaction in play.
Descriptive statistics
Means of each of the behaviours in the percentage time spent showed that parallel play
behaviours occurred for the longest time in the toy condition (Results are shown in
Figure 8). The means for cooperative behaviours also showed that the numbers were too
small to perform reasonable analysis between groups. The means also show differences
between the behaviours when looking at percentage time in comparison to frequencies,
for example, the mean for onlooker behaviour in percentage time was 7.52 (SD = 10.13)
but the means for onlooker behaviours according to total frequencies was 6.73 (SD =
6.44). Table 6 below shows the descriptive statistics and the normality tests for each
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variable using percentage time spent in behavioural state and Table 7 shows the same for
the frequencies data.
Figure 8

Pie Chart Showing Play Behaviour

Disengagement 10%

No Data
3%

Solitary
2%

Cooperative 0%

Parallel
85%

Table 6

Descriptive Statistics for Percentage time in Study 1 Part 2
Behavioural State
Play Behaviour

Disengagement
Solitary
Parallel
Cooperative

No Data
Associative
As intended

Mean (SD)
9.87 (10.2)
2.20 (2.96)
84.5 (12.8)
0.18 (0.42)
3.09 (4.57)
0.04 (0.09)
33.4 (30.8)

Shapiro-Wilk Tests
W = 0.820, p=.007
W = 0.746, p<.001
W = 0.906, p=.113*
W = 0.502, p<.001
W = 0.725, P<.001
W = 0.503, p<.001
W = 0.887, p=.061*
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Table 6

Descriptive Statistics for Percentage time in Study 1 Part 2
Child-Toy
Interaction
Vocalisations

As Object

49.7 (34.7)

W = 0.923, p=.212*

Undirected
Directed

5.53 (13.6)
W = 0.417, p<.001
0.64 (1.42)
W = 0.532, p<.001
Onlooker
7.52 (10.1)
W = 0.714, p<.001
Repetitive
6.51 (11.6)
W = 0.620, p<.001
Guidance
2.16 (2.88)
W = 0.700, P<.001
*Denotes a non-significant test indicating normal distribution

As can be seen from the statistics, cooperative, associative had means below 0. This
indicates that the children did not engage in the more complex forms of play like
cooperative play and also did not engage in associative behaviours in the sessions. The
data also shows that a significantly longer time was spent in Parallel play (84.5%) when
compared to all other play behaviours.
Table 7

Descriptive Statistics for frequencies in Study 1 Part 2
Behavioural State
Play Behaviour

Mean (SD)
Shapiro-Wilk Tests
Disengagement
11.5 (12.1)
W = 0.741, p<.001
Solitary
3.40 (5.12)
W = 0.718, p<.001
Parallel
15.2 (9.24)
W = 0.906, p=.113*
Cooperative
0.27 (0.59)
W = 0.502, p<.001
No Data
3.09 (4.57)
W = 0.725, P<.001
Associative
0.20 (0.41)
W = 0.499, p<.001
Child-Toy
As intended
4.13 (4.42)
W = 0.782, p=.002
Interaction
As Object
3.33 (3.20)
W = 0.856, p=.021
Vocalisations
Undirected
12.6 (13.2)
W = 0.821, p=.007
Directed
2.67 (5.59)
W = 0.559, p<.001
Onlooker
6.73 (6.44)
W = 0.828, p=.009
Repetitive
5.07 (10.3)
W = 0.581, p<.001
Guidance
2.16 (2.88)
W = 0.700, P<.001
*Denotes a non-significant test indicating normal distribution
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To further examine the play behaviours in particular, Friedman tests were run to
examine whether there were significant differences between the frequencies of play
behaviours solitary, parallel, cooperative and disengagement. The same analysis will be
run to compare the two categories of child toy interaction and vocalisations. This
analysis will be run for both the percentage data (Table 8) and the frequency data (Table
10). It must be noted here that running multiple tests increases the risk of type I error
where significance is found where no significance exists.
Table 8

Friedman tests for percentage time spent in different play behaviours
Behavioural State

𝜒2

df

p

Play Behaviour

33.3

3

<.001**

Vocalisations

8.07

1

.005*

Child Toy Interaction

1.67

1

0.197

*p<.01, **p<.001
Results show that there is a significant difference in both the play behaviour and
vocalisations. Vocalisations were a binary category, and results show that the mean for
undirected vocalisations (M = 5.53, SD = 13.6) were higher than the mean for directed
vocalisations (M = 0.64, SD = 1.42). Post-hoc analysis of the play behaviour using
Durbin-Conover tests are shown in Table 6.
Table 9

Durbin-Conover Pairwise Comparisons between the percentage time spent in play
behaviour
Play Behaviour 1

Play Behaviour 2

(Mean)

(Mean)

Solitary (2.20)

Parallel (84.5)

F

p

8.44

<.001**
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Parallel (84.5)

Cooperative (0.18)

Cooperative (0.18)

1.77

.084

Disengagement (9.87)

2.59

.013*

Cooperative (0.18)

10.22

<.001**

Disengagement (9.87)

5.86

<.001**

Disengagement (9.87)

4.36

<.001**

*p<.05, **p<.001
The results show that there is a significant difference in mean percentage time spent in
all play behaviours except between Solitary and Cooperative play. Where Parallel had
the highest mean, followed by disengagement, solitary and cooperative.
Table 10

Friedman tests for frequencies of different play behaviours
Behavioural State

𝜒2

df

p

Play Behaviour

32.6

3

<.001**

Vocalisations

6.23

1

.013*

Child Toy Interaction

0.60

1

0.439

*p<.05, **p<.001
Results show that there is a significant difference between the different play behaviours
and vocalisations. Vocalisations were a binary category, and results show that the mean
for undirected vocalisations (M = 12.60, SD = 13.2) were higher than the mean for
directed vocalisations (M = 2.67, SD = 5.59). Post-hoc analysis of the play behaviour
using Durbin-Conover tests are shown in Table 11.
Table 11

Durbin-Conover Pairwise Comparisons between the frequencies of play behaviour
Play Behaviour 1

Play Behaviour 2

F

p

(Mean)

(Mean)

Solitary (3.40)

Parallel (15.20)

8.02

<.001*

Cooperative (0.27)

1.50

.116
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Table 11

Durbin-Conover Pairwise Comparisons between the frequencies of play behaviour
Disengagement (11.53)
Parallel (15.20)

Cooperative (0.18)

3.74

<.001*

Cooperative (0.27)

9.62

<.001*

Disengagement (11.53)

4.28

<.001*

Disengagement (9.87)

5.35

<.001*

*p<.001
Exactly like the data on percentage time, the results show that there is a significant
difference in mean percentage time spent in all play behaviours except between Solitary
and Cooperative play. Where Parallel had the highest mean, followed by disengagement,
solitary and cooperative.
To check whether the children’s abilities have a relationship with their SRS-2 scores, a
Spearman’s correlational analysis will be run between each of the behaviours and the
SRS-2 scores for all the children. Like before, the tests will be run for both percentage
time spent in the behavioural state and frequencies.
Percentage time
Table 12

Spearman’s Rho Correlations between percentage time and SRS-2 scores
Behavioural State

SRS-2 T scores
Spearman’s Rho

p value

Disengagement

-0.170

.544

Solitary Play

0.544

.272

Parallel Play

0.172

.540

Cooperative Play

-0.290

.295

Associative

0.008

.978

Function as Intended

-.502

.056
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Table 12

Spearman’s Rho Correlations between percentage time and SRS-2 scores
Behavioural State

SRS-2 T scores
Spearman’s Rho

p value

Function as Toy

0.377

.166

Vocalisations Directed

0.164

.560

Vocalisations Undirected

0.045

.874

Onlooker

-.351

.200

Repetitive

.672**

.006

**p<.01
The results show that there is only a significant positive relationship between the SRS-2
scores and repetitive behaviours.
Table 13

Spearman’s Rho Correlations between frequencies and SRS-2 scores
Behavioural State

SRS-2 T scores
Spearman’s Rho

p value

Disengagement

-0.106

.707

Solitary Play

0.352

.199

Parallel Play

-0.136

.629

Cooperative Play

-0.305

.268

Associative

0.039

.891

Function as Intended

-0.332

.227

Function as Toy

0.354

.195

Vocalisations Directed

0.129

.646

Vocalisations Undirected

0.018

.949

Onlooker

-0.057

.841

Repetitive

.600*

.018

*p<.05
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The results only showed a significant positive relationship between repetitive behaviours
and the SRS-2 scores
To test whether guidance from the experimenter will have a relationship with the level
of engagement in the children, another Spearman Rho’s correlational analysis will be
run. Like in the previous analysis, the analysis will be run for both the percentage time
data and the frequencies data.
Table 14

Spearman’s Rho Correlations between percentage time in behavioural state and
guidance
Behavioural State

SRS-2 T scores
Spearman’s Rho

p value

Disengagement

-0.031

.914

Solitary Play

-0.201

.472

Parallel Play

-0.002

.995

Cooperative Play

0.162

.563

Associative

-0.380

.162

Function as Intended

0.437

.103

Function as Toy

-0.238

.393

Vocalisations Directed

0.026

.926

Vocalisations Undirected

0.494

.061

Onlooker

0.086

.761

Repetitive

-0.094

.740

*p<.05
The results show no significant difference between guidance and percentage time spent
in the behavioural state.

158

159

Table 15

Spearman’s Rho Correlations between frequencies of behaviours and guidance
Behavioural State

SRS-2 T scores
Spearman’s Rho

p value

Disengagement

-0.269

.333

Solitary Play

-0.466

.080

Parallel Play

-0.263

.343

Cooperative Play

0.439

.102

Associative

-0.238

.392

Function as Intended

0.410

.129

Function as Toy

0.410

.129

Vocalisations Directed

0.162

.564

Vocalisations Undirected

0.323

.240

Onlooker

0.008

.977

Repetitive

-0.172

.541

*p<.05
Like the analysis from the percentage data, the frequencies also did not show any
significant relationships between guidance and the frequencies of play behaviour.

Discussion

Findings from Part 1
The results from the new coding scheme demonstrate the different ways in which
children on the autism spectrum interact with each other when playing the same game
on individual iPads. The follow-up descriptive data also shows that each of the
behaviours occur frequently enough to be included in subsequent studies to examine
how children communicate with each other when playing on individual iPads. There are
however some important factors to consider, as expected, the set up did not show any
examples of cooperative play between the children. Although the children were looking
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over at each other’s iPads, the design did not allow for children to create a common goal
and try to work together to achieving those goals. This was not the case in both Farr et
al. (2012) and Hourcade et al. (2012) where the children benefitted from a shared digital
play space, in the case of the earlier in an augmented digital play space and in the case of
the latter from a shared tablet between a pair of children. This directly relates to the key
factors of collaboration as expressed by Yuill and Rogers (2012). Specifically, control,
awareness, and background information. When each child has individual iPads, each
child cannot directly see the effects of the actions of another child easily. They must stop
gazing at their own iPad and view the iPad of the other child to see what the results of
individual inputs are on the iPad. Therefore, each child has a much lower degree of
awareness of the other child’s actions when compared to if both children were sharing a
screen or using a SCoSS design. However, due to the technological constraints of the
school, a reliable WiFi connection was not possible to achieve. Moreover, the games
selected were all designed for individual play except for Toca Tea Party. The strength of
the games selected however was in their simple and easily understandable mechanics, in
terms of both control and availability to background information, most of the games
provided enough background information and clear indications of what impact the
children’s actions were having in the game space. The one exception to that would be the
Toca Animals game, which as highlighted above had a more obtuse mechanics, which
was more difficult for the children to understand and therefore much harder to play
effectively.
Yuill and Rogers (2012) suggestions on the use and importance of constraints were also
apparent in the current study. The use of a separate room and chairs were deemed to be
sufficient to keep the children at the play space, however, due to the mobility of the
iPads, it was typical of the children to hold the iPad in their laps and move away from
the play space, this made it even harder for the children to see what the other child was
doing and kept play at a more individual level. The design also allowed for the children
to switch between apps and pick and choose what they wanted to play on it. This meant
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that sometimes the children were playing with different games at the same time. This
resulted in the children sometimes trying to play the game they saw their peers playing
but could not figure out how to end their current game and switch to the other one.
Some of the onlooker behaviour therefore was occurring while children were playing
different games and therefore their reason for engaging in that behaviour could be
twofold. Where the child was looking over to imitate a certain action that the child was
performing or to try and switch to the game they were playing.
Another important factor to consider is that many of the children selected for the study
had little to no experience with using tablets. Therefore, the novelty of the technology
itself could explain the level of interaction and particularly the onlooker behaviour seen
in the children. This was unavoidable but was somewhat controlled by the fact that the
researcher spent a long time with the children and played on the iPad with the children
prior to the study. However, it cannot be dismissed that many of the behaviours
observed and captured in the coding scheme was due to the novelty of the iPads.
As identified in previous literature (Fletcher-Watson & Durkin, 2015; Hourcade et al.,
2013) this study also demonstrates that children on the autism spectrum do show an
engagement with digital applications. In addition, this study also shows that children can
engage in social communication with each other while engaging with digital games on
tablets. However, the coding scheme demonstrates that the behaviours shown by the
children are specific to the population. Behaviours like proximity to the other child, the
ease with which they can see another child’s actions all come up as key factors which
impact upon the communication between children on the autism spectrum. Like
Hancock's (2020) this study also shows that the typical play behaviour and social
communication which is seen in neurotypical children does not provide full picture of
the range of behaviours expressed by children on the autism spectrum. In addition to
that, the design of this study is also unique in that the children do not have a shared
space between them. The use of individual iPads between children on the autism
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spectrum may not encourage collaboration and achieving common goals but does
encourage fewer complex forms of social communication and play.

Findings from Part 2: Play and social communication with toys
The aim of the study was to evaluate the play behaviours and social communication of
children on the autism spectrum playing in a triad with toys. To address this, a play
scenario was arranged where children in groups of three were given toys to play with.
The study adopted a participatory approach, where the toys selected were ones which
the children were familiar with and in some cases were identical to the toys they played
with before, in school. The analysis of the data showed some interesting findings
regarding the overall play behaviour of children on the autism spectrum when engaging
with toys, these findings and the context and impact of these findings will be discussed
below.
Perhaps in strongest contrast to findings from Farr, Yuill and Raffle (2010), the current
study found that parallel play was the state in which the children spent the longest time.
This is a significant finding as it shows that the pattern of behaviour in a triad may be
quite different than play in a dyad. The results of the play behaviour also showed that
disengagement had a higher mean than both solitary play and cooperative play,
indicating that instances where a child would only play by themselves was rare and the
instances of cooperative play was the least occurring of all other behaviours analysed.
This finding of lower amounts of cooperative play is largely corroborated in analysis of
play behaviour in children on the autism spectrum in the literature (Cardon, 2016;
Francis et al., 2019).
The results of the child-toy interaction showed no significant differences between the
use of toys as intended or more creatively. The results support the idea that the toys
afforded the children with more freedom to choose how to play with the given toy, not
just as intended. Traditional toys, by design, give children the ability to use their own
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creativity to play with them. For example, a train does not always have to be on the
tracks, or the teacups can just be used as two objects to create music by banging them
together. This could be related to the difficulties faced by children on the autism
spectrum engaging in pretend play (Kuenssberg, 2012). As all three toy categories
involved some aspect of pretend play, it can be argued that the children were not
engaging with the toys as intended because of these difficulties.
The results of associative and onlooker behaviours showed that very few of the children
engaged in these two types of behaviours (Percentage: Associative, 0.04%, Onlooker,
7.52%, Frequencies: Associative, 0.2, Onlooker, 6.73). These behaviours are typically
more spontaneous and last for very short periods of time, for example, an associative
action typically lasted for less than a second. Therefore, percentage time would not
capture the behaviour effectively, whereas frequencies would be more appropriate to
capture the behaviour. However, the result showed that in both instances the behaviour
did not occur often enough to show differences in the two types of data collected. This
follows the findings from previous literature regarding social interactions between
children on the autism spectrum, where behaviours related to the awareness of others is
less common (Cardon, 2016).
The results from the vocalisation data showed that it was statistically more likely that
children would be engaging in non-communicative undirected forms of vocalisations.
Again, this is not very surprising because the majority of the children recruited for the
study were non-speaking. It has to be noted however, that even though some of the
vocalisations were not communicative, they could still be related to play, for example, an
undirected vocalisation could very well be either because the child was finding
enjoyment at something they were doing or something that another child was doing.
The examination of the relationship between play behaviours and SRS-2 scores were
conducted to test for the children’s wide range of skills in social communication. The
results showed no significant relationships between any of the play behaviours and the
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SRS-2 scores of the children. When examining frequencies, the analyses also found nonsignificant findings in all of the behavioural categories. This finding suggests that the
children’s social interaction skills (as measured using the SRS-2) did not have a
significant effect in determining their peer communication in the session. This is a
particularly surprising finding as peer communication in high-functioning children on
the autism spectrum are typically more complex and more frequent. Part of this could be
because speaking children on the autism spectrum often display higher forms of
communication using verbal responses (Chung et al., 2007). As this coding scheme was
more focused to non-speaking methods of communication the differences between
children on the autism spectrum with severe and not as severe communicative
difficulties might not be as significant.
The results of the study reveal a possible technique which could be used to enhance peer
interaction in play between children on the autism spectrum in play scenarios. A
relatable set of toys, which the children are familiar with and know how to play with
seems to increase the likelihood that children will play alongside each other for longer.
The particular set up of the sessions also allowed for the children to be more directed in
their play without much distraction and this can be seen from the relatively lower
percentage of disengagement in the session.

Limitations
The major limitation of the study was the varying levels of ability demonstrated by the
children taking part in the study. This could have greatly affected the results as peer play
is often dependent on shared ability and common knowledge. Another limitation of the
study would be the wide age-range used in the study. Such a wide age range makes it
difficult to pinpoint whether the observed affects were due to the type of toy or iPad
game or due to the age of the participants. There was also no discernible way to measure
how much enjoyment the children were getting out of the sessions. The set-up of the
room was not ideal to examine the facial expressions of the child and in the future, this
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could be addressed by using a face-on approach where the camera is directly facing the
children to pick up on facial expressions.
Another issue with the design of the study was in its use of triads. This had more
practical implications for use of technology in the specific school in the current study.
However, this setting made the coding of the behaviours more difficult. For example,
parallel play, onlooker and associative actions were only possible between children who
were right next to each other. This created a situation where a child was completely left
out of the interactions between the other two children. Furthermore, the researcher had
more difficulties in managing the children with more severe forms of autism. In some of
the groups for example, the researcher had to be in very close proximity to the children
to make sure they were not causing conflict with the others. This meant that groups or
individuals which presented more challenging behaviours or were likely to need
assistance received more guidance from the researcher. This also relates to another factor
not considered in the study, the motor functions of the children. As the iPad games and
toys often required fine motor movements, children without fine motor skills would not
be able to play with the iPad or the toys effectively. Although none of the children in the
study showed difficulties in motor abilities, difficulties in motor abilities can be common
in children on the autism spectrum. Future studies in the area should therefore examine
the effect the motor abilities of the participants on interaction with toys and iPad games.
A significant way in which this study differs from most others which use technologybased interventions is in its use of already available apps as opposed to specialised apps
purpose built for the study. This is a strength since these apps are all publicly available
and therefore can be used by a significantly larger portion of the population than a
specialised app which can take years to develop and many of which do not ever get to be
made available to the public. The other issue could be in the design of the apps
themselves and how the children choose to interact with the app. For example, the
gameplay in the apps is not universal across each of the apps. So even though all the apps
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utilise the same basic gestures (drag and drop, pinch, swipe, taps) they are not equally
distributed across. For example, Toca Tailor had more instances of the children tapping
and dragging and dropping, whereas Toca Train had very little utilisation of the drag and
drop function. These differences in play type may have contributed to the children
preferring some apps over others as opposed to the overall categories (object, people,
animal) defined in the study. Even though several apps were considered and tested to
ensure the closest match to the traditional toys used in the school, some of the issues
highlighted above were unresolvable due to the specific requirements of the apps
themselves (accessibility, prompts, non-speaking, for all ages). An interesting
examination in future research therefore would be to see whether the mechanics and the
gameplay of the apps effect the level of social communication and play in children on the
autism spectrum.

Future Research Implications and Links to Study 2a and 2b
One of the secondary aims of the exploratory study was to determine the apps and toys
best suited for the next round of studies. The current study provided information on the
usage of the apps and toys provided to the children. The qualitative examination and the
new coding scheme demonstrated the need to use more digital constraints when using
the apps with the children. Therefore, it was determined to remove the element of
choice from the children and only provide the children with one app in each session. A
further question that this change would enable is to examine whether the different
mechanics of the apps impact upon the social communication and play in children on the
autism spectrum. To test this most effectively only apps used in Study 1, that differed
significantly in terms of mechanics will be used in the subsequent study.
Toca Train and Toca car had similar levels of mechanics; both games required simple
inputs from the children (clicks, some drag and drops). As mentioned above however, in
Toca Train, the children did not always need to touch the iPad for the game to continue
running, they could just sit and watch the train move along without any input from their
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part. This made Toca Train significantly different from rest of the apps selected in the
study. Based on the level of engagement of the children with Toca Animals, the
researcher holds the view that the app was not engaging enough for the children.
Therefore, a new alternative needs to be included for use in subsequent studies which
differs mechanically from Toca Animal. When comparing Toca Tailor and Toca Tea
Party, it was obvious that Toca Tea Party was best played using a shared screen between
two children. This made it unsuitable for use when examining the impact of the
mechanics of the game as the game required a completely different type of play
compared to Toca Train (individual vs cooperative). Toca Tailor in addition to being
mechanically like Toca Train in terms of interaction however, had a very different goal
than Toca Train. Toca Tailor allowed the children to be more creative. Not only could
they customise their avatars with different objects and pick different avatars to dress
them up, they could also create custom articles of clothing with patterns and objects.
This gave it a unique gameplay element over the others evaluated in the study. This
would therefore be an interesting factor to test in subsequent studies to examine whether
the mechanics and goals of the games impact upon the social communication and play in
children on the autism spectrum.

In terms of the toys used in Study 1, the animal toys were not very popular, even though
there was a lot of variation between the animal types – most of the children chose to play
with the other toys. Additionally, the size of the toy made them a choking hazard for
some of the children. In future studies, a soft toy alternative should be used. This change
will make the toy more familiar to the children and remove the risk of being a choking
hazard. Some of the children tried to eat the fake cakes and fruits which were provided,
again, this made it a hazard for the children and therefore will not be used in the
subsequent follow-up study. In the other set of toys from the same category, due to the
dolls used (hard plastic) they were less manoeuvrable and required more effort on the
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part of the children to change outfits (the researcher had to help the children in many
instances). For future studies, the dolls will be replaced with a soft toy equivalent to
make it easier to customize and handle for the children.
A way to expand and build upon the current research would be to run the study in
smaller more concentrated groups over an extended period of time. For future studies the
design will be modified to dyads and not triads. This decision was made to make the
coding more accurate and to remove distractions for the children in the study. This
design will also make it easier to set up a camera facing the children, this in turn will
enable the researcher to observe and code all facial expressions, which was not possible
in the current study. In the future, the study will also adopt a repeated measures design
so that all the children get the opportunity to play with each toy and iPad category. This
design would account for the wide range of abilities of the children in the study.
Finally, it was apparent from both parts of the study that the nature of play in children
on the autism spectrum can take very different forms. It established that no single coding
scheme could be extensive enough to capture the full range of behaviours and actions
each of the children expressed in the sessions. Although coding schemes are good at
capturing the larger play behaviours and patterns across all the children, it is not as
useful for identifying and interpreting individual actions and the meanings behind those
actions. Part 1 showed this more effectively, where the children were engaging in
behaviours which were not very easy to categorise into a general theme of behaviours.
Study 2 will therefore adopt a multi-modal approach in the data analysis. In addition to
the data from a coding scheme, more examination of the individual actions of the
children will be captured with the utilisation of screen shots to show the nuances of their
behaviour when interacting with the other children in the session.
Another natural extension of the study would be to examine whether the differences
observed in the study would be the same for children on the autism spectrum and
neurotypical children. With more and more students diagnosed on the autism spectrum
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being put into regular schools, it would be extremely useful to examine whether
technology such as iPads could enhance peer communication between all the children.

Conclusion
The study was the first of its kind in Bangladesh and focused only on non-verbal
communication between children on the autism spectrum. The result of the current
study gives valuable insight into how children on the autism spectrum play on individual
iPads. The new coding scheme demonstrated the nuanced behaviours which are
significant and important for children on the autism spectrum. For example, the study
showed the importance of proximity and that children engage in less complex forms of
social communication when playing with individual iPads. Most importantly, the results
from this pilot study encourages further research into examining the factors which may
also affect play and social communication in children on the autism spectrum when
playing with individual iPads. In terms of play and social communication with toys, the
study showed that parallel play was more common between children on the autism
spectrum than previous research suggests. It also demonstrated the importance of
adjusting previously defined terms like associative and onlooker behaviour to better
express the behaviours children on the autism spectrum were displaying. The findings of
the current study will be used to examine in more detail the social interactions and play
behaviours of children using a multimodal approach to capture nuances and more
interesting points in the play sessions which was not possible to adequately capture
through this coding scheme.
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Study 2a: An examination of the impact of game mechanics on play
behaviour and social communication when children on the autism
spectrum play on iPads
Studies examining the use of digital games have looked at different types of technology
and how they impact upon play behaviour and communication in children on the autism
spectrum. The types of technology includes tangible toys (Farr et al., 2010), computer
and video modelling (Paterson & Arco, 2009), tabletop interfaces (Battocchi et al., 2010),
augmented play spaces (Farr et al., 2012), a full body interaction interface (Mora-Guiard
et al., 2018), tablets (Holt & Yuill, 2017; Hourcade et al., 2013), and virtual reality
(Herrera et al., 2008; M. Zhao & Chen, 2018) . Each of the studies described above have
found benefits of the technology in both teaching and facilitating social communication
and play for children on the autism spectrum. There are however certain types of
technology which are harder to implement in various scenarios due to their cost, space,
expertise needed to implement, and proprietary nature of the apps. For example, the
augmented castle used in Farr et al. (2012) needs several large physical objects with
tangible properties to implement. This requires an open space, relevant and reliable
technology to support the interface and the expertise of individuals to implement them
in different spaces like schools and home settings. The same can be said for Mora-Guiard
et al's. (2018) full body interaction where an entire room was utilised with a digital board
underneath the children which they could move around in and interact with different
elements using a handheld pointer. Although these novel and highly advanced
technologies all demonstrated to be beneficial to children and can improve their social
skills, implementation of these technologies can be quite challenging in different
settings.
The implementation of these technologies is even more challenging and difficult in a
developing country like Bangladesh, where the local infrastructure cannot support the
use of such advanced technologies. Due to these difficulties, the use of commercially
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available tablets has become the easiest to implement and use to support children on the
autism spectrum. For example, Holt & Yuill (2017) demonstrated the facilitating of other
awareness in children on the autism spectrum when using a Separate Control of Shared
Spaces (SCoSS) with two tablets. However, the above study also demonstrates a
technological limitation when trying to use the paradigm in a developing nation like
Bangladesh. An SCoSS interface requires the use of a WiFi network between the two
tablets to ensure the proper working of the design. Furthermore, the application used a
proprietary technology which is not available for public use. This highlights an issue
with most of the technologies cited above, although most of these successfully showed to
be highly effective in promoting skills like other awareness, social communication and
play but very few were publicly available for use, as many were made for strictly
research purposes.
By contrast, Hourcade et al. (2013) used free, open source publicly available apps from
Open Autism Software (Hourcade et al., 2012). These apps present a distinct advantage
over the technologies used in most of the studies cited above. Not only were tablets used,
but they also used software that is publicly available and open to use for all individuals
and implement those apps to teach children collaboration and play. The apps selected
had some common objectives and goals but also elements which made them different
from each other. Two of the apps, Drawing and Music allowed the children to express
creativity by either drawing corresponding scenes in a story or creating music together.
Another app, Untangle, teaches children to share, take turns and problem solve together.
Finally, Photogoo was regarded as a more amusing game where children could
manipulate not only the faces of individuals, they knew but also the ones of more famous
figures. In all the apps, the children are given a tablet to share between them and share
similar mechanics like drag and drop and click which requires fine motor movement
from the children. The study provided evidence to show that the different objectives of
the game, turn taking, creativity, sharing affected the level of play and collaboration
from the children. Another one of the key findings from Hourcade et al. (2013) was that
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the tablet games increased frequency of social interactions between children in
comparison to matched physical toy and activities. There are some important factors to
consider in this study. First, the types of communication recorded in the study were
largely verbal and related to the speaking abilities of the children taking part in the
study. Therefore, there is a need to examine whether the game mechanics and apps can
also promote social interaction with non-speaking children on the autism spectrum.
Secondly, the study uses children who are all familiar with the use of tablets and
therefore were comfortable with using tablets. The children were therefore somewhat
familiar with sharing a device between themselves and a familiarity between each other
as they were part of the same after school programme. When working with children
without much familiarity with tablets are asked to share a single tablet between them,
there is a chance that it may cause conflict as the children will try to take charge of the
play space. Finally, the apps were all part of structured play paradigm where a facilitator
had to provide instructions, not in free play. There is a lack of research examining the
impact of tablet apps and games on free play between children on the autism spectrum.
Another important factor in encouraging play and communication between children on
the autism spectrum is the use of constraints (Yuill & Rogers, 2012). Their study
demonstrates the importance of the use of constraints to promote interaction and
increase the likelihood of further social communication between children on the autism
spectrum. This is one of the key considerations when designing a play space for children
on the autism spectrum. The presence of too many distractions and choice may
discourage children from engaging with the task or activity given to them. For children
on the autism spectrum, a physical constraint, where children are more likely to be close
to each other is more likely to encourage communication. Although a well-established
fact for verbal modes of communication and collaboration, this has not been examined
for non-speaking children in Bangladesh. A closer examination of the importance of
proximity of the children and the types of play behaviour which occur during
spontaneous play is therefore important.
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The use of individual tablets have also shown to be effective in promoting more otherawareness and control over a shared screen in children on the autism spectrum (Holt &
Yuill, 2017). However, as mentioned above, this study used a shared WiFi network
which is not reliable in developing nations. The decision was therefore taken to use
individual tablets (to avoid conflict) with identical apps to facilitate social
communication and play between the children. However, this meant that higher forms
of social interaction and communication, specifically collaborative activities were less
likely as the children would not be aware of each other’s actions and the impact that the
said actions were having on the shared digital space. Another factor not examined in the
studies described above is the impact that different game mechanics affect children in
free play situations. It is well established that free play is extremely significant for the
development of social skills in both children on the autism spectrum and children not on
the autism spectrum (Coplan & Rubin, 2001; Holmes & Willoughby, 2005; Morrier &
Ziegler, 2018). It is therefore important to see whether different game mechanics can
have an impact on non-speaking communication between children on the autism
spectrum in a free play scenario. The previous study (Study 1) identified 2 apps which
met the criterion required for use with children on the autism spectrum and the aims of
the current study. A third app was also picked from the same developer (more details
provided later in the paper).
The previous study in the current thesis (Study 1) identified a coding scheme to examine
and record play and social communication in children on the autism spectrum when
children are playing on individual iPads. However, it was clear that the coding scheme
alone could not capture all the nuances of behaviour, especially the motivations of the
children when playing with the different games. This was even more important as a
closer examination of the affordances of the games in facilitating social communication
was identified as a key objective for the current study. Patterns and sequences of play
behaviour are better captured and understood using a multimodal framework which
provides more qualitative information regarding social communication of children (Sakr,
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2018). In her study, Sakr identified several behaviours which provided more context to
behaviours of children when they were playing on an iPad compared to pen and paper.
These interpretations went far beyond an active or non-active state of a single behaviour
recorded in either a molar or molecular coding scheme. For example, a multimodal
approach as used by Sakr could determine the reasons behind the collaboration breaking
down and what types of physical actions and behaviours preceded and followed key
moments of collaboration. Although the framework used by Sakr was demonstrated in a
population of neurotypical children, the framework would still be useful to use in
children on the autism spectrum to pick up on more nuanced behaviour regarding the
mechanics of the games and the social communication behaviour afforded by the
mechanics. The current study uses a combination of the developed coding scheme from
Study 1 and then builds upon it using a multimodal framework to capture more nuanced
behaviours not recorded by the coding scheme.

Changes from Study 1
Several changes were made in the study design from Study 1. The most important of
which is the change from a triad to a dyad in the experimental set-up. This change was
made to remove distractions from the children and make it easier for the videos to be
coded. In addition, two children were also easier to manage during the sessions. Finally,
the new design gave the participants more freedom and a lower number of interruptions
from the researcher during the sessions. The position of the camera was also changed,
this time to be facing the participants, in order to better capture the faces of the
participants during their interactions. The design was also changed from being an
independent groups design to a repeated measures design. In addition to the design
changes, the procedures were also changed (details of which can be found below). Like
in Study 1, the session was a structured play condition where each child had their own
iPad.
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The games selected for Study 2a was also reduced from 5 to 3. These categories were
refined to be structurally and mechanically different from each other, where each game
was utilising a particular type of gameplay. Two games, Toca Train and Toca Tailor
remained the same from study 1, however, Toca Animals was changed to Toca Pets, this
change was made to make it distinct from the other games in terms of mechanics, further
details of this is given below.
The coding scheme developed for social communication and play when playing with
iPads (from study 1) was used to analyse the data in this study. Unlike the previous
study, the current study examined duration of play behaviour in seconds rather than
percentage time spent in the behavioural state. This was done so that more complex
forms of analysis could be performed, which is only possible through the usage of
interval data. One small adjustment was made to the coding scheme from Study 1, the
behaviour “Moving away from the table with iPad” was changed because the
experimental set-up did not allow for the children to be as mobile as they had been. The
Behaviour was changed to “children sitting with iPad in their lap”. Further details of this
change are given below.
Finally, as mentioned above, a new form of analysis strategy was adopted to capture the
different affordances which comes with a screen-based tablets. The use of a multimodal
analysis, using screenshots which allows for the observation of key moments of social
interaction which occurs when both children are interacting with their own iPad. This
qualitative examination will seek to answer questions about the affordances of digital
games and social interactions which occur between the children.
The study therefore utilises a two-part study design to investigate the impact of different
game mechanics on social communication and play in children on the autism spectrum.
Part 1 is the quantitative examination of the data using a coding scheme and part 2 is the
use of a multimodal framework to add to the findings and elaborate on the findings from
part 1.
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From the previous literature and findings from Study 1, the following research questions
will be addressed in Part 1: Quantitative Examination of Play and Social Communication.
1. Which of the behaviours in each of the categories occurred most during the
sessions overall?
2. Is there an effect of the type of iPad game type on the behaviour of the children
in the session?
3. Which social and play behaviours are most likely to occur concurrently in
relation to body position of the child?
4. Is there a relationship between the behaviours and the SRS-2 scores of children?
The research questions for Part 2: Multimodal Analysis of Social Communication and
Affordances of Digital Apps
1. What are the affordances of iPad games which allow for social communication
between children on the autism spectrum?

Methods

Design
The study adopted a repeated measures design with each pair (18 pairs in total) of
children playing with iPads. Independent variables had three levels depending on the
type of game; observe and click, drag and drop or creative. The dependent variables were
the behaviours coded according to the coding scheme.

Participants
Participants were recruited from Beautiful Mind, a specialised school in Dhaka
(Complete details of the school are given in chapter 2). Most of the children recruited
were non-speaking, however children were not excluded based on either reading or
speaking ability. Thirty-six children (23 boys, 13 girls) clinically diagnosed on the autism
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spectrum, with an age range of 4 – 14 (M = 7.73 years, SD = 2.23 years) participated in
the study. All participants had a previous diagnosis of autism (The Autism Diagnostic
Observation Schedule, ADOS) administered and tested by clinical professionals in Dhaka,
Bangladesh (4 of the students in the current study were also recruited in Study 1). In
addition to ADOS assessment, the Social Responsiveness Scale-2 (Constantino & Gruber,
2012) (psychometric properties of the SRS-2 are given in chapter 2) was also
administered as a screening measure for each of the participants before the study
commenced (M = 71.7 total T-score, SD = 9.41 T-score).
Children were placed into 18 dyads. The dyads were composed with the assistance of
psychologists working at the school to make sure that the children in each dyad were
matched according to their abilities and were also familiar with each other to some
degree (being from the same section of the school or attends activities together). Full
details of the participants including age and dyad are provided in Table 16.
Table 16

Children’s profiles with age and their dyad number
Child ID

S08
S10
S06*
S07
S05*
S11
S14
S36*
S03
S35
S09
S25
S23
S24
S12

Age at the time of
testing in years
(2019)
11
9
9
12
8
6
8
11
14
10
7
6
7
7
10

Dyad Number

SRS-2 Levels

SRS-2
T-scores

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8

Moderate
Moderate
Severe
Severe
Moderate
Moderate
Moderate
Moderate
Severe
Severe
Moderate
Moderate
Moderate
Mild
Moderate

73
71
85
>90
71
72
73
70
82
88
73
68
68
64
73
177
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Table 16

Children’s profiles with age and their dyad number
S18
S01
S28
S02
S04
S30
S32*
S19
S29
S31
S33
S26
S34
S15
S22
S17
S21
S16
S20
S13
S27

7
6
5
6
7
10
8
6
6
7
4
4
5
6
6
9
10
8
8
6
9

8
9
9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18

Moderate
Mild
Mild
Severe
Moderate
Normal
Normal
Mild
Severe
Mild
Moderate
Moderate
Normal
Moderate
Severe
Severe
Severe
Moderate
Moderate
Mild
Normal

73
60
61
82
70
57
57
64
81
63
72
67
58
69
82
>90
86
75
75
62
57

*Denotes a participant who also participated in study 1 (SRS-2 was administered for all participants anew)

Ethical Considerations
The study was reviewed and approved by the Clinical and Health Psychology Research
Ethics Committee of the University of Edinburgh. The experimenter obtained PVG
Scheme clearance from Disclosure Scotland status prior to commencing the study due to
working with vulnerable participant populations. A participant information sheet (PIS)
(Appendix 1) and a consent form were given to the parents or guardians of the children
(Appendix 2) before participation in the study. A teacher information sheet (Appendix 3)
was also given to the teachers before the study, which explained the study in detail and
their role in completing the SRS-2 for each child. The consent form obtained consent to
video record the play session. The structure of the session was communicated to the
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children by the experimenter, and it was made clear that they could leave at any time. As
the work was done with a population who were mostly non-speaking, the choice to leave
the session at any time was determined behaviourally, when a child left the table and
exited the room. Verbal consent was obtained from the participants themselves and in
cases where verbal consent could not be obtained, a clear yes or no choice was given to
the children by the experimenter (Loyd, 2013). Assent from the children was gained
verbally right before each session as well to ensure that the children were happy to be
there and participate in the study.

Materials
Baseline assessment
The Social Responsiveness Scale-2 (SRS-2) (Teacher version) (Constantino & Gruber,
2012)
Assessment Tools
Play Materials
The iPad games were categorised into three separate types; observe and click, drag and
drop, and creative.
The conditions were run in a fixed sequence, the observe and click, game was introduced
first, followed by the drag and drop game and finally the creative game. This order was
due to the complexity of the games involved, full details of the games, particularly for
Toca Pets is given below.
Toca Train: This is the observe and click, game as the train will keep moving without any
input from the children. Details of the app are given in in study 1.

Figure 9
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Screenshot of Toca Train

Toca Pets: This is a more active game, the characters do not have many animations when
the children are not interacting with them, they only react when objects are placed near
them, or they are moved to objects. This is a game where the individual can visit several
different locations (a park, a home, a vet). These locations are populated with pets of all
types (dogs, cats) and the individuals can interact with these pets. This includes actions
like petting, feeding, brushing etc. To control for variability across the groups of
children, the researcher set up an identical environment and only included dogs for each
condition. The game requires the children to drag and drop objects to the pets to interact
with or move the characters on screen to a different place.
Figure 10

Screenshot of Toca Pets

Note. each object can be moved, dragged, and dropped for the pets to interact with,
alternatively, the pets can be moved as well.
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Toca Tailor: this is the creative game; full details of the game mechanics are given in
Study 1.
Figure 11

Screenshot from Toca Tailor

Video Recording
A video camera and tripod were set up before the start of each experiment to record the
play session. The camera (a Sony HDR-CX405) was set up on the same table as the
children were using during the play session. The children were facing the camera with
their iPad or toy directly underneath them. The researcher was present with the
children for those children who needed extra support but for the most part the
researcher was out of view of the camera.
Figure 12

Experimental set-up for study 2a and 2b
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Procedure
For recruitment in Bangladesh the individual school headmistress was contacted who
then gave approval for the research to be conducted. The consent form for the parents
included a brief outline of the study and explained what was expected from the children.
A further information sheet was made for the school psychologist who was present when
explaining the terms of the consent form to the parents of the children. Only children
with a diagnosis of autism were approached. Working with the teachers, 36 children
were approached, and all the children were recruited for the study. The details of
participation in the study were communicated to the children by the experimenter, and
it was made clear that they could leave at any time. Verbal consent was obtained from
the participants themselves and in cases where verbal consent could not be obtained, a
clear yes or no choice was given to the children by the experimenter (Loyd, 2013).
Assent from the children was gained verbally right before each session
Baseline assessment using the SRS-2 was completed by teachers before the children
engaged in the play sessions to measure for the social communication skills of the
participants. The study was conducted in an isolated room with two children and the
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experimenter. Two chairs were set up around a table and the toys or iPads were placed in
front of the chairs. The camera was set up directly opposite to the children to get a clear
view of the child and their facial expressions.
The children in each dyad were chronologically age matched and ability matched to be
within a year of each other for age and within the same severity of autism according to
the teachers at the school. However, it should be noted that based on the SRS-2 scores
conducted by the researcher, some dyads were more different according to others (mean
difference between SRS-2 scores = 5.2, range 0-17). However, the dyads were also
matched according to each of the children’s familiarity to each other by the teachers so it
could be that even though their social skills (according to SRS-2) were different, the
children in all the dyads were familiar with each other and attended the same classes
together. These dyads stayed the same throughout the duration of the study (i.e., for all
three sessions), each lasting 15 minutes. There was a total of 18 dyads, nine who were
presented with the iPad apps first and nine who were presented with the traditional toys
first, across the categories.
After verbal assent was gained from the children, they were directed to their seats. The
iPads were already in front of each chair with the game on the opening screen of the
game. The children were then observed engaging with the play items. The experimenter
remained in the room to aid as required. The sessions all lasted for 10 minutes. A total of
53 videos were analysed for the current study. All sessions had a free play design, where
the experimenter provided guidance and instruction particularly when the children
needed help or when they accidently quit out of the game. Interactions between the
children and the experimenters were kept to as little as possible to allow for spontaneous
play and communication between the children. All the sessions were at least a day apart
for each of dyad. However, due to illness and absences, some dyads had more than two
days between sessions. All data was collected over six weeks, and the days between
sessions were not uniform for all the dyads. Of the six sessions from dyad 7, 2 fell short of

183

184

the 10-minute analysis time. The same applied for 1 session for dyad 11. The researcher
was present in the school from its start at 8:00 to the closing at 14:00 hrs for those six
weeks. The children therefore grew quite familiar with the researcher.

Data Coding and Analysis
The video files were analysed using Observer XT 13, a specialised software designed to
code behaviours and expressions demonstrated by the participants in the study. The
analysis of the data was separated into two parts, the first part involved using and
applying the coding scheme from study 1. The Second part was multimodal analysis
about the affordances of iPad games by examining key moments in the sessions.
Part 1: Quantitative Examination of Play and Social Communication
The coding was done in two stages, in the first stage, the dyad was coded as pair, in this
stage only the collective behaviour of the children was coded. In the second stage all
remaining behaviours were coded by a subject-by-subject basis, where each individual
child’s behaviour was coded. The data was analysed by skipping the first two minutes of
every session and then analysing the next 10 minutes continuously. This accounted for
differences in certain actions which were more likely to show up either earlier on or
later in the sessions. For example, studies have demonstrated that associative behaviours
are likely to occur in the latter half of the play session as opposed to earlier. Data was
coded using a molecular approach, where each behaviour was coded for when the
behaviour occurred during the session. Further details of the operationalisation of the use
of the coding scheme are given below.

Development of the Revised Coding Scheme
The coding was done through an event duration technique to best capture the nuances of
the behaviours and analyse both the percentage time and frequency of each of the
behaviours (Heyman et al., 2014). A mix of a molecular coding system (a system in which
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fine grained behaviours are added and the coding system consists of detailed codes) and
molar system (in which a summary of behaviours is taken at certain time or times during
the duration of the observation) was used to capture the behaviours defined in the
coding scheme above. Although interval event coding is often used in capturing data
about children on the autism spectrum, it does not capture as rich a data set as event
duration (Heyman et al., 2014). The coding strategy will involve skipping the first two
minutes of each recording and then doing section of 10 minutes from that point (some
sessions lasted shorter than others as children abandoned the study) as mentioned
previously, not all the videos had the full 10 minutes of the play session.
Only one behaviour needed to be adjusted from the previous study due to the change in
design and experimental set-up. Due to the change of the study from a triad to a dyad,
the category which defined only two children playing was removed.
Table 17

Final Categories and Behaviours
Body Position

Interaction with iPad

Group Behaviour

Sitting at the table
(default position)

Interacting with the iPad game
(responding to prompts, using their
fingers to drag objects)

Both children
playing alongside
each other

Leaning away or
towards the child

Performing repeated actions of the iPad
(responding to a single prompt
repeatedly)

Only 1 child playing
with the iPad while
the other is not
playing

Moving away from
the table (with
iPad)
Returning to the
table

Children using the iPad in creative ways,
not as an iPad, for example as an object
like a block or mirror
Neither child is
Playing

Left the play area
completely
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Interaction with
other child or
researcher

Emotional Intensity

Gaze Behaviour

Vocalisation

Physical overture
towards researcher

Positive physical
demonstration
(laughing, throwing
up their hands in
joy)

Gaze towards child

Communicative
vocalisation

Physical overture
towards children
or iPad

Negative Physical
demonstration (a
scream, pushing the
toy away)

Gaze towards
other child’s iPad

Random

Conflict with the
other children

Gaze towards their
own iPad
Gaze away from
play area

Note: Each of the themes/behaviours identified in the coding scheme are mutually
exclusive of each other. The behaviours in each theme (i.e., Body Orientation and
Position) cannot overlap each other, but behaviours between the themes can overlap,
so each child had information regarding all of the identified themes at every point
during the observation.

Table 17 shows the full coding scheme with brief descriptions of how the behaviours
were operationalised.

Group Behaviour: Due to the change in the design from study 1 to study 2a, the
operationalisation of the category Group behaviour had to change. Instead of having
separate codes for the number of children engaged in play, the coding reflects the fact
that only two children are present in this study. Therefore, the children are coded as
either playing alongside each other, only one child playing or neither of the children are
playing. The children were coded as playing when they were actively engaging with the
iPad, this meant that a child could be looking at the iPad or the child could be both
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looking at and interacting with the iPad. The child was coded as not playing when the
child was not looking at the iPad for at least 60 seconds. Children when looking away for
a few seconds was not classified as the child not playing anymore. If the child was
holding the iPad and still looked away for 60 seconds while holding the iPad, they were
still coded as not playing. Additionally, a child was also coded as not playing when the
child had left the play area completely.

Interaction with iPad: These behaviours recorded the physical contact between the child
and the iPad. The physical contact between the child and the iPad fit into several
categories. The first is where the child was interacting with the touch screen on the iPad,
this meant that the child was using the iPad by physically touching the screen and
performing actions. This was subdivided into two further categories, one where the child
was engaging with the iPad and performing a range of different actions and one where
the child repeatedly performed the same action. In most cases this was considered as a
child responding to the same prompt or performing the same action on the iPad. Another
action under this behaviour is when the children would often hold the iPad but not
engage with the touchscreen at all. In fact, it would still be considered physically playing
or interacting with the iPad, even if the children were completely ignoring the
touchscreen element of it and were only just using it as an object - so that they could tap
on the device, or use the iPad simply as a block.

Body Position: These behaviours are related to the position of the child in relation to the
table. The children could be classified as engaging in 5 different actions. When the child
is sitting at the table with the iPad on the table, this is considered the default position.
When the child took the iPad in their hands and held it in their lap, this was coded as
‘Sitting away from the table with iPad.’ The child could also leave the play area and out
of the view of the camera completely, which was also coded, and finally when the child
returned from out of the view of the camera back to the table. This category also serves
as the proximity to the other child, if both children were in the default position, they
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would be next to each other and able to see each other’s actions on the iPad with ease. If
one child was in the default position and the other was leaning away from them then the
children could not very easily see what the other child was doing on their iPad. If one
child was in the default position and the other child was away from the table, then they
would be furthest apart making any social communication between them harder.

Interaction with other child or researcher: These behaviours defined the physical actions
of the child towards the other individuals in the room. This could have been towards the
researcher, or the other child. These took the form of either reaching towards and
touching the other child or the researcher. A final action in this category is when the
child was in conflict with the other, this could be a physical altercation with the other
child in two ways; when a child touched another child, and they did not like it, or they
were competing for the same iPad. In some instances, conflict also arose when one of the
children touched or played with the other child’s iPad.

Emotional Intensity: This categorised the children’s emotional states based upon the
facial and physical expressions of the child. The two categories were positive or negative.
The child was coded as being in a positive emotional state when the child was either
smiling or expressing an outward expression of happiness or joy. This could take the form
of a child waving their hands in happiness or a cheer. The negative emotional state was
coded when the child either had a negative expression or made a negative or frustrated
gesture. This could take the form of the child crying or screaming but could also be if a
child was frowning.

Gaze Behaviour: This behaviour recorded the gaze behaviour of each of the children.
Four major types of gazes were recorded for the children in this category. The first of
which was when the child was staring directly at the iPad. This is distinct from the
Interaction category, where the child has to be in physical contact with the iPad. Gazing
at the iPad would still be recorded if the child was staring at the iPad with their hands in
their laps or not interacting with the iPad. The next two behaviours were - the child
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either looking at the other child or the other child’s iPad. Again, this is independent of
any other action that the child may be engaging in at the time. Finally, gaze away from
play behaviour was coded when the children were looking away from the play area
completely, for this behaviour to be coded the children had to be looking away from all
three - the table, the other child, and the researcher.

Vocalisations: Two types of vocalisations were coded in this category, communicative
and random. Communicative vocalisation was coded when the child was using
vocalisation to gain the attention of or to communicate with the other child. This could
take the form of any vocalisation, including words, speech or grunts. An additional
indicator of a communicative vocalisation could also be the orientation of the child when
uttering the vocalisation, for example, a child facing the other child or looking directly at
the child when uttering a vocalisation. Random vocalisations were recorded when the
child uttered a vocalisation which did not have a particular purpose, this was separate
from a vocalisation like laughter, which was covered in the emotional intensity category.
Random vocalisations were also coded when the child was repeating sequences of words
of phrases or signing which was not linked to the play scenario.
For the purposes of data analysis, especially to analyse which types of direct interaction
with the other child was most likely to occur during the session, the data was
reorganised into individual behaviours and group behaviours. The basis of these
categories was taken from three different behaviours in the coding scheme that will be
referred to as the Base behaviours. Playing alongside each other (indicating that both
children were playing and that one was not disengaged), when one child is leaning
towards another child or looking at another child, (indicating other awareness) and
finally when a child is looking at the other child’s iPad (indicating shared attention).
Taking these behaviours as the basis for more complex forms of interactions, the
following behaviours were analysed to see how long they occurred at the same time as
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the three listed above; physical overture towards child or child’s iPad, communicative
vocalisation towards the other child and finally conflict with the other child.

Data Analysis
Part 1: Quantitative Examination of Play and Social Communication
All the data were first analysed for normality using Shapiro-Wilk tests (descriptive data
along with results of tests are given in Table 18). Since all the data failed assumptions of
normality, the data were all analysed using non-parametric Friedman’s tests depending
on the number of levels in each category. A major issue with this method is the number
of tests which were run, as a result, Type I error was a real possibility. To mitigate these,
all the tests were run with a Bonferroni correction, with significance being dependent
upon the number of tests being run for each condition.
The analysis began with examining differences between the mean duration of each
behaviour in comparison to the other within the same behaviour category. For example,
a Friedman’s test would be run to test whether there were any significant differences
between the four different Body Position behaviours, then the three different Interaction
with iPad categories and so on. If the main test was significant, and there were more
than two levels, a post-hoc Durbin Conover test was run to examine any pairwise
differences.
Finally, to see which direct social interactive behaviours were most likely to occur at the
same time as the Base Behaviours, Friedman’s tests were run to see whether there were
any significant differences between the target behaviours at the same time as the three
base behaviours. These analyses were run to compare each session and game type and
overall differences with means from each session.
Part 2: Multimodal Analysis of Social Communication and Affordances of Digital Apps
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This qualitative analysis of involved examining the videos again and performing a
multimodal (the combined use of individual non-speaking and speaking behaviours to
understand and determine patterns of play) of the videos. Using the framework suggested
and used by Sakr, (2018) and the findings from the previous analysis, frequency counts of
each of the different categories were further examined to specifically look at how the
iPad features (noise, prompts) prompted the social communication between the
participants. This involved getting total frequency counts of each of the behaviours
across all three sessions which involved the children engaging in social communication
with another child. The behaviours examined then were, leaning towards the child,
physical overture towards the child, conflict, gaze towards the child, gaze towards the
child’s iPad and finally communicative vocalisations. This revealed a total of 367
behaviours: leaning towards the child (30), physical overture towards the child (45),
conflict (25), gaze towards the child’s iPad (203), gaze towards the child (38) and finally
communicative vocalisations (26).
These behaviours were then examined further to see what was happening on the iPad
while the children were engaging in these behaviours. This allowed examination of the
affordances which the iPad offered towards contributing to social communication and
interaction between the children. This involved examining the screenshots of when the
target behaviours were occurring and taking notes about the affordances of the iPad
which were contributing to the social interaction at the time. Analysis of these events
made it quite clear that certain aspects of the iPad played a prominent role in bringing
out certain target behaviours in children.

Results

Part 1: Quantitative Examination of Play and Social Communication
The results are presented according to the research questions and the findings associated
with them. Each section starts with the descriptive information of each of the variables
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used in the analysis of the research question before presenting the findings from the
analysis.

Behaviours across all sessions
The following analysis was conducted to examine which of the behaviours in each of the
larger categories body position, interaction with iPad, group behaviour, interaction with

another child or researcher, emotional intensity, gaze behaviour and vocalisations
occurred for the longest time across all the sessions. To test this, mean durations of each
of the behaviours across all 3 sessions were taken and then Friedman’s tests were run for
each of the categories (Table 19). If the main test was significant, post-hoc Durbin
Conover tests (Table 20) were used to see which of the behaviours were highest in each
category (only for the categories with more than 2 behaviours).
Table 18

Descriptive Information and Shapiro-Wilk tests to test differences in behaviours across
all sessions
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

492
25.7
0.610
27.4
7.83
32.8

139
73.2
3.46
59.2
27.7
99.2

576
0.00
0.00
0.00
0.00
0.00

0.774
0.398
0.173
0.527
0.319
0.375

< .001
< .001
< .001
< .001
< .001
< .001

390
30.7
10.4
169

193
90.4
40.2
168

424
0.00
0.00
126

0.891
0.399
0.281
0.875

0.002
< .001
< .001
< .001

Body Position

Default (sitting at the table)
Leaning Towards Child
Leaning Away from Child
Sitting away from Table with iPad
Returning to table
Left the play area
Interaction with iPad

Interacting with iPad
Using iPad creatively
Repeating action on iPad
Not interacting
Group Behaviour
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Table 18

Descriptive Information and Shapiro-Wilk tests to test differences in behaviours across
all sessions
Variables

Children playing alongside each
other
Only 1 child playing
No child is playing

Mean
(In
seconds)

SD

Median

S-W

S-W p

374

191

381

0.899

0.003

175
51.2

138
128

194
0.00

0.926
0.465

0.019
< .001

15.4

38.7

0.00

0.467

< .001

5.97
1.73

32.8
6.49

0.00
0.00

0.178
0.288

< .001
< .001

91.9
0.100

100.0
0.630

80.5
0.00

0.844
0.158

< .001
< .001

38.2
6.34
121
435

45.8
13.5
156
154

27.8
0.00
40.8
483

0.743
0.545
0.764
0.866

< .001
< .001
< .001
< .001

2.29
5.56
23.7

8.56
33.3
53.1

0.00
0.00
0.00

0.292
0.158
0.513

< .001
< .001
< .001

Interaction with another child or researcher

Physical overture towards another
child or iPad
Physical overture towards researcher
Conflict with other child
Emotional Intensity

Positive
Negative
Gaze Behaviour

Gaze towards child’s iPad
Gaze towards another child
Gaze away from play area
Gaze at iPad
Vocalisations

Communicative vocalisation
Repetition of sounds and words
Random

Table 19

Friedman’s test results to show differences in the larger behavioural categories across
all sessions
Behaviour

Body Position

χ2

114

df

p

5

<.001*

193

194

Interaction with iPad

50.5

2

<.001*

Group Behaviour

39.4

2

<.001*

Interaction with another child or researcher

8.39

2

.015

Emotional Intensity

29.0

1

<.001*

Gaze Behaviour

71.4

3

<.001*

Vocalisations

14.6

2

<.001*

Note: after applying the Bonferroni correction, Interaction with another child or researcher
was found to be not statistically significant.
* Denotes significance

Significant results from the Freidman’s tests were analysed further using a Durbin
Conover post-hoc pairwise comparisons (shown in Table 20). Interaction with another
child or researcher was not statistically significant after applying the Bonferroni
correction. Emotional Intensity only had two levels, Positive (M = 91.9) and Negative (M
= .10), where children were more likely to show positive emotional intensity over
negative emotional intensity.
Table 20

Post-Hoc pairwise comparisons (Durbin-Conover) to test differences in behaviours
across all sessions
Variables

Statistic

p

4.0497
1.6199

< .001*
0.107

2.5544
1.6822
11.0276

0.011
0.094
< .001*

2.4298

0.016

Body Position
Leaning towards child

Leaning away from the child

Leaning away from child
Moving away from table
with iPad
Returning to the table
Left the play area
Default (sitting at the
table)
Moving away from table
with iPad
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195

Table 20

Post-Hoc pairwise comparisons (Durbin-Conover) to test differences in behaviours
across all sessions
Variables

Sitting away from table with
iPad
Returning to the table
Left the play area

Statistic

p

1.4953
2.3675
15.0773
0.9345
0.0623
12.6475
0.8722
13.5820
12.7098

0.137
0.019
< .001*
0.351
0.950
< .001*
0.384
< .001*
< .001*

Using iPad creatively
Repeating action on iPad
Repeating action on iPad

10.42
11.71
1.29

<.001*
<.001*
.202

Only 1 child playing
No child is playing
No child is playing

4.06
9.17
5.11

<.001*
<.001*
<.001*

5.33

<.001*

2.19
8.78
7.53
14.11
6.58

.030
<.001*
<.001*
<.001*
<.001*

1.42

.160

2.73

.008*

4.16

<.001*

Returning to the table
Left the play area
Default
Returning to the table
Left the play area
Default
Left the play area
Default
Default

Interaction with iPad
Interacting with iPad
Using iPad creatively
Group Behaviour
Children playing alongside
each other
Only 1 child playing
Gaze Behaviour
Gaze towards child’s iPad

Gaze towards another child
Gaze away from play area

Gaze towards another
child
Gaze away from play area
Gaze at iPad
Gaze away from play area
Gaze at iPad
Gaze at iPad

Vocalisations
Communicative vocalisation

Repetition of sounds and
words

Repetition of sounds and
words
Random
Random

Note: *denotes significance after applying the Bonferroni correction to the analysis
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The results show that in Body position, there was a significant difference when
comparing the default position (M = 492) with all the other orientations Leaning towards

child (M = 25.7), Leaning away from the child (M = 0.61), Sitting away from table with
iPad (M = 27.4), Returning to the table (M = 7.83) and left the play area (M = 32.7). In
each instance, the default position occurred for the longest time. There was also a
significant difference between leaning towards the child (M = 25.7) and leaning away

from child (M = 0.610) where leaning towards the child occurred for longer than leaning
away from child.
The results for Group behaviour showed a significant difference when comparing

children playing alongside each other (M = 374) and both Only 1 child playing (M =
175), and No child is playing (M = 51.2) where children playing alongside each other
occurred for the longest time. There was also a significant difference when comparing

Only 1 child playing with No child playing, where only 1 child playing occurred for
longer than no child playing.
The results of Interaction with the iPad showed significant differences when comparing

interacting with iPad (M = 390) with both using iPad creatively (M = 30.7) and
performing repeated actions on the iPad (M = 10.4). Where Interaction with iPad
occurred for the longest time over the other behaviours. There was also a significant
difference between using the iPad creatively and performing repeated actions on the

iPad. Where using iPad creatively occurred for longer than performing repeated actions
on the iPad.
The results of gaze behaviours showed a significant difference when comparing gaze

towards their own iPad (M = 434) and gaze towards child’s iPad (M = 38.2), gaze towards
another child (M = 6.34) and gaze away from the play area (M = 120). Where gaze
towards the child’s own iPad occurred for the longest time. There was a significant
difference when comparing gaze towards another child’s iPad and gaze towards another
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child. There was also a significant difference between gaze towards another child and
gaze away from the play area.
The results of vocalisations showed a significant difference when comparing random

vocalisations (M = 23.7) with communicative vocalisations (M = 2.29) and when
comparing repetition of sounds and words (M = 5.56). In both instances Random

vocalisations occurred for the longest time.

Effect of game type
The aim of this analysis was to determine whether there is a significant difference in the
behavioural categories in each of the different iPad games (observe and click, drag and
drop, and creative). This will determine whether the type of mechanics in a game impact
upon social communication and play between children. To test this, the total duration
for each behaviour was recorded for each session and then compared to each other using
Friedman’s Test. If any of the tests were significant, then post-hoc Durbin-Conover tests
were run to examine which behaviours occurred for the longest time in each of the
sessions.
The descriptive information for the variable used in this analysis including normality
tests are given in Table 21.
Table 21

Descriptive Information and Shapiro-Wilk tests to see the effects of game type
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

502

207

600

0.513

< .001

481

224

600

0.553

< .001

489

196

600

0.616

< .001

42.5

125

0.00

0.386

< .001

Body Position

Default (sitting at the table)
Toca Train
Toca Pets
Toca Tailor
Leaning Towards Child
Toca Train
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Table 21

Descriptive Information and Shapiro-Wilk tests to see the effects of game type
Variables

Toca Pets
Toca Tailor
Leaning Away from Child
Toca Train
Toca Pets
Toca Tailor
Sitting away from Table with iPad
Toca Train
Toca Pets
Toca Tailor
Returning to table
Toca Train
Toca Pets
Toca Tailor
Left the play area
Toca Train
Toca Pets
Toca Tailor

Mean
(In
seconds)

SD

Median

S-W

S-W p

16.4

51.0

0.00

0.362

< .001

20.5

83.7

0.00

0.250

< .001

0.107

0.642

0.00

0.158

< .001

-

-

-

-

-

1.94

11.0

0.00

0.172

< .001

3.83

23.0

0.00

0.158

< .001

33.1

115

0.00

0.330

< .001

50.8

138

0.00

0.433

< .001

0.358

2.15

0.00

0.158

< .001

2.48

14.9

0.00

0.158

< .001

23.2

86.9

0.00

0.295

< .001

50.8

168

0.00

0.319

< .001

34.3

139

0.00

0.256

< .001

14.9

47.7

0.00

0.361

< .001

354

265

524

0.751

< .001

410

234

556

0.761

< .001

410

225

500

0.781

< .001

19.8

71.4

0.00

0.313

< .001

35.0

112

0.00

0.344

< .001

41.9

124

0.00

0.394

< .001

-

-

-

-

-

31.1

121

0.00

0.281

< .001

-

-

-

-

-

226

262

58.2

0.736

< .001

124

193

20.5

0.673

< .001

148

181

44.7

0.805

< .001

Interaction with iPad

Interacting with iPad
Toca Train
Toca Pets
Toca Tailor
Using iPad creatively
Toca Train
Toca Pets
Toca Tailor
Repeating action on iPad
Toca Train
Toca Pets
Toca Tailor
Not interacting
Toca Train
Toca Pets
Toca Tailor
Group Behaviour
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Table 21

Descriptive Information and Shapiro-Wilk tests to see the effects of game type
Variables

Children playing alongside each other
Toca Train
Toca Pets
Toca Tailor
Only 1 child playing
Toca Train
Toca Pets
Toca Tailor
No child is playing
Toca Train
Toca Pets
Toca Tailor

Mean
(In
seconds)

SD

Median

S-W

S-W p

375

284

600

0.654

< .001

396

262

558

0.694

< .001

338

231

357

0.851

< .001

166

255

0.00

0.627

< .001

150

223

21.0

0.678

< .001

216

211

182

0.859

< .001

58.8

171

0.00

0.375

< .001

54.2

151

0.00

0.407

< .001

45.9

145

0.00

0.353

< .001

21.2

70.2

0.00

0.346

< .001

7.67

28.4

0.00

0.305

< .001

19.6

83.9

0.00

0.250

< .001

0.474

2.22

0.00

0.227

< .001

0.500

3.00

0.00

0.158

< .001

19.0

104

0.00

0.180

< .001

1.52

6.17

0.00

0.271

< .001

2.21

8.50

0.00

0.290

< .001

1.65

9.31

0.00

0.172

< .001

118

161

23.3

0.763

< .001

46.2

98.0

0.00

0.546

< .001

112

164

16.7

0.722

< .001

0.315

1.89

0.00

0.158

< .001

-

-

-

-

-

Interaction with another child or researcher

Physical overture towards another child or iPad
Toca Train
Toca Pets
Toca Tailor
Physical overture towards researcher
Toca Train
Toca Pets
Toca Tailor
Conflict with other child
Toca Train
Toca Pets
Toca Tailor
Emotional Intensity

Positive
Toca Train
Toca Pets
Toca Tailor
Negative
Toca Train
Toca Pets
Toca Tailor
Gaze Behaviour

Gaze towards child’s iPad
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Table 21

Descriptive Information and Shapiro-Wilk tests to see the effects of game type
Variables

Toca Train
Toca Pets
Toca Tailor
Gaze towards another child
Toca Train
Toca Pets
Toca Tailor
Gaze away from play area
Toca Train
Toca Pets
Toca Tailor
Gaze at iPad
Toca Train
Toca Pets
Toca Tailor

Mean
(In
seconds)

SD

Median

S-W

S-W p

53.3

87.4

22.9

0.610

< .001

36.0

79.0

5.49

0.512

< .001

26.2

57.2

5.98

0.478

< .001

4.81

18.4

0.00

0.292

< .001

1.06

3.95

0.00

0.301

< .001

14.8

34.9

0.00

0.497

< .001

150

205

57.1

0.722

< .001

97.3

178

5.17

0.605

< .001

119

162

29.5

0.764

< .001

392

202

481

0.834

< .001

466

185

545

0.737

< .001

440

180

527

0.830

< .001

0.278

1.67

0.00

0.158

< .001

5.02

20.5

0.00

0.259

< .001

1.79

5.59

0.00

0.369

< .001

16.7

100

0.00

0.158

< .001

-

-

-

-

-

-

20.8

77.7

0.00

0.300

< .001

39.8

132

0.00

0.340

< .001

11.1

47.2

0.00

0.254

< .001

Vocalisations

Communicative vocalisation
Toca Train
Toca Pets
Toca Tailor
Repetition of sounds and words
Toca Train
Toca Pets
Toca Tailor
Random
Toca Train
Toca Pets
Toca Tailor

Note: some variables did not have any data at all because the children did not engage in that behaviour for
that session

Since all the variables failed assumptions of normality. As before, due to the number of
tests being run and the possibility of Type I error, Bonferroni Corrections was used to
determine significance. Post-hoc Durbin-Conover tests were run to examine any
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pairwise comparisons between the sessions to ensure if they were statistically significant.
The results are given below in Table 22.
Table 22

Freidman’s test to see the effect of game type
χ2

df

p

Default (sitting at the table)

0.101

2

.951

Leaning Towards Child

1.10

2

.576

Leaning Away from Child

1.00

2

.607

Sitting away from Table with iPad

4.38

2

.112

Returning to table

6.91

2

.032

Left the play area

0.231

2

.891

Interacting with iPad

0.333

2

.846

Using iPad creatively

2.74

2

.254

Repeating action on iPad

8.00

2

.018

0.0625

2

.969

Only 1 child playing

.509

2

.775

No child is playing

.800

2

.670

Physical overture towards another child or iPad

2.80

2

.247

Physical overture towards researcher

0.154

2

.926

Conflict with other child

1.06

2

.589

Positive

7.22

2

.027

Negative

2.00

2

.368

Gaze towards child’s iPad

2.13

2

.344

Gaze towards another child

4.55

2

.103

Gaze away from play area

5.23

2

.073

Variables
Body Position

Interaction with iPad

Group Behaviour

Children playing alongside each other

Interaction with another child or researcher

Emotional Intensity

Gaze Behaviour
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Table 22

Freidman’s test to see the effect of game type
χ2

df

p

7.55

2

.023

Communicative vocalisation

4.90

2

.086

Repetition of sounds and words

2.00

2

.368

Random

2.98

2

.226

Variables

Gaze at iPad
Vocalisations

Note: none of the tests were statistically significant after applying the Bonferroni correction.

The results of the analysis show that none of the behaviours were statistically significant
when comparing the different game types, observe and click, drag and drop, and
creative. This means that the type of mechanics in the game did not have an impact on
the play behaviours and social communication between the children.

Effect of Body Position
As mentioned previously, body position is also being used as a measure of proximity of
the children to each other. Analysis of the relationship between body position and the
social communication between the children would therefore show which of the body
position of the child is most likely to result in social communication behaviour between
children. To test this hypothesis, a different category of data was made, each of the body
positions, default, leaning towards another child, sitting away from the table with iPad,

and left the play area were analysed individually to see which of the target behaviours,
playing alongside each other, only 1 child playing, no child is playing, physical overture
towards another child or iPad, conflict, gaze towards another child, gaze towards another
child’s iPad, gaze away from the play area and communicative vocalisations occurred for
the longest time in relation to the body position of the child. Both leaning away from the

child and returning to the table did not occur concurrently with any of the target
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behaviours, therefore they are being left out of the analysis. The descriptive information
along with the normality tests are given in Table 23.
Table 23

Descriptive Information and Shapiro-Wilk tests to see the effect of body position on
social communication
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

373

381

191

0.897

0.003

169
43.0

194
0.00

142
102

0.903
0.479

0.004
< .001

15.3

0.00

38.7

0.465

< .001

1.58
38.2
6.19
111

0.00
27.8
0.00
40.0

5.87
45.8
13.3
138

0.293
0.743
0.540
0.788

< .001
< .001
< .001
< .001

2.29

0.00

8.56

0.292

< .001

40.4

6.64

91.3

0.487

< .001

10.1
0.637

0.00
0.00

28.5
2.66

0.385
0.246

< .001
< .001

2.10

0.00

9.10

0.242

< .001

0.658
8.43
0.947
5.67

0.00
0.00
0.00
0.00

2.62
19.7
2.60
17.6

0.267
0.480
0.425
0.370

< .001
< .001
< .001
< .001

0.818

0.00

4.27

0.194

< .001

35.2

0.00

66.1

0.582

< .001

14.6
4.93

0.00
0.00

28.9
17.8

0.556
0.309

< .001
< .001

Default (sitting at the table)

Children playing alongside each
other
Only 1 child playing
No child is playing
Physical overture towards another
child or iPad
Conflict with other child
Gaze towards another child
Gaze away from play area
Communicative vocalisation
Children playing alongside each
other
Leaning towards another child

Children playing alongside each
other
Only 1 child playing
No child is playing
Physical overture towards another
child or iPad
Conflict with other child
Gaze towards another child
Gaze away from play area
Communicative vocalisation
Children playing alongside each
other
Sitting away from the table with iPad

Children playing alongside each
other
Only 1 child playing
No child is playing
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Table 23

Descriptive Information and Shapiro-Wilk tests to see the effect of body position on
social communication
Variables

Physical overture towards another
child or iPad
Conflict with other child
Gaze towards another child
Gaze away from play area
Communicative vocalisation
Children playing alongside each
other

Mean
(In
seconds)

SD

Median

S-W

S-W p

0.597

0.00

2.52

0.251

< .001

0.224
1.65
0.752
11.9

0.00
0.00
0.00
0.00

0.756
5.34
2.41
31.2

0.315
0.358
0.363
0.439

< .001
< .001
< .001
< .001

0.0497

0.00

0.298

0.158

< .001

Left the play area

Children playing alongside each
other
Only 1 child playing
34.3
0.00
74.2
0.524
No child is playing
30.1
0.00
88.1
0.383
Physical overture towards another
0.103
0.00
0.620
0.158
child or iPad
Conflict with other child
Gaze towards another child
5.02
0.00
23.7
0.224
Gaze away from play area
0.0518
0.00
0.217
0.246
Communicative vocalisation
39.6
0.00
109
0.422
Children playing alongside each
other
Note: some of the behaviours did not occur at all in relation to certain body positions.

< .001
< .001
< .001
< .001
< .001
< .001
-

Since all the variables failed assumptions of normality, Freidman’s tests were conducted
to analyses the differences between each of the body positions and the target behaviours
(Table 24). For example, the amount of time children spent playing alongside each other
were compared to each of the different body positions default, leaning towards another

child, moving away from the table with iPad, and left the play area. If any of the main
tests were significant, pairwise Durbin Conover tests were conducted to further examine
significant results and compare durations between each of the body positions.
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Table 24

Freidman’s Tests to see the effect of body position on social communication
χ2

df

p

71.4

3

<.001*

60

3

<.001*

17.3

3

<.001*

Physical overture towards another child or iPad

18.6

3

<.001*

Conflict with other child

9.28

3

.026

Gaze towards other child’s iPad

69.6

3

<.001*

Gaze towards another child

27.5

3

<.001*

Gaze away from play area

69.3

3

<.001*

12.8

3

.005*

Variables

Group Behaviour
Children playing alongside each other
Only 1 child playing
No child is playing
Interaction with Child

Gaze Behaviour

Vocalisations
Communicative vocalisation

Note: *denotes significance after applying the Bonferroni correction

Durbin-Conover pairwise comparisons were made to examine the significant differences
as shown by the Freidman’s tests (Table 25).
Table 25

Post-Hoc pairwise comparisons (Durbin-Conover) to test the effect of body
position on social communication
Variables

Statistic

p

Children Playing alongside each other
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Table 25

Post-Hoc pairwise comparisons (Durbin-Conover) to test the effect of body
position on social communication
Variables
Default (sitting at the table)

Leaning towards other child

Leaning towards other
child
Sitting away from table
with iPad
Sitting away from table
with iPad

Statistic

p

8.45

<.001*

10.81

<.001*

2.35

.020

9.47

<.001*

9.71

<.001*

8.78

<.001*

0.23

.816

0.70
0.93

.486
.354

2.54

.013

3.70

<.001*

4.33

<.001*

1.16

.248

1.80
0.634

.075
.528

9.00

<.001*

11.3

<.001*

12.40

<.001*

2.30

.024

3.40

<.001*

Only 1 child is playing
Default

Leaning towards other child

Playing alongside each other

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
Left the play area

Physical overture towards other child or iPad
Default

Leaning towards other child

Playing alongside each other

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
Left the play area

Gaze towards child iPad
Default

Leaning towards other child

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
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Table 25

Post-Hoc pairwise comparisons (Durbin-Conover) to test the effect of body
position on social communication
Variables
Playing alongside each other

Left the play area

Statistic

p

1.10

.273

4.33

<.001*

4.23

<.001*

5.61

<.001*

0.10

.922

1.28
1.38

.204
.171

10.3

<.001*

10.3

<.001*

8.88

<.001*

-

-

1.42
1.42

.157
.157

2.50

.014

2.91

.004

3.47

<.001*

0.416

.678

0.971
0.555

.334
.580

Gaze towards another child
Default

Leaning towards other child

Playing alongside each other

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
Left the play area

Gaze away from the play area
Default

Leaning towards other child

Playing alongside each other

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
Left the play area

Communicative Vocalisation
Default

Leaning towards other child

Playing alongside each other

Leaning towards other
child
Sitting away from table
with iPad
Left the play area
Sitting away from table
with iPad
Left the play area
Left the play area

Note: *denotes significance after applying the Bonferroni correction to the analysis
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The results of the pairwise comparisons of children playing alongside each other show
that there is a significant difference when comparing default (M = 373) and leaning

towards other child (M = 40.3). Where the behaviour in the default position always
occurred for longer than the other behaviours. There was also a significant difference
when comparing leaning towards other child and left the play area, where leaning

towards child occurred for longer than left the play area.
The results of the pairwise comparisons of only 1 child playing show that there is a
significant difference when comparing default (M = 169) and leaning towards other child
(M = 10.1), sitting away from the table with the iPad (M = 14.6) and left the play area (M
= 34.3). Where the behaviour in the default position always occurred for longer than the
other behaviours.
The results of the pairwise comparisons of children’s physical overture towards other

child show that there is a significant difference when comparing default (M = 15.3) and
sitting away from the table with the iPad (M = 2.10) and left the play area (M = 0.10)
where the behaviour in the default position always occurred for longer than the other
behaviours.
The results of the pairwise comparisons of children’s gaze towards the other child’s iPad
show that there is a significant difference when comparing default (M = 38.2) and

leaning towards other child (M = 8.43), sitting away from the table with the iPad (M =
1.65) and left the play area (M = 5.02). Where the behaviour in the default position
always occurred for longer than the other behaviours. There was also a significant
difference when comparing leaning towards other child and left the play area. Where

leaning towards child occurred for longer than left the play area.
The tests of the pairwise comparisons gaze towards another child was not conducted due
to the duration being too low to get any meaningful results, as all of the average
behaviours lasted for less than 1 second.
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The results of the pairwise comparisons of children’s gaze away from the play area show
that there is a significant difference when comparing default (M = 111) and leaning

towards other child (M = 5.67), sitting away from the table with the iPad (M = 11.86) and
left the play area (M = 39.65). Where the behaviour in the default position always
occurred for longer than the other behaviours. There was also a significant difference
when comparing leaning towards other child and left the play area. Where leaning

towards child occurred for longer than left the play area.
The tests of the pairwise comparisons of communicative vocalisations between the
children were not conducted due to the duration being too low to get any meaningful
results, as all of the average behaviours lasted for less than 1 second.

Relationships between social skills and behaviours
To examine whether social skills was related to any of the play behaviours in the coding
scheme, Spearman’s Rho correlations were conducted. Table 26 displays correlations
with social competence and each of the recorded behaviours. The results indicate that
social competence was unrelated to any of the variables.
Table 26

Spearman’s Correlations to see the relationship between social skills and
behaviour
Variables

Spearman’s Rho

p

0.022
0.222
-0.080
-0.231
0.050
0.067

0.900
0.193
0.642
0.176
0.771
0.699

Body Position

Default (sitting at the table)
Leaning Towards Child
Leaning Away from Child
Sitting away from Table with iPad
Returning to table
Left the play area
Interaction with iPad
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Interacting with iPad
Using iPad creatively
Repeating action on iPad
Not interacting

-0.037
-0.076
0.326
0.038

0.832
0.661
0.052
0.827

-0.035

0.838

-0.054
0.115

0.757
0.506

0.129

0.454

0.295

0.080

-0.112

0.517

0.008
0.277

0.965
0.102

-0.053
0.196
0.099
-0.116

0.759
0.253
0.564
0.501

0.227
0.277
0.327

0.184
0.102
0.052

Group Behaviour

Children playing alongside each
other
Only 1 child playing
No child is playing
Interaction with another child or researcher

Physical overture towards another
child or iPad
Physical overture towards
researcher
Conflict with other child
Emotional Intensity

Positive
Negative
Gaze Behaviour

Gaze towards child’s iPad
Gaze towards another child
Gaze away from play area
Gaze at iPad
Vocalisations

Communicative vocalisation
Repetition of sounds and words
Random

Part 2: Multimodal Analysis of Social Communication and Affordances of Digital
Apps
Curiosity and copying or mimicking actions: Perhaps the most apparent and unique
aspects of the iPad which promoted social communication is the visual and auditory
prompts. The lack of visibility of the iPad (due to the reflective nature of the screen)
meant that the children had to lean over to see what the other child was doing. The
children engaged in this behaviour most when there was an interesting audio prompt.
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For example, in the case of Toca Train, the horn was particularly attention grabbing for
the children, Figure 13 shows a screenshot of a child using the horn and the other child
looking over to see what the source of the noise was. In addition to the horn, Toca Train
also had many other visual and audio cues for when actions could be performed, many of
these prompts were quickly followed by the child looking over (Figure 14). For Toca
Pets, there were no automatic prompts from the app, all the audio cues came from
feedback depending on what the child was doing, for example, moving the pets about,
clicking on the pets or placing them in different locations, e.g. (a dog would make
splashing noises when placed into a paddle pool). Gaze and associative behaviours were
also observed when the child was trying to customise their characters in Toca Tailor.
Children looked over to the other child’s iPad to see where a particular clothing item
was from or simply to see what type of customisation items were being used by the other
children (Figure 15). Another instance of children touching another child’s iPad was
when the children were trying to do something on the other child’s iPad. This could be
to perform a particular action like the action they were doing on their screen or to get
the same feedback noise or prompt as they had gotten in their own screen (Figure 16).
Figure 16 illustrates a unique situation here where the action occurred repeatedly over a
few minutes, so the child would reach over, perform an action on the other child’s iPad,
reach back and laugh and then perform another action. The final reason for gaze
behaviour to the other child’s iPad was when the child accidentally jumped out of the
game they were playing (Figure 17). Finally, on rare occasions, children would
communicate with each other vocally, these interactions were hardest to judge.
Although some of the vocalisations could be in direct response to the iPad feedback, it
was difficult to determine whether the vocalisations were directly related to the response
of the iPad or that the children were simply trying to gain the attention of the other
child.
Figure 13
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The child on the left using the horn and the child on the right copying the behaviour
after watching the child

Figure 14

The child on the left is looking over at the child interacting with a prompt to have the
train stop to pick up passengers.

Figure 15

The child on the right is trying to see how to adjust the scarf from the child on the left.
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Figure 16

A child reaching over to perform an action and smiling with the other child. This action
happened repeatedly for a few minutes.

Figure 17

The child on the left has accidently dropped out of the app so is looking over at the game
being played by the other child.
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Conflict: Conflict between the children was uncommon but occurred mostly when a
child was encroaching or moving into the space of the other child. In most cases the
other child did not seem to mind if the child reached over to the other child’s iPad. This
apparent acceptance changed if the actions were repeated and consistent. Then the child
would react - maybe not engage violently with the other child but might push the other
child away or grab the other child’s hand to stop them from interfering with either their
own actions or simply try and stop them from looking and his iPad (Figure 18).
Figure 18

Examples of the children in conflict
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Note. In the image above, the child on the right is holding the hand of the other child
trying to stop him from touching the iPad. In the image below, the child is pushing the
other child away after repeated physical overtures by the child.

Emotional Intensity: Across all the sessions, negative emotions were extremely rare. As
mentioned above most of the negative emotion was linked to conflict between the
children, not what was happening on the iPad. In addition to the positive emotions,
shown during interactions with the other children, they were also seen in response to
specific animations on the games which were a direct response to what they were doing.
One of the most popular was the pulling of the cord to sound the horn in Toca Train
(Figure 13). However, other overt expressions of positive emotions were variable and
particular to the child. One child for example, reacted positively and laughed every time
he dropped an animal into the bathtub in Toca Pets, so much so that the child proceeded
to drag and drop every one of the animals in the bathtub to hear the splash and to see the
pet react to the water. Another child enjoyed the bell that was played when a particular
door was clicked in the same game. Some of the children also enjoyed clicking on the

215

216

avatars in Toca Tailor. They also reacted when articles of clothing were placed upon
them. One child smiled and waved on the customisation screen for creating new patterns
for clothing. The child spent almost the entirety of the session swapping colours and
putting different patterns and other objects like buttons on the material. Overall, the
positive emotional response to the activities on the iPad depended largely on the
individual using the iPad. It was a matter of discoverability of the animation or sound by
touching something at the right time. Not all the children found the same interactions
interesting although there were commonalities in the basic functions which each of the
children did engage in when playing with the different iPad games.

Disengagement from the iPad: there was no discernible pattern to when the child would
stop playing or when the child would leave the play area completely. One child got
bored in every one of the sessions and eventually left the play area and got his book
which he carried with himself. Although initially he would try and interact with the
game, his interest would wane in all the sessions. However, as seen from the quantitative
analysis, there was no apparent difference in behaviours relating to different game types.
Another child became extremely interested in the camera recording the session and
constantly tried to get at the camera and grab it and manipulate it. Again, it seemed as
though the disengagement was largely based upon the children and their own
preferences and not the mechanics of the games themselves.

Researcher involvement: The main aim of the study was to let the children play by
themselves without much researcher involvement and interruption. However, it was still
important to provide support when the child would need something asking for help from
the researcher. The researcher had to provide the most assistance in Toca Pets, this is
because the children needed some help to switch between the different environments in
the game. However, this was not the case for every child. One of the children needed
more assistance in Toca Tailor and asked for help to exit and enter the customisation
screen every time. Another factor which involved more assistance from the researcher
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was when the child would accidentally close the app or shut down the game. In one
instance the iPad itself froze and stopped functioning altogether and the session had to
be ended prematurely.
Overall, the involvement of the researcher almost always encouraged the other children
to look over at what the experimenter and the other child was doing. Two other
instances were of note in terms of researcher involvement. In one instance, a child was
completely involved in having a conversation with the experimenter, the child
constantly requested to play Toca Train while they were playing Toca Pets. Even though
the researcher took steps to try and get the child to engage with the game, he became
visibly upset when the researcher stopped interreacting with him. In another instance, a
child only played on the iPad when the experimenter was near the child. The child did
not require assistance from the experimenter but something about the presence of the
experimenter near the child encouraged them to play with the iPad. Interestingly, this
only happened when the child was playing Toca Pets, and not present when the child
was playing either Toca Train or Toca Tailor.

Discussion
The current study aimed to examine the types of play and social communication which
occurred between children on the autism spectrum when interacting with individual
iPads. In the first part, this study expands on the findings from Study 1 and uses the
coding scheme established in study 1 to examine communication between children on
the autism spectrum while they were playing the same game on individual iPads. In the
second part, a multimodal framework was used to examine the different behaviours
which were afforded by different iPad games.
The most commonly preferred position of the children was found to be the default body
position (where the children were sitting at their desks) during the observation duration.
This result is not surprising, the experimental set up encouraged the children to stay in
that position for the duration of the entire play session. Even though the children were
217

218

never forced into the chairs, and were free to move about, the fact that they still
preferred to be seated may mean that the children were comfortable to stay in that
position. This was an intended function of the physical constraint of the set-up, with the
children being seated on the chair made it conducive to encouraging social
communication and play between the children (Yuill & Rogers, 2012). Interestingly,
leaning towards the child was also found to occur for longer than leaning away from the
child. The reason behind why the child is leaning towards the other child is addressed in
a latter research question, but this result shows that the children overall are more willing
to orient themselves to stay closer to the other child than away from them. This is an
encouraging finding. This also links to findings from Sakr (2018) as she found that the
glare of the iPad and the difficulty in seeing what was happening on the screen
encouraged children to come closer to the other child to see what was happening.
Overall, the results of the body position shows that the children are most likely to stay
focused on their own activities on the iPad. However, the child is also more likely to stay
closer to the other child than to actively move away from the other child. For group
behaviour, it was found that the most likely behaviour to occur is for the children to play
alongside each other. This is followed by at least one child playing and least likely is no
child playing. This result shows that overall, the children were likely to be engaged with
the iPad and play alongside each other than not. This finding is similar to (Francis et al.,
2019) where they found that children were more likely to engage in parallel play when
engaging with digital toys. Although there are important differences between the current
study and Francis et al.’s study, the digital condition in the paper shares similarities with
the current study, like providing feedback, prompts and other forms of feedback which
the children may find more engaging. When examining iPad interaction, it was found
that children were most likely to play on the iPad and engage with the game more than
creative play or repeated actions on the iPad. This is not very surprising, previous
literature also demonstrated repeatedly that children on the autism spectrum enjoys
playing video games and find them entertaining. The analysis of gaze behaviours showed
that the children are most likely to be staring at their own iPad over gazing at the other
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child’s body or their iPad. The children were also more likely to stare at the other child’s
iPad more than that body of the other child. This is an encouraging finding, although not
a true social interaction with shared attention, onlooker behaviour is often seen as a first
step to more complex social interactions and can lead to more complex forms of social
communication (Francis et al., 2019). Research has also shown that joint attention can
lead to reasoning skills and mental cognition in neurotypical children (Carpenter et al.,
1998; O’Madagain & Tomasello, 2021). Although it is well established that children on
the autism spectrum follow different developmental trajectories to that of neurotypical
children, the evidence of joint attention between children on the autism spectrum may
lead to more complex social behaviours in the future.
The findings on the impact of the different game mechanics on the social communication
of the children showed no significant effect of the different game types on the behaviour
of the children. Although this was an exploratory study using apps which were not used
in this way before, some differences were expected to be found due to the different
mechanics of the games. However, this finding could be explained by the work done by
(Hourcade, 2015) in designing apps for the autistic population. He emphasizes the
importance of selecting mechanics which are especially designed with the capabilities of
the target population in mind when selecting applications for use in special populations.
Since all the apps were selected specifically to be easy to pick and understand, it is
probably why there is not a significant difference between the conditions. This result
could indicate that the specific mechanics of the app or game may not be as important as
the ease of access and operation. Smaller more specific differences between the different
mechanics of the games themselves are addressed more in the multimodal qualitative
analysis of the sessions.
The analysis on the types of social communication behaviours most likely to occur in
which body position demonstrated the importance of body position in promoting social
communication between the children. There is evidence from these results to show that
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a strict structure with limited options for movement and very clear ‘play area’ could be
extremely important in promoting certain forms of play between the children. This may
be because in a restricted setting, children have less stimulation to get distracted and
disengage from the task at hand (Yuill & Rogers, 2012). Since the children overall were
more likely to spend time in the default position, it is not surprising that most of the
social communication occurred when the children were in their default positions.
However, it was interesting to see that the gaze behaviour was also likely to occur when
one child was leaning towards the other. Results from this study agree with previous
research findings which suggested that restricted play sessions, although removing
options for the children, are more likely to encourage children to engage in social
communication (Wong & Kasari, 2012). The study was more focused on joint attention
and shared attention; however, it is still significant that the targeted behaviours were
more likely to occur when the play sessions were restricted and gave children less
distractions.
An examination into the relationship between the social skills of the children and their
social communication and play did not show a significant relationship. This is a slightly
surprising finding, it was assumed that due to the scale measuring social skills that the
children with higher social skills, as measured by the SRS-2 would have more instances
of social communication, including speech. Although it is interesting that the two
behaviours which approached significance, random vocalisations, and repeated actions
on the iPad are two of the most common behaviours associated with children on the
autism spectrum. It must be acknowledged however, that a fundamental design
difference between this study and others examining social communication is the lack of a
shared screen between the children. In literature, it has been shown that a shared digital
space (Holt & Yuill, 2017) even if children have individual devices are likely to promote
more joint attention. Additionally, Heasman and Gillespie (2019) showed more
reciprocal communication between adults on the autism spectrum when playing video
games using a design which had a shared screen. This fundamental difference between
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the cited literature and this current study could be a primary reason for the lack of a
relationship between the social skills of the children and social communication. Another
explanation of the results could be found when considering the double empathy problem
(Milton, 2012). It could be that it was not the individual scores of the children but rather
the group mechanics themselves. This result could mean that the social communication
between children depended largely on the children in the dyads themselves, and their
level of familiarity with each other. In fact, this finding was also reinforced by the
findings from the multimodal analysis.
The qualitative examination of the data using a multimodal analysis strategy revealed
some interesting patterns when the children were playing with individual iPads. As
already acknowledged in Chapter 1, the fact that each child had their own iPad means
that it would be less likely to see higher forms of social communication like children
playing together and cooperating on the same device. Shared screen or shared online
space is more likely to encourage communication and joint attention, both of which can
lead to more complex forms of play (C. L. Hancock, 2020; Holt & Yuill, 2017). The
current study did show that children did look at the other child’s iPad and this had
different purposes. The mimicking behaviour is a particularly interesting finding, which
shows that the children are more likely to enhance their own play and try and
experiment with the different mechanics of the games. This really highlighted the
importance and the impact of the cues provided by the iPad when playing with the
games. The array of audio prompts was perhaps the most significant factor which
influenced when the children would be looking over to the other child’s iPad. It was also
clear from this analysis that the affordances of the iPad encouraged children to switch
their attention away from their own iPad when they heard a prompt. An interesting
interaction was when this happened repeatedly. Although only seen in one group, there
was a period where a child would repeatedly perform an action on another child’s iPad
and then return to the child’s own iPad. Both children showed enjoyment and were
laughing throughout the interaction. However, the audio prompts of the iPad also
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sometimes led to conflict. If the other child was repeatedly performing an action which
the first child did not know how to replicate, then the child would try to pry the iPad
away from the other child. This was not the only cause of conflict, as in rare cases some
of the children wanted to take the iPad away from the other child when their own one
froze, or they accidently quit out of the game.
The findings of the multimodal analysis regarding emotional intensity, disengagement
from the iPad, and experimenter involvement made it clear that the individual
differences between the groups themselves had an impact on the social communication
between the children. Although it was clear that the iPad was facilitating certain
behaviours and the children largely enjoyed themselves when playing on them, the
relationship between the children was a major factor in how the two children
communicate and interacted with each other. This can be explained by Milton’s Double
Empathy Problem where the shared understanding between the children facilitated
more interaction between them. The school can use this information and introduce
programmes and sessions to give the children the opportunity to become more familiar
with each other. For example, recess areas or common play areas in the school can be
improved with specific tools and games which encourage children to engage and play
with each other.
The findings from the current thesis could create a case for the use of tablets and games
in school settings in Bangladesh. Historically, this has been avoided due to the costs
associated with it, however, the benefits of the use of technology in promoting play
between the children could be invaluable and as covered previously can help develop
more complex social skills. The significant hurdle of cost can also be mitigated with the
use of software which is widely and publicly available to the general population.
Although not tested in the current thesis, the games used in Hourcade et al. (2012) could
be modified and adapted for play between non-speaking children on the autism
spectrum. The instructions of play could also be translated to facilitate easier use of the
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games in school settings in Bangladesh. The thesis further demonstrates the importance
of non-verbal methods of communication in children on the autism spectrum,
behaviours like onlooker behaviour can act as precursors to more complex social
behaviours. The thesis also amplifies the strength of the design of the tablets themselves
that these can be operated and used quite easily in a population who have had little
experience with the technology in their everyday life. Again, this finding mirrors
previous research findings regarding children on the autism spectrum finding more
enjoyment in playing games on digital media.

Limitations
There are some methodological limitations for the present study. The experimental setup was restricted by the facilities of the school. The use of desk kept the children in place
but also meant that the observable play area was much smaller than expected. Had the
room been slightly bigger the angle of the camera and the distance from the children to
the camera would not be quite so limited. For example, the smaller children would
sometimes be obscured by the iPad themselves if the children were holding them
directly in front of their faces. Most of these reasons were why no play data was
recorded. This was due to the logistical constraints of the room itself, unfortunately, the
space was too restrictive to allow for a different camera angle and more space for the
children to play with. Another limitation of the study is the iPad games selected for the
study. None of the ones selected benefitted from having a shared world where actions of
one child affected the game of the other child. This kept from the games having a shared
cooperative goal. Holt and Yuill, (2017) showed that children greatly benefit from apps
which have a shared world where actions of one child affect the other, or they have a
common shared goal. By design, the apps chosen for the current study had to be readily
available and not a specialised software that was not available to the general public. Also,
most of the apps which have shared worlds required an active WiFi connection which
the school did not have. On top of that, Apps which shared a common world often had
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verbal instructions in English or a steep learning curve which would not have been
appropriate for the current sample.
In addition, due to logistical issues the actual play behaviour with the toys and apps
presented some challenges. For example, some of the children were exiting the apps and
reopening them just to see the intro screen. Other children were exiting the app itself
and simply swiping across the different screens on the iPad. The researcher did not
intervene in these cases as they were just a different way in which the child chose to
interact with the iPad and the behaviour was coded. There were also times when iPads
froze and became unresponsive. If this happened early in the session it was very difficult
to fix the issue and then continue with the session as by that time the child would often
get bored and either stay disengaged when the session resumed or would simply leave
the room. Due to the difficulties of working with children on the autism spectrum,
especially children who have more severe symptoms of autism, researcher intervention is
almost always necessary, so this was considered in analysing the data. A key point while
dealing with these challenges was to ensure that every effort was made to reschedule
sessions and make them a positive experience for the children.
Another significant limitation of the study is in the sample itself. The children were all
from a private school. This brings to question the generalisability of the findings across
Bangladesh as most rural areas do not have the same level of access to educational
institutions for children on the autism spectrum. Further, all of the children benefited
from the programmes already in place in the school to help the children with their
communicative difficulties. Again, this is quite a small portion of the general population
in Bangladesh (Akhter et al., 2018; Hossain et al., 2017). There is need therefore to test
similar designs in more rural areas of the country to see whether the same differences
would be seen in a population which have not received much in the way of interventions
to address behavioural difficulties. Finally, the pairs were also chosen by the
psychologists in the school and the researcher did not know the children and their level
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of familiarity with each other before the study. It is entirely possible that certain pairs of
children shared more familiarity with each other and hence interacted with each other
more. It is important therefore to consider this when placing children on the autism
spectrum together in an open play scenario. It could mean that further sessions were
required between certain dyads to foster a stronger relationship between them which
may have resulted in the children engaging in more social communication and
interaction with each other.

Conclusion
The findings from the study answer some key questions regarding engagement and peer
interaction when using digital technologies. The current sample did not receive much
training (besides for the current study and Study 1) in using and operating an iPad.
Considering this, the findings are important in showing that children on the autism
spectrum can benefit greatly from a technology-based platform, even if it is not
specifically designed to promote peer interaction. The structured nature of the apps
seemed to give the children more of an opportunity to engage in less complex forms of
social interaction like onlooker behaviour and associative behaviours. These behaviours
are often pre-cursors to more complex forms of cooperative play, and it is encouraging
that these social interactions can be seen in children who in the past preferred to play by
themselves. Using technology-based toys can be extremely beneficial to children on the
autism spectrum in promoting peer interaction especially if the experimental set-up is
such that the children are more easily able to see what the other child is doing. However,
an important question remains; are technology-based interventions more beneficial to
children of different abilities? Most of the studies in the literature found a preference of
the children themselves to play a significant role in the benefits seen (Holt, 2015;
Hopkins et al., 2011; Kuenssberg, 2012; Ospina et al., 2008; Silva et al., 2014).
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Study 2b: An investigation of the impact of different toys on play and
social communication in children on the autism spectrum
The difficulties of children on the autism spectrum and their development of play and
social communication is well documented (Charlop et al., 2018; Kasari & Chang, 2014).
Children on the autism spectrum demonstrate some difficulties and lack certain skills
which are essential to play, like joint attention, eye contact, emotional reciprocity, and
responding to social interactions. These characteristics in children have been historically
associated with an assumption that children on the autism spectrum prefer to be by
themselves and chooses not to interact with other individuals (Papoudi & Kossyvaki,
2018). However, research has now shown that that is not the case, there is enough
evidence to suggest that children on the autism spectrum want social attention and often
cherish relationships over long periods of time (Charlop et al., 2018). Play is one of the
fundamental behaviours in children with clear links to the development of key social
skills. It is therefore not surprising that there has been a wide breadth of evidence
examining play and social communication in children on the autism spectrum.
Decades of research into the play behaviour of children on the autism spectrum has
revealed that children on the autism spectrum spend less time in parallel and cooperative
play in comparison to their neurotypical peers (Charlop et al., 2018). Children on the
autism spectrum also show less variability in their interactions with play objects. For
example, children will often perform the same action repeatedly on the object and not
explore more creative or novel ways to interact with the object (Ozonoff et al., 2008).
The researchers of this paper argue that the reason behind that is - children on the
autism spectrum engage with the toy in only one way, because they do not engage or
interact with peers who are playing with the toys in different ways, for example,
constantly spinning a block as opposed to building a structure from them. Further
exploration into play behaviour of children on the autism spectrum has shown that they
typically do not engage in pretend play as much as their neurotypical peers (Kasari et al.,
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2013). It must be acknowledged here that children on the autism spectrum have a wide
range of variability when it comes to their social skills and abilities. Although there are
similarities in their behaviour, there is significant evidence to suggest that the variance
in ability and when certain social skills emerge in children on the autism spectrum. One
such skill often though critical to social skills is the development of speech (Loucas,
2015). It is not clear when children on the autism spectrum will develop speech, in fact
some children never do. However recent evidence has shown that non-speaking
children, especially in their early years can communicate in different ways without
speaking (Hancock et al., 2016). This makes it imperative that non-verbal forms of
communication are considered in study that seeks to examine communication in
children on the autism spectrum.
The benefits of teaching of social skills and play development are well established in the
literature. The common evidence based techniques known to benefit children on the
autism spectrum and from where they mostly learn social and play skills from includes,
video modelling, sessions in naturalistic settings, modelling and prompting, peermediated and facilitated interventions, and visual and activity schedules (Charlop et al.,
2018). Naturalistic setting is a term given to interventions and programmes which are
conducted in places which are natural to the children. This can involve applying sessions
at home or at school or any other environment which the children will experience in
their daily life. Naturalistic settings have been shown to be extremely effective in
promoting play and social skills in children on the autism spectrum, particularly because
of evidence showing that children are often able to apply the acquired skills in
naturalistic settings to general life (Charlop et al., 2018). This is especially relevant in
developing nations as children on the autism spectrum may spend large portions of their
time in school being taught various social skills. School is also where children are most
likely to encounter other children on the autism spectrum, thus making schools the ideal
place to test and examine play behaviour between children on the autism spectrum.
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When examining play behaviour and social communication one key consideration is the
toys selected by the children. It is well established that children on the autism spectrum
often show circumscribed interests, that is, an interest in a particular toy or object (Klin
et al., 2007; Petrina et al., 2014). Recent literature has shown that those interests can be
changed or shifted through adult modelling, where an adult plays with other toys in
front of the child repeatedly. A key advantage of doing this was to encourage children to
play with toys which were shown to be more developmentally beneficial to children on
the autism spectrum, promoting the teaching of social skills (Leaf et al., 2012). There is
some evidence to suggest that children on the autism spectrum choose to interact with
dogs over people and other inanimate objects (Prothmann et al., 2009). The researchers
suggest that children feel more comfortable and easily understand interaction between
animals over interactions with people. The study also suggests that children show the
least level of preference for interacting with inanimate objects like toys. However, when
examining the preference of children on the autism spectrum towards different types of
social stimuli a review found that children on the autism spectrum overwhelmingly
prefer inanimate stimuli over social stimuli (Gale et al., 2019). There is therefore a need
to further examine if animal toys can impact upon the play and social communication
between children on the autism spectrum. A study examining how both children on the
autism spectrum and neurotypical children prefer different toys and their exploration of
the toys was done using eye tracking on 24–48-month children (Yurkovic et al., 2021).
Interestingly, the study found no difference in the ability to explore and the level of
interaction the children demonstrated towards different types of toys. The study
therefore shows that there may be an intact ability for children on the autism spectrum
to play and manipulate objects in similar ways like neurotypical children. This study was
also conducted in a naturalistic setting where the only instruction given to the children
and their parents were to play as normal. Although this study did not look at children
playing with their peers, the study does demonstrate the children on the autism
spectrum are equally capable of exploring and playing with different toys much in the
same way as neurotypical children. The one aspect which the study does not address
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however is whether children on the autism spectrum preferred different toys in
comparison to neurotypical peers.
A large scale study examined toy play in neurotypical children and found patterns of
play when the children were interacting with different types of toys (Richards et al.,
2020). The objective of the study was to find which categories of toys, depending on
their age appropriateness would be most engaging to children ranging from 1-8 years of
age. The categories presented to the children were, exploratory, construction, games and
puzzles, instructional, sports and recreational equipment, imaginative play, small
vehicles, arts and crafts, and musical. The study found that all children played equally
regardless of age appropriateness with three of the categories, small vehicles, imaginative
play and musical. The toys given in each of the categories were train sets with removable
parts and a rollable figure with squeaky head in the small vehicles category, a baby doll
and stuffed dog in the imaginative play category and a chime ball and musical touch ball
in the musical category. This gave further credence to the choice of toys in the current
study, where the toys were selected to be age appropriate and easily accessible for all the
children in the study. In addition to the preference of the toys, the study also
demonstrated that the different types of toys encouraged different types of play
behaviour, the small vehicles encouraged more motor engagement, where the children
were moving the objects around and putting parts together whereas the imaginative play
toys, the dolls and the soft dog encouraged more pretend play and therefore assigning
qualities to the dolls and dogs. The current study uses this to create three categories of
toys, the more mechanical train, the more imaginative dog and finally a combination of
the two, where the doll would be more imaginative, but the presence of different dresses
adds a further motor element to the condition. This fit into the findings from the
previous study in the current thesis and fit in with the toys which were selected for the
study because the children were already familiar with these toys. Of course, it must be
acknowledged that the study cited was done on neurotypical children, not children on
the autism spectrum. Further, the study examines interaction between a mother and
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child dyad, not between different children. However, the findings still present important
indications about how children play with different toys at different developmental
stages. For preference of activities regarding individuals on the autism spectrum, early
work on circumscribed interest however does show that children on the autism spectrum
does show some preference towards mechanical and physics based toys over imaginative
toys (Klin et al., 2007).
An extensive study examining the preference of different types of toys and the social
interaction which occurs from engaging with the toys for both girls and boys on the
autism spectrum was conducted by Harrop et al. (2017). In the study, children were
given different types of toys categorised according to their properties and functions. The
categories were, domestic toys, (cash register, shopping basket, food items, utensils, and
phones), doll (a doll, clothing and diapers) cars/garage, (garage and cars),
simple/combination toys, (pop-up toys, nesting cups, marble run, and jigsaws) and
miscellaneous toys (crayons and bubbles). The study found the level of social interaction
between the children did not change depending on the types of toys they were playing
with. The level of complexity expressed by the children did not change depending on the
type of toy they were playing with. The study did find some differences in gendered
toys, where the girls played longer with the dolls than the boys and the boys spent
longer times with the cars and garages than the girls. As expected, the children on the
autism spectrum also engaged for longer in pre-symbolic play (children treating objects
as intended) over symbolic play (children assigning different characteristics to the toy
beyond their intended function). However, this study does not examine whether
interacting with different types of toys makes an impact upon the social communication
and interaction between children on the autism spectrum. Another aspect not often
examined in the literature is the affordances of different toy types and what types of
social communication those toys encourage in children on the autism spectrum.
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Despite the breadth of evidence of examining toy play and social communication
between children on the autism spectrum few studies have closely examined the
different types of toys and how they impact upon play and social communication in
children on the autism spectrum. The current study seeks to fill that gap with a focus on
non-verbal communication. The categories of the toys build upon the findings of the
previous study (study 1) where different toys were identified to be most likely to engage
children on the autism spectrum. The current study also uses a qualitative multimodal
approach to capture nuances in behaviour which may reveal patterns not captured by
quantitative analysis of the data with a particular focus on the affordances of the
different types of toys. (Further details of the advantages of using this approach is given
in study 2a).

The current study
The current study defines three distinct categories of toys to examine whether the toys
impact social communication and play in children on the autism spectrum. The
categories of the toys came from findings from both Harrop et al., (2017) and Prothmann
et al., (2009) and the findings from study 1 showing which of the toys were most likely
to promote engagement. The two categories identified from study 1 are mechanical toys
(the train set) and dolls with swappable clothing. These link closely with findings from
Harrop et al. (2017). Although the objective of the current study is not to examine
differences of gender in toy preference and play, the categories identified are still distinct
from each other. The third category was chosen to be a stuffed dog toy. This was seen to
be an alternative to see whether the differences in preferences for animals as
demonstrated by Prothmann at al. (2009) extends to the children’s choice in toys as well.
The soft dogs would give the children to create a shared imaginary space where they
could interact with each other’s dogs. The different toys then would afford for different
behaviours from children, where the train set is more mechnical where pieces have to fit
into each other and has to be built up, the dolls allows for the children to customise and

231

232

change aspects of the toys (different types of clothing) and also allows for more pretened
play and finally the soft dog toy would allow the children to show more caring
behaviours.

Changes from Study 1
Several changes were made in the study design for analysing children’s play and social
communication when playing with toys from Study 1. Like in study 2a, the change was
made from changing the number of children in the session from three to two for more
practical reasons. The experimental set-up was identical to the experimental set-up in
Study 2a.
The coding scheme to analyse and examine children’s play and social communication
when playing with toys was developed further from the initial version used in Study 1 to
incorporate a further range of behaviours. The changes made were to get more
information about the communication between participants and make the sessions both
easier to code and to make it easier for the participants to attend. The design changes also
allowed for questions about the type of toy to be analysed. In Study 1, the participants
received several options of different toys across sessions (this was a deliberate decision to
give the children a wide range of freedom and choice to pick and choose which toys they
wanted to play with). In Study 2a, the participants only got one app or one toy for each
session, which meant that more complex questions about the type of toy could be
analysed in Study 2b. Further changes made to the behavioural coding categories are
outlined below in the methods section (Table 27).
Like study 2a, the current study examined duration of play behaviour in seconds rather
than percentage time spent in the behavioural state. This was done so that more complex
forms of analysis could be performed, which is only possible through the usage of
interval data. To organise the data to make it easier to understand and interpret, the
category total engagement was created, this is the sum of duration of all solitary, parallel,
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and cooperative play. The current study was also done in two distinct parts, part 1 which
involves the quantitative analysis of the behavioural data and part 2 a qualitative
multimodal examination of the behaviours afforded by the different types of toys.
The following research questions will be addressed in Part 1: Quantitative analysis of the
impact of toys on play and social communication
1. Which of the behaviours occurred most in each of the behavioural categories
during the overall sessions?
2. Is there an effect of the type of toy on the behaviour of the children in the
session?
3. Which of the individual social communication attempts by the children is most
likely to occur in relation to the play behaviour of the children?
4. Is there a relationship between the behaviours and the SRS-2 scores of children?
Part 2: Multimodal Analysis of Social Communication and Affordances of different toys.
The following research question will be addressed in the qualitative multimodal
examination of the behaviours afforded by the different types of toys.
1. What are the affordances of toys which allow for social communication between
children on the autism spectrum?

Methods

Design
Part 1: Quantitative analysis of the impact of toys on play and social communication
The study adopted a repeated measures design with each pair (16 pairs in total) of
children playing in 3 sessions. Each session having a different type of toy, the sessions
were all presented in order, first the train set, then the soft toy dog and finally the dolls.
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Part 2: Multimodal Analysis of Social Communication and Affordances of different toys
This involved a multimodal examination of the data where the total number of social
communication behaviours for all the children were first recorded and then those were
further examined in more detail to analyse how the children were interacting with the
different aspects of the toys. The method is identical to the analysis used in study 2a.

Participants
Participants were the same as in Study 2a, all details of recruitment and profiles of the
children are given in Table 16.

Ethical Considerations
All ethical considerations are identical to that of Study 2a as it is the same sample, details
are given in previous section.

Materials
Baseline assessment
The Social Responsiveness Scale-2 (SRS-2) (Teacher version) (Constantino & Gruber,
2012)
Assessment Tools
Play Materials
The toys used in the sessions are given below.
Train Set: The train set given in the first session was similar to the ones provided in study
1, it was 10 train tracks with two larger pieces to act as stops, one could be used as a
station and the other was a grassy area. The tracks and the two pieces could be connected
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in any order. The set also came with 4 train carriages, 2 engines and 2 further carriages
which could be attached to the engines.
Figure 19

Shows two of the children playing with the train set given to the children

Soft Dog Toy: A large soft toy dog with large ears and in a permanently lying down
position, the joints of the limbs were all in a fixed position. This toy was changed from
study 1. Instead of the multiple animals’ figures for the second condition, it was adjusted
to one soft dog toy. This was done to try and match it closer to the toys the children
would have been familiar with in the school and replicate interaction with animals. It
must be acknowledged that this change dramatically changes the condition and will
affect both the interaction of the children with the toy and more importantly the
interaction between the children when playing with the soft toy.
Figure 20

The soft toy dog given to children
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Set of Dolls: this was a set of two soft female toys with interchangeable clothes (4 dresses
in total, with each child having 2 dresses each). The clothes were removable from the
back and were fastened by Velcro strips. The doll had one dress on, and two other
dresses of different colours were given to each of the children.

Figure 21

The set of dolls and dresses given to the children

Data Coding and Analysis
Part 1: Quantitative analysis of the impact of toys on play and social communication
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The video files were analysed using Observer XT 13, a specialised software designed to
code behaviours and expressions demonstrated by the participants in the study. Data was
coded by 4 independent researchers. The data was analysed by skipping the first two
minutes of every session and then analysing the next 10 minutes continuously. This
accounted for differences in certain actions which were more likely to show up either
earlier on or later on in the sessions. For example, studies have demonstrated that
associative behaviours are likely to occur in the latter half of the play session as opposed
to earlier.
Each behaviour was tested to see whether they violated parametric assumptions. All of
the data failed parametric assumptions; therefore, Freidman’s tests were run for all
behaviours. The data analysis had three components to it. The first set of tests were to
examine whether there were any significant differences between each of the behaviours,
where one behaviour occurred more than the other during the session. The second
analysis examined whether individual behaviours differed across the three different
sessions. Finally, a correlation was run to see whether there was a relationship between
the mean behaviours across the sessions and the SRS-2 scores of the children.
Part 2: Multimodal Analysis of Social Communication and Affordances of different toys.
To answer this research question, an identical analysis strategy as used in study 2a was
used here. The initial frequency count of the behaviours showed 473 individual events.
This included the social communication behaviours (behaviours which involved one of
the children interacting with another child): associative (54) onlooker (200) and finally
communicative vocalisations (230).

Experimental Set-up and Procedure
The room, camera set-up and the structure of the play sessions and the process of
recruitment and gathering data were identical to the set up in Study 2a.
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Development of the Revised Coding Scheme
The coding was done through an event duration technique to best capture the nuances of
the behaviours and analyse durations of each of the behaviours in the observation
duration (Heyman et al., 2014). A mix of a molecular coding system (a system in which
fine grained behaviours are added and the coding system consists of detailed codes) and
molar system (in which a summary of behaviours is taken at certain time or times in the
observation duration) was used to capture the behaviours defined in the coding scheme
above. Although interval event coding is often used in capturing data about children on
the autism spectrum, it does not capture as rich a data set as event duration (Heyman et
al., 2014). The coding strategy will involve skipping the first two minutes of each
recording and then doing section of 10 minutes from that point on (some sessions lasted
shorter than others as children abandoned the study, in these cases the durations of
however long they were in the sessions were taken). In total, 52 videos were coded for
subsequent analysis.
The coding was carried out in in stages. In stage 1 researchers first defined the play
behaviours for each video, this is where the children are coded as a dyad, where the state
of each participant is dependent upon the others. In Stage 2, the remaining researchers
each carried out the remaining behaviours, Associative, Onlooker, Repetitive,

Vocalisation, Affect, and Guidance (definitions and examples of each behaviour is given
in table 27). Each of the behaviours are discrete, in that the behaviours themselves can
overlap with each other. However, the codes within each behaviour are mutually
exclusive. The complete scheme is given below.
As with Study 1, the behaviours solitary, parallel and co-operative and disengagement
were coded as mutually exclusive, meaning they could not occur concurrently with each
other. As in Study 1, the definition and categorisation of the play behaviours are slightly
different to those used by Farr, Yuill, & Raffle (2010). Associative and onlooker
behaviours were coded as discrete event, rather than continuous states, enabling dyad
238

239

members to be coded for different states. Another significant change was how solitary
and parallel play were defined in the original scheme by Farr, Yuill, & Raffle (2010). Due
to the proximity of the children and the fact that they each had one toy to play with,
solitary play and parallel play in its original definitions did not capture sufficiently
different behaviours in the current study design. Therefore, the definitions were changed
to fit with the current design. In Study 2a solitary behaviour was defined as when one
participant is interacting with the toy and the other is disengaged from the task.
Therefore, for a participant to be coded as being in Solitary play the other child had to be

Disengaged. When both participants were in solitary play, this was coded as parallel play,
i.e. both participants were interacting with their individual toys without cooperation.
The definition of cooperative play was retained from Study 1. The definition of

disengagement was updated to incorporate for the updated design and to make the
behaviour more explicit, specifically, disengagement was coded when children stopped
interacting with the toy continuously for more than 4 seconds. The new definition also
incorporated similar constructs identified from previous research (Libby et al., 1998;
Wolfberg et al., 2015). The other categories of behaviour (associative, onlooker, guidance
and vocalisation) remained largely unchanged from Study 1 (further details on the
definitions and the operationalisation of the behaviours are provided in Table 27). The
definition of repetitive behaviours was also updated to capture vocal repetitions in
addition to the physical behaviours noted in Study 1 (Kirby et al., 2017; Van Santen et
al., 2013). Previous research was also used to refine the definition of vocalisation
(O’Haire et al., 2013; Winsler et al., 2007). Specifically, vocalisation codes were changed
to only record communicative vocalisations, that is when children were either
communicating with the other child through speech (for children who are capable of
speech) or simpler vocalisations for non-speaking children. The most significant addition
to the coding scheme from Study 1 was the behavioural category, affect, the definitions
of which were taken from the Observation of Human Animal Interaction for Research.

Affect combined facial expressions as well as physical gestures which could either be
positive or negative. This was a new addition as the experimental setup of study 1 did not
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allow for closer examination of the facial expressions of the children. Although this
coding scheme is particularly useful for human and animal interaction and research with
children on the autism spectrum and other learning disabilities, the definitions of
expressions and the affect were considered relevant to the current study. The coding was
distributed amongst four researchers all individually responsible for a separate section of
the coding scheme, this was done both to make the coding more efficient and less time
consuming. The bulk of the coding was done by the main researcher (author of the
current thesis). The three additional researchers were MSc students who worked on the
project for their individual dissertation projects. A kappa rating of 0.78 was achieved
between the researchers after 10% of the data was double coded, this signifies a good
amount of agreement when using the coding scheme.
Table 27

Coding scheme showing each behaviour coded (continuous; can overlap) and
definitions with examples
Behaviour Variable Coded
(Continuous)
Play Solitary
Participant is taking part in the task but is working alone and
individually rather than with others. As coding is done as a
dyad, solitary will only be assigned to a child if the other child is
disengaged.

Examples
This is when the child is interacting with either the toy or the iPad,
and the other child is disengaged. This is different to parallel play in
that only one child will be playing and the other disengaged for the
behaviour to be categorised as solitary
Parallel
Individual chooses to work alongside another participant but
does not influence or modify other people’s work and plays
beside rather than with. Both individuals are engaged in solitary
play.
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Table 27

Coding scheme showing each behaviour coded (continuous; can overlap) and
definitions with examples
Examples
No looking and communication; two people engage in solitary
play.
This behaviour would be any time both children playing next to
each other on their own toy but not interacting or playing with
each other. They are both engaged in each other’s toys, but they
are not engaging in organised cooperative play.
Co-operative
Participant works with the other by turn-taking or discussing
play outcomes when tasks are distributed. Individual works
together with the other such as handing on something at same
time or discussing outcome together.

Examples
This would be if the both the children were interacting and playing
with the same toy. Or working towards the same goal, making toys
play together or discussing the same aspect of separate toys. For
example, one child could be making the tracks and the other rides
the train on the tracks, or they are making the dogs, or the dolls
speak to each other. This is also coded if the two children are
playing with the same toy for example, both children would be
dressing up the same doll.
Disengagement
Participant does not touch the play materials and not attend to
the play task or other participant within the group This is only
coded if it lasts 3 and more seconds.

Examples
Gazing elsewhere rather than play materials or the other
participant; disengagement is only coded if the participant as a prolonged period of inactivity (more than 3 secs of continuous
inactivity)

Associative Borrowing and loaning of play material – no division of labour
and no organisation of their actions. Individual acts as s/he
wishes.

241

242

Table 27

Coding scheme showing each behaviour coded (continuous; can overlap) and
definitions with examples
Associative Positive

Examples
Physical change-taking or giving the toy to the other child.
Traditional Condition: this would be when the physical toy is
shared or given to another child or taken by another child.

Onlooker Onlooker Positive
Participant is watching what the other individual in the dyad are
doing but does not actively take part.

Examples
This is when a child looks over at the other’s toy but doesn’t engage
with the other’s toy. This behaviour can happen while the child is
engaging with their own toy.

Repetitive Repetitive Positive
Participant is engaging in either vocal or motor repetitive
behaviours. This is defined by a motor action or vocalisation not
appropriate to the play behaviour which is done more at least 3
successive times or lasting for more than 5 seconds.

Examples
In this behaviour, children may repeatedly look closely at an object
and move it back and forth in front of them; repeatedly rock body
back and forth. Vocal repetitive actions would be when children
say a phrase over and over again which is not related to the play
behaviour.

Communicative Vocalisation Positive
Vocalisation

Participant makes a vocal utterance, this could be either random
noises made by the participant (squeals, grunts, yelling etc) or
speech (only 4 participants in the current study had the ability
to demonstrate communicative speech) to gain the attention of
an individual.

Examples
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Table 27

Coding scheme showing each behaviour coded (continuous; can overlap) and
definitions with examples
This can happen when children are making audible sounds to
themselves or to others (experimenter or peers) which is excluded from
repetitive behaviours.

Affect Only two emotional states were coded: positive (smiling,
laughing) or negative (frowning, screaming)

Examples
Positive:
Smiling should be coded when the participant demonstrates a
change in facial expression by turning up the corners of the
mouth and/or spreading the lips.
Laughing should be coded when the participant engages in
audible laughter. The laughing may be soft or hard and with or
without vocalization. The minimum requirement for vocalized
laughter is one laugh, whereas the minimum requirement for
non-vocalized laughter (i.e., breath laughter) is two laughs (in
order to distinguish laughter from heavy breathing or sniffling).
Negative:
Frowning should be coded when the participant demonstrates a
change in facial expression by furrowing the brow, turning down
the corners of the mouth or tightening the lips.
Physical actions like pushing away the toy or the other child, the
experimenter or a negative vocalisation like crying or a negative
scream was also coded as negative affect. In addition, physically
striking the other child was also coded as negative affect.

Results

Part 1: Quantitative analysis of the impact of toys on play and social
communication
The results are presented according to the research questions and the findings associated
with them. Each section starts with the descriptive information of each of the variables
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used in the analysis of the research question before presenting the findings from the
analysis.

Behaviours across all sessions
The following analysis was conducted to examine which of the behaviours in each of the
larger categories play, communicative vocalisations, and affect occurred for the longest
time across all the sessions. To test this, mean durations of each of the behaviours across
all 3 sessions were taken and then Friedman’s tests were run for each of the categories. If
the main test was significant, post-hoc Durbin Conover tests (Table 29) were used to see
which of the behaviours were highest in each category (only for the categories with
more than 2 behaviours).
Table 28

Descriptive Information and Shapiro-Wilk tests for behaviours across all sessions
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

129
171
24.0
163

114
92.9
49.4
141

125
190
3.42
166

0.913
0.961
0.536
0.906

0.008
0.230
< .001
0.005

4.05

9.13

1.64

0.436

< .001

20.0

41.2

7.06

0.482

< .001

1.51

3.87

0.00

0.461

< .001

14.5
14.7

38.8
42.3

0.00
0.00

0.427
0.406

< .001
< .001

Play Behaviour

Solitary Play
Parallel Play*
Cooperative
Disengagement
Associative

Positive
Onlooker

Onlooker Positive
Repetitive actions

Repetitive Positive
Vocalisations

Communicative Vocalisations
Undirected Vocalisations
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Affect

Positive Affect
Negative Affect
No Data

56.1
0.987

83.3
2.72

12.0
0.00

0.721
0.422

< .001
< .001

44.8

65.3

12.9

0.726

< .001

Note: *even though parallel play did not fail the normality assumption, because the variable will always be
run in comparison to the other behaviours, and the variance between them are not normally distributed,
the non-parametric alternative Friedman’s will be run.

Results of the Friedman’s tests show a significant difference in the duration of each of the
play behaviours χ2 (3) = 31.3, p<.001. Due to the number of comparisons, Bonferroni
corrections will be applied to the results to denote significance. To check for pairwise
comparisons, Durbin-Conover tests were run. A Friedman’s test was run to test whether
there was a difference between the positive and the negative affect of the children
during the sessions. The results show a significant difference between positive and
negative affect χ2 (1) = 18.2, p<.001., with positive affect (M = 56.1) occurring for longer
than negative affect (M = 0.987). Finally, a Friedman test showed no significant
difference between communicative and undirected vocalisations when comparing them
across all three sessions (χ2 (1) = 2.00, p=.157).
Table 29

Post-Hoc pairwise comparisons (Durbin-Conover) for play behaviour
Variables

Statistic

p

1.94
4.10
1.08
6.04
0.86
5.18

.055
<.001*
.283
<.001*
.390
<.001*

Play Behaviour
Solitary

Parallel
Cooperative

Parallel
Cooperative
Disengagement
Cooperative
Disengagement
Disengagement

Note: *denotes significance after applying the Bonferroni correction to the analysis
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The pairwise comparisons showed a significant difference between Solitary play ( M =
128.6) and Cooperative play (M = 24.0) where solitary play occurred for longer than
cooperative play. A significant difference was also found when comparing Parallel play
(M = 170.8) and Cooperative play where parallel play occurred for longer than
cooperative play. Finally, a significant difference was also found when comparing
Cooperative play and Disengagement (M = 163.4), where disengagement was higher than
cooperative play.
A Friedman test was also run between the duration of each of the remaining behaviours
to see whether there was significant difference between each of the categories

associative, onlooker, and repetitive. Results showed a significant difference between the
behaviours (χ2 (2) = 22.0, p<.001) The results of the Durbin-Conover pairwise
comparisons showed a significant difference between associative (M = 4.05) and onlooker
(M = 19.8) p = .003. A significant difference between associative and repetitive (M = 1.51)

p = .018 and onlooker and repetitive (p<.001).

Effect of toy type
The aim of this analysis was to determine whether there is a significant difference in the
behavioural categories in each of the different toys (train set, soft dog, and dolls). This
will determine whether the type of toy impacts upon social communication and play
between children. To test this, the total duration for each behaviour (descriptive data in
table 30) was recorded for each session and then compared to each other using
Friedman’s tests (Table 31). If any of the tests were significant, then post-hoc DurbinConover tests were run to examine which behaviours occurred for the longest time in
each of the sessions.
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Table 30

Descriptive Information and Shapiro-Wilk tests to see the effect of toy type on social
communication and play
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

85.4

19.2

115

0.769

< .001

159

44.8

192

0.799

< .001

142

68.4

182

0.781

< .001

277

321

186

0.906

0.005

67.0

13.1

95.6

0.719

< .001

169

89.3

197

0.816

< .001

48.0

0.00

142

0.380

< .001

12.1

0.00

34.3

0.403

< .001

11.8

0.00

29.6

0.454

< .001

62.7

11.2

112

0.627

< .001

249

201

232

0.839

< .001

178

61.8

221

0.762

< .001

8.25

0.00

27.0

0.317

< .001

1.51

0.00

3.66

0.468

< .001

2.40

0.00

6.05

0.462

< .001

19.9

6.68

31.2

0.690

< .001

8.07

0.00

17.4

0.543

< .001

32.0

3.76

101

0.317

< .001

0.605

0.00

2.61

0.248

< .001

2.36

0.00

8.23

0.321

< .001

1.56

0.00

4.72

0.369

< .001

Play Behaviour

Solitary
Train set
Dog toy
Dolls
Parallel
Train set
Dog toy
Dolls
Cooperative
Train set
Dog toy
Dolls
Disengagement
Train set
Dog toy
Dolls
Associative

Associative Positive
Train set
Dog toy
Dolls
Onlooker

Onlooker Positive
Train set
Dog toy
Dolls
Repetitive

Repetitive Positive
Train set
Dog toy
Dolls
Vocalisations

Communicative Vocalisations
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Table 30

Descriptive Information and Shapiro-Wilk tests to see the effect of toy type on social
communication and play
Variables

Train set
Dog toy
Dolls
Undirected
Train set
Dog toy
Dolls

Mean
(In
seconds)

SD

Median

S-W

S-W p

13.2

0.00

29.3

0.507

< .001

16.0

0.00

48.5

0.387

< .001

14.3

0.00

46.8

0.350

< .001

18.0

0.00

42.1

0.501

< .001

14.1

0.00

67.1

0.220

< .001

12.0

0.00

44.0

0.304

< .001

57.8

1.36

120

0.552

< .001

51.8

4.87

101

0.586

< .001

58.8

1.60

108

0.617

< .001

0.736

0.00

1.99

0.426

< .001

0.538

0.00

3.23

0.158

< .001

1.69

0.00

7.58

0.239

< .001

Affect

Positive
Train set
Dog toy
Dolls
Negative
Train set
Dog toy
Dolls

Table 31

Freidman’s Tests to see the effect of toy type on social communication and play
χ2

df

p

Solitary

4.48

2

.107

Parallel

16.8

2

<.001*

Cooperative

0.571

2

.751

Disengagement

21.3

2

<.001*

3.13

2

.209

Variables
Play Behaviour

Associative
Associative Positive
Onlooker
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Table 31

Freidman’s Tests to see the effect of toy type on social communication and play
χ2

df

p

8.26

2

.016

1.04

2

.593

Communicative Vocalisations

1.59

2

.451

Undirected Vocalisations

3.50

2

.174

Positive Affect

0.429

2

.807

Negative Affect

3.80

2

.150

Variables
Onlooker Positive
Repetitive
Repetitive Positive
Vocalisations

Affect

Note: *indicates tests which were statistically significant after applying the Bonferroni
correction.

Pairwise Durbin-Conover comparisons of the significant results of Parallel play showed a
significant difference between the train set (M = 277) and the dog toy (M = 67.0) p<.001,
a significant difference was also found when comparing the train set and the dolls (M =
169) p = .04 and a significant difference was also found when comparing the dog toy and
the dolls. In each instance, parallel play occurred for longer in the train set in
comparison to the others, and the dolls for longer than the dog toy. A significant
difference between the sessions were also found when comparing disengagement. The
result showed a significant difference when comparing the train set (M = 62.7) and the
dog toy (M = 249) p<.001 and when comparing the dog toy and the dolls (M = 178),
p<.001. No significant differences were found between the dog toy and the dolls. None of
the other behaviours differed significantly when comparing across sessions.
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Relationships between social skills and behaviours
To examine whether social skills was related to any of the play behaviours in the coding
scheme, Spearman’s Rho correlations were conducted. Table 32 displays correlations
with social skills as measured with the SRS-2 and each of the recorded behaviours.
Table 32

Spearman’s Correlations between play behaviours and social competence
Variables

Spearman’s Rho

p

0.037
0.304
0.153
-0.049

0.830
0.071
0.373
0.778

0.237

0.165

-0.192

0.261

Repetitive Positive

0.239

0.161

Positive
Negative

0.298
0.235

0.078
0.168

0.353
0.395

0.035*
0.017*

Play Behaviour

Solitary
Parallel
Cooperative
Disengagement
Associative

Associative Positive
Onlooker

Onlooker Positive
Repetitive

Affect

Vocalisations

Communicative vocalisation
Undirected vocalisations
*p<.05

The results showed a significant weak relationship for both communicative and
undirected vocalisations, the relationship shows that the higher the SRS-2 scores the
higher the higher the likelihood of the children engaging in vocalisation, both in terms
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of directed vocalisations and undirected vocalisations. No significant relationships were
found between any of the remaining behaviours and the SRS-2 scores.

Effect of Play Behaviour
This analysis was conducted to see the social communication behaviours which were
most likely to occur in relation to the play behaviour of the child. To test this, different
play behaviours (solitary, parallel and disengagement) were analysed individually to see
which of the social communicative behaviours, associative, onlooker and communicative

vocalisation occurred for the longest time while the children were in one of the play
behaviours defined above. This analysis would add to existing research findings
demonstrating the importance of play behaviour in facilitating for social communication
in children on the autism spectrum. The remaining behaviour in play behaviour,

cooperative did not overlap with the remaining behaviours. The descriptive information
along with the normality tests are given in Table 33. A series of Friedman’s tests were
run to see whether any of the durations of the behaviours were different according to the
play behaviour of the children. If significant, the duration of the different play
behaviours was analysed using Durbin-Conover post hoc tests. The results are shown in
Table 34.
Table 33

Descriptive Information and Shapiro-Wilk tests to see the effect of play behaviour on
social communication
Variables

Mean
(In
seconds)

SD

Median

S-W

S-W p

1.02
6.34
7.35

0.00
0.676
0.00

2.26
16.8
26.8

0.529
0.408
0.300

< .001
< .001
< .001

Solitary

Associative
Onlooker
Communicative Vocalisation
Parallel
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Table 33

Descriptive Information and Shapiro-Wilk tests to see the effect of play behaviour on
social communication
Variables

Associative
Onlooker
Communicative Vocalisation

Mean
(In
seconds)

SD

Median

S-W

S-W p

1.86
10.8
4.57

0.0539
4.79
0.00

3.16
16.2
10.4

0.640
0.686
0.504

< .001
< .001
< .001

0.683
7.78
6.84

0.00
0.00
0.00

1.63
31.2
24.3

0.496
0.247
0.322

< .001
< .001
< .001

Disengagement

Associative
Onlooker
Communicative Vocalisation

Table 34

Freidman’s Tests for toys to see the effect of play behaviour on social
communication
χ2

df

p

Associative

8.15

2

.017

Onlooker

9.36

2

.009*

Communicative Vocalisations

4.11

2

.128

Variables

Note: * indicates significance after applying a Bonferroni correction

Pairwise Durbin-Conover tests on Onlooker behaviour showed a significant difference
when comparing disengagement (M = 7.78) and Parallel (M = 10.79) and when
comparing Solitary (M = 6.34) and parallel. In each instance, Parallel play occurred for
longer than any of the other behaviours.
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Part 2: Multimodal Analysis of Social Communication and Affordances of Toys
Borrowing and taking toys: nearly all the instances of associative behaviours were
instances of the children taking directly from a child while they were playing with a toy.
Although mostly this was not problematic, sometimes, it did result in both children
tugging at the toy. This would result in one child either letting go and conceding the toy
to the other child or the child trying to take the toy away would give up and not try to
take the toy anymore. Both these behaviours are illustrated in Figure 22. There were also
other instances where one of the children would voluntarily give the toy to another
child to aid in their activities with the toy (Figure 23). These behaviours were exclusive
to the train set and the dolls Both sessions had many individual items which could be
shared. The affordances of the large soft toy did not allow for it to be shared without
interrupting or stopping the play of the other child, whereas in both sessions 1 and 3, the
children could easily pick items off the table and use them without interrupting the play
behaviour of the other children (Figure 24). This was observed in the way that children
played with the soft toys, where on some occasions, one child would take both toys and
play with them together while the other child looked on (Figure 25).
Figure 22

The picture below is an illustration of a child moving their toy away from the other child
to prevent them from taking it away
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Note. The picture above shows an example of two children both fighting over the same
toy.
Figure 23

A child giving some dresses to the other child while he was playing with the dolls

Figure 24

Child taking a toy from the other child’s play area without interrupting the play of the
other child.
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Figure 25

A child taking over both toys while the other child sits in the background.

Playing together (cooperative play): These were instances where the children were
cooperating with each other by playing with the same toy or working together on the
same toy. This was seen in the train condition, where the children worked together once
the track was completed. Both children would then place their train carriages on the
track and play in the same space together (Figure 26). Another instance of the children
playing together was when playing with the dolls. The children in this instance would
focus on each other’s dolls and would play together by exchanging the dresses and
swapping outfits (Figure 27). It is important to note here that much like in study 2a, the
shared relationship between the children seemed to have an impact on their level of
communication with each other. Where certain groups would almost always engage in
play together, in other groups this was non-existent.
Figure 26
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Both children playing together on a completed train track.

Figure 27

Two children playing together, by swapping dresses and looking over to see what the
other child is doing.

Emotional Intensity: the emotional reactions of the children were mostly related to each
other and the actions of the other children. The dolls were a frequent cause of overt
positive emotions, where the children were happy to share the dresses between them
and sometimes even engage in pretend play, for example talking or making the dolls
walk. The soft dog, although not related to negative emotions did show instances of
boredom where the children were visibly disinterested in engaging with the toy. The
presence of multiple objects in the case for both the train set and the dolls seemed to
enable the children to interact with them in ways which made them happier, therefore
showing more expressions of positive emotion. Emotions of the children were also
sometimes dependent upon interactions with the researcher, which is explained further
below.
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Interaction with researcher: the aim of the study was to encourage spontaneous play
between children without involvement from the researcher. However, due to the
presence of the researcher in the room, some interaction between children and the
researcher was unavoidable. The most frequent interactions between the children and
the researcher occurred during play with the train set. The train tracks had to be put
together and the connections between them were sometimes stiff, this meant that the
researcher had to intervene to help the children “click” the tracks in place. In two
instances, children from different groups created their own games with the researcher
where they would throw down the tracks in the train set or the dresses in the dolls
condition and wait for the researcher to pick them back up. This continued for several
seconds and often elicited a positive emotional response from the children as they got
enjoyment out of playing with the researcher.

Disengagement: The most disengagement occurred in the soft dog condition. The
children were often disinterested in playing with the dogs except for one child, none of
the other children engaged in any caring behaviour (petting, hugging) towards the dog.
Disengagement from the toy did not always result in play stopping. One pair stopped
playing with the toy to play with each other instead. The children were engaging in a
game where they tried to touch each other’s stomachs. While sitting on the chairs, they
shifted around and tried to touch each other’s stomachs while the other child tried to
prevent it from happening. Although not related to the affordances of the dog, the
disengagement from the toy is what allowed for more interaction between the children
and provided an example of a turn taking game.

Discussion
The aim of the current study was to examine differences in play behaviour and social
communication in more detail when children play with different types of toys,
depending on their mechanics and the affordances they provide.
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In the analysis of which behaviour occurred for the longest time in the sessions, the
results showed that positive affect occurred for longer than negative affect overall across
all the sessions. The study did not find any significant relationship between
communicative and undirected vocalisations when comparing across the sessions.
Finally, the overall examination of play behaviour showed that all the behaviours,
solitary, parallel and disengagement occurred for longer than cooperative play. When
examining the remaining social communication behaviours, both associative and
onlooker behaviour occurred for longer than repetitive play. Onlooker behaviour also
occurred for longer than associative behaviours. The results of the play behaviour is not
very surprising, research has shown that more complex forms of play, where children are
playing together is much rarer in children on the autism spectrum when compared to
less complex forms of play behaviour (Francis et al., 2019). This result is also reflective in
the second set of results, which showed that onlooker behaviour occurred for longer
than associative play, again, the less social behaviours are more likely to occur between
children on the autism spectrum than more complex forms of play like associative and
cooperative play. The overall differences raised the question about why these differences
were being seen and whether the type of toy that the children were playing with
affected play.
The second research question was looking at exactly that, whether the behaviours
changed according to the session (i.e., the different types of toys given to the children).
The results only showed a significant difference between the sessions when comparing
parallel play. Parallel play in the train set occurred for longer than both the dog toy and
the dolls, parallel play also occurred for longer in the dolls than the dog toy. The results
of this shows that children playing with the train are more likely to play alongside each
other than any of the other toy types. The finding that the dog toy showed the shortest
duration of parallel play may be due to the very affordances of the dog in comparison to
the other toys. A solitary soft dog toy was not very engaging to the children, this result is
reinforced by the finding that disengagement was the highest in the dog toy session
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when comparing it with the other sessions. The lack of a significant difference in
disengagement between the train set and the dolls showed that the difference is because
of the type of toy, where the presence of multiple objects which the children can
manipulate and interreact with was a key factor that affected engagement and play for
the children. This finding can align with findings that children on the autism spectrum
are more likely to engage in structured play sessions over unstructured ones. The train
set in the toy condition had a clear goal and objective, as did the dress up the dolls. The
soft dog toy did not really provide the opportunity to share environments or content
between them, even though the creation of a shared space is typical in neurotypical
children. Another reason for the increased disengagement can be found in work on play
in children on the autism spectrum who have been shown to have difficulties in
engaging in pretend play in comparison to their neurotypical peers (Kasari et al., 2013).
The third research question was examining whether there was a significant relationship
between the SRS-2 scores of the participants and the behaviours of the children. The
results showed a significant relationship between the SRS-2 scores and both forms of
vocalisation recorded in the study. The results are quite interesting and contrary to
previous research findings. The results show that the higher the SRS-2 scores, i.e., the
children had more difficulties in social communication, the higher the duration of
vocalisation. Although this result was expected for undirected vocalisations, it is
interesting that this was found for communicative vocalisations as well. This may mean
that the children are willing to communicate with their peers in a setting where they are
free to do so and near each other. Most of the research examining communication in
children on the autism spectrum have been linked to speech production (Goldstein,
2002; Salomone et al., 2016; Winsler et al., 2007). In fact, questions in the SRS-2
categorise speech production with the formation of words but not speech related noises
with communicative intent. The results of the current analysis may show that SRS-2
does not accurately cover non-verbal communications between children on the autism
spectrum, especially those who tend to score on the higher end of the scale.
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The fourth research question examined which social communication behaviours were
likely to occur during the different play behaviours of the children. The results,
unsurprisingly, showed that most of the social communication behaviour was likely to
occur while the children were engaged in parallel play. This is not surprising because the
children spent the longest time in parallel play in comparison to the other play
behaviours. Onlooker behaviour occurred for the longest time in the parallel condition
over both disengaged and solitary behaviour. For the remaining social communication
behaviours, associative behaviours showed borderline significance again, with the
behaviour most likely to occur when the children are engaged in parallel play. This
finding does show the importance of the structure and set up, a restricted scenario where
the children are more likely to engage in parallel play would increase the likelihood of
social communication.
The final research question is a qualitative examination of the affordances of the toys
which allow for social communication. The most significant finding from the analysis
showed that the children can choose to play and manipulate objects with minimal
direction or prompts. Provided that the children are familiar with the toys and with each
other, it is likely that the children will play together with the same toy. The children in
the study showed freedom in playing in both creative and prescribed ways. Whereas the
affordances of the train set allowed for directed instructed play, the dress up dolls
allowed for the children to engage with the toys in more creative ways. It is important to
note that both toys were restricted by function in their applications and uses. The
researcher did not provide the children with any instruction beforehand, therefore all
the communication between the children were spontaneous. The fact that the soft dog
toy did not provide any opportunities for the children to communicate with each other
shows that affordances of the toys need to be given careful consideration when trying to
examine how children communicate with each other. It was clear from the observations
that the children liked and needed multiple objects to manipulate and interreact with
which allowed them to share toys and objects and work collaboratively with each other.
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This is largely in line with previous research which suggest careful and thorough
consideration of the affordances of the toys when giving it to a particular population
(Hourcade, 2015; Yuill & Rogers, 2012). The results of the study show that the children
needs toys which they are not only familiar with, but also understands how they work
and also they are toys that have been designed with collaboration in mind. For children
on the autism spectrum, the toys need to have the quality that makes collaboration
possible from it as the most salient property of the object in order to ensure that the
maximum amount of collaboration can occur between the children.

Limitations
Most of the limitations for the Study 2b are covered in the previous chapter (Study 2a) as
they share identical methodologies and both studies were conducted concurrently. In
addition to limitations of the setting and the methodology, a significant limitation of the
study are the toys themselves. As covered previously, the toys were selected from a
selection of toys the children were familiar with in school. This meant that the toys were
not ever designed to be specifically designed for collaboration and play between the
children. The children could have behaved differently if the toys themselves had
collaboration as a more salient aspect of their design. Another limitation is the soft toy
dog used in the second session with the children. Although the children did have some
familiarity with soft animal toys, the current study showed that the children did not find
the toy engaging in comparison to the other toys. This could have been avoided had the
toy been given to the children in Study 1, where it would have made their lack of
engagement with the toy clearer.

Conclusion
The findings from the study answer some key questions regarding the importance of the
affordances of toys when looking for social communication between children on the
autism spectrum. The results of the overall behavioural data and the data on play
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behaviour and associated behaviours shows that the children need to first be engaged in
the same activity alongside each other before more complex forms of social
communication emerge. This seems to have some limitations. The most complex forms of
social communication and interaction seems to be rarer in this sample. This could be due
to the nature of the toys, or the well-established patterns seen in autistic populations. A
potential factor to examine in future studies would be to look at the level of familiarity
between the children themselves and importance of relationships between the children
and the level and duration of social communication between them. In addition, the
relationship between the SRS-2 scores and vocalisations shows the harm in dismissing
individuals based solely upon their perceived non-speaking behaviour in different
scenarios and settings. The results also highlight the importance of examining different
forms of non-verbal communication between the children, some of which can be
extremely significant without speech or coordination. The result of the study has
implications for the selection of toys to promote social communication and play in
specific settings like schools.
The qualitative examination of the data revealed that some children do engage in some
complex forms of social communication like cooperative play. However, close
consideration needs to be given to the types of toys which facilitate those behaviours.
There needs to be a closer examination of the types of toys and what types of play can be
encouraged through those toys. As the current study shows, the presence of multiple
objects and the ability to share objects seems to encourage sharing and joint attention,
likewise, if there is a mechanism in the toy which needs to be put together (puzzle, train
tracks) these can foster more collaborative play. Critical to these interactions however is
the level of familiarity between the children. Schools should therefore look to build
sustainable and lasting relationships between the children to create fixed groups where
the children have the opportunity to get to know each other hence increasing the
chances of them engaging in more social communication and more complex forms of
play.
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Thesis Discussion
Synthesis of Thesis Results
This thesis is comprised of a series of studies examining the effect of digital toys on play
behaviour of children on the autism spectrum in Bangladesh. Children on the autism
spectrum can benefit from technology in several areas, ranging from social
communication and play, to fine motor movements (Bölte et al., 2016; Fletcher-Watson,
2014; Grynszpan et al., 2014; Ospina et al., 2008). The use of technology also promotes
interaction and play in both neurotypical children, and children on the autism spectrum.
However, as demonstrated by Bölte et al., (2016) developing nations have by and large
been left behind when it comes to research on technology and autism. This highlights
the need for more targeted studies into the use of technology on children on the autism
spectrum in Bangladesh. This thesis is therefore an important addition to current autism
research and provides the basis for future studies.
The main aim and research questions of thesis focused on examining how children’s play
and social communication are different when playing digital games on tablets and toys in
Bangladesh. The following sections will synthesise the findings across the different
studies regarding play and social communication between children on the autism
spectrum when they either play with iPads or toys. The results of the studies will then be
discussed in terms of previous research findings and what this thesis adds to the research
base. The importance of the pilot explorative Study 1 will be examined along with the
follow-up Studies 2a and 2b. Play and social communication with iPads will be addressed
first, followed by play and social communication when children interact with toys.
Implications of the thesis findings are then discussed, with a particular focus on
examining how this thesis can inform decisions and add to the research base. Particular
attention will be given to the benefits and viability of using tablets in school settings
during free play sessions. Finally, the limitations of the thesis will be discussed, and
conclusions drawn will work to address the key aims and findings of the thesis.
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Play Behaviour on Digital Games on iPads
As mentioned previously, Study 1 used a design which was slightly different from ones
previously used to examine play behaviour in children on the autism spectrum. Firstly,
the study used a dual tablet design, but one where digital space was not shared between
the children. This meant that existing coding schemes to capture play and social
communication could not be applied in regard to the study. Study 1 sought to recreate
play scenarios relevant to the school setting where typically three or more children were
placed into a structured play scenario. As seen from previous research (Cardon, 2016),
children on the autism spectrum placed in these environments tend to isolate themselves
and avoid engaging with other children in the room. However, instead of only giving the
children toys, the children were also given iPads with identical games. To replicate a free
play scenario, the children could pick and choose different apps and play with the ones
they wanted to. Two important factors must be considered when discussing the findings
of the new coding scheme developed. Firstly, as demonstrated in previous literature, the
fact that the children did not have shared space and were working on individual iPads
without a mechanism to force collaboration meant that cooperative play was unlikely to
be seen in the current study (Battocchi et al., 2010; Holt & Yuill, 2017; Hourcade et al.,
2012; Silva et al., 2014). Second, the children were all mostly unfamiliar with the use of
iPads prior to the study, and therefore any behaviours observed could be due to the
novelty of the iPad.
The different categories in the coding scheme closely matches the findings from Hancock
(2020). More typical examples of play behaviour with toys, like associative play, were
completely absent when children were playing on the iPad. Furthermore, the new
coding scheme also demonstrated the importance of the position of the child in relation
to other children in facilitating different forms of social communication. For example,
the glare of the iPad screen meant that the children playing had to adopt a position
where other children could easily look over at the iPad. The differences in the way in
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which the children could interact with the iPad was also seen in Study 2a. Of course, the
change from a triad to a dyad played a significant role in removing distractions and
making it easier to manage the behaviour of the children in the sessions. The removal of
one child allowed for the other two children present to engage in more social
communication. The newly created coding scheme showed some similarities with
existing coding schemes. For example, the gaze behaviour of the children towards the
iPads of the others is similar to onlooker behaviour as defined in previous literature (Farr
et al., 2010, 2012; Francis et al., 2019). The similarities to previous studies also extended
to the code when looking at children playing alongside each other – which is
potentially akin to definitions of parallel play. However, the coding scheme goes beyond
these definitions and distinguishes between the number of children concurrently playing
with each other (i.e., all three children playing, two children playing and only one child
playing). This distinction made it possible to see the impact on social communication
depending on how many of the children were playing on the iPad. Another addition to
the coding scheme was the different ways in which children play on the iPad. The three
categories for the iPad were: playing on the iPad as intended (interacting with the
touchscreen), using the iPad more creatively (using the iPad as a physical toy) and finally
repetitive actions on the iPad. The three types of interaction share similarities with
previously defined forms of play: symbolic play, functional play, and repetitive play. The
creation of the coding scheme also showed that these take different forms on the iPad in
comparison to play with toys. The most apparent form was repetitive play – where the
children would not perform repetitive actions with the iPad, but instead chose to
perform the same actions on the screen repeatedly. For example, repeatedly placing each
of the characters in Toca Pets into the water, or making the crane move repeatedly in
Toca Train. Physical interactions between the children looked different in children on
the autism spectrum. Typically, these interactions were extremely short and were more
likely to occur several times over a given period of time. The coding scheme also
differentiated between the physical interactions of the children, and between the
children and another child’s iPad. The physical interaction towards the iPad could be an
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indication of joint attention, whereas the interaction with the body of another child
could be spontaneous. The nuances of behaviour would be lost had an existing coding
scheme been used to capture play and social communication when children were playing
on individual iPads. During the development of the coding scheme, the different
behaviours afforded by the tablets were also made clear. These were examined further in
Study 2a.
Study 2a revealed that when playing with iPads in dyads, the children spent a much
longer time sitting next to each other than moving away from each other. Furthermore,
the study also showed that the position of the child was essential in promoting more
social communication between them. The proximity of the children to one another
enabled them to look over at each other’s iPad. This finding suggests that it is important
to place some physical constraints on the children to have them focus more on the game
(Yuill & Rogers, 2012). For example, in Study 1 the children were able to leave the table
easily if they felt disengaged from the game. Studies 2a and 2b were conducted in a room
which was more neutral and smaller, therefore the children did not have as much space
to move around. Additionally, the higher chairs seemed to encourage the children to stay
in the same position. Due to the availability of more data, a further analysis of body
position in facilitating different communicative behaviours revealed that social
behaviours such as gaze and physical overtures were more likely to occur when both the
children were in their default positions. They were also more likely to play alongside
each other when they were in this default position. These results demonstrate that the
social communication in children on the autism spectrum is heavily dependent on their
positions. It should be noted that it was highly unlikely for the child to leave the play
area and then come back to observe what the other child was doing.
One of the primary views adopted in the current thesis was the view that more social
engagement between children on the autism spectrum was best promoted by more
structured play settings where interactions are encouraged (Green et al., 2017; Holt &
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Yuill, 2017). Both papers explored the importance of environment in promoting peer
interaction in children on the autism spectrum. Creating an environment where children
on the autism spectrum find interactions engaging and rewarding was regarded to be of
extreme importance. Another view adopted by the author of the current thesis was that
play behaviour can be exhibited by any child regardless of their social communicative
deficits provided the children are given a supportive environment which encourages
them to engage in social communication and play.. All the choices made in this thesis,
regarding the choice of iPad games, toys, environment, and design of the studies were
made using theoretical understandings of what children on the autism spectrum find
engaging. Structured play activities are rare in this particular setting, and as such the
research focused on more naturalistic observation that could occur in a day-to-day
setting. Despite this, the studies conducted found that toys facilitated interaction.
Study 2a found also found that the children found the sessions enjoyable and spent much
longer expressing positive emotions over negative ones. The findings on the level of
engagement with the iPad, and the higher duration of positive emotion expressed by
children on the autism spectrum mirrors previous research findings which state that
these children enjoy playing on the iPad, and finds this type of play more engaging
(Fletcher-Watson, 2014; Hendrix et al., 2009). The study also found that children were
more likely to be playing alongside each other than playing by themselves or being
disengaged from the games altogether. Again, this highlights the importance of having a
more restrictive design where the children do not have as many distractions and can
focus more on the task at hand. The results suggest that further research needs to
examine the conditions in which children are more likely to play alongside each other.
A key finding from both Studies 1 and 2a was that the data regarding the children
looking over at the other child’s iPad. Study 2a demonstrated that children were more
likely gaze at the other child’s iPad than looking away or at the other child. This could
be related to the findings from the multimodal analysis which revealed that the children

267

268

were interested in mimicking actions that they saw other children perform on their
individual iPads. This behaviour is of great importance when examining play behaviour.
This is because joint attention is often seen as a first step to more complex forms of play
behaviour (Charlop et al., 2018; Yuill et al., 2014). This replicated findings from previous
literature demonstrating that children on the autism spectrum, particularly children with
lower IQs, are only capable of play behaviours relating to other-awareness (Holt & Yuill,
2014, 2017). The research reported in this thesis revealed evidence to suggest that these
patterns of behaviour can also be seen in a sample of children with varying levels of
abilities. There are important differences between the published studies mentioned
above and the current thesis. The most significant difference is the lack of shared digital
space in the studies reported in this thesis. This is an important distinction to make, due
to the fact that children shared the same space in the toy condition but could not in the
iPad condition. The iPad games were in their own digital space and the actions of one
child did not affect the digital space of the other child. Conversely, in the toy condition
(Study 2b), children often used the space together. For example, train tracks often
extended into another child’s play area. Technological and contextual constraints
prevented the current thesis from exploring this issue further. The studies in the current
thesis show that children still display an increased level of interest in the iPad game
being played by another child even without the use of a shared digital space. It therefore
suggested that in addition to children on the autism spectrum preferring to use
technology alone, (Fletcher-Watson & Durkin, 2015) the beneficial effects of technology
can also be extrapolated to peer interaction in play behaviour. As examined in detail in
previous chapters, joint attention is often seen as a first step to more complex forms of
cooperative behaviour between children. Therefore, findings from the current thesis
potentially add more evidence to the idea that factors which develop and enhance other
awareness in children on the autism spectrum can be examined.
Baron-Cohen and Wheelwright's (1999) study was the first to identify that children on
the autism spectrum showed particular interest towards different objects and stimuli.
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There has been some research since that examines whether a child’s interests affect play
and social communication between children. Study 2a is one of the first studies to
examine whether game mechanics and different goals can impact non-verbal
communication between children on the autism spectrum. Study 2a did not find an
impact on social communication between the children due to the different mechanics of
the various games. This finding is somewhat contrary to findings from Hourcade et al.
(2013) who found that although tablets do promote more communication between
children on the autism spectrum, apps with a more creative element, and ones which
force collaboration showed more encouraging comments than the other apps. However,
no such pattern was found in the study. A primary reason for this could be that in testing
engagement with different games in Study 1 and all the apps in Study 2a – although
different in mechanics and goals – were all equally accessible and promoted the same
level of engagement with the games and each other. Further, since the children did not
have much experience with playing games on the iPad, the differences between the
games may not have been as apparent to them. In terms of artistic design, character
models, and colour use the apps were all fairly similar to each other. This may have been
another reason that there was no difference in terms of social communication and play
behaviour between the apps.

Play Behaviour and Social Communication with Toys
Study 1 and Study 2b used similar coding schemes to compare play behaviour and social
communication when interacting with toys between children on the autism spectrum.
Descriptive data from Study 1 showed that there were some differences in onlooker,
associative and receptive behaviour between the children. However, the data was not
sufficient to comment of whether these differences were statistically significant. Study
2b built on these findings and demonstrated that onlooker behaviour occurred for the
longest time, followed by associative behaviours and finally repetitive behaviours. The
finding is significant for two reasons. First, the presence of onlooker behaviour suggests
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that when given similar toys, children on the autism spectrum can engage in joint
attention – even when they are playing with each other. Second, the findings suggest
that previous ideas about repetitive behaviours – once thought to be one of the main
reasons that children on the autism spectrum could not and did not engage in different
forms of play – do not hold true. Both Study 1 and study 2a and 2b demonstrated that the
amount of time that children spent in repetitive play is considerably lower than other
forms of play behaviour. When examining associative behaviours further, it showed that
more associative behaviours occurred in Study 2b than in Study 1. There could be two
possible reasons for this, one could be that being in a triad was too distracting for the
children. A second reason could be the availability of other toys. For example, when the
children were bored, they could just switch to another toy and did not need to share or
borrow play material. As mentioned above, the use of shared spaces has been established
to be effective in promoting peer communication in play in children on the autism
spectrum (Hinske et al., 2010; Yuill et al., 2014). This may have contributed to more
associative behaviours seen in the toy condition over the iPad condition in Study 2a. The
shared space and the physical presence of the toys made it easier for the children to pick
up and share toys.
Another significant finding from both Study 1 and Study 2b relates to the level of
engagement of the children with the toys themselves. In Study 2b, the level of
disengagement was highest in the toy condition when compared to the other two toys
(train and dolls). This finding is important because previous studies have found that
increased engagement in the task promotes the effectiveness of the intervention (Farr et
al., 2010; Klin et al., 2007; McConnell, 2002). Therefore, if the task itself is not engaging,
children will be less likely to benefit from the play stimuli. Two individual findings also
reinforce the importance of engagement with the toy in relation to social communication
between the children. Firstly, parallel play was found to be significantly higher in the
train condition, followed by the dolls and finally the soft toy dog. Second, that onlooker
behaviour was significantly more likely to occur in the parallel play condition than the
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other play behaviours. Although this is an expected finding, it is important to identify
which types of toys promote what behaviours between children on the autism spectrum.
The soft dog toy was given to promote a shared imaginary space where the children
could interact with both their toys and with each other. However, this behaviour did not
occur at all between children in the study. In fact, the higher engagement in the dolls
can be attributed to the presence of multiple objects (dresses) over the use of a shared
space.
Study 2a and 2b both conducted examinations on the effect of social skills as measured
by the SRS-2 in establishing the effectiveness of the design for all children on the autism
spectrum in this school-based sample. As discussed in the introduction, children on the
autism spectrum have a wide range of abilities even if they share the same diagnosis. As
such, it is important that any intervention designed to occupy children’s time out of class
time works for them. No significant associations were found between the play and
communicative behaviours and the SRS-2 scores of the children. However,
communicative vocalisations did approach significance when examining play between
the children when playing with the toys. The results suggest that further investigation
into the benefits of non-verbal communicative vocalisations needs to be examined in
greater detail. The lack of the associations between the SRS-2 and the behaviours may
mean that the design enabled children of all different abilities to engage with the toys
and the games in equal measure. The studies all accounted for communicative
vocalisations which captured communication beyond speech. It is possible that the
results of the study show that children who are the least verbal still communicate with
their peers. This could point to a shortcoming in previous research and their focus on
communication through speech. All the children in this study seem to be equally capable
of communication, even when they are not doing so through speech.
The findings above can be in support of the Double Empathy Paradigm (DEP) as
suggested by Milton (Milton, 2012; Milton et al., 2021). The lack of significant findings
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in the impact of the individual SRS-2 scores on the behaviours of the children suggested
that differences of behaviour in the children were not impacted by their social
competencies. However, previous findings have demonstrated that the SRS-2 is an
extremely strong measure of communicative capabilities of children on the autism
spectrum (Westerveld et al., 2021). The distribution of the social communication
between the children was also skewed and non-normally distributed. Where some
children would express social communicative behaviours across all sessions, others would
not show any. These differences seemed to be dependent largely on the level of
familiarity of the children to each other. Although all the children were familiar with
each other in their given pairs (they were attending classes together), it was clear from
the initial meeting with the researcher that some of the pairs were more comfortable
together and understood each other’s reactions and perhaps more importantly, their
boundaries of play. This translated to the children understanding the limits of their play
and moderated how often they would communicate with each other. The DEP suggests
that children with similar interests and understanding are more capable of
communicating effectively with each other. The results of the thesis seem to add more
weight to this theory. Future studies should therefore look to foster relationships
between the children in free play situations to promote more play and social
communication between children on the autism spectrum.

Qualitative Examination of the Affordances of Toys and iPad Games in
Facilitating Social Communication
There were some interesting findings from the multimodal qualitative examination of
the toys and iPad games in Studies 2a and 2b. As demonstrated by the quantitative
examination, joint attention was present in both studies over other forms of social
communication. However, the preceding activity of the children differed significantly
between the two studies. In the iPad condition, for example, the joint attention (looking
over at the other child’s iPad) was either to copy the other child’s behaviour, or to see
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how a child was performing a particular action on the iPad. In the toy condition, the
onlooker behaviour was not followed by imitation behaviour. In most instances the
onlooker behaviour was followed by children looking to take something from the other
child’s play area. Although both behaviours are significant indicators of social
communication, it is important to note that the two types of activities promoted different
social communication after the same behaviour. The social communication is directly
dependent on the affordances of the toys and games. Games can produce noises and
feedback and toys can be picked up and moved, these actions were not possible with the
iPads. Although not completely similar, the importance of some form of feedback in
promoting social communication between children on the autism spectrum was also
found when children play with interactive physical toys (Farr et al., 2012).
Interaction with another child’s toy also differed between Studies 2a and 2b. In the iPad
study, the children would reach over and press a prompt on the iPad, the effect of which
was seen by both children. Interaction with the toys in Study 2b looked different in
comparison to Study 2a. The children were able to reach over and pick a toy from the
other child’s play area, but this was noticed by the other child if they were actively
playing with that particular toy. This difference was also seen in helping behaviour
between the children. In the toy condition, particularly the one with the train and dolls,
the children were able to notice when the other child was trying to perform a particular
action. This meant that the other child would give them the object they wanted such as
an additional dress or a section of a train track. This was not possible in the iPad Study 2a
as it was difficult for the children to notice if the other child was having difficulty with a
section of the game.
One similarity between both studies was the reasons behind conflict between the
children. One of the main causes of conflict between the children was the unwanted
touching of a child’s body or interruption to their play. Although they took different
forms, this behaviour was present in both studies. For example, in the iPad Study 2a, a
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child repeatedly trying to reach over to touch the other child or the child’s iPad was the
most common cause of conflict. There were instances where this started out as an
enjoyable activity between the children, where both children were laughing when one
touched the other’s iPad. However, if this went on for too long, or in quick succession,
the other child would move away or even slap the other child’s hand away. This was also
seen in Study 2b with the toys. In this study, the children were often happy to let the
other child have an object from their play area in the train and dolls conditions.
However, this was different if one child wanted a toy that another child was currently
playing with. Conflict also arose if one child repeatedly took toys away from another.
Patterns in emotional intensity were most difficult to determine in both studies.
Although it was apparent in both conditions that positive emotion far outnumbered
negative emotion, the reasons behind positive emotions were varied and dependent on
the individual. For example, one child would be extremely happy whenever they
reached over to interact with another child’s iPad. In the same situation, other children
did not react at all. The children were specific in what they enjoyed interacting with.
Some of the children enjoyed certain prompts from the iPad in relation to different
games but said prompts did not trigger similar responses from others. The children
showed similar patterns of unpredictability when interacting with the toys. A child
would clap when they clicked two train tracks together, while another would enjoy the
train wheels spinning. Both children would express positive emotion but the reasons
behind said emotions varied from child to child.
The finding on cooperative play between the children when interacting with toys and
iPads was expected. The complete lack of cooperative play in the iPad condition points to
the importance of the use of shared spaces to promote collaboration in children on the
autism spectrum. Previous research has demonstrated that forced collaboration, or the
ability to see the impact of one child’s action on a shared space are effective ways of
promoting collaboration and other awareness (Holt & Yuill, 2017; Hourcade et al., 2013).
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Neither method was applied to the current study, therefore it is not surprising that there
was no collaboration between the children in the iPad condition. When compared to the
toy condition however, collaboration was seen in the train condition. This shows that
the use of a shared space and the meeting of goals is important in facilitating
collaboration between children on the autism spectrum. The children could add to the
length of the tracks if they put it together – meaning that they could enhance their play
by collaborating. This shared understanding was important between the children as it
resulted collaborative play between children on the autism spectrum in the study.
The findings of the current thesis are perhaps effectively explored using the cognitive
models of autism explained in the introductory chapters. Of note are integration and
complexity models, social domain models, weak central coherence and finally
systemising models on autism. Cooperative play requires children to coordinate actions
and move collectively towards a common goal. In both conditions, this meant that the
children had to first decide on a goal and then work towards it. The results from the
studies which found lower levels of cooperative play could link back to the idea that
children on the autism spectrum experience difficulties in paying attention to the larger
picture and focusing more on the details of social interactions (weak central coherence
(Firth & Happé, 1994)). For example, the children were paying attention to specific
actions of the other child as evidenced by increased durations of onlooker behaviour in
the iPad condition. However, they did not take this a step further in coordinating their
actions and working together to share ideas to achieve a common goal. Increased parallel
play seen when children are playing with the trains can also be explored considering
individuals on the autism spectrum pay less attention to social actions and interactions.
The finding of increased engagement in the iPad in Studies 1 and 2a links back to the
earlier findings regarding increased systemising abilities in children on the autism
spectrum (Golan & Baron-Cohen, 2006). The iPad was a more feedback orientated
platform where actions had immediate impacts which the children could see. In contrast,
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the traditional toys did not have any form of feedback. The children could discern the
variables and evaluate how said variables affected the systems in the iPad games better
than in the traditional toy condition. The iPad games were also less complex in terms of
the systems and goals. So, for example, in the train condition, the train was already in the
tracks in the iPad condition, the children simply interacted with actions within the track
(i.e stop, pick up passengers etc.). Whereas in Study 2b, the children had to first
construct the train tracks and then engage in pretend play to perform the same actions as
in the digital game. This adds to the growing breadth of evidence showing that simple
mechanics with clear goals are more likely to promote engagement in children on the
autism spectrum (Neumann et al., 2006).

Implications of Thesis Findings
One of the major aims of the study was to examine the use and effectiveness of iPads in
promoting social play behaviour in children on the autism spectrum. However, an
indirect implication of the study is that it addresses the attitudes towards technology and
use of technology in children on the autism spectrum in Bangladesh. In spite of the
breadth of attention paid to autism in Bangladesh for the past few years (Autism Takes a

Huge Leap Forward in Bangladesh, 2011), there is still a lack of research into the digital
interventions for autism. This is particularly important in educational institutions as it is
imperative that they are doing the most to promote play in children on the autism
spectrum – especially considering the fact that play often also improves skills in other
domains (Charlop et al., 2018)
As such, this thesis hopes to increase awareness of the use of technology in Bangladesh
and at the same time demonstrate the benefits of play in children on the autism
spectrum. As introduced, part of the rationale for the thesis was to establish a design that
would enable children in the same room to interact and play with each other when not
participating in standard school activities. Higher levels of engagement were achieved
without intervention from the researcher. This means that technology can be used to
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encourage engagement with minimal support while simultaneously motivating children
on the autism spectrum to play with each other. Study 1 also demonstrated that the
higher levels of engagement in the iPad condition can also be achieved in a triad. The
benefits of technology use in promoting peer interaction and play are not as well
established in the school or for families at large in Bangladesh. The school could
therefore adopt this study design to give the children the option to play with digital
technology during their free time and benefit from more peer communication. For
example, the apps chosen for Study 2a all showed high levels of engagement when
compared to traditional alternatives. This was especially true in the case of Toca Pets
(animal condition) and Toca Tailor (people condition). It is interesting to note that both
games had very different mechanics. Toca Pets had higher degrees of audio-visual
feedback which the children found more engaging, and Toca Tailor had higher levels of
customisation which allowed the children to be more creative and imaginative. In terms
of wider implications, this thesis has demonstrated the advantageous effects of catering to
children’s specific preferences and different types of play, which are promoted when
interacting with different types of toys. Study 2b demonstrated that different categories
of toys can enhance peer communication in children on the autism spectrum during play
(e.g., mechanical toys having more parallel play, more associative behaviours in the
people category). This creates a world of possibilities in regard to conducting research in
this area. Currently no other studies have demonstrated the effect that categories of toys
can have on social communication in children on the autism spectrum during play. The
findings can lead to the types of toys which can create an environment for peer
communication during play. The study can be used as a starting point for future research
to examine the specific elements of different apps. Said research can then be used to
create apps which consist of elements which promote greater peer communication.
One of the other significant findings from the study is that it points towards the types of
settings which engage children on the autism spectrum. Environment and design can
play a significant role in how much a child engages with the task and cooperates with the
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other child they are interacting with. Perhaps this is most apparent in this thesis when
comparing the engagement levels between Studies 1, 2a, and 2b. Study 1 had a less
structured design than Study 2a and 2b where the children were free to move about and
walk around the play area. The use of three children also meant that sometimes, two of
the three were keeping the third child from playing by either snatching away their toy
or distracting the other child. In contrast, Study 2a and 2b had two chairs (as opposed to
three) set up in front of a desk which forced the children to engage in the same space
where the children were forced to play on the table in full view of the other child’s toy
or iPad. This did seem to have an impact on the play behaviour of the children, both
parallel play and onlooker behaviour occurred for longer durations in Study 2a and 2b
than Study 1. There were also far less instances where one child was able to stop the
other child from playing. A more structured play session allowed for the children to
engage more on the task at hand and enabled them to pay more attention to the other
child’s toy or iPad. The school can therefore use these suggestions to design interventions
which create environments where the children are free to be individual players but also
share the same space where it is easier for children to notice and play with the other
child. The use of a triad also made it more difficult to manage difficult behaviours when
they emerged. In several instances for example, the experimenter had to deal with
difficult behaviours, like trying to prevent children from either interrupting play or in
very rare circumstances, from harming themselves. This was markedly reduced when
children were in dyads, where difficult behaviours were easier to manage, and children
were easier to calm as more focused attention could be provided to the children by the
researcher.
Most studies looking at the use of technology in autism research use applications which
have been designed specifically for use in research studies and are proprietary technology
– making them unavailable for purchase or use by the general public (Digennaro Reed et
al., 2011; Fletcher-Watson, 2014; Grynszpan et al., 2014; Ploog et al., 2013).
Furthermore, many previous studies used verbal prompts and instructions in English.
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This would not have worked for the current sample in the thesis, as many of the children
were non-speaking, and unable to understand instructions in English. Therefore, the use
of apps which were both non-verbal and available to the public was necessary. As such,
this study is unique in the apps that it used. The apps were chosen according to the
multiple criteria outlined in previous chapters. The results of all the studies conducted
show that given enough consideration into which digital app to use and consideration of
the mechanics of the apps themselves, children, even ones who have never seen or use
tablets in the past, can benefit from playing with them. This study demonstrates that the
research examining the benefits of digital play interventions do not solely have to focus
on proprietary digital applications and games. Although it would be impossible to state
that all apps would work equally well or even at all for children in promoting peer
communication, there is certainly evidence from this study that points to significant
factors to consider when choosing digital game apps for children on the autism spectrum.
One of the apps used in Study 1 for example, Toca Nature, was not taken forward into
Study 2a because it was too abstract for the children to use effectively. The goal of Toca
Nature was to create an environment and edit those spaces to maximise more animals to
come into those environments. The children then had to collect those animals. This in
hindsight was a little too complex and the goals were not immediately made clear by the
app. Further, it required too many steps which the children did not understand properly.
When limited time is available, too much time is spent learning how to use the app
means there is not enough time for children to engage in peer interaction during the play
session. Therefore, results of the thesis suggests that simple easy gaming apps which
involve either simply touch screen, taps, or drag and drop functions which produce
immediate effects gets the most positive engagement and play behaviours from the
children.
The mechanical gaming app (Toca Train) used in this research showed the most
engagement by children. This may be due to the functionality of the game and not the
type of toy based on the circumscribed interests of children on the autism spectrum. The
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app had a train which was constantly in motion and quite often made noises and used
bright prompts and noises which appeared and disappeared. For example, the child could
speed up or slow down the train at any point and as a stop approached, the app made bell
sounds in addition to a flashing prompt to make the children aware that something was
coming up. Prompts were also very well utilised and occupied central spaces when the
child needed to perform actions like load/unload cargo, pick up passengers etc. Many
times, the children were happy to just occasionally engage with the toy and look over to
the other child when they heard a familiar prompt or noise. This was not the case with
the other apps (Toca Pets and Toca Tailor), where the characters and animals responded
only when the child was interacting with them. Dragging and dropping them into
certain spaces made them speak out for example. There was no real scope for the
children to sit back and watch things happen on screen as was the case in Toca Train.
This, however, had different effects, as Toca Train was more structured in its goals (i.e to
keep the train moving), and although they had the option to stop and pick up passengers
they did not have to. This meant that the game did not allow the children to interact
with it. Instead, the children just watched the screen. Additionally, the game also did not
give the children the ability to express their own ideas, and the game did not provide
freedom to create their own goals. This was not the case for Toca Tailor or Toca Pets,
where the games allowed the children opportunities to show their creativity. In Toca
Tailor, the children were given the opportunity to be creative, and often put together
many different combinations of dresses and costumes for their characters. In Toca Pets,
one of the children for example, spent the entire game placing all the characters into the
bathtub. Although the structured nature of Toca Train may have promoted more
onlooker behaviour, the potential of giving the children the ability to exercise their
creativity has to be explored and balanced with the more structured form of digital play
found in Toca Train.
In addition to the findings regarding the use of technology to promote play behaviour
and social interactions in children on the autism spectrum, the use of traditional toys also
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has to be considered. For example, toys in both the people and mechanical category had
different pieces which could be exchanged and used in different ways by the children. In
the mechanical condition, the tracks could be exchanged and used to build a larger track
than was possible individually. This meant that the child had a fair amount of freedom in
manipulating the toys and therefore could engage with them in different ways. This was
even more apparent in the people category with the dolls and dresses. All the dresses fit
all the dolls. As a result, the children were free to borrow play material and dress up
their dolls in whatever way they found most engaging. In many instances, children
would take dresses from the other children to dress up their doll. The animal condition
on the other hand did not have accessories. The soft toy was cuddled and played with
initially, with some children engaging in pretend play (e.g., imitating a dog bark), but the
children quickly got bored and disengaged from the task. Therefore, giving the children
the option to engage with the toys in different ways and use different accessories was
important in ensuring the children remained engaged with the task for the observation
duration. Engagement levels in Study 1 also support the idea that engagement is
impacted when children are given freedom to choose when and what toys they play
with. However, the freedom given comes with limitations. A complete lack of structure
can mean that children do not fully engage in the play sessions. The experimental set up,
along with the more targeted toys and digital games help to boost their play and social
communication. This is evident in lower durations of disengagement in the toy condition
in all of the play sessions. The school should therefore take these findings into account
when providing play materials to the children and give them toys which give them
plenty of options to engage and interact.
The findings on the effects of technology in play behaviour on children on the autism
spectrum can also have implications beyond school settings and extend to the home
environment of the children. The most critical of these is probably the use of a
supportive structured play setting that encourages interaction and makes the child
comfortable enough to express themselves in different ways through play. For example,
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the studies in the thesis show that children can select and play with toys individually,
and do not need to be directed towards playing with the toy in a certain way. A careful
consideration of the toys and games should encourage different types of play and
communication based upon which behaviours are afforded by them. Support should
come in the form of helping the child only when they are having difficulties in
performing a certain action. Primary caregivers could also introduce more technology
into the play space for the child and supervise sessions to ensure more interaction
between the child and their family members. It is critical, however, to do so in a
supportive way, by giving the child the freedom to walk away and not force the
interaction. Family members should also highlight the benefits of social interaction by
providing positive reinforcement through clapping, or by congratulating the child. These
sessions could have more wide-ranging implications and can improve other domains
where the child previously expressed difficulties like social skills. Findings from Study 3
also show that communicative vocalisations can also be expressed by children with
higher social deficits, this is a key finding and shows that children of all abilities can be
encouraged (given that they have a supportive environment) to play and experience the
benefits thereof.

Practical Implications Beyond Thesis Findings
This is the first research to examine play behaviour in children on the autism spectrum
in Bangladesh. Working with the school for all the studies involved, explaining the
research procedures and the use of measures to the two school psychologists was a key
component of the research. Most school staff were trained by the school itself and many
had very little experience in working with children on the autism spectrum before
coming to the school. The two full-time psychologists were professionally trained, but as
is the case in many developing countries, there was sometimes a discrepancy between
their practice and current research evidence. The researcher held a seminar before
handing out the SRS-2 to walk all the staff through the questions. As part of the seminar,
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the researcher had to clarify concerns, and in some instances translate the test questions
to ensure accuracy. This knowledge exchange had an impact on the professional practice
of teachers and psychologists working in the school.
A secondary outcome of the research was to introduce more stringent research methods
and procedures to drive up the quality of research on autism in Bangladesh. An attempt
to highlight the importance of rigorous research methods, which is standard practice in
the UK. Due to the paucity of research into autism in Bangladesh it is essential that
research practices and methods are developed further. The hope is that the series of
studies presented in this thesis will pave the way to more comprehensive research into
autism in Bangladesh. This is particularly important in specialised institutions like the
one where the current research was conducted. Often these schools have the best
facilities to carry out research in the country other than government institutions (Akhter
et al., 2018). A major factor influencing the needs for more high-quality research on
autism in Bangladesh were the primary caregivers of these children. All the primary
caregivers who participated in this research expressed a keen interest in understanding
the children better and wished to explore methods that might help these children
improve their social interactions with others.
This is also one of the first research projects in Bangladesh which uses a participatory
design approach. All the toys selected were ones that the children had familiarity with
before and Study 1 gave them the opportunity to choose some of the toys (the exception
being the soft animal toy, which was not given to the children in Study 1) which would
be used in subsequent studies. The advantage of using this design is clear, the soft dog
toy, which was not selected by the children had the lowest level of engagement in
comparison to the other toys in Study 2b). Although the Toca Pets app was also not given
to the children in Study 1, it shared mechanics with the other apps selected for the study,
this may explain why the app showed similar levels of engagement as Toca Train and
Toca Tailor. Participatory design ensures that the children at the centre of the research
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will find the play sessions more entertaining and hence increase the likelihood that the
children would engage in more social communication. Participatory design can also be
used to design common play areas which can increase social interaction and play
between children on the autism spectrum.
A potential practical limitation to the broader impact of this research is the cost of the
digital based toys. In many instances, even if a school was willing to engage in further
research into the use of technology and explore the benefits to the children, these
schools simply were not able to afford the costs related to acquiring these technologies.
In most of the schools and institutions for children on the autism spectrum, even the
privately-run ones, neither the school nor the parents had enough resources to provide
the children with a tablet for educational or entertainment purposes. Most of the
research into tablets use very expensive technologies and the risk of the child breaking or
damaging the device is a very practical and real possibility. The problems of affordability
with partaking in further research into the use of digital technologies in Bangladesh also
applies to the personal use of digital devices in the home environment. Parents of
children on the autism spectrum might know the benefits of the use of technology for
their child but still may not be able to afford it. This is changing very quickly;
Bangladesh is moving towards a more digital future where digitalisation and internet
access are becoming more widespread and mainstream. With increasing investment in
digital infrastructure, it is likely that these previously out of reach technologies will
eventually reach the general population and gradually become more affordable. There is
also an increasing number of alternatives to iPads, which are often much cheaper. With
the increased use of technology however, the challenge will be to implement and use
programmes with a strong evidence base. Therefore, there is an increased need to
introduce and test different digital technologies within the context of Bangladesh.
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Limitations
One of largest limitations of the current thesis is that past research was mainly conducted
on Western populations using Western approaches – making said approaches harder to
apply in a less technologically developed country. As mentioned in Chapter 1, the use of
technology to teach skills in children on the autism spectrum, in Western countries is
widespread and common. However, this is not the case in countries like Bangladesh.
Tablets and games to promote social skills development in Bangladesh is practically nonexistent. Therefore, it can be argued that patterns of play and social communication in
children on the autism spectrum can look very different when compared to western
countries. A major reason for this could be the cost of applying technological support
systems in Bangladesh. Combined with a large population, even in special schools
targeted at children with various developmental difficulties, the cost of introducing and
maintaining use of these devices in Bangladesh would be difficult and expensive. It could
be argued that the benefits of using technology do not outweigh the costs of introducing
these systems to the school. It is also not just the cost of the technology but also the cost
of training the staff in the appropriate use of the devices. So, the introduction of tablets
to support children on the autism spectrum can only be introduced in Bangladesh as part
of a long-term plan.
Overall, the staff in the school were extremely enthusiastic and helpful throughout the
data collection process. In most cases the children were also enthusiastic and eager to
play with both the traditional toys as well as the iPads. However, in some instances the
sessions had to be abandoned due to the challenging behaviour of the children before or
during the data collection sessions. These incidents were rare, and care was immediately
taken to ensure that the child did not experience any negative effects as a result of the
sessions. In instances where the sessions ended early, the child was comforted, and the
researcher made sure they were not upset when they left the play session to return to
their classes. Working and scheduling data collection sessions also presented challenges
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as it was difficult to get the children to engage in the tasks after lunch time. There were
also times when the sessions encroached upon lunch time for the children, which made
the children less focused on the games/toys. Some of the children also carried other toys
or books with them into the session. In these instances, if the toy was extremely
distracting to either that child or the others the session was abandoned, but if they kept
the toy next to them but did not really interact with it during the session, it was deemed
to be safe to continue with the study. Having said that, two of the children always had a
toy or book with them and often decided to pull it out halfway through the session or
sometime during the session. These undoubtedly had effects on the play behaviours of
the children in those sessions. Some of the children also clearly were more familiar with
each other and as a result, certain groups in all the studies interacted with each other to a
higher degree than the other groups.
A major limitation of each study was the small sample size. The sample sizes of the
studies influenced the distribution of the scores across each of the dependent variables.
This in turn often led to skewed (both positive and negative depending on the variable)
distributions. In Study 1 for example, none of the variables met assumptions of
normality. This meant that non-parametric alternatives had to be used which have lower
power than its parametric counterparts. In Study 1 for example, an alternative method to
analyse the effect of both guidance and SRS-2 scores would be to use MANCOVAs or
regression analysis. These more complex forms of data analysis would have the capacity
to answer more complex research questions. The lack of normal distribution affected the
data analysis in Study 2a and 2b as well. The original analysis strategy involved using a
combination of regression and mixed methods ANOVAs, however, due to the
distribution of the data and the data not meeting parametric assumptions, this was not
possible. This is fairly normal when dealing with a special needs group as research studies
typically have small sample sizes. A way to get more data would be to increase the
duration of the sessions but this would increase the likelihood of children becoming
bored and not enjoying the sessions. Future studies should attempt to recruit from more
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schools to investigate whether the differences found in this thesis are also found in other
populations. Although attempts were made by the researcher to recruit more schools,
they often did not have the space to conduct the study. In relation to the sample size
selected for the study, as mentioned before one of the major limitations of this current
study is that all of the students were enrolled in a private school. This would mean that
the results of the thesis could not be extrapolated to a wider population in Bangladesh.
As mentioned, children on the autism spectrum may not receive sufficient support in
government schools. Most government schools may not have the optimal settings used in
the studies to facilitate communication between children on the autism spectrum.
Other forms of bias in the thesis come from the fact that none of the studies had a
neurotypical control group. As such it is impossible to say whether more
communicative/interactive behaviours would be present in neurotypical children.
However, due to the varying levels of abilities in children on the autism spectrum a
direct comparison between the groups would be difficult. For example, how they would
be matched, be it chronological age, social communication, or mental age any
comparison would be limited. The studies were also a one-off test session and did not
have a follow-up to see whether the effects seen in the studies would be sustained in the
long-term. Finally, the effectiveness of the coding scheme in measuring play behaviour
outside of the specific context of the studies have to be questioned. As explored
previously, changes to definitions of play behaviours were made to ensure that the
coding schemes were useful to the specific context of the studies reported here, therefore
bringing to question the universality of the coding scheme. However, care was taken to
incorporate several different definitions of play behaviour in children on the autism
spectrum and the current coding scheme was developed to best capture play behaviour
in children with varying levels of social abilities and skills.
Another significant limitation comes from the shortcomings in the digital game apps
themselves. As demonstrated in previous research (Holt & Yuill, 2014, 2017), the use of a
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shared space connected via WiFi can greatly improve the chances of peer
communication/interaction in children on the autism spectrum. Although this was
considered for use in the current research, it was soon apparent that due to the facilities
present within the school itself, it would not be possible. This is a significant
shortcoming as each of the apps could only be played individually without input from
the other child. Therefore, the onlooking behaviour seen in the studies mostly related to
children being curious about different ways to play with the toys and exploring the
limits of the apps themselves, and not because they needed each other’s inputs to play
the apps. However, the games and toys selected still gave the children opportunities to
explore how the other children were playing with and interacting with them.

Future Directions
One obvious change which could impact the findings from Studies 1 and 2a would be to
design a unique game for the specific population. An advantage of designing a bespoke
app is that small changes to the mechanics of the app can be made to ensure that the
specific needs and aims of the research are being addressed. In the case of this thesis, it
would have meant that the mechanics of the iPad games could be manipulated to better
match the traditional toys. Furthermore, administrative access into the code of the app
would also allow the researcher to get log data to show where the children clicked and
when. This would then allow researchers to time map which of the keystrokes correlated
with the cooperative actions and behaviours. This would have greatly enhanced the
findings of the study and really help narrow down those aspects of the toys which were
most likely to promote peer communication during play. However, a significant
shortcoming of using a bespoke app is that they very rarely make it to the public sphere,
therefore, even demonstrable effects of using the application remains restricted to a very
small portion of the population. The findings for this study could easily be tested in
different environments and settings as all the apps used are publicly available.
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This thesis provides evidence of the advantageous effects of technology-based
applications in promoting peer interaction and engagement in play in children on the
autism spectrum. Further it also shows evidence of the importance of the types of toys
which is most likely to promote peer communication in play. Finally, and perhaps most
importantly, it shows evidence that the same design can benefit both children on the
autism spectrum with different abilities. However, this is just a start and further research
should focus on identifying the aspects of apps which promote engagement and
interactive play behaviours such as onlooker and associative behaviours. More research
also is also required to test whether there is a difference between studies which use a
shared digital space and ones which do not. Differences in play behaviour also need to be
examined in more detail to see whether design changes could make more complex forms
of play behaviour like cooperative play possible.
In Bangladesh, it is important to recognise the beneficial effects of technology and to
examine interventions that can be incorporated into school programmes to help children
on the autism spectrum engage in peer interaction in play. This thesis made steps to
enhance the quality of research in Bangladesh and therefore further develop the field in
the area. This is perhaps the most important contribution of this thesis. Many of the
findings seen in the thesis have previously been found in Western populations. This
suggests that the beneficial effects seen in play behaviour can also be expanded to other
behavioural issues seen in children on the autism spectrum and lead to significant growth
into how digital interventions can be applied in the population in the country. Adding to
the ever-growing international research base is becoming increasingly more important.
The addition of more reliable studies into the field will enhance and consolidate findings
across the literature and result in developing the best strategies for supporting children
on the autism spectrum. This is even more important in a country like Bangladesh,
where the children did not have previous experience in using iPads.
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Conclusions
The thesis is the first to examine the use of technology in promoting play behaviour in
children on the autism spectrum in Bangladesh. In addition to replicating findings from
previous studies in Western populations, the thesis also adds several unique findings not
previously seen in research. For example, the thesis demonstrates that lower levels of
non-interactive play behaviour (onlooker, associative) are present and pronounced when
children are playing on iPads. Conversely, the toys afforded for more cooperative play
due to the fact that the children were using a shared space. The thesis also demonstrates
that specific types of games and toys relating to specific interests of children on the
autism spectrum can impact upon their behaviour in different ways. Perhaps one of the
most significant findings from this thesis is that play behaviour and social
communication in children on the autism spectrum can be enhanced by using publicly
available games and applications not designed specifically for the purposes of research.
This can have wide ranging implications and shows that in a structured session, play
behaviour can be promoted in children on the autism spectrum. Another unique
contribution of the current thesis is that all the apps were completely non-verbal. In fact,
the thesis demonstrated that even children with higher social communicative deficits can
engage in communicative vocalisations. This adds more credence to the importance of an
all-inclusive study design which caters to children on the autism spectrum of all abilities.
The thesis therefore adds many different avenues of further research in Bangladesh and
beyond. Play is a crucial aspect of children’s development and further examination of
play and communication in children on the autism spectrum in different populations and
cultures is required.
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