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Preface

There is no doubt that the technological and scientific progress of homosapiens has been
hastened by persons with Autism Spectrum Disorders (Fitzgerald 2000 (a & b) 2004, 2005).
Spikins in her chapter illustrates the Stone Age origins of autism with reference to the ar‐
chaeological record and the Palaeolithic record. It is of critical importance to pay attention to
the positive aspects of autism.

The study of attitudes of people towards autism is of critical importance as the issue of a
stigma is still very prevalent in all countries even more so in non-western countries. Karni-
VizerNirit et al describes the attitudes towards autism among Israeli Arab teachers of col‐
lege students. They are particularly focused on inclusion. Interest in religious faith gave
some mothers strength. Coulthard and myself demonstrated this also some years ago
(Coulthard and Fitzgerald 1979, 1999). This study was also done on mothers of children with
Autism Spectrum Disorders.

Autism Spectrum Disorder is a brain based disorder. Francisco et al discusses the critical
importance of cortical modularity and information processing. They emphasise the smaller
than normal mini columns and deficient cerebral cortical GABAergic inhibitory neurotrans‐
mission. The issue of the mini columns also came up in a paper by Casanova et al 2007 in
relation to creativity. McFadden et al have written a complimentary chapter on the electro‐
physiology of autism. Indeed they point out that EEC studies in the future may help clini‐
cians to separate high-risk infants from typically developing infants. In terms of medical
treatment Dodig-Curkovic et al provide a comprehensive overview of medical treatment
and autism. It is often necessary to use medications in persons with autism.

Problems in toilet training are very common in autistic children. Yip et al explored this from
the sensory experience point of view in persons with Autism Spectrum Disorders. They pro‐
pose a putative sensory-neural understanding of the toilet training resistant cohort. Boso et
al describes the recovery orientation of a farm community for persons with severe autism.
Farm communities have considerable history for example in Ireland there was one devel‐
oped by the Irish Society for Autism and Pat Matthews. These communities provide impres‐
sive quality of life for persons with autism. Boso et al also described data using the
Developing Recovery Enhancing Environment Measures-Italian Version.

It is well know that persons with ASD get into difficulties with the law (Fitzgerald 2010) and
that there are higher rates of persons with ASD in prison than in the community. Freckelton
provides a very useful chapter from the court perspective of the forensic issues in relation to
Autism Spectrum Disorders. This gives a unique insight into a complex topic.
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There are a relative paucity of papers on architecture on autism. Persons with autism are
very sensitive to the built environment and sensory issues are particularly relevant here. The
chapter by Segado Vazquez makes particularly interesting reading.

There is an overlap between autism and schizophrenia (Fitzgerald 2012) - the view that they
were separate is incorrect. It is disappointing that there is no biological marker for ASD and that
genetics has no influence on the treatment of ASD which is an extremely complex disorder.

Genes have multiple affects and often can give the features of ASD and creativity at the
same time. It is important that the positive as well as the disability elements are discussed
with families.

While the vast majority of persons with autism are highly moral and ethical, a tiny group
can get involved in serious crime e.g. school shootings, multiple murders etc. (Fitzgerald
2003, 2005 (a), 2005 (b), 2010). It is critical to take this group seriously and to take their
threats seriously to avoid a public catastrophe as we have seen in many countries.
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Trinity College, Dublin
Ireland

XII Preface

Section 1

Evolution



There are a relative paucity of papers on architecture on autism. Persons with autism are
very sensitive to the built environment and sensory issues are particularly relevant here. The
chapter by Segado Vazquez makes particularly interesting reading.

There is an overlap between autism and schizophrenia (Fitzgerald 2012) - the view that they
were separate is incorrect. It is disappointing that there is no biological marker for ASD and that
genetics has no influence on the treatment of ASD which is an extremely complex disorder.

Genes have multiple affects and often can give the features of ASD and creativity at the
same time. It is important that the positive as well as the disability elements are discussed
with families.

While the vast majority of persons with autism are highly moral and ethical, a tiny group
can get involved in serious crime e.g. school shootings, multiple murders etc. (Fitzgerald
2003, 2005 (a), 2005 (b), 2010). It is critical to take this group seriously and to take their
threats seriously to avoid a public catastrophe as we have seen in many countries.

Professor Michael Fitzgerald
Consultant Child & Adult Psychiatrist

Trinity College, Dublin
Ireland

PrefaceVIII

Section 1

Evolution



Chapter 1

The Stone Age Origins of Autism

Penny Spikins

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53883

‘Their strengths and deficits do not deny them humanity but, rather, shape their humanity’

Grinker 2010: 173 [in [1]]

© 2013 Spikins; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



Chapter 1

The Stone Age Origins of Autism

Penny Spikins

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53883

‘Their strengths and deficits do not deny them humanity but, rather, shape their humanity’

Grinker 2010: 173 [in [1]]

© 2013 Spikins; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



1. Introduction

1.1. Minds from a stone age past

Our modern societies have been said to house ‘stone age minds’ (see [2]). That is to say that
despite all the influences of modern culture our hard wired neurological make-up, instinc‐
tive responses and emotional capacities evolved in the vast depths of time which make up
our evolutionary past. Much of what makes us ‘human’ thus rests on the nature of societies
in the depths of prehistory thousands or even millions of years ago.

Looking back on the archaeological record of the early stone age there is much to be proud
of in our ancestry. Not only our remarkable intelligence but also our deep capacities to care
about others and work together for a common good come from evolutionary selection on
early humans throughout millions of years of the stone age. As far back as 1.6 million years
ago we have archaeological evidence from survival of illnesses and trauma that those who
were ill were looked after by others, and by the time of Neanderthals extensive care of the
ill, infirm and elderly was common, see [3,4]. From at least one million years ago we see evi‐
dence for widespread collaboration in hunting, in sharing food and in looking after increas‐
ingly vulnerable young. Stone age societies, much as recent hunter-gatherers such as the
Selk’nam of Tierra del Fuego (figure 1), lived in small groups who cared deeply about each
other, and worked together to survive.

Nonetheless our evolved minds also have a darker side. For most of our early existence, at
least until only around 100,000 years ago, human groups were relatively isolated, and much
of our common drive to identify ‘us’ and ‘them’ probably has its roots in a suspicion of ‘oth‐
ers’ which dates to this time. Studies of the remains of a group of Homo antecessor dating to
around 900,000 years ago at Atapuerca in northern Spain for example have revealed that
these people probably hunted and ate neighbouring groups to defend their territories (see
[5]). Small wonder that as a result we find ourselves far too often being afraid of those who
we feel are different from ourselves. Our neurological response to the pain of others for ex‐
ample can be tempered by whether we see them as belonging to the same group as our‐
selves or not (see [6]) and if we see people as different to ourselves we can even feel a sense
of pleasure at their pain (see [7]).

Thanks to our capacities for self-awareness and moral judgement we can make balanced de‐
cisions about how we treat others. Undoubtedly we must also influenced by our more recent
evolutionary history of a remarkably widespread collaboration. Indeed from 100,000 years
ago onwards we begin to see evidence for widespread links across different stone age
groups in many different parts of the world. In ice age Europe for example around 35-10,000
years ago marine shells travel over 2000km through exchange networks which helped pro‐
vide a social buffer to withstand shortfalls in resources (see [8]). Somehow these groups
overcame their tendencies to distrust outsiders and worked out ways of working together.

Recent Advances in Autism Spectrum Disorders - Volume II4

Figure 1. Selk’nam hunter-gatherers from Tierra de Fuego on the move. Hunter-gatherer societies such as the
Selk’nam depend on high levels of collaboration for their survival. But do all minds need to be the same for collabora‐
tion to work, or are different minds a better recipe for success?

Our remarkable abilities to extend ourselves to care about others’ wellbeing can sometimes
be rather fragile. As the same time as being able to care about global issues or the wellbeing
of those we have never met, we can work hard to set up divisions which set us above others.
One can’t help but wonder if future societies may well look in disbelief at the plethora of
ways in which the twentieth and twenty-first centuries have found more detailed and elabo‐
rate ways to define a mentally ‘normal’ mind in contrast with a mentally different (and by
implication ‘wrong’) other. Whilst our abilities to deal with mental health issues have be‐
come ever more sophisticated, our ‘labelling’ of many conditions as disorders can fly in the
face of the more obvious reality that the human condition involves a great deal of suffering,
and not all of that suffering can be seen as ‘unnatural’.

Many so-called ‘disorders’ may be a natural part of humanity. Conditions such as anxiety or
depression are unwelcome but far from unnatural for example. Equally, genetically linked
conditions such as schizophrenia or bipolar disorder appear to have a long history, with
good evidence to suggest a role for those less grounded in reality in hunter-gatherer societ‐
ies as shaman (see [9]). Though a shaman’s apparent difference, and connection to another
world, may give them power, the trances experienced by shaman, and seen as providing a
link to the spirit world are more commonly painful than pleasurable. Their experience and
behaviour may have at times given them a certain social role in the past, but the same expe‐
rience is more typically seen as a disorder today.

It is within the context of a fashionable drive to label and classify ‘disorder’ that the la‐
bel  of  autism  has  emerged.  Yet  are  autistic  minds  really  ‘abnormal’  or  ‘wrong’?  We
would be well advised to be cautious of media warnings of an autism ‘epidemic’, word‐
ing which easily conjures up a picture of a growing disease threatening society. There is
every reason to suggest in contrast that what makes ‘us’ human is not a single ‘normal’
mind but  a  complex interdependency between different  minds in which autism plays a
key  role  (see  [10,  11,  12]).  As  Grinker  (see  [1])  illustrates  autism  should  not  deprive
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someone of  humanity,  but  rather  shape  their  (and our)  humanity.  Whilst  the  ‘story’  of
autism is nearly always told as beginning with its labelling in diagnosis by Kanner and
Asperger  in  the  early  19th  century (see  [13])  autism may have much older  roots,  and a
more significant role to play in the emergence of our species. This much earlier ‘story’ of
the role of autism is an important one which accords a key role to autism in the emer‐
gence of humanity.

This chapter explores the potential stone age origins of autism, considering the contribution
which those with autism may have made to small scale prehistoric societies and the archaeo‐
logical evidence for a long time depth to the influence of autism.

2. Autism and society

Is autism part of what makes us ‘human’ today? Autism has traditionally been seen as a
condition  of  people  somehow  outside  society.  However  recent  research  has  challenged
this view, suggesting in contrast that autism is part of the processes that allow societies
work together.

Various authors have questioned whether autism, particularly high functioning autism or
aspergers  syndrome,  should  always  be  seen  as  a  disability  (see  [14,  15,  11,  12]).  That  is
not to say that life with aspergers syndrome is not often difficult  or challenging or that
coping with having such a condition in a social world is not often distressing but that at
least at times  it  can sometimes be an advantage to have an ‘exact mind’ (see  [16]).  As‐
pergers syndrome often brings with it particular talents in a focus on detail, understand‐
ing  of  systems  or  abilities  to  concentrate  on  a  particular  problem  (see  [11])  and  is
associated with heightened awareness of details,  including musical pitch as well  as sen‐
sory sensitivity (see [17]). High rates of those with aspergers syndrome characterise occu‐
pations  such  as  engineering  and  mathematics  (see  [18])  as  well  in  universities  and  the
legal  system  (see  [19]).  There  may  be  many  situations  in  which  having  aspergers  syn‐
drome makes life difficult,  but many of those with aspergers syndrome have a place in
society, making a valuable contribution.

Are people with autism motivated to be part of a greater social good? One of the key mis‐
conceptions of autism is that a ‘lack of empathy’ carries with it a tendency to care far less
about others wellbeing than the ‘neurotypical’ might. However empathy comprises a cogni‐
tive and an affective component (understanding others feelings and caring about others feel‐
ings). The affective component, how much someone will care about others, has been shown
to be intact in autism (see [20]). People with autistic spectrum conditions ‘care’ about others
wellbeing as much as anyone else might (even if their abilities to intuitively sense others
feelings are impaired), often channelling such concerns into wider social endeavours such as
a drive for fairness and justice (see [11]) or scientific progress. Autism implies that people
care about others in a different way.
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Are people with autism really part of human social life? A further misconception is that
those  with  asperger’s  syndrome  are  unsocial.  Anthropological  studies  of  autism  have
made  a  significant  impact  on  our  understanding  of  what  it  is  to  be  autistic  and social
and  shown  that  whilst  ‘autistic  sociality’  is  notably  different  those  with  autism  are  not
less social. Autistic sociality may often be focused on exchanging knowledge rather than
sharing  feelings  or  extended  narratives,  and  is  often  mediated  through  the  material
world (today made up of books or computers). Autism means that people are social in a
different way (see [13]).

Even those with severe autism can share a sociality which binds them to others. Solomon (in
[21]) for example describes Sacks account of two severely autistic twins, John and Michael,
who were institutionalised from childhood. In their early twenties and delighted in sharing
mathematical concepts and ‘conversing’ in prime numbers.

Sacks writes:

They were seated in a corner together, with a mysterious secret smile on their faces, [...] en‐
joying the strange pleasure and peace they now seemed to have.[...] They seemed to be
locked in a singular, purely numerical, converse. John would say a number—a six-figure
number. Michael would catch the number, nod, smile and seem to savour it. Then he, in
turn, would say another six-figure number and now it was John who received and appreci‐
ated it richly. They looked, at first, like two connoisseurs wine-tasting, sharing rare tastes,
rare appreciations. (Sacks 1970: 202, in [22])

The twins happily welcome Sacks to their conversation when he joins in with his own prime
numbers. They provide an example of how apparently extremely autistic individuals can
connect socially to others, and derive pleasure from their social contribution and connection,
albeit in a non-typical manner. Sadly the different nature of their communication lead them
to be separated to prevent them communicating in this ‘non-normal’ manner.

Whilst it is clear that for the twins pleasurable social life may be distinctive from the norm,
in many ways this type of connection is not uncomparable to motivations and pleasures of
scientific endeavour as described by Nikola Tesla (see [23]).

I do not think that there is any thrill that can go through the human heart like that felt by the
inventor as he sees some creation of the brain unfolding to success … Such emotions make a
man forget food, sleep, friends, love, everything … I do not think you can name many great
inventions made by married men. (see [24]).

Not only rare geniuses like Darwin or Einstein may have been autistic (see [25, 26, 27, 28])
but many more common and far less obviously distinctive members of society may have
minds that are distinctively different from what we see as ‘typical’, and add something criti‐
cal to what makes us ‘human’.
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Recent Advances in Autism Spectrum Disorders - Volume II6

Are people with autism really part of human social life? A further misconception is that
those  with  asperger’s  syndrome  are  unsocial.  Anthropological  studies  of  autism  have
made  a  significant  impact  on  our  understanding  of  what  it  is  to  be  autistic  and social
and  shown  that  whilst  ‘autistic  sociality’  is  notably  different  those  with  autism  are  not
less social. Autistic sociality may often be focused on exchanging knowledge rather than
sharing  feelings  or  extended  narratives,  and  is  often  mediated  through  the  material
world (today made up of books or computers). Autism means that people are social in a
different way (see [13]).

Even those with severe autism can share a sociality which binds them to others. Solomon (in
[21]) for example describes Sacks account of two severely autistic twins, John and Michael,
who were institutionalised from childhood. In their early twenties and delighted in sharing
mathematical concepts and ‘conversing’ in prime numbers.

Sacks writes:

They were seated in a corner together, with a mysterious secret smile on their faces, [...] en‐
joying the strange pleasure and peace they now seemed to have.[...] They seemed to be
locked in a singular, purely numerical, converse. John would say a number—a six-figure
number. Michael would catch the number, nod, smile and seem to savour it. Then he, in
turn, would say another six-figure number and now it was John who received and appreci‐
ated it richly. They looked, at first, like two connoisseurs wine-tasting, sharing rare tastes,
rare appreciations. (Sacks 1970: 202, in [22])

The twins happily welcome Sacks to their conversation when he joins in with his own prime
numbers. They provide an example of how apparently extremely autistic individuals can
connect socially to others, and derive pleasure from their social contribution and connection,
albeit in a non-typical manner. Sadly the different nature of their communication lead them
to be separated to prevent them communicating in this ‘non-normal’ manner.

Whilst it is clear that for the twins pleasurable social life may be distinctive from the norm,
in many ways this type of connection is not uncomparable to motivations and pleasures of
scientific endeavour as described by Nikola Tesla (see [23]).

I do not think that there is any thrill that can go through the human heart like that felt by the
inventor as he sees some creation of the brain unfolding to success … Such emotions make a
man forget food, sleep, friends, love, everything … I do not think you can name many great
inventions made by married men. (see [24]).

Not only rare geniuses like Darwin or Einstein may have been autistic (see [25, 26, 27, 28])
but many more common and far less obviously distinctive members of society may have
minds that are distinctively different from what we see as ‘typical’, and add something criti‐
cal to what makes us ‘human’.

The Stone Age Origins of Autism
http://dx.doi.org/10.5772/53883

7



2.1. Inherited gifts of insight and action?

‘I feel sure that my way of being is only a disability of context, that what have been labelled
symptoms of autism in the context of my culture are inherited gifts of insight and action’
Dawn Prince (in [29])

As Dawn Prince comments, autism can be seen as a disability of context. How we view ex‐
pressions of autism, whether as laudable and productive (such as an extreme focus on scien‐
tific discovery to the exclusion of other concerns for example) or as unproductive and
threatening (in the case of the mathematical communication of the twins studies above) is
greatly dependant on our culture. Whereas all cultures will have some limits to the nature of
unusual behaviours that could be readily supported by others (and severe autism may never
be an advantage), some may have been more accommodating of autistic difference than oth‐
ers, and in turn benefitted from what autism may have brought to society (figure 2).

Figure 2. Social means of accommodating autism (or other differences in mind) and the resulting nature of cognitive
differences.

Dawn Prince’s observation that autism brings with it inherited gifts of unique insight and
action itself gives us a unique insight into the potential contribution which in certain contexts
autism may have made societies in the far distant past as well as the present.

2.1.1. Unique insight

Baron-Cohen (in [30]) describes the main areas of talents in autism. These talents derive
from a drive to understand systems, and illustrate the domains in which unique insights of‐
ten lie.

The major kinds of system focused on by those with autism include:

• collectible systems (e.g. distinguishing between types of stones or wood);

• mechanical systems (e.g. a video recorder or a window lock);

• numerical systems (e.g. a train timetable or a calendar);
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• abstract systems (e.g. the syntax of a language or musical notation);

• natural systems (e.g. the weather patterns or tidal wave patterns);

• social systems (e.g. a management hierarchy or a dance routine with a dance partner);

• motoric systems (e.g. throwing a Frisbee or bouncing on a trampoline).

Restricted  or  circumscribed  interests  shown  by  children  with  autism  (figure  3),  and
which tend to fall into these domains may be difficult for parents to manage, but are of‐
ten also  seen as  related to  unique strengths  or  talents  (see  [31,  32]).  An obsession with
weather  patterns  as  a  child for  example may in some lead to  a  particular  strength and
an academic focus on meteorology as an adult.  Many famous scientists  appear to show
autistic traits.  Isaac Newton’s unique insights into astronomy for example derive from a
particularly focused motivation to understand the systems behind the movements of as‐
tronomical features (figure 4).

Figure 3. An eight month old boy with autism obsessively stacking cans (source: Wikimedia commons)
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Figure 4. Sir Isaac Newton's depiction of the orbit of the Comet of 1680, fit to a parabola. The Mathematical Principles
of Natural Philosophy. London: Benjamin Motte, 1729: 358. (Wikimedia Commons)

In a stone age context a focus on fine scale technological prowess or understanding and pre‐
diction of nature has an obvious contribution, particularly in harsh and risky high latitude
environments such as the Arctic where survival depends on technology occupation depends
on highly technological systems. The Inuit for example use complex multi-component har‐
poons to fish for seal, finely engineered dog sleds and highly efficient hunting equipment.

2.2. Autism and material culture

Though subtle, certain differences in the material culture selected and created by those with
autism reflect their different minds. Thus we can argue that it ought to be possible to dis‐
criminate the material record of a society which includes or even encourages autistic traits
from those where autism is unsupported.

Children and adults with autism use and create the world around them in subtly differ‐
ent ways,  though it  is  children who have been studied most intensively.  Children diag‐
nosed with autistic  spectrum disorder tend to engage differently with toys,  for example
focusing on spinning objects  or lining up toys,  and seem to derive comfort  from precise
ordering  or regular patterning (see [33]) as seen above. Adults in turn, even if high func‐
tioning and not  usually  detectable  as  ‘different’,  relate  differently  to  the material  world
around them, tending to find comfort in ordered patterns. A focus on understanding sys‐
tems leads to detailed record keeping and scientific insights.  Baron-Cohen (in [30]) for exam‐
ple  notes  the  precise  recordings  of  weather  patterns  in  the  notebooks  of  Kevin  Phelps
and  equivalent  focus  often  drives  scientific  genius.  A  drive  to  understand  and  experi‐
ment is related to the creation of inventions or technological innovation (with aspergers syn‐
drome being associated with families of engineers, see [18]).

Recent Advances in Autism Spectrum Disorders - Volume II10

Differences in perception also influence the creation and use of objects. Children with au‐
tism notice the numbers on telegraph poles, and differences in perception lead to adults no‐
ticing and dealing with finer details than others might. Autistic art is thus notably distinct. The
art of Nadia, an autistic ‘savant’ for example is typical in being extraordinarily detailed, in
common terms a representation of ‘the parts’ rather than ‘the whole’ (or the trees rather than
the wood), figure 5, and in contrast to figure 6 (in [34]). The same pattern is seen in the art of
Peter Myers (see [16]), who also shows remarkable talent in embedding illusions within his
work. Kellman (in [35]) argues that differences in visual perception creates the distinctive
features of autistic art, alongside the unique focus that a lack of perception of some other
areas of external environment can bring.

Figure 5. Horse and rider completed at approximately 5 years 6 months by Nadia. Selfe 2011: figure 2.7: p32 (with
kind permission Lorna Selfe).
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Figure 6. Two riders drawn by non-autistic children aged 6 years. Selfe: 2011 (figure 2.10, p35). With kind permission
Lorna Selfe.

2.2.1. Action

As well as driving detailed recording, fine scale understanding and new innovations of the
natural world, autism may also be related to particular types of action in other more social
ways. Whilst empathising leads to tendencies to follow allegiances (see [36]) autism leads to
a focus on strict fairness in social relationships regardless of any particular allies (see [11]).
An autistic creation of rigidly clear rules and obsessively fair social behaviour may thus play
a key role in defining the ‘rules’ or legal systems which allow cooperation between unfami‐
liar people and constrain exploitation, explaining an association in the present between as‐
perger’s syndrome and the legal profession (see [19]). Those with autism appear to play a
key role in the creation and enforcement of rigid social rules.

Clues to the significance of defined rules of social behaviour for stone age societies can be
found in modern hunter-gatherers. Amongst the Inuit for example, as with most hunter-
gatherers, connections to external groups and collaborations at times of crisis work through
rigid systems of defined behaviour, rather than being driven by a far messier suite of com‐
plex allegiances or personal favours.

Recent Advances in Autism Spectrum Disorders - Volume II12

In the northern Canada the Netsilik Inuit for example had a highly rule based system called
niqaiturasuaktut which is used to ensure ‘fair’ sharing during collaborative winter seal hunts
(see [37]). After a hunter kills a seal sharing partners are defined by a combination of inheri‐
tance and naming and decided by the males of the family. A particular woman divides the
carcass and actually shares it with the other partners. The division must follow specific
rules. The seal meat and blubber is divided amongst 14 partners, with the first 7 being the
most important. The hunter himself only keeps the flippers, so relying on a repeat of the sys‐
tem in future hunts to provide him with meat for himself. These elaborate and rigidly de‐
fined rules prevent emotionally driven personal allegiances from influencing the sharing of
resources and provide a system by which those who might not usually work together can
collaborate for a common good.

The incorporation of an autistic obsession with fairness and rules may have been key to provid‐
ing highly systemised conventions to circumvent any tendencies to follow allegiances, or react
emotionally to the unfamiliar and so may have been critical in promoting collaboration be‐
tween different groups. It is not unreasonable to suggest that the widespread connections, ex‐
change of materials and collaboration at times of need which we see after around 100,000 years
ago may have been driven by the inclusion of autistic minds into societies. These types of sys‐
tems may have been the key for example to allowing upper Palaeolithic groups to collaborate
across large regions to survive local famines during the severe environments of ice age Hein‐
rich events (see [38]).

Autism may often be a disadvantage where intuitive understanding of others is important,
and can be unhelpful to the emotional wellbeing of others. Nonetheless where they could be
integrated and supported, at a certain level a few individuals at the extreme of the spectrum
of mind may have made an important contribution to past societies both in technological
and social domains.

3. Autism and the archaeological record of the Palaeolithic

In the light of the potential value of autistic insight and action in certain contexts it is possi‐
ble to view the archaeological record rather differently. Rather than a progressive sophistica‐
tion of a single human ‘mind’, a more plausible explanation for much of the patterning in
the archaeological record is as the marked emergence of autistic traits within a modern ‘hu‐
manity’ made up of complex interrelationship between different minds.

The earliest evidence for any autistic characteristics emerges well after the split between our
own species and our nearest relatives the Neanderthals (occurring around 500,000 years
ago), perhaps unsurprisingly as some of the key genes for autism have been found to be
lacking in the Neanderthal genome (see [39]) and that of the other closely related species to
modern humans, the Denisovans (see [40]).

However after 100,000 years ago various elements of the archaeological record document
certain new traits which appear to be linked to autism – such as a unique focus on detail,
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technological innovation, and understanding of complex systems (see [10]) as well as evi‐
dence for large scale collaborations in the exchange of materials between groups (see [41]).
Many of these new elements can be associated with what has been termed the appearance of
‘modern human behaviour’.

After around 100,000 years ago we begin to relatively suddenly see the emergence of ‘inven‐
tions’ such as the spear thrower, multi-component harpoon and tiny microlithic stone tools
(figure 7 & 8) which appear to have been essential for the colonisation of previously unoccu‐
pied regions such as the far north (see [42]).

Figure 7. A ‘microlith’, these tiny tools formed part of barbs in arrow shafts, as well as other uses, and were highly
efficient ways of making effective hunting weapons as well as maximising the use of stone tools materials and the
efficiency and maintainability of tools with individual microliths being replaceable. With kind permission José-Manuel
Benito Álvarez.

Figure 8. Microliths, forming part of highly engineering technologies, only appear after about 100,000 years ago.
These microliths are from Red Ratcher Late Mesolithic site in the Pennines (courtesy of Paul Preston).

For example changes in ‘modern human’ technology include the appearance of tiny micro‐
lithic points such as at Howieson’s Poort and Rose Cottage in South Africa at around 75,000
years ago. Other innovations in Africa at his time including finely made bifacial points made

Recent Advances in Autism Spectrum Disorders - Volume II14

on raw materials which may have been derived from structured exchange networks, bone
tools, new symbolic art such as engraved patterns on ochre and ostrich eggshell and the for‐
mal ordering of space on sites (see [44]). Microliths and other elements of ‘modern’ behav‐
iour are also later found at Patne in India, following the presumed colonisation of the
southern corridor by fully modern humans (see [45]).

Somewhat later in Ice Age Europe, around 35-10,000 years ago, we see potential further evi‐
dence for a stone age context in which autism may have played an important social role.

Firstly, a number of artefacts found at European Upper Palaeolithic sites illustrate a unique
focus on recording and understanding natural systems, particularly astronomical systems,
which parallels with that seen in those with aspergers syndrome today. The Taï plaque for
example, a 9cm long engraved bone from the Grotte de Taï, dated to around 10,000 years
ago (see [43, 46]) is covered with many notches interpreted as a calendrical notation span‐
ning over a year (figure 9).

Figure 9. The Taï plaque (Marshack 1991: figure 1, p26.[43])

The Abri Blanchard plaquette, dated from around 32,000 years ago is perhaps even more re‐
markable. The patterns on this bone record the phases of the moon and its position in the sky re‐
lated to a notched co-ordinate system at the edge of the plaque (figure 10, see [47, 46, 48]).

As well as other artefacts which also appear to carry calendrical, astronomical or other nota‐
tion there are also other hints of autistic influence. The Raymonden plaquette from around
12,000 bp for example illustrates an autistic like approach to social relationships. This bone
features an extended bison skeleton, with figures sitting on either side of the spine, illustrat‐
ing both a detailed anatomical knowledge of anatomy (showing individual vertebrae) and
with a focus on equal or systematically defined sharing (figure 11).

The most famous example of a link between autism and the contemporary archaeological
record of this period however comes from the famous art. Upper Palaeolithic art in south-
western europe is dominated by often extraordinarily realistic and naturalistic depictions of
animals, both on cave walls (see front figure and figure 12) and in portable art (see figure
13). A number of elements of this art, such as highly realistic detailed figurative representa‐
tion, a focus on parts (with drawings often overlapping) and a remarkable visual memory
from what can only have been limited opportunities to note details of dynamic animals are
found in common with autism (see [49, 35, 50, 10]). Whilst we might not necessarily suggest
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technological innovation, and understanding of complex systems (see [10]) as well as evi‐
dence for large scale collaborations in the exchange of materials between groups (see [41]).
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‘modern human behaviour’.
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(figure 7 & 8) which appear to have been essential for the colonisation of previously unoccu‐
pied regions such as the far north (see [42]).

Figure 7. A ‘microlith’, these tiny tools formed part of barbs in arrow shafts, as well as other uses, and were highly
efficient ways of making effective hunting weapons as well as maximising the use of stone tools materials and the
efficiency and maintainability of tools with individual microliths being replaceable. With kind permission José-Manuel
Benito Álvarez.

Figure 8. Microliths, forming part of highly engineering technologies, only appear after about 100,000 years ago.
These microliths are from Red Ratcher Late Mesolithic site in the Pennines (courtesy of Paul Preston).

For example changes in ‘modern human’ technology include the appearance of tiny micro‐
lithic points such as at Howieson’s Poort and Rose Cottage in South Africa at around 75,000
years ago. Other innovations in Africa at his time including finely made bifacial points made
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that the ice age artists were autistic themselves, it would not be unreasonable to conclude
that autistic perception and the influence of those with autism on society had a significant in‐
fluence on the style of art.

Figure 10. The Abri Blanchard plaquette (De Smedt and Cruz 2011: figure 1, with kind permission).

Figure 11. Raymonden plaque, c10,000 years old, Raymonden, Dordogne, southern France (image: museo de Altamira).
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Figure 12. B. & G. Delluc viewing frieze of swimming reindeer in Lascaux cave, Dorgdogne c 20,000 years old.

Figure 13. Line of animal heads engraved on a rib from the cave of Courbet, Penne-Tarn, France, Late Magdalenian,
about 12,500 years ago (source: Wikimedia Commons)

The patchy nature of the expression of autistic traits in post 100,000 bp archaeological evi‐
dence suggests that it may have been most particularly in certain times and places that the
advantages of autism were particularly emphasised. The clearest context may be that of
highly risky, cold climate environments such as Ice Age Europe. Here both the dependence
on technology for survival is greatest, and technological efficiency and innovation much val‐
ued, and unstable climates place an emphasis on large scale collaborations to provide a so‐
cial buffer against shortfalls in resources. The archaeological record of southernmost Africa
provides another particularly interesting case where autistic traits appear to be have adopt‐
ed early at Blombos and Rose Cottage, later declined around 65,000 years ago and then re-
adopted many thousands of years later continuing into elements of modern San technology
(see [51]). If those with autism were integrated into societies at different times and places it
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is not surprising the there are multiple genes coding for autistic traits, and representing a
geographically complex process of selection.

3.1. The cloud behind the silver lining?

Individuals with autism can create challenges for societies, whether small scale hunter-gath‐
erers or large scale modern societies. Pronounced counter-dominance tactics in hunter-gath‐
ers (see [52]) for example may have developed in part to prevent the dominance of those
with autistic traits such as rigid rules and a lack of sensitivity to potential emotional conse‐
quences of their actions. Thus no matter how much someone is respected in small scale ega‐
litarian groups, their rights to dictate the behaviour of others is heavily constrained by
shared action to maintain equality. Indeed Boehm documents a progressive series of sanc‐
tions for dominating behaviour from ridicule to ostracism or assassination (see [53]). Such
dynamics have also been recognised in Palaeolithic and Mesolithic contexts (see [52]). Whilst
counter-dominance tactics work in a small scale setting, in modern societies a lack of such
intuitively based social sanctions on behaviour may create problems where highly dominant
individuals with autism are in positions of power. In this case such individuals may make
decisions with emotionally damaging consequences for others which remain unchallenged.

Most  individuals  with  autism  are  highly  moral.  However  where  autism  is  associated
with disorders of motivation, as in the case of autistic psychopathology, a lack of intuitive
feeling of others’ suffering allied with a desire to harm can be a literally lethal combina‐
tion (see [54]).

Whilst we tend to envisage a single typical Upper Palaeolithic society, such societies, like
the  human minds  within  them,  were  likely  to  have  been  highly  variable.  In  a  modern
context  small  scale  societies  today tend to  vary greatly  in  their  level  of  social  tolerance
and tendencies  towards  or  against  violence,  and  a  certain  amount  of  self  sorting  takes
place amongst hunter-gatherers with more collaborative or more competitive individuals
tending to group together (see [55]). It is not difficult to envisage situations in prehistory
where it  was not  the highly collaborative and moral  personalities  which were the most
successful  but in contrast  where highly dominant,  aggressive and even violent  attitudes
towards others might occasionally ‘pay off’ sufficiently to allow the genetic determinants
of such traits to be selected for (see [54]).

3.2. The timing of incorporation of autism

Why might the incorporation of autism apparently occur relatively late in human evolution (at least
after 100,000 years ago)? A capacity to integrate those who think differently, not only at the
autistic end of the spectrum but also by implication other differences in mind, may depend
on particular evolutionary changes taking place. Perhaps the most likely is that a particular
cognitive threshold might need to be passed. A capacity to care about and support members
of society is in evidence at much earlier dates. However we might speculate that only when
early humans had the cognitive sophistication to appreciate that behind different behaviour lies
positive motivations towards others as well as the moral consciousness to promote inclusivity could

Recent Advances in Autism Spectrum Disorders - Volume II18

autism bring the unique elements to make up ‘humanity’. These unique elements may none‐
theless have been a critical part of the remarkable global colonisation and modern human
success which follows their appearance.

4. Conclusions

There is every reason to believe that autism, far from being outside society, is very much
part of the story of the origins of ‘humanity’. Those with autism may have played a unique
role in technological spheres and understanding of natural systems, contributing calendrical
knowledge, refined efficient technological practices and a unique perspective to art. They
may also have been key to allowing larger scale societies to form with clear rules to define
how sharing takes places.

Autism is sometimes portrayed as the ‘other’. Not only is this a dangerous perspective to
take on a difference of mind, but there is every reason to conclude that autism is a central
part of what makes us ‘human’. However difficult dealing with autism may be there may be
much which we owe to the role of autism in our success. Moreover the solutions to allowing
‘us’ to work with ‘others’ in the Palaeolithic, and allowing a large scale society to be created
might have depended on the inclusion of autism.
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1. Introduction

The rise in the prevalence of autistic spectrum disorder has increased world-wide (Flood, Bul‐
grin and Morgan, 2012). This phenomena calls for the expansion and development of teachers
preparation courses to work with this population as well as providing specific courses to pro‐
fessionals in the medical and health professions such as speech therapists, occupational thera‐
pists, art therapists etc. that focus on the needs of children and adults with autism. It also calls
for the development of community services to children and families, such as early diagnosis,
counseling parents, education of school aged children and as they graduate from school, cre‐
ating community living arrangements for adults along with opportunities for employment,
social and leisure time activities. The development and use of appropriate services must be
based on awareness of the autistic spectrum disorder as a subgroup of persons with develop‐
mental disabilities that is distinguished from other disabilities such as intellectual disabilities
or mental illness. It is also based on openness and positive attitudes towards these persons as
equal members of society who have the right to live in the community in a respectful manner.

The present chapter will describe a survey done of the attitudes regarding persons with autism
in the Israeli Arab community, according to Arab students attending an Arab teachers' training
college.

Future teachers were chosen for the study as leaders of the young generation who will be the
citizens of the future. The aim of the study was to assess the current views and attitudes among
would be teachers in the Israeli Arab community regarding the autistic spectrum disorder so
that we can develop suitable teachers' preparation courses along with suitable services for the
families population and for children and adults with autism.

© 2013 Nirit and Shunit; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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The importance of preparing teachers in the Arab world in the area of autism is emphasized
by Al-Shammari Zaid (2006) in his paper on Special Education Teachers' Attitudes Toward Autistic
Students in the Autism School in the State of Kuwait. He states that though a special school for
children with autism was established in 1999 in the State of Kuwait, the Kuwaiti universities
which prepare future teachers lack courses and curricula to help pre-service and in-service
special teachers understand issues related to autism. According to Al-Shammari Zaid teachers,
are ill-prepared to teach students with autism in Kuwait. Also, since the diagnosis of autism
is relatively new to Kuwait, teachers are not fully equipped on how to best teach students with
autism.

Lack of teachers' preparation coursed and professional know how is becoming acute in the
Arab world since in the past decade there has been a constant increase in family health care.
In Saudi Arabia for example, Amr Mostafa (2011) in his paper on Addressing autism in the Arab
world notes that "In the Middle East and North Africa there has been a fivefold decrease in
child mortality in recent decades."

Also, the high rates of prevalence of Autism in the Arab world may be due to genetics. For
example, in Saudi Arabia almost one third of children with autism were born to parents who
are close relatives, usually first cousins. This is dependent on location – higher in rural com‐
munities (up to 80%) and lower in urban and suburban settings (34%). This phenomenon sug‐
gests that families in Saudi Arabia have a higher incidence of autism. Inter related family
marriages are actually the norm in most Muslim countries so that this might result in a higher
prevalence in other Arab nations as well.

In spite of this, Amr Mostafa (ibid) notes that the condition of autism has long been hidden in
much of the Arab world. Furthermore, he also suggests that it is often difficult for a child with
autism to be diagnosed properly, because of poor professional knowledge in this area. Pedia‐
tricians are relatively inexperienced in the diagnosis and management of psychiatric disorders
including children with autism and there are few psychiatrists specializing in childhood de‐
velopment problems. He also notes the lack of awareness among parents, a failure to recognize
symptoms and seek diagnosis and treatment. His conclusion is that both under-diagnosis and
under-reporting may play a role in the disparity in prevalence and consequently, scarcity of
appropriate services.

A similar picture is portrayed by Hanan, Elbahnasawy and Naglaa, Girgis (2011) from Egypt.
In their paper “Counseling for Mothers to Cope with their Autistic Children”, they point to
the fact that there has been a dramatic increase in the incidence of autism from the 1970’s
through 2008 – the prevalence of autism in Egypt is increasing, with one child out of every 870
Egyptian children being diagnosed as having autism.

Apart from lack of professional knowhow, the authors add another factor that hinders the
appropriate care of families and children in the Arab world. According to them, caring for a
family member with autism costs money and places a burden on family finance. A recent study
in Egypt found that 83.3% - 91.3% of people with autism live at home with their families well
into their adult years since there are no appropriate services for them. Autism care in Egypt is
usually home-based with less than a quarter being enrolled in schools. They are informally
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taught by parents, siblings, grandparents or friends. Some non-profit organizations such as
Arab autism societies, try to address this problem by offering specialized education.

In addition to financial difficulties that can be a barrier to appropriate care, cultural beliefs and
attitudes can be a hindrance too. There are two interrelated attitude sources towards persons
with disabilities, the religious source and common prejudices held by the general public and
transmitted from one generation to the next in the form of stereotypes (Reiter, 1999).

Estela Dimes (2012) a Filipino American married to a Jordanian American have a child with
autism and she describes the way cultural traditions, values and beliefs can affect how people
deal with this disability. She compares two different views. According to her, in the Filipino
culture, having a child with a disability is viewed in a positive way even as "a blessing or gift
from God". In comparison Middle Easterners, especially among the older-generation, believe
that a disability is a form of God's punishment for sins or perhaps the result of a curse. She
continues to describe the attitudes of 'Middle Easterners' as exhibiting shame and embarrass‐
ment. Because of that the author assumes that they tend to overlook developmental differences
in their children with autism trying to avoid the stigma attached to it. She concludes that this
social attitude often causes delay in diagnosis, until the child is of school age, thus preventing
early intervention crucial to treatment of developmental disorders.

This fatalistic attitude is also addressed by Al-Shammari Zaid (2006) who further describes the
cultural beliefs about disability in the Arab society. Actually, he observed that caring for a child
with autism can bring the family closer to God. This is based on the belief in Karatma, God's
Will – or one's destiny. This belief is often invoked to provide an explanation to major life
events, including the occurrence of disability. Like Estela Dimes (2012) he also suggests that
an explanation for the occurrence of a disability in the family is the belief that it is a result of
sinful behavior committed in the past. Thus, the family tends to accept their own disabilities,
as fate due to God's will.

One direct outcome of this attitude is that since it was God's will that the child was born with
a disability his life is in the hand of God. For this reason, Al-Shammari Zaid (2006) considers
the most important problem when working with families in the state of Kuwait, is that even
when a child is enrolled in a special education individualized program his family does not
apply it at home but rather, continue to isolate the child in his personal life.

The other source of attitudes towards persons with disabilities are prejudices held by the public
in the form of stereotypes. According to The American Heritage® Dictionary of the English
Language, (Fourth Edition copyright ©2000) a prejudice is:

1. a. An adverse judgment or opinion formed beforehand or without knowledge or exami‐
nation of the facts.

1. b. A preconceived preference or idea.

2. The act or state of holding unreasonable preconceived judgments or convictions.

3. Irrational suspicion or hatred of a particular group, race, or religion.
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4. Detriment or injury caused to a person by the preconceived, unfavorable conviction of
another or others.

Prejudices are expressed in cultural stereotypes affecting the discrimination of those seen as
belonging to the group in question. Stereotypes obviously affect social judgments we make
about others. They influence how much we like the person.

Prejudice is an attitude toward the members of some group based solely on their membership
in that group (can be positive or negative), while stereotypes involve generalizations about the
"typical" characteristics of members of that group. Prejudice and stereotypes lead to discrim‐
ination, i.e. the actual positive or negative actions toward the objects of prejudice. Children
acquire negative attitudes toward various social groups through direct and vicarious learning
experiences. Parents, teachers, friends, the mass media all play roles in the development of
prejudice. The fact that prejudice is a learned reaction, unables the process of change – the
unlearning of old views and attitudes and the relearning of new ones. Since stereotypes distort
our perceptions and affect the information we note - we'll give more attention to stereotype-
consistent information and stereotype-inconsistent information that activates attempts to dis‐
confirm/reject, by imparting new knowledge concerning the group in question, we can
introduce change in attitudes towards that group and achieve a breakdown of the stereotypes
held about them. Thus we can reduce prejudice through cognitive interventions such as teach‐
ing and providing new information that is undistorted and scientifically based. For example,
research on attitudes change towards persons with disabilities among Arab students who at‐
tended special education courses as part of their professional development, showed signifi‐
cantly more positive attitudes towards persons with disabilities than their colleagues who did
not have such a background (Devine, 1989, Karni, Reiter, Bryen, 2011).

2. Arabs in Israel

The Arab population in Israel today numbers about 1.4 million residents, who comprise about
20% of the country’s total population of approximately 8 million people. Among the Arab
population of

Israel, Moslems comprise about 82.5%, Christians about 9%, and Druze about 8.5% (as of 2004).
Most of Israeli Arab population live in the northern part of the country – the Galilee. They
reside in small and large, purely Muslim, Christians or Druse villages, as well as in mixed
towns.

Most of the Bedouins live in the Southern region of the country.

3. Prevalence of people with disabilities in the Arab sector in Israel

Notwithstanding the difficulty involved in obtaining accurate quantitative data on people with
disabilities in the Arab sector there are indications that the percentage of people with disabil‐
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ities is higher in the Arab than in the Jewish sector. This can be attributed to several causes,
including the high rate of interfamily marriages, hereditary diseases, and women giving birth
at a relatively late age (among Bedouins, for example) and a general lack of awareness of
various genetic problems.

In the last decade, Arab society in Israel has undergone continuous change, and as a re‐
sult  of  the  modernization  process,  a  transition  occurs  from  a  collectivistic  society  to  a
more nuclear  one.  There is  an increase in the level  of  education and an increase in the
number of women joining the work force.  These two major social  factors cause changes
in  the  social  structure  and social  norms and values  of  Israeli  Arab population.  In  spite
of these changes, the traditional bonds still  exist and have a strong hold on the individ‐
ual.  Traditionally  the  'Hamula  (Clan)'  was  the  most  binding  collective  social  organiza‐
tion.  As  an  extended  family  system,  it  provided  economic  social  and  psychological
security for its members.  It  is  a patriarchal system: fathers always have the upper hand
especially in decision making and socialization of children in the family; women tend to
be  passive  and  conforming.  Ideally,  children  are  to  be  obedient  and  conforming  too
(Odeh,  2007,  Al  Haj,  1989,  Mar'i,  1978).  As  Mar'i  and  Karayanni  (1982)  observed:  the
modernization  process  traditional  structures  and  the  values  associated  with  them  have
weakened:  and  in  their  place  new  structures  are  evolving  alongside  the  adoption  of
more  modern  patterns  of  social  organization  and new values  and behaviors.  However,
this change has not been a smooth one or without inherent contradictions. Quite the op‐
posite,  contradictions and even clashes between the old and the new are so common as
to  suggest  that  the  society  is  conflict-ridden  in  all  that  concerns  conservation  and
change, continuity and discontinuity.

According to a comprehensive research report done in Israel concerning people with disabil‐
ities in Arab society in Israel (Sandler-Loeff, Shahak, 2006) they have to cope with numerous
barriers. Some of the barriers are similar to those faced by all disabled persons, whereas others
are specific to or exacerbated by the Arab socio cultural context. Surveys done in Israel (ibid)
found that the attitudes towards people with disabilities in Arab society, show lack of knowl‐
edge and lack of services; lack of access for disabled individuals; a societal attitude that does
not accept them as having equal rights; and lack of coordination between the various agencies
that deal with the affairs of people with disabilities.

However, the past decade in Israel at large has witnessed important developments in the lives
of people with disabilities, and they are also evident in Arab society. These developments can
be largely attributed to changes in legislation and to the development of services.

However, Arab parents show a greater tendency than Jewish parents to be, they are overpro‐
tective of their disabled children and give these children less encouragement to be independ‐
ent, make decisions and find employment. Arab parents of children with disabilities reported
a greater feeling of shame and hypersensitivity to the reactions of others than did Jewish pa‐
rents. Indeed Israeli Arab attitudes towards autism spectrum disorder are not unlike the ones
found in the neighboring Arab countries. Religion has a powerful spiritual effect. It is both a
source of comfort for Arab families and at the same time a barrier to 'normalization' and efforts
to include the child in regular society. This was evident in a study done in Israel of Druze
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"typical" characteristics of members of that group. Prejudice and stereotypes lead to discrim‐
ination, i.e. the actual positive or negative actions toward the objects of prejudice. Children
acquire negative attitudes toward various social groups through direct and vicarious learning
experiences. Parents, teachers, friends, the mass media all play roles in the development of
prejudice. The fact that prejudice is a learned reaction, unables the process of change – the
unlearning of old views and attitudes and the relearning of new ones. Since stereotypes distort
our perceptions and affect the information we note - we'll give more attention to stereotype-
consistent information and stereotype-inconsistent information that activates attempts to dis‐
confirm/reject, by imparting new knowledge concerning the group in question, we can
introduce change in attitudes towards that group and achieve a breakdown of the stereotypes
held about them. Thus we can reduce prejudice through cognitive interventions such as teach‐
ing and providing new information that is undistorted and scientifically based. For example,
research on attitudes change towards persons with disabilities among Arab students who at‐
tended special education courses as part of their professional development, showed signifi‐
cantly more positive attitudes towards persons with disabilities than their colleagues who did
not have such a background (Devine, 1989, Karni, Reiter, Bryen, 2011).

2. Arabs in Israel

The Arab population in Israel today numbers about 1.4 million residents, who comprise about
20% of the country’s total population of approximately 8 million people. Among the Arab
population of

Israel, Moslems comprise about 82.5%, Christians about 9%, and Druze about 8.5% (as of 2004).
Most of Israeli Arab population live in the northern part of the country – the Galilee. They
reside in small and large, purely Muslim, Christians or Druse villages, as well as in mixed
towns.

Most of the Bedouins live in the Southern region of the country.

3. Prevalence of people with disabilities in the Arab sector in Israel

Notwithstanding the difficulty involved in obtaining accurate quantitative data on people with
disabilities in the Arab sector there are indications that the percentage of people with disabil‐
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ities is higher in the Arab than in the Jewish sector. This can be attributed to several causes,
including the high rate of interfamily marriages, hereditary diseases, and women giving birth
at a relatively late age (among Bedouins, for example) and a general lack of awareness of
various genetic problems.

In the last decade, Arab society in Israel has undergone continuous change, and as a re‐
sult  of  the  modernization  process,  a  transition  occurs  from  a  collectivistic  society  to  a
more nuclear  one.  There is  an increase in the level  of  education and an increase in the
number of women joining the work force.  These two major social  factors cause changes
in  the  social  structure  and social  norms and values  of  Israeli  Arab population.  In  spite
of these changes, the traditional bonds still  exist and have a strong hold on the individ‐
ual.  Traditionally  the  'Hamula  (Clan)'  was  the  most  binding  collective  social  organiza‐
tion.  As  an  extended  family  system,  it  provided  economic  social  and  psychological
security for its members.  It  is  a patriarchal system: fathers always have the upper hand
especially in decision making and socialization of children in the family; women tend to
be  passive  and  conforming.  Ideally,  children  are  to  be  obedient  and  conforming  too
(Odeh,  2007,  Al  Haj,  1989,  Mar'i,  1978).  As  Mar'i  and  Karayanni  (1982)  observed:  the
modernization  process  traditional  structures  and  the  values  associated  with  them  have
weakened:  and  in  their  place  new  structures  are  evolving  alongside  the  adoption  of
more  modern  patterns  of  social  organization  and new values  and behaviors.  However,
this change has not been a smooth one or without inherent contradictions. Quite the op‐
posite,  contradictions and even clashes between the old and the new are so common as
to  suggest  that  the  society  is  conflict-ridden  in  all  that  concerns  conservation  and
change, continuity and discontinuity.

According to a comprehensive research report done in Israel concerning people with disabil‐
ities in Arab society in Israel (Sandler-Loeff, Shahak, 2006) they have to cope with numerous
barriers. Some of the barriers are similar to those faced by all disabled persons, whereas others
are specific to or exacerbated by the Arab socio cultural context. Surveys done in Israel (ibid)
found that the attitudes towards people with disabilities in Arab society, show lack of knowl‐
edge and lack of services; lack of access for disabled individuals; a societal attitude that does
not accept them as having equal rights; and lack of coordination between the various agencies
that deal with the affairs of people with disabilities.

However, the past decade in Israel at large has witnessed important developments in the lives
of people with disabilities, and they are also evident in Arab society. These developments can
be largely attributed to changes in legislation and to the development of services.

However, Arab parents show a greater tendency than Jewish parents to be, they are overpro‐
tective of their disabled children and give these children less encouragement to be independ‐
ent, make decisions and find employment. Arab parents of children with disabilities reported
a greater feeling of shame and hypersensitivity to the reactions of others than did Jewish pa‐
rents. Indeed Israeli Arab attitudes towards autism spectrum disorder are not unlike the ones
found in the neighboring Arab countries. Religion has a powerful spiritual effect. It is both a
source of comfort for Arab families and at the same time a barrier to 'normalization' and efforts
to include the child in regular society. This was evident in a study done in Israel of Druze
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mothers to children with Autism (Al-Shich, 2012). Al-Shich, herself a Druze conducted in depth
interviews with 10 mothers who live in the villages in the northern part of Israel. The major
theme that emerged was the strong religious beliefs attached to the disability of the child.

In Israel there are approximately 122,000 Druze. As indicated before concerning intermarriages
in the families, here too intermarriage is high and reaches 47% of all marriages (Vardi-Saliter‐
nik, Friedlander, Cohen, 2002). They represent 8.3% of the Arab population in the country.
They live in 18 villages in the Northern parts of the Israel, the Carmel Mountain, the Galilee
and the Golan Heights (2009). The Druze community is a traditional society with a collectivistic
orientation emphasizing the supremacy of the extended family and the community over the
individual.

Though they are Muslims, they have a unique religious orientation. The core of their religious
principles are known only to a small number of religious persons and are kept secret not only
from outsiders but also from the common Druze. All Druze believe in incarnation according
to which life on earth is temporary, once dead the spirit will be reincarnated in another body.
This belief promotes an optimistic view of life since if you are not successful or handicapped
in your present life, you can be very successful and with no disabilities in your next life (Kandel,
Morad, Vardi, Press, & Merrick,2004). Indeed, in a research done with Israeli Arab parents of
children with developmental disabilities by Reiter, Mar’i and Rosenberg, (1986) comparisons
between Muslim Arabs, Christian Arabs and Druze parents revealed that attitudes towards
the child were most positive among the Druze. Indeed, in Meissa's study (ibid), eight mothers
out of ten, said that having a child with Autism is God's Will and should be regarded as a trial
of faith. One mother described it as a gift from God and one said it was a punishment for sinful
behavior. Four mothers said that having a child with autism made them become more reli‐
gious, or 'closer to God', one family actually converted from being atheists to believers.

With this  recognition of  the strong religious beliefs  attached to disability,  a  special  pro‐
gram was designed in Israel to give training to Imams – the Muslim religious leaders, to
change  perceptions  of  mental  illness,  including  autism  in  Arab  Israeli  society.  The  as‐
sumption  underlying  the  program  was  that  religious  figures  are  in  positions  of  influ‐
ence  in  their  communities.  The  public  sees  them  as  societal  and  spiritual  guides  and
turn to  them for  advice  and guidance.  They are  also  figures  of  authority  in  their  com‐
munities  and can guide families  in  times of  distress.  As such they can act  as  agents  of
positive change (Imans receive training to  change perceptions of  mental  illness  in  Arab
Israeli society, Ynet News, Monday, November 22, 2010).

Some 40 imams from mosques in Israeli Arab communities participated in a unique training
program for changing perceptions of mental illness in Arab Israeli society. Five weekly meet‐
ings dealt with issues like the religious aspects, ways of coping, getting to know persons with
disabilities and their families, legal issues and service, the effects of medication, mental illness
from a medical point of view and ideas for social change.

Prof. Hawala Abu Bakar from Emeq Yezreel College and Al-Qasemi Arab Teachers College
who specializes in mental illness in Arab Israeli society comments that there is a gap between
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the acceptance and compassion that the religions (Islam, Christianity and Druze) demand
towards those with disabilities and the reality on the ground.

Attitudes range between two extremes – acceptance, which can even include encouragement
to marry, and ostracism, especially towards those with rare deformities or those who are vio‐
lent towards themselves or the environment. There is also a difference between attitudes to‐
wards men and women, with the tendency to isolate women more than men.

In Israel The most widely treated disability in Arab localities is mental retardation, which is
given considerable attention, followed by sensory impairments (blindness and deafness), and
physical impairments (handicaps and illnesses). Impairments and disabilities in the area of
mental health, various behavioral, communication, and functional disorders and autism, are
given relatively little attention and very few agencies deal with those areas.

The authors of the special report on people with disabilities in Arab Society in Israel (ibid)
conclude that the lack of diagnostic capabilities together with insufficient knowledge and
awareness about developmental problems in Arab society create a situation in which disabil‐
ities are insufficiently diagnosed, or that diagnosis occurs too late when early diagnosis could
have prevented further disability or deterioration. There is inaccessibility and unavailability
of mental health clinics in the Arab sector, coupled with language and cultural barriers within
mental health clinics since most service providers are Jewish. Another explanation is that in
Arab society there is insufficient acknowledgment or awareness of the benefits of psycholog‐
ical care and mental health services, as well as a preference for relying upon informal local
resources within the community.

Assistance from formal agencies or organized efforts on the local level are a new developments
seen over the past decade and are not yet firmly rooted in the society. The process of transition
from a culture reliant on the nuclear and extended family as a pillar of society to a culture
which promotes civil society, including initiatives on behalf of the disabled, has been gradual
and difficult.

In recent years though there has been increasing awareness of the need to integrate people
with disabilities into the community in the Arab sector (Karni, Reiter, and Bryen, 2011). It was
the aim of the present survey to focus our understating on the way future Arab teachers at‐
tending an Arab teachers' college perceive 'Autism' and their attitudes towards persons, chil‐
dren and adults, with autism. Our secondary aims were to find out to what extent: previous
contact, or having a family member with autism, affected attitudes;

• gender has an impact;

• age is a crucial factor;

• attending, or having attended a course(s) on autism and other developmental disabilities
affected attitudes.

The first hypothesis related to attitudes toward the inclusion of persons with autism and the
belief that they can achieve social and academic skills that will enable them to be socially
included in the community.
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ings dealt with issues like the religious aspects, ways of coping, getting to know persons with
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Prof. Hawala Abu Bakar from Emeq Yezreel College and Al-Qasemi Arab Teachers College
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the acceptance and compassion that the religions (Islam, Christianity and Druze) demand
towards those with disabilities and the reality on the ground.

Attitudes range between two extremes – acceptance, which can even include encouragement
to marry, and ostracism, especially towards those with rare deformities or those who are vio‐
lent towards themselves or the environment. There is also a difference between attitudes to‐
wards men and women, with the tendency to isolate women more than men.

In Israel The most widely treated disability in Arab localities is mental retardation, which is
given considerable attention, followed by sensory impairments (blindness and deafness), and
physical impairments (handicaps and illnesses). Impairments and disabilities in the area of
mental health, various behavioral, communication, and functional disorders and autism, are
given relatively little attention and very few agencies deal with those areas.

The authors of the special report on people with disabilities in Arab Society in Israel (ibid)
conclude that the lack of diagnostic capabilities together with insufficient knowledge and
awareness about developmental problems in Arab society create a situation in which disabil‐
ities are insufficiently diagnosed, or that diagnosis occurs too late when early diagnosis could
have prevented further disability or deterioration. There is inaccessibility and unavailability
of mental health clinics in the Arab sector, coupled with language and cultural barriers within
mental health clinics since most service providers are Jewish. Another explanation is that in
Arab society there is insufficient acknowledgment or awareness of the benefits of psycholog‐
ical care and mental health services, as well as a preference for relying upon informal local
resources within the community.

Assistance from formal agencies or organized efforts on the local level are a new developments
seen over the past decade and are not yet firmly rooted in the society. The process of transition
from a culture reliant on the nuclear and extended family as a pillar of society to a culture
which promotes civil society, including initiatives on behalf of the disabled, has been gradual
and difficult.

In recent years though there has been increasing awareness of the need to integrate people
with disabilities into the community in the Arab sector (Karni, Reiter, and Bryen, 2011). It was
the aim of the present survey to focus our understating on the way future Arab teachers at‐
tending an Arab teachers' college perceive 'Autism' and their attitudes towards persons, chil‐
dren and adults, with autism. Our secondary aims were to find out to what extent: previous
contact, or having a family member with autism, affected attitudes;

• gender has an impact;

• age is a crucial factor;

• attending, or having attended a course(s) on autism and other developmental disabilities
affected attitudes.

The first hypothesis related to attitudes toward the inclusion of persons with autism and the
belief that they can achieve social and academic skills that will enable them to be socially
included in the community.
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The first hypothesis stated that there will be correlations between positive attitudes in the
areas of knowledge about autism and emotional and behavioral willingness to be close to them,
and positive conceptions of their abilities in the areas of life skills, academic skills and included
social competence.

The second hypothesis related to knowledge about the syndrome.

The hypothesis stated that those who attended a course on autism will show better knowledge
of the syndrome than those who did not.

The third hypothesis stated that there will be positive correlations between the background
variables of previous contact and/or having a family member with autism and better knowl‐
edge of and positive attitudes towards them.

The forth hypothesis was divided into two parts: a. religion will be pointed out as the major
factor underlying attitudes and conceptions regarding autism, more so than prejudice or per‐
sonal experience with a person with autism, and b. religion will be correlated with the most
negative attitudes and conceptions, more than prejudice and more than personal experience.

4. Method

4.1. Sample

Students attending the Sakhnin's teachers education college were asked to fill in two ques‐
tionnaires on their attitudes towards Autism. The sample included 321 students from all study
levels, from the first to the fourth year of study. There were 82.3% females and 17.7% males.
The mean age was 26.58 (range: 19 – 49). The wide age range was due to the fact that some
students attend a special program for veteran teachers who wish to get a degree in special
education.

4.2. Instruments

Two questionnaires were used in this study. One was an especially designed questionnaire
including two parts: background variables such as: personal knowledge of a person with au‐
tism, autism in the family, heard about autism before studying from the mass communication
media or from other people, cultural attitudes toward autism (positive, negative, indifference),
reasons for cultural attitudes (religion, prejudice, personal experience), autism being different
from intellectual disability (yes/no), the existence of services for children and adults with au‐
tism (yes/no). In the second part of the questionnaire the respondent was asked about his/her
perceptions of the possibility of inclusion of persons with autism based on their ability to be
independent by developing appropriate life skills, have the academic abilities for inclusion
and being able to be socially included in the community. The total reliability score of the scale
was high (Cronbach’s α =.84); life skills sub scale (Cronbach’s α =.78); academic skills sub scale
(Cronbach’s α =.69); social inclusion sub scale (Cronbach’s α =.71).
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The second questionnaire was the Hebrew translation of the Chedoke-McMaster Attitudes
Towards Children with Handicaps (CATCH) scale (Rosenbaum et al., 1986; Tirosh, Schanin,
Reiter, 1997). The questionnaire is a 28 – item self-administered scale scored on a Likert 4 point
scale from 1 = always true to 4 = never. It was adapted to refer to the autistic spectrum disorder
rather than disability in general. Items were worded as statements, for example: people with
autism cannot be happy in their lives; I have no problem spending my leisure time with a
person with a autism; I am ready to talk with a person with autism whom I do not know; I feel
uneasy introducing a person with autism to my friends.

Factor analysis (Factor analysis with varimax rotation and the criterion of Eigenvalue greater
than 1) revealed three sub-scales: willingness to be close to a person with autism (Cronbach’s
α =.83); emotional reactions to a person with autism (Cronbach’s α =.69); knowledge of autism
(Cronbach’s α =.51). The last sub-scale of knowledge has a rather low reliability score showing
the fragmentation of knowledge respondents have in this area. The three subscales are in line
with the three dimensions of attitudes, the emotional, the behavioral and the cognitive sug‐
gested by Reiter and Bryen (2010). Accordingly, attitudes are composed of three interrelated
dimensions of personality: emotions, cognition and behavior. Each dimension is a complex
interplay of several factors. Looking at the cognitive dimension, an attitude is a view or opinion
that a person has towards a certain state of existence, of an object, an idea, of another person,
or of other people. Attitudes are frequently swayed by emotional response. They can be pos‐
itive, for example, happiness, pleasure, wanting to experience an event, be near the person, or
get hold of the object of reference. Attitudes can also be negative, when a person feels he has
a dislike towards a situation, object, or another person. In this case the person will likely feel
unhappy, fearful, disgusted, sad, etc. The two dimensions of cognition and emotion may not
always be congruent. The third dimension of attitudes is a behavioral one. Incongruence be‐
tween cognition, emotion and behavior can be the outcome of cultural norms and commonly
held prejudices.

The two questionnaires were administered to students during class time.

4.3. Results

The analysis of the background variables of our sample revealed that 66.5% of the total sample,
took courses in special education including a course on autism, as compared to 33.5% who had
not taken part in any academic studies in the area of disabilities. Most of those who took the
course (84.1%) said that it changed their attitudes towards autism in a positive way. Before
attending the course, most respondents did not know that autism was a different syndrome
than intellectual disability (61.6%).

Nearly one half (43.3%) knew a person with autism, while only a very small number (7.2%)
said there was a person with autism in their family. Asked about their opinion as to the reason
for the common attitudes towards autism in the Arab community respondents pointed to
prejudice as the main source of views (66.3%) others thought it was based on personal expe‐
rience of people with persons with autism (22/1%) and some thought they were due to a reli‐
gious outlook (11.6%).
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The two questionnaires were administered to students during class time.

4.3. Results

The analysis of the background variables of our sample revealed that 66.5% of the total sample,
took courses in special education including a course on autism, as compared to 33.5% who had
not taken part in any academic studies in the area of disabilities. Most of those who took the
course (84.1%) said that it changed their attitudes towards autism in a positive way. Before
attending the course, most respondents did not know that autism was a different syndrome
than intellectual disability (61.6%).

Nearly one half (43.3%) knew a person with autism, while only a very small number (7.2%)
said there was a person with autism in their family. Asked about their opinion as to the reason
for the common attitudes towards autism in the Arab community respondents pointed to
prejudice as the main source of views (66.3%) others thought it was based on personal expe‐
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Asked about the existence of services for children and adults with autism, as far as they knew,
more than one half (53.7%) said there were no services for adults and only slightly less than
half (43.1%) said there were no Arab services for children. It should be noted though, that in
relations to services for adults, indeed there is a scarcity of community living arrangements
and sheltered workshops for them. However, regarding school aged children, all children in
Israel, irrespective of any disability, must attend school by law. Thus, all school age children,
including those with autism, from the age of 3 to 21 (for children with disabilities) attend either
an Arab school or a Jewish school. It can be a special education school or a regular school,
depending on the special needs of the child and parental wishes regarding the placement of
the child. When indicating that there is lack of schools for the younger age, respondents re‐
ferred to special education Arab schools for children with autism.

The first hypothesis stated that there will be correlations between positive attitudes in the
areas of knowledge about autism and emotional and behavioral willingness to be close to them,
and positive conceptions of their abilities in the areas of life skills, academic skills and included
social competence.

Applying the Spearman Correlations test on scores obtained on the two questionnaires ad‐
ministered in the study, significant correlations were found between all the sub-scales of the
questionnaires i.e. positive attitudes in the three areas of knowledge, behavior and emotions;
correlated positively and significantly with perceptions of their ability to acquire life skills,
academic skills, and social skills.

Table 1 presents the correlations obtained between attitudes and perceptions of skills.

Attitudes Perceptions / knowledge

Total

attitudes

Closeness Emotions Cognitive Total

perceptions

Life

skills

Academic

skills

Social

integration

Attitudes

Total

attitudes

.90*** .77*** .48*** .39*** .24*** .29*** .39***

Closeness .60*** .16** .37*** .20*** .27*** .41***

Emotions .26*** .15** .03 .18** .18**

Cognitive .28*** .28*** .22*** .18**

Perceptions

/ knowledge

Total

perceptions

.82*** .68*** .87***

Life skills .38*** .52***

Academic

skills

.43***

Social

integration

*p<.05, **p<.01, ***p<.001

Table 1. Spearman Rank Order correlations between full attitude scale and its sub scales and full perception scale and
its subscales for the total sample (N= 321)
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As seen from table 1 correlations were highly significant (p<.001) between the full scales scores
and all sub scales of the questionnaires, indicating that positive attitudes towards persons with
autism correlated with positive perceptions regarding the possibility of their inclusion in the
community.

The second hypothesis related to knowledge about the syndrome.

The hypothesis stated that college students who attended a course on autism will show more
positive attitudes towards persons with autism and more positive conceptions of their poten‐
tial for inclusion than those who did not attend such a course. Furthermore, on a general
question asking the students who attended a course on autism whether it changed their atti‐
tudes, most of them (84.1%) said that it did change their attitudes in a positive way.

Table 2 represents t-tests between scores obtained on the questionnaires by the students who
attended a course on autism compared with those who did not attend such a course.

Yes

(n=211)

No

(n=106)

F(1,315)

(η2)

Attitudes Total attitudes 3.03

(0.38)

2.90

(0.43)

7.41**

(.023)

Closeness 3.19

(0.49)

3.02

(0.56)

8.04**

(.025)

Emotions 3.37

(0.54)

3.26

(0.62)

2.77

(.009)

Cognitive 2.45

(0.51)

2.43

(0.53)

0.10

(.001)

Perceptions / knowledge Total perceptions 2.59

(0.48)

2.54

(0.52)

0.55

(.002)

Life skills 2.28

(0.65)

2.28

(0.69)

0.01

(.001)

Academic skills 2.90

(0.68)

2.81

(0.76)

1.03

(.003)

Social integration 2.67

(0.52)

2.61

(0.56)

0.90

(.003)

*p<.05, **p<.01, ***p<.001

Table 2. Multivariate analyses of variance between the students who attended a course on autism (N= 211) and those
who did not attend such a course (106) on the full attitude scale and its sub scales and full perception scale and its
subscales

From table 2 it appears that attending a course on autism significantly (p<.01) affected the total
attitudes scale, especially the willingness of the respondents to have close relationships with
a person with autism. However, the course did not make a difference on students' perceptions
of the possibility of persons with autism to be included in the community.

Apparently, as the saying goes 'old attitudes die hard'.
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Asked about the existence of services for children and adults with autism, as far as they knew,
more than one half (53.7%) said there were no services for adults and only slightly less than
half (43.1%) said there were no Arab services for children. It should be noted though, that in
relations to services for adults, indeed there is a scarcity of community living arrangements
and sheltered workshops for them. However, regarding school aged children, all children in
Israel, irrespective of any disability, must attend school by law. Thus, all school age children,
including those with autism, from the age of 3 to 21 (for children with disabilities) attend either
an Arab school or a Jewish school. It can be a special education school or a regular school,
depending on the special needs of the child and parental wishes regarding the placement of
the child. When indicating that there is lack of schools for the younger age, respondents re‐
ferred to special education Arab schools for children with autism.

The first hypothesis stated that there will be correlations between positive attitudes in the
areas of knowledge about autism and emotional and behavioral willingness to be close to them,
and positive conceptions of their abilities in the areas of life skills, academic skills and included
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ministered in the study, significant correlations were found between all the sub-scales of the
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academic skills, and social skills.
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*p<.05, **p<.01, ***p<.001

Table 1. Spearman Rank Order correlations between full attitude scale and its sub scales and full perception scale and
its subscales for the total sample (N= 321)
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As seen from table 1 correlations were highly significant (p<.001) between the full scales scores
and all sub scales of the questionnaires, indicating that positive attitudes towards persons with
autism correlated with positive perceptions regarding the possibility of their inclusion in the
community.

The second hypothesis related to knowledge about the syndrome.

The hypothesis stated that college students who attended a course on autism will show more
positive attitudes towards persons with autism and more positive conceptions of their poten‐
tial for inclusion than those who did not attend such a course. Furthermore, on a general
question asking the students who attended a course on autism whether it changed their atti‐
tudes, most of them (84.1%) said that it did change their attitudes in a positive way.

Table 2 represents t-tests between scores obtained on the questionnaires by the students who
attended a course on autism compared with those who did not attend such a course.
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(.023)
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(0.56)
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Emotions 3.37

(0.54)

3.26
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Cognitive 2.45
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(0.65)
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Academic skills 2.90
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*p<.05, **p<.01, ***p<.001

Table 2. Multivariate analyses of variance between the students who attended a course on autism (N= 211) and those
who did not attend such a course (106) on the full attitude scale and its sub scales and full perception scale and its
subscales

From table 2 it appears that attending a course on autism significantly (p<.01) affected the total
attitudes scale, especially the willingness of the respondents to have close relationships with
a person with autism. However, the course did not make a difference on students' perceptions
of the possibility of persons with autism to be included in the community.

Apparently, as the saying goes 'old attitudes die hard'.
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The third hypothesis stated that there will be positive correlations between the background
variables of previous contact and/or family contact with a person with autism and better
knowledge and positive attitudes towards them.

Multivariate analyses of variance on the variable of 'I know a person with autism' and the variable
of 'there is a person with autism in my family' revealed no significant differences between those
who knew or had a relative with autism and those who did not know or did not have such a
relative.

Thus, our third hypothesis was not confirmed.

The forth hypothesis stated that among the factors underlying attitudes and conceptions re‐
garding autism, religion will be pointed out as the major factor, more so than prejudice or
personal experience with a person with autism, religion will be correlated with the most neg‐
ative attitudes and conceptions, more than prejudice and more than personal experience.

Comparisons using Multivariate analyses of variance with Tukey’s post hoc tests were applied
in order to find out which among these variables was indicated by most respondents as the
major factor underlying attitudes and conceptions and which affected mostly negative atti‐
tudes and perceptions.

Religion

(n=34)

Prejudice

(n=195)

Personal

experience

(n=65)

F(2,291)

(η2)

Attitudes

Total attitudes 2.82

(0.41)

2.99

(0.39)

3.07

(0.38)

4.79**

(.032)

Personal experience

+ prejudice "/> Religion

Closeness 2.92

(0.53)

3.13

(0.51)

3.27

(0.48)

5.27**

(.035)

Personal experience "/>

Religion

Emotions 3.20

(0.70)

3.35

(0.55)

3.38

(0.55)

1.12

(.008)

Cognitive 2.23

(0.48)

2.44

(0.50)

2.52

(0.56)

3.60*

(.024)

Personal experience "/>

Religion

Perceptions /

knowledge

Total

perceptions

2.56

(0.44)

2.58

(0.50)

2.61

(0.49)

0.13

(.001)

Life skills 2.35

(0.58)

2.24

(0.69)

2.33

(0.68)

0.59

(.004)

Academic skills 2.78

(0.70)

2.93

(0.70)

2.83

(0.74)

1.00

(.007)

Social

integration

2.62

(0.45)

2.66

(0.54)

2.72

(0.53)

0.45

(.003)

*p<.05, **p<.01, ***p<.001

Table 3. Comparisons on attitudes and conceptions regarding persons with autism in the community according to
main reason underlying attitudes and conceptions: religion, prejudice, personal experience
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From table 3 it appears that religion was the least chosen by respondents (11.6%) as being the
underlying factor affecting attitudes and conceptions regarding autism. Most (66.3%) re‐
spondents pointed at prejudice as being the most common factor underlying attitudes and
conceptions, followed by the factor of personal experience (22/1%). Thus the first part of hy‐
pothesis 4 was not confirmed. The second part indicated that the factor of religion will be
exhibited by the most negative attitudes and conceptions. Indeed, as seen from table 3, the
mean scores obtained by those who pointed at religion as being the main factor, was the lowest,
indicating negative attitudes and conceptions. Comparing the scores obtained on the three
factors of religion, prejudice and personal experience the most positive attitudes and concep‐
tions regarding persons with autism was a combination of personal experience coupled with
prejudice (p < 01). On the subscale of willingness to be close to a person with autism personal
experience had a significantly greater impact than religion (p<.01).

No differences were found regarding the relative impact of religion, prejudice or personal
experience on perceptions regarding their ability to be included in the community.

We were further interested to find out whether any of the background variables of age,
gender or having heard about autism before starting academic studies affected attitudes
and perceptions.

Yes

(n=182)

No

(n=126)

F(1,306)

(η2)

Attitudes

Total attitudes 3.05

(0.38)

2.91

(0.39)

10.27***

(.032)

Closeness 3.21

(0.50)

3.03

(0.51)

9.31**

(.030)

Emotions 3.43

(0.52)

3.24

(0.60)

8.94**

(.028)

Cognitive 2.47

(0.50)

2.42

(0.54)

0.61

(.002)

Perceptions / knowledge

Total perceptions 2.62

(0.47)

2.50

(0.52)

4.67*

(.015)

Life skills 2.32

(0.62)

2.18

(0.71)

3.17

(.010)

Academic skills 2.96

(0.65)

2.75

(0.76)

6.34*

(.020)

Social integration 2.69

(0.53)

2.61

(0.54)

1.79

(.006)

*p<.05, **p<.01, ***p<.001

Table 4. Comparison between respondents who heard about autism (N=182) and those who have not heard (N=126)
about it on attitudes towards autism and conceptions on inclusion
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The third hypothesis stated that there will be positive correlations between the background
variables of previous contact and/or family contact with a person with autism and better
knowledge and positive attitudes towards them.

Multivariate analyses of variance on the variable of 'I know a person with autism' and the variable
of 'there is a person with autism in my family' revealed no significant differences between those
who knew or had a relative with autism and those who did not know or did not have such a
relative.

Thus, our third hypothesis was not confirmed.

The forth hypothesis stated that among the factors underlying attitudes and conceptions re‐
garding autism, religion will be pointed out as the major factor, more so than prejudice or
personal experience with a person with autism, religion will be correlated with the most neg‐
ative attitudes and conceptions, more than prejudice and more than personal experience.

Comparisons using Multivariate analyses of variance with Tukey’s post hoc tests were applied
in order to find out which among these variables was indicated by most respondents as the
major factor underlying attitudes and conceptions and which affected mostly negative atti‐
tudes and perceptions.
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(0.53)

3.13

(0.51)

3.27

(0.48)

5.27**

(.035)

Personal experience "/>

Religion

Emotions 3.20

(0.70)

3.35

(0.55)

3.38

(0.55)

1.12

(.008)

Cognitive 2.23

(0.48)

2.44

(0.50)

2.52

(0.56)

3.60*

(.024)

Personal experience "/>

Religion

Perceptions /

knowledge

Total

perceptions
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(0.50)

2.61

(0.49)
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(.001)

Life skills 2.35
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(.004)

Academic skills 2.78

(0.70)

2.93
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(0.74)

1.00

(.007)

Social
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(0.53)
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(.003)

*p<.05, **p<.01, ***p<.001

Table 3. Comparisons on attitudes and conceptions regarding persons with autism in the community according to
main reason underlying attitudes and conceptions: religion, prejudice, personal experience
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From table 3 it appears that religion was the least chosen by respondents (11.6%) as being the
underlying factor affecting attitudes and conceptions regarding autism. Most (66.3%) re‐
spondents pointed at prejudice as being the most common factor underlying attitudes and
conceptions, followed by the factor of personal experience (22/1%). Thus the first part of hy‐
pothesis 4 was not confirmed. The second part indicated that the factor of religion will be
exhibited by the most negative attitudes and conceptions. Indeed, as seen from table 3, the
mean scores obtained by those who pointed at religion as being the main factor, was the lowest,
indicating negative attitudes and conceptions. Comparing the scores obtained on the three
factors of religion, prejudice and personal experience the most positive attitudes and concep‐
tions regarding persons with autism was a combination of personal experience coupled with
prejudice (p < 01). On the subscale of willingness to be close to a person with autism personal
experience had a significantly greater impact than religion (p<.01).

No differences were found regarding the relative impact of religion, prejudice or personal
experience on perceptions regarding their ability to be included in the community.

We were further interested to find out whether any of the background variables of age,
gender or having heard about autism before starting academic studies affected attitudes
and perceptions.

Yes

(n=182)

No

(n=126)
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(η2)

Attitudes

Total attitudes 3.05

(0.38)

2.91
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10.27***

(.032)

Closeness 3.21
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3.03

(0.51)
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Emotions 3.43

(0.52)

3.24
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Cognitive 2.47
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Perceptions / knowledge

Total perceptions 2.62
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*p<.05, **p<.01, ***p<.001

Table 4. Comparison between respondents who heard about autism (N=182) and those who have not heard (N=126)
about it on attitudes towards autism and conceptions on inclusion
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No correlations were found between the background variables of age and gender however,
respondents who had heard about autism before they started their academic studies – whether
general of in special education, were more inclined to have positive attitudes and positive
perceptions of their inclusion. A Multivariate analyses of variance was applied to all scores
compared on having heard or not about autism.

Table 4 presents comparisons between the scores obtained by respondents who heard about
autism (N=182) and those who have not heard (N=126) about it. Missing data – 13 respondents.

From table 4 it appears that having heard about autism resulted in a more positive atti‐
tude  towards  them  (p<.001)  though  it  did  not  affect  a  better  knowledge  regarding  the
syndrome of autism, and a more positive perception of their overall ability to be includ‐
ed (p<.05) in the community,  especially their life skills abilities and their academic skill,
but not their social skills.

5. Conclusion

The major conclusion of our study is that the issue of attitudes towards persons with autism
and perceptions regarding their abilities to be included in the community are complex and
require further research in order to find out the most effective way to induce positive changes
in this area. The fact that in our study correlations were highly significant between positive
attitudes towards persons with autism and positive perceptions regarding the possibility of
their inclusion in the community, indicate that a change in attitudes from negative to positive
should be followed by a change in the opinion that persons with autism can be included in the
community. However our findings revealed that this was not necessarily the case.

Attending a course on autism, though it affected a general change in attitudes, from negative
to more positive attitudes towards autism, it did not affect a change in in the perceptions
regarding the capability of persons with autism to be independent and live in the community.
So though a positive change occurred in the area of attitudes, it was not correlated with a
similar positive change in one's acceptance of the fact that persons with autism can learn in‐
dependent living skills, can acquire the academic skills necessary for a life in the community
and can be socially included.

Apparently attending a course on autism turned out to be a necessary but not sufficient con‐
dition for a complete change of opinions regarding the possibility of persons with autism to
live in the community. As the saying goes: 'old attitudes die hard'. Indeed incongruence be‐
tween the different dimensions of attitudes, the emotional reaction, the behavioral aspect and
the precision of knowledge regarding autism are not necessarily harmonious (Reiter and Bry‐
en, 2010). Tackling the emotional dimension is highly important as it may pave the way for
students to be ready to learn facts about autism that are not loaded with misconceptions and
prejudices. Indeed, prejudice, more so than religion, was found to be the most significant force
affecting attitudes and perceptions regarding autism. Another factor found to affect attitudes
and conceptions was a personal experience with a person with autism. This finding suggests
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that in order for an academic course on autism to succeed in changing negative conceptions it
should be followed by an experiential process in which students should meet and interact with
persons with autism and their families.

The findings of our research confirms what most publications regarding autism in the Arab
world, such as Al-Shammari, (2006) point out, that religion is the major source of negative
attitudes and perceptions regarding persons with autism. Also the report written by Estela
Dimes (2012) indicates that religion can affect helplessness and passivity due to a belief that
since having a child with autism is God's will, there is not much one can do about it. A person
with autism is inflicted by a disability that gives him/her no chance of leading a 'normal' life.

However religion and faith can have two different and opposed outcomes as shown by the
qualitative research conducted by Al-Shich with Druze mothers. In her study, some mothers
said it gave them strength. Religion can be a source of strength, it can affect an attitude that it
is God's way of testing me to be the best parent possible, and give me strength to provide my
child with the best possible support for a life of quality.

In our study prejudice was found to be the most commonly cited factor underlying attitudes
and conceptions regarding autism. Unlike religious faith, prejudice is one-sided. It is exhibited
in negative attitudes and a rejection of persons with autism from the mainstream of society.
The misconceptions that underlay prejudice are highly imbedded in our culture, starting from
stories and legends told to toddlers and creating stereotypes followed by 'popular' derogatory
and rejecting statements expressed by adults. Attitudes change calls for a comprehensive cul‐
tural reform and a change of outlook regarding disability in general and autism in particular.
The findings that those among the respondents who heard about autism before starting their
studies showed more positive attitudes towards them and the partial but significant effect of
attending a course on autism are encouraging. Higher exposure of persons with autism and
their families, more self-advocacy activities done by them, more courses provided in this area
and better services, will hopefully contribute to a more positive attitude and more positive
conceptions regarding their inclusion in the community.

Further research

Our study calls for more research in the areas of prejudice and attitude change regarding the
Autistic Spectrum Disorders. Negative attitudes and lack of precise knowledge about the syn‐
drome of autism is not unique to the Arab world. It is also not unique to the common 'person
in the street', it affects service providers and professionals as well. In spite of the fact that there
is a worldwide rise in the number of children diagnosed as having an autistic disorder, the
medical knowledge about autism and its causes is still incomplete. Thus, there are a lot of
unclear and unanswered questions regarding its causes, treatment, the best services needed
to assist in their inclusion in mainstream society. One thing is though unquestionable, the rights
of persons with autism for the best possible life with dignity and fulfillment (Reiter, 2008). A
humanistic human rights philosophy should underlie not only our treatment and education
of persons with autism but should also guide any future research in this area.

Attitudes Towards Autism Among Israeli Arab Teachers' College Students
http://dx.doi.org/10.5772/54845

41



No correlations were found between the background variables of age and gender however,
respondents who had heard about autism before they started their academic studies – whether
general of in special education, were more inclined to have positive attitudes and positive
perceptions of their inclusion. A Multivariate analyses of variance was applied to all scores
compared on having heard or not about autism.

Table 4 presents comparisons between the scores obtained by respondents who heard about
autism (N=182) and those who have not heard (N=126) about it. Missing data – 13 respondents.

From table 4 it appears that having heard about autism resulted in a more positive atti‐
tude  towards  them  (p<.001)  though  it  did  not  affect  a  better  knowledge  regarding  the
syndrome of autism, and a more positive perception of their overall ability to be includ‐
ed (p<.05) in the community,  especially their life skills abilities and their academic skill,
but not their social skills.

5. Conclusion

The major conclusion of our study is that the issue of attitudes towards persons with autism
and perceptions regarding their abilities to be included in the community are complex and
require further research in order to find out the most effective way to induce positive changes
in this area. The fact that in our study correlations were highly significant between positive
attitudes towards persons with autism and positive perceptions regarding the possibility of
their inclusion in the community, indicate that a change in attitudes from negative to positive
should be followed by a change in the opinion that persons with autism can be included in the
community. However our findings revealed that this was not necessarily the case.

Attending a course on autism, though it affected a general change in attitudes, from negative
to more positive attitudes towards autism, it did not affect a change in in the perceptions
regarding the capability of persons with autism to be independent and live in the community.
So though a positive change occurred in the area of attitudes, it was not correlated with a
similar positive change in one's acceptance of the fact that persons with autism can learn in‐
dependent living skills, can acquire the academic skills necessary for a life in the community
and can be socially included.

Apparently attending a course on autism turned out to be a necessary but not sufficient con‐
dition for a complete change of opinions regarding the possibility of persons with autism to
live in the community. As the saying goes: 'old attitudes die hard'. Indeed incongruence be‐
tween the different dimensions of attitudes, the emotional reaction, the behavioral aspect and
the precision of knowledge regarding autism are not necessarily harmonious (Reiter and Bry‐
en, 2010). Tackling the emotional dimension is highly important as it may pave the way for
students to be ready to learn facts about autism that are not loaded with misconceptions and
prejudices. Indeed, prejudice, more so than religion, was found to be the most significant force
affecting attitudes and perceptions regarding autism. Another factor found to affect attitudes
and conceptions was a personal experience with a person with autism. This finding suggests
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that in order for an academic course on autism to succeed in changing negative conceptions it
should be followed by an experiential process in which students should meet and interact with
persons with autism and their families.

The findings of our research confirms what most publications regarding autism in the Arab
world, such as Al-Shammari, (2006) point out, that religion is the major source of negative
attitudes and perceptions regarding persons with autism. Also the report written by Estela
Dimes (2012) indicates that religion can affect helplessness and passivity due to a belief that
since having a child with autism is God's will, there is not much one can do about it. A person
with autism is inflicted by a disability that gives him/her no chance of leading a 'normal' life.

However religion and faith can have two different and opposed outcomes as shown by the
qualitative research conducted by Al-Shich with Druze mothers. In her study, some mothers
said it gave them strength. Religion can be a source of strength, it can affect an attitude that it
is God's way of testing me to be the best parent possible, and give me strength to provide my
child with the best possible support for a life of quality.

In our study prejudice was found to be the most commonly cited factor underlying attitudes
and conceptions regarding autism. Unlike religious faith, prejudice is one-sided. It is exhibited
in negative attitudes and a rejection of persons with autism from the mainstream of society.
The misconceptions that underlay prejudice are highly imbedded in our culture, starting from
stories and legends told to toddlers and creating stereotypes followed by 'popular' derogatory
and rejecting statements expressed by adults. Attitudes change calls for a comprehensive cul‐
tural reform and a change of outlook regarding disability in general and autism in particular.
The findings that those among the respondents who heard about autism before starting their
studies showed more positive attitudes towards them and the partial but significant effect of
attending a course on autism are encouraging. Higher exposure of persons with autism and
their families, more self-advocacy activities done by them, more courses provided in this area
and better services, will hopefully contribute to a more positive attitude and more positive
conceptions regarding their inclusion in the community.

Further research

Our study calls for more research in the areas of prejudice and attitude change regarding the
Autistic Spectrum Disorders. Negative attitudes and lack of precise knowledge about the syn‐
drome of autism is not unique to the Arab world. It is also not unique to the common 'person
in the street', it affects service providers and professionals as well. In spite of the fact that there
is a worldwide rise in the number of children diagnosed as having an autistic disorder, the
medical knowledge about autism and its causes is still incomplete. Thus, there are a lot of
unclear and unanswered questions regarding its causes, treatment, the best services needed
to assist in their inclusion in mainstream society. One thing is though unquestionable, the rights
of persons with autism for the best possible life with dignity and fulfillment (Reiter, 2008). A
humanistic human rights philosophy should underlie not only our treatment and education
of persons with autism but should also guide any future research in this area.
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1. Introduction

Autism is a pervasive developmental disorder that is manifested in a number of neurological
alterations. Although there is a large spectrum of behavioral excesses that includes a diverse
number of traits, such as repetitive behaviors and/or sensory hyper-responsiveness, many of
the neurological problems could be attributed to underlying anatomical and physiological
fundamentals that demonstrate significant diversity within this spectrum and make the
phenotypic description of the disorder distinctly different from that exhibited by normal
physiology. Characterization of neurological features – such as cortical modularity – could
lead to a better understanding of the neurophysiological fundamentals of autism. Recently,
we have been developing sensory-based diagnostic protocols based on neurophysiological
principles that have been elucidated in animal studies conducted both in our laboratories and
those of others. One question that we have pursued in our animal studies has been the
fundamental role(s) of the cortical minicolumn and macrocolumn in tactile information
processing. We have developed experimental models for determining cortical correlates of
perception that relate cortical activity patterns in somatosensory cortex (at high resolution in
squirrel monkey studies) to measures of human perception. The minicolumnar and macroco‐
lumnar organization of the cerebral cortex is dynamic and interactive, and the patterns of
activity that are generated with stimulus-driven activity in SI cortex have been shown to be
modular in nature. This determination of modularity is derived from a self-organizing process
that takes place via dynamic interactions between minicolumns and columns in the cortex both
during and after development. If developmental processes malfunction, then cortical organi‐
zation suffers at a number of scales. Findings by Casanova and colleagues have elegantly
demonstrated in post-mortem histological experiments that minicolumn organization in

© 2013 Francisco et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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autism is severely compromised, as there are approximately 30% more minicolumns in the
same cortical space as is normally found [1]. The increase in minicolumn density, and partic‐
ularly the decrease in neuropil between the minicolumns (because they are now much more
densely packed), led us to make a number of predictions about alterations in perceptual metrics
that would occur in individuals with autism. In this paper, the neurophysiological basis of
three such perceptual metrics (previously reported) is discussed.

2. Cortical modularity and spatial localization

In 1978 Mountcastle [2] hypothesized that the smallest functional unit of neocortical organi‐
zation, the “minicolumn”, is a radial cord of cells about 30-50μm in diameter, and that sensory
stimuli activate local groupings of minicolumns (called “macrocolumns”). This hypothesis
subsequently received support from multiple lines of experimental evidence and led to its
substantial elaboration. Structurally, minicolumns are attributable to the radially-oriented
cords of neuronal cell bodies that are evident in Nissl-stained sections of the cerebral cortex
and it is probable that they are related to ontogenetic columns [3] and to the radially-oriented
modules defined by the clustering of the apical dendrites of pyramidal neurons [4]. Among
the various elements of neocortical microarchitecture, spiny-stellate cells and double-bouquet
cells [5-7] are most directly relevant to Mountcastle’s concept of the minicolumn. Spiny-
stellates are excitatory intrinsic cells that are especially prominent in layer 4 of primary sensory
cortex. They are the major recipients of thalamocortical connections and, in turn, they distrib‐
ute afferent input radially to cells in other layers. Double-bouquet cells are GABAergic cells
whose somas and dendritic trees are confined to the superficial layers, and because the double-
bouquet cells are more likely to inhibit cells in adjacent minicolumns rather than in their own,
they offer a mechanism by which a minicolumn can inhibit its immediate neighbors.

Some insights into the role of the minicolumn in sensory information processing have been
revealed through neurophysiological experimentation. Receptive field mapping studies by
Favorov and colleagues [8] determined that there are abrupt shifts between receptive field
centers as stimuli shift from one skin site to another. In other words, Favorov’s receptive field
work predicted that a perceptible but subtle shift of stimulus position would not necessarily
engage a different pattern of macrocolumnar activity. Rather, the pattern of minicolumnar
activity within a macrocolumn would be different with a shift in stimulus position up to a point.
At the point at which the stimulus position crosses a boundary, the stimulus will engage a new
macrocolumn and an entirely different minicolumnar pattern of response will be evoked by
the stimulus. Figure 1 summarizes minicolumnar RF organization in the somatosensory cortex.
Note that as an electrode penetration moves tangentially across a field of cortical macrocol‐
umns (note locations of penetrations 1-30), the receptive field center (indicated on the digit tips
to the right of the cortical field) moves a significant distance only after crossing a macroco‐
lumnar border. While within the macrocolumn, the receptive field centers remain relatively
closely spaced. It is also of note that the receptive field properties are constrained within the
radial dimension; that is, if the electrode is moved along the radial dimension (note the
penetrations denoted a-g), the receptive field center does not shift and receptive field proper‐
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ties will be very similar. As the description above is over-simplified, it should be noted that
there is a great diversity of receptive field properties between neighboring minicolumns, and
a stimulus that effectively activates one minicolumn will often be ineffective at activating that
minicolumn’s nearest neighbor [9-10]

Figure 1. Summary of minicolumnar RF organization in SI somatosensory cortex. Left: Drawing of cross-section of
Nissl-stained cortical tissue showing darkly-stained cell bodies organized in radially oriented cords, interpreted as min‐
icolumns. Filled circles labeled a–g—sequence of neurons located within a single minicolumn; 1–30—sequence of
neurons located in series of adjacent minicolumns. Right: Sequences of RF centers (connected dots) mapped by neu‐
ron sequences a–g and 1–30. Note that RF centers for SI neurons that occupy the same minicolumn stay close togeth‐
er, whereas the RF centers for pairs of neurons located in neighboring minicolumns shift back and forth over large
distances, and occupy totally non-overlapping skin regions when the pair of neurons occupies different SI macrocol‐
umns. Based on [8-10].

The findings and predictions by Favorov et al were later confirmed with additional data that
was obtained via optical intrinsic signal imaging (for description of technique, see [11]). In this
study, responses evoked by vibrotactile stimuli delivered to different positions on the skin
(which differed by only the width of the 2mm probe tip) showed a subtle variation within the
macrocolumnar pattern within a range of stimulus positions (analyzed with the methods
described in [12]), but the global pattern did not shift until a new group of minicolumns (or
macrocolumns) was stimulated. Figure 2 summarizes the results of one such imaging experi‐
ment in which the macrocolumnar pattern of cortical response does not significantly alter with
a small shift in stimulus position until a border is crossed. Additional features of these
minicolumnar patterns of activity that have been characterized are that they are stimulus
magnitude- and duration-dependent [12-14]. For example, increasing the stimulus duration
leads to more distinct and well-defined minicolumnar patterns of cortical activity. Addition‐
ally, the spectrum of the spatial profile of this activity evoked by the active minicolumns
robustly and significantly shifts to lower frequencies, and the spectral shifts that have been
observed are consistent with the concept of increased GABA mediated lateral inhibition
between minicolumns [12]. Perceptually, these changes in minicolumnar activity patterns with
stimulus duration could parallel the increases in sensory perception that have been observed
with longer stimulus durations [15].
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Figure 2. Summary of optical intrinsic signal evoked responses in SI cortex from four adjacent stimulus positions. Dif‐
ference in stimulus position was equal to probe diameter (2 mm). Note the abrupt shift between the responses
evoked from the stimulus placed at the first three positions vs. that of the fourth. Modified from [13].

Casanova and colleagues have demonstrated that there is a substantial increase in minicolumn
density in the parietal cortex of individuals with autism [1,16]. This increase in minicolumn
density results in a disproportionately large number of minicolumns becoming packed into
the same cortical space and also results in a decrease in the neuropil between minicolumns.
Thus, although there are now a higher density of minicolumns, there is less room for the GABA
mediated lateral inhibitory connections between the minicolumns that are necessary for
shaping the within-macrocolumn response that has been observed with repetitive stimulus
duration [12-14, 17-20]. This alteration in basic cortical microarchitecture would then predict‐
ably contribute to an individual’s sensory perception in a couple of ways. First, the increase
in minicolumn density should afford an individual with autism an advantage in some sensory
tasks, such as spatial localization, in which the percept would be improved. However, below
baseline GABA mediated lateral inhibition between minicolumns would mean that increasing
the duration of a stimulus would not increase the resolution or distinction of the within
macrocolumn pattern of minicolumnar activity to the same degree, and thus, perception would
not be improved. With this hypothesis of the minicolumn’s role in spatial localization in mind,
we designed an experiment to evaluate the differences between the spatial localization ability
of neurotypical controls and subjects with autism [21]. In the study, a subject’s ability to
distinguish between two points on the skin (on the hand dorsum) was determined with two
different stimulus durations – 500 msec and 5 sec (full description of the method in [21, 22]).
Results from that study are summarized in Figure 3. Although individuals with autism
outperformed controls in the shorter stimulus duration task, they did not demonstrate the
nearly two-fold improvement that the controls did when the stimulus duration was extended.
Thus, in the case of spatial localization, it appears that alterations in sensory percept could be
accounted for by the changes that have been observed in cortical minicolumn architecture.
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Figure 3. Spatial localization under two conditions of adapting stimulus duration for adults with autism versus neuro‐
typical controls. Data displayed from the control subjects (previously reported [22]) contrasts markedly from the data
obtained from observations of subjects with autism. Note that subjects with autism, although they clearly outper‐
formed the controls in the 0.5 sec adapting condition, did not improve with the 5.0 sec adapting condition. Modified
from [21]

The difference that was observed in short vs. long stimulus duration in the above-described
spatial localization experiment led us to examine more directly the relationship between our
previous adaptation animal studies and the role that adaptation – or conditioning stimulation
– plays in sensory information processing in autism. It has been well established that condi‐
tioning stimulation – or prolonged pre-exposure to sensory stimulation – significantly
modifies discriminative capacity and alters the ability of both peripheral and CNS neurons to
process sensory information. Less widely appreciated is the fact that primary sensory cortical
mechanisms undergo transient and significant alterations in response to repetitive sensory
stimulation. Investigation of the dynamic cortical responses evoked by repetitive stimulation
has been an ongoing line of research in our laboratory. One of the focal points has been the
spatio-temporal patterns of response in the somatosensory cortex evoked by skin stimulation
and how these patterns influence the cortical response to subsequent stimuli. For example, the
observations of a number of studies have demonstrated that the spatially distributed pattern
of activity evoked in SI cortex by cutaneous flutter stimulation exhibits a prominent time-
dependency [11, 23, 24]. Specifically, changing the stimulus duration from 500 msec to 5 sec
(such as was done in the spatial localization task described above) would result in two
distinctly different patterns of response in SI cortex. Figure 4 compares the profiles of two SI
cortical responses evoked by vibrotactile stimuli that differed only in duration (Note that the
profile is a radial histogram of OIS images generated by plotting the cortical activity evoked
by the stimulus as a function of the distance from the center of the region in SI that is maximally
activated by the stimulus; [23, 24]). With the 500 msec stimulus, the entire response profile is
above-background. However, with the longer duration 5 sec stimulus, a suppressive or
inhibitory region surrounds the maximally activated region. This region of inhibitory influence
– which persists for several seconds – would interfere with the SI response to a stimulus applied
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macrocolumn pattern of minicolumnar activity to the same degree, and thus, perception would
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Thus, in the case of spatial localization, it appears that alterations in sensory percept could be
accounted for by the changes that have been observed in cortical minicolumn architecture.
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Figure 3. Spatial localization under two conditions of adapting stimulus duration for adults with autism versus neuro‐
typical controls. Data displayed from the control subjects (previously reported [22]) contrasts markedly from the data
obtained from observations of subjects with autism. Note that subjects with autism, although they clearly outper‐
formed the controls in the 0.5 sec adapting condition, did not improve with the 5.0 sec adapting condition. Modified
from [21]

The difference that was observed in short vs. long stimulus duration in the above-described
spatial localization experiment led us to examine more directly the relationship between our
previous adaptation animal studies and the role that adaptation – or conditioning stimulation
– plays in sensory information processing in autism. It has been well established that condi‐
tioning stimulation – or prolonged pre-exposure to sensory stimulation – significantly
modifies discriminative capacity and alters the ability of both peripheral and CNS neurons to
process sensory information. Less widely appreciated is the fact that primary sensory cortical
mechanisms undergo transient and significant alterations in response to repetitive sensory
stimulation. Investigation of the dynamic cortical responses evoked by repetitive stimulation
has been an ongoing line of research in our laboratory. One of the focal points has been the
spatio-temporal patterns of response in the somatosensory cortex evoked by skin stimulation
and how these patterns influence the cortical response to subsequent stimuli. For example, the
observations of a number of studies have demonstrated that the spatially distributed pattern
of activity evoked in SI cortex by cutaneous flutter stimulation exhibits a prominent time-
dependency [11, 23, 24]. Specifically, changing the stimulus duration from 500 msec to 5 sec
(such as was done in the spatial localization task described above) would result in two
distinctly different patterns of response in SI cortex. Figure 4 compares the profiles of two SI
cortical responses evoked by vibrotactile stimuli that differed only in duration (Note that the
profile is a radial histogram of OIS images generated by plotting the cortical activity evoked
by the stimulus as a function of the distance from the center of the region in SI that is maximally
activated by the stimulus; [23, 24]). With the 500 msec stimulus, the entire response profile is
above-background. However, with the longer duration 5 sec stimulus, a suppressive or
inhibitory region surrounds the maximally activated region. This region of inhibitory influence
– which persists for several seconds – would interfere with the SI response to a stimulus applied
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concurrently or subsequently to skin regions in near proximity represented by neurons in that
region of SI. Thus, in the case of the above-described spatial localization task, longer stimulus
durations would be expected to improve performance. Since the presence of a center-surround
in stimulus evoked cortical activity is commonly recognized as a function of GABA mediated
pericolumnar lateral inhibition [25, 26], and a number of researchers have described GABA
deficiency as being consistent with autism [27-31], we concluded that the lack of improvement
with increasing stimulus duration in autism subjects in the spatial localization task could be
due to a deficiency in GABA mediated neurotransmission.

Figure 4. Radial histograms of SI cortical activity averaged across subjects (squirrel monkeys, n = 5). Cortical activity is
measured in terms of light absorbance (increased light absorbance can be correlated to increased cortical activity, for
review, see [11]). Data from the center of the plot corresponds to the maximally responding SI cortical territory to the
5 sec stimulus condition. Note that at the 0.5 sec stimulus duration, there is no below-background activity. Modified
from [23].
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The improvements that are normally observed with extended stimulus durations could be
attributed to stimulus-evoked inhibition that surrounds areas of excitation. Single unit studies
and imaging studies using voltage-sensitive dyes likewise have shown that excitation in the
responding neuronal population is accompanied by the development of a surrounding field
of inhibition [32-35]. Similarly, imaging studies that have used the OIS have shown that
prolonged stimulation of a discrete skin site not only is associated with increased absorbance
within the SI region representing the stimulated skin site, but also with decreases in absorbance
in surrounding regions [23, 36-38]. Regions of decreased absorbance (increased reflectance)
such as that described in Figure 4 are widely believed to be indicative of decreases in neuronal
spike discharge activity [39-41], possibly resulting from stimulus-evoked inhibition at these
locations. Thus, there is a great deal of evidence that the suppressed or below-background
activity observed suggests that stimulus-evoked inhibition is responsible for the improve‐
ments in performance that are normally observed with repetitive stimulation. However, it
appears that in the case of autism, there is sufficient evidence to speculate that the normal
center-surround relationship in cortical patterns of activity does not fully develop.

3. Cortical modularity and adaptation

In addition to changes in spatial contrast, as described above, repetitive stimulation also results
in temporally defined changes of cortical activity, the most prominent of which is a reduction
in cortical response with extended stimulus duration. At the single cell level, both visual and
somatosensory cortical pyramidal neurons undergo prominent use-dependent modifications
of their receptive fields and response properties with repetitive stimulation. These modifica‐
tions can attain full development within a few tens of milliseconds of stimulus onset, and can
disappear within seconds after the stimulus ends (visual cortical neurons: [42-53]) alternatively
– for review of short term cortical neuron dynamics in visual cortex, see [53, 54]; for review of
short-term primary somatosensory cortical neuron dynamics see [15, 55].

Optical imaging studies have also characterized the short-term dynamics of the population-
level response of squirrel monkey contralateral primary somatosensory (SI) cortex using
different amplitudes and durations of vibrotactile stimulation [11, 12, 23, 24, 56]. The results
of these optical intrinsic signal (OIS) imaging studies demonstrated a strong correlation
between the amplitude of 25 Hz vibrotactile (flutter) skin stimulation and the response
magnitude evoked in SI. In addition to the systematic changes in the spatial pattern of response
in SI that correlated with increases in the amplitude and the duration of the stimulus, increasing
the stimulus duration led to differences not only in the peak magnitude of the evoked cortical
response, but also in the relative rates of rise and decay of the magnitude of the evoked intrinsic
signal. These differences in the rates of rise and decay could impact the refractory period
following a stimulus during which the magnitude of the response to a subsequent stimulus is
diminished [57].

In order to assess the impact that adaptation has on perception, experiments were designed
to directly measure the change in amplitude discrimination capacity that occurs with prior
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signal. These differences in the rates of rise and decay could impact the refractory period
following a stimulus during which the magnitude of the response to a subsequent stimulus is
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stimulus exposure (or prior conditioning stimuli). The studies demonstrated that a subject’s
ability to discriminate between two simultaneously delivered vibrotactile stimuli – differing
only in amplitude and location – was very robust and repeatable across a large number of
(healthy) subjects but was very sensitive to varying conditions of pre-exposure to sensory
stimuli [58]. Changing the duration of the conditioning stimulus delivered to one of the two
sites before the amplitude discrimination task significantly altered a subject’s ability to
determine the actual difference between the two stimuli. One significant finding of that study
was that specific durations of conditioning stimuli altered the subject’s amplitude discrimi‐
native capacity in a predictive and quantifiable fashion (see Figure 5).

Figure 5. Comparison of amplitude difference threshold (with s.e. bars) to different conditions of adaptation. The test
and standard stimuli were preceded by an adapting stimulus at the site of the test stimulus (ranging from 0.2 to 2 sec
in duration). Note that single site adapting stimulation leads to a progressive and systematic decrease in performance
with increasing adaptor duration [58].

This finding indicated that the method could be viewed as a reliable indicator of the influence
of adapting stimuli on cortical response, as changes in peripheral response are not mediated
at these short stimulus durations (for discussion, see [58]).

Conditioning stimuli did not have as pronounced an impact on the amplitude discriminative
capability of subjects with autism as it did with the control group [60]. In Figure 6, results
obtained using identical methods from subjects with autism and controls are compared. Note
that adaptation (i.e., a 1 sec conditioning stimulus at one stimulus site prior to the amplitude
discrimination task) resulted in the control subjects performing significantly worse than they
did in the absence of adaptation. However, in the case of the autism subjects, the impact of
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prior history of stimulation was not as significant, and the amplitude discrimination metric
was not impacted to the same degree as it was in the controls. Thus, the ineffectiveness of a
conditioning stimulus in this study repeated the findings of the spatial localization studies, in
that adapting stimuli had little or diminished effect – positive or negative – on the sensory
discriminative performance of individuals with autism.

Figure 6. Comparison of difference limen (with s.e. bars) normalized to the unadapted condition. Note that for both
the control and the autism group, 1 sec adaptation resulted in an elevated difference limen (* ANOVA; p < 0.01). The
control group showed a greater impairment with adaptation (~45%) than the autism group (~5%) [59].

4. Cortical modularity and synchronization

There are a number of autism studies that have described Parkinsonian-like motor character‐
istics and/or postural control problems, which could be attributed to deficits of the basal
ganglia portion of the frontostriatal system [60, 61]. These deficits in sensorimotor control could
be derived, in part, from the role that the frontostriatal system plays in an individual’s timing
perception as well as the coordination that is required between cortical regions during
sensorimotor tasks. Timing perception, which can be measured with some relatively simple
temporal discriminative measures (such as TOJ: temporal order judgment and TDT: temporal
discriminative threshold) – is most often accounted for by the frontostriatal system largely as
a result of these measures being sensitive to lesions to the supplementary motor area (SMA),
posterior parietal cortex, and basal ganglia [62, 63]. Also because of the fact that above-average
TOJ thresholds occur in subjects with known damage to these same cortical areas (dyslexia
[64], dystonia [65-67] and Parkinson’s disease [68]). Most recently, it was found that individuals
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istics and/or postural control problems, which could be attributed to deficits of the basal
ganglia portion of the frontostriatal system [60, 61]. These deficits in sensorimotor control could
be derived, in part, from the role that the frontostriatal system plays in an individual’s timing
perception as well as the coordination that is required between cortical regions during
sensorimotor tasks. Timing perception, which can be measured with some relatively simple
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discriminative threshold) – is most often accounted for by the frontostriatal system largely as
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with autism also have below-average timing perception capacity [69]. This timing deficit could
be accounted for by differences in a number of structures, particularly in the frontostriatal
system, that have been implicated in autism (e.g., basal ganglia [70-76]; caudate nucleus [70];
thalamus [77, 78]; and impaired white matter connectivity in the frontal lobe [79]).

In addition to the role that the frontostriatal system may have in the perceptual timing deficits
of autism, the role of synchronization (or lack of synchronization) in autism has gained a certain
degree of prominent attention. Uhlhaas and Singer [80] recently reviewed the experimental
evidence that suggests that functional connectivity is reduced in autism, primarily based on
fMRI studies [81-86] that examine the coordinated activity between different areas of the
cerebral cortex. A few studies, using MEG and EEG, have found gamma oscillations, which
are considered to be important in the process of coordinating cortical activity, to be below
normal in subjects with autism [87, 88]. From the perspective of cortical modularity at both the
minicolumnar and macrocolumnar scales, synchronization at the local cortical level should
also be impacted. Casanova and colleagues have suggested that the aberrant minicolumnar
structure that they have found in autism could result in the disruption of the inhibitory
architecture [16] that is required for normal function in local neural circuitry. Disruption of
functional connectivity at the local minicolumnar level could be responsible for, or strongly
correlated with, the dysfunctional connectivity that has been observed across large-scale
cortical areas.

There is a rapidly growing appreciation in neurobiological research of the important contri‐
butions to sensorimotor function of coordinated across-neuron patterns of spike discharge
activity within the neocortical areas activated by sensory stimuli (for comprehensive review
see [89]). In particular, stimulus-induced, time-dependent (dynamic) across-neuron synchro‐
nization of action potential discharge and the associated oscillatory modulation of spike firing
are common and prominent properties of neocortical networks devoted to the processing of
sensory information. The tendency of sensory neocortical networks to generate synchronized
oscillations in response to stimulation has raised the possibility that synchronization may play
a prominent role in some aspects of sensory perception. We examined whether or not syn‐
chronization could impact the topography of temporal perception [90]. The goal of the study
was to elucidate the impact of stimulus-driven synchronization on adjacent cortical ensembles
and the spatio-temporal integration of information that results from those ensembles being
temporally linked or bound by a common synchronizing input. More specifically, we dem‐
onstrated that temporal order judgment (TOJ – a measure obtained from determining the
minimal inter-stimulus interval necessary for a subject to detect the temporal order of two
sequentially delivered peripheral stimuli) and temporal discrimination threshold (TDT) in
neurotypical subjects were significantly impacted when two synchronized (but low ampli‐
tude) vibrotactile stimuli were delivered concurrently to the dual test stimulus sites. The
conclusion of that study was that the stimulus-driven linkage between topographically
adjacent sites resulted in an increase in TOJ threshold and TDT (or worse performance), most
likely because these cortically adjacent or near-adjacent regions were being driven with a
simultaneous and identical sinusoidal pair of tactile stimuli which contributed to a loss in
spatio-temporal contrast [90].
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A subsequent question that was then addressed was whether or not individuals with autism
experience a decrease in timing perception (as measured by TOJ and TDT) if the same
concurrent synchronizing stimuli were delivered during the TOJ/TDT tests. If neurologically
compromised individuals – such as those with autism – have distinct systemic cortical deficits,
and these deficits extend to local neuronal circuitry connectivity, then the abnormal functional
connectivity between adjacent and/or near adjacent cortical ensembles would hypothetically
decrease the effect that stimulus-driven synchronization has on the TOJ or TDT task (i.e.,
performance on the task would not degrade). Comparisons of the control vs. autism results
(previously reported in [69, 90]) are shown in Figure 7. Note that with concurrent stimulation,
individuals with autism do not suffer the same decrease in sensory discriminative performance
that controls do. In other words, the functional linkage in controls that becomes rapidly
established, due to local synchronization effects, appears to perceptually bind the two stimulus
sites (in this case, digits two and three) to an extent that it becomes more difficult to identify
the temporal order between the two sites. Thus, as in the case of adaptive responses, it appears
that there is a loss of an ability to integrate both spatial and temporal information in autism.

Figure 7. TDT and TOJ performance metrics obtained in the presence and absence of 25 Hz conditioning stimulation.
The 25 Hz conditioning stimulus significantly impaired TDT by ~240% (p < 0.01) and TOJ by ~360% (p < 0.01) for the
control group, whereas the autism group showed no significant change for either measure [69].

What could account for the reduction in TOJ performance in Typically Developing (TD)
controls? Functional connectivity between neighboring cortical regions normally leads to a
reduction in TOJ performance in healthy controls with the introduction of the synchronized
conditioning stimuli, and this is predicted by recordings from in vivo animal studies. Consider
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was to elucidate the impact of stimulus-driven synchronization on adjacent cortical ensembles
and the spatio-temporal integration of information that results from those ensembles being
temporally linked or bound by a common synchronizing input. More specifically, we dem‐
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the results displayed in Figure 8. Extracellular recordings were obtained from SI cortical
regions corresponding to D2 and D3 in the squirrel monkey. When a vibrotactile pulse was
delivered to D2, a significant above background response was evoked at D2 (top left quadrant)
but not at the D3 representation (top right quadrant). However, when sub-threshold synchron‐
ized sinusoidal stimuli were delivered to both digits prior to the pulse (bottom half of Figure
8), the pulse at D2 evokes a response at both the D2 and D3 representations (note absence of
evoked activity before zero msec during subthreshold stimulation).

Figure 8. Extracellular recordings obtained from SI cortical regions corresponding to D2 and D3 in the squirrel mon‐
key. When a vibrotactile pulse was delivered, a significant above background response was evoked at D2 but not at
the D3 representation. When sub-threshold synchronized sinusoidal stimuli were delivered to both digits prior to the
pulse, the pulse at D2 evokes a response at both the D2 and D3 representations.

From this type of data, we hypothesized that this response was the result of functional
connectivity between adjacent and/or near adjacent cortical ensembles. In other words, the
conditioning stimuli delivered prior to the TOJ task engaged the cortical ensembles in the D2
and D3 cortical representations to be in concert, and delivery of a simple stimulus to one digit
(D2) resulted in a near simultaneous response at the representation of another digit (D3). Thus,
it would be predicted that delivery of synchronized conditioning stimuli would impact the
topography of temporal perception [90]. However, individuals with autism do not suffer the
same decrease in sensory discriminative performance that neurotypical controls do. In other
words, the functional linkage that becomes rapidly established in TD individuals to local
synchronization effects. appears to perceptually bind the two stimulus sites does not occur in
autism [69]. Thus, an extrapolation of this is that, utilizing measures impacted by stimulus
driven synchronization, there is significant hypo-connectivity in autism at the level of local
cortical ensembles.
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Figure 9. Visual representation of feed forward inhibition

Interim Summary: In the previous 3 sections, we described sensory-based diagnostic protocols
that were based on neurophysiological principles that have been elucidated in animal studies.
In the following sections, we describe additional protocols based on hypotheses that have not
yet been tested in in vivo animal models, and it is anticipated that these protocols will add
further insight into differences in fundamental mechanisms of information processing between
TD and Autism Spectrum Disorder (ASD) individuals.

5. The role of sub-threshold stimulus-evoked inhibition: feed-forward
inhibition and the role of within-column connectivity

A major well-documented feature of cortical functional organization is the presence of
prominent feed-forward inhibition in the input layer 4 (see Figure 9). Local layer 4 inhibitory
cells receive direct thalamocortical input and in turn suppress responses of neighboring layer
4 excitatory cells to their thalamocortical drive, thereby sharpening their RF properties [91-96].
These inhibitory cells are more responsive to weak (near-threshold) afferent drive than are the
excitatory layer 4 cells and thus they raise the threshold at which excitatory layer 4 cells begin
to respond to peripheral stimuli. Sensory testing of stimulus detection threshold is particularly
well-suited for probing feed-forward inhibition, considering that stimuli just below the
detection threshold will be too weak to vigorously engage other layer 4 mechanisms besides
thalamocortical excitation and feed-forward inhibition (such as lateral excitation, recurrent or
feedback inhibition, or activity-driven adaptation).

Tactile thresholds were collected in two distinct manners. The “static thresholds were meas‐
ured using a 20-trial Two Alternative Forced Choice (2AFC) Tracking protocol. During each
trial a 25 Hz vibrotactile test stimulus (lasts 500 ms) was delivered to either D2 or D3; the
stimulus location was randomly selected on a trial-by-trial basis. Following each vibrotactile
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the results displayed in Figure 8. Extracellular recordings were obtained from SI cortical
regions corresponding to D2 and D3 in the squirrel monkey. When a vibrotactile pulse was
delivered to D2, a significant above background response was evoked at D2 (top left quadrant)
but not at the D3 representation (top right quadrant). However, when sub-threshold synchron‐
ized sinusoidal stimuli were delivered to both digits prior to the pulse (bottom half of Figure
8), the pulse at D2 evokes a response at both the D2 and D3 representations (note absence of
evoked activity before zero msec during subthreshold stimulation).

Figure 8. Extracellular recordings obtained from SI cortical regions corresponding to D2 and D3 in the squirrel mon‐
key. When a vibrotactile pulse was delivered, a significant above background response was evoked at D2 but not at
the D3 representation. When sub-threshold synchronized sinusoidal stimuli were delivered to both digits prior to the
pulse, the pulse at D2 evokes a response at both the D2 and D3 representations.

From this type of data, we hypothesized that this response was the result of functional
connectivity between adjacent and/or near adjacent cortical ensembles. In other words, the
conditioning stimuli delivered prior to the TOJ task engaged the cortical ensembles in the D2
and D3 cortical representations to be in concert, and delivery of a simple stimulus to one digit
(D2) resulted in a near simultaneous response at the representation of another digit (D3). Thus,
it would be predicted that delivery of synchronized conditioning stimuli would impact the
topography of temporal perception [90]. However, individuals with autism do not suffer the
same decrease in sensory discriminative performance that neurotypical controls do. In other
words, the functional linkage that becomes rapidly established in TD individuals to local
synchronization effects. appears to perceptually bind the two stimulus sites does not occur in
autism [69]. Thus, an extrapolation of this is that, utilizing measures impacted by stimulus
driven synchronization, there is significant hypo-connectivity in autism at the level of local
cortical ensembles.
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Figure 9. Visual representation of feed forward inhibition

Interim Summary: In the previous 3 sections, we described sensory-based diagnostic protocols
that were based on neurophysiological principles that have been elucidated in animal studies.
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excitatory layer 4 cells and thus they raise the threshold at which excitatory layer 4 cells begin
to respond to peripheral stimuli. Sensory testing of stimulus detection threshold is particularly
well-suited for probing feed-forward inhibition, considering that stimuli just below the
detection threshold will be too weak to vigorously engage other layer 4 mechanisms besides
thalamocortical excitation and feed-forward inhibition (such as lateral excitation, recurrent or
feedback inhibition, or activity-driven adaptation).

Tactile thresholds were collected in two distinct manners. The “static thresholds were meas‐
ured using a 20-trial Two Alternative Forced Choice (2AFC) Tracking protocol. During each
trial a 25 Hz vibrotactile test stimulus (lasts 500 ms) was delivered to either D2 or D3; the
stimulus location was randomly selected on a trial-by-trial basis. Following each vibrotactile
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stimulus, the subject was prompted to select the skin site (D2 vs. D3) that perceived the
stimulation. After a 5sec delay – based on subject response – the stimulation was repeated until
the completion of the 20 trials. The stimulus amplitude was started at 15μm and was modified
based on the subject’s response in the preceding trial. During the “dynamic” threshold
detection, a 25 Hz vibrotactile stimulus was delivered to either D2 or D3 (the stimulus location
was randomly selected on a trial-by-trial basis). The amplitude of the stimulus was initiated
from zero and increased in steps of 2 μm/s. The subject was instructed to indicate the skin site
that received the stimulus as soon as the vibration was detected. Multiple trials were conducted
with a random delay between trials and the results from those trials were averaged for each
subject. For a complete experimental explanation, see [97-99].

Figure 10. Static Thresholds collected using a 2AFC Protocol are compared to Dynamic Thresholds using a ramping
amplitude protocol.

In our comparative study of typically developing vs. autism individuals, we found that
subjects with autism exhibit significantly greater diversity in their detection thresholds on
fingertips than control subjects, with two groups emerging (designated as Group A and Group
B). Based on cluster analysis of several measures, the data that we have obtained thus far
strongly suggests two distinct clusters within the spectrum. Group B autism individuals have
dynamic thresholds lower than controls (thus suggesting reduced feed-forward inhibition)
and group A autism individuals have dynamic thresholds higher than controls (thus suggest‐
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ing enhanced feed-forward inhibition). Inhibitory neurogliaform cells in layer 4 use both
GABAA and GABAB receptor-mediated inhibitory synaptic transmission ([100]; in other
inhibitory cell classes, GABAB receptors are located in the presynaptic membrane and used for
autocontrol). GABAB-mediated inhibition develops and lasts much longer than GABAA-
mediated inhibition. We believe we detect the GABAB component of feed-forward inhibition
in our new “dynamic:” variant of the basic (“static”) detection threshold test, in which we
deliver vibrotactile stimuli of gradually increasing amplitude (starting at zero and growing at
a rate of 2 μm/s) until the subject detects the vibration. Interestingly, this time-extended mode
of stimulus delivery prominently elevates the detection threshold (compare “static” and
“dynamic” plots in Figure 10), presumably by fully activating slow GABAB inhibition in
addition to fast GABAA inhibition. Again we find that autism subjects exhibit greater diversity
on this test than controls: group A autism individuals have static thresholds below controls,
but dynamic thresholds above controls (suggesting reduced GABAA inhibition, but elevated
GABAB inhibition), while group B autism have the opposite relations. Thus, if alteration of
GABAa vs. GABAb inhibition influences the impact of subthreshold mediated activation, then
the two aforementioned autism populations should, if treated pharmacologically, respond
differently to a GABAb agonist, such as baclofen. If this is the case, then a simple measure such
as that described above could predict whether or not this particular treatment would be
effective.

6. Temporal integration: Rate dependent modulation of vibrotactile stimuli

The difference that we observed with static vs. dynamic thresholds encouraged us to explore
the impact that changing the rate of amplitude modulation would have on sensory percept
performance at supra-threshold levels. In the dynamic threshold task, an amplitude modula‐
tion rate of 2 μm/s was used to deliver a subthreshold stimulus. Delivering higher rates of
amplitude modulation at above threshold values yields very different results. In the data
presented below, a subject’s ability to match two stimuli was assessed at nine different rates
of amplitude modulation (one stimulus was held at steady state values, the other was increased
until it was perceived as a match; [99]). At the lowest rates, subjects performed comparably to
the dynamic threshold task (Autism group A performed worse than controls and Autism B,
though not significantly). With an increasing rate of modulation, from 1.25 to 10 μm/s, the
Autism A group demonstrated a decreasing Difference Limen (DL). As the rate increased
above 15 μm/s ond, this group began performing significantly worse in that the test stimuli
was increased well beyond the value of the standard stimulus (resulting in the “negative” DL).
It appears that this group was unable to temporally integrate information from the stimuli,
and future in vivo studies will examine the role that different neurotransmitter systems play
in such temporal integration.
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“dynamic” plots in Figure 10), presumably by fully activating slow GABAB inhibition in
addition to fast GABAA inhibition. Again we find that autism subjects exhibit greater diversity
on this test than controls: group A autism individuals have static thresholds below controls,
but dynamic thresholds above controls (suggesting reduced GABAA inhibition, but elevated
GABAB inhibition), while group B autism have the opposite relations. Thus, if alteration of
GABAa vs. GABAb inhibition influences the impact of subthreshold mediated activation, then
the two aforementioned autism populations should, if treated pharmacologically, respond
differently to a GABAb agonist, such as baclofen. If this is the case, then a simple measure such
as that described above could predict whether or not this particular treatment would be
effective.

6. Temporal integration: Rate dependent modulation of vibrotactile stimuli

The difference that we observed with static vs. dynamic thresholds encouraged us to explore
the impact that changing the rate of amplitude modulation would have on sensory percept
performance at supra-threshold levels. In the dynamic threshold task, an amplitude modula‐
tion rate of 2 μm/s was used to deliver a subthreshold stimulus. Delivering higher rates of
amplitude modulation at above threshold values yields very different results. In the data
presented below, a subject’s ability to match two stimuli was assessed at nine different rates
of amplitude modulation (one stimulus was held at steady state values, the other was increased
until it was perceived as a match; [99]). At the lowest rates, subjects performed comparably to
the dynamic threshold task (Autism group A performed worse than controls and Autism B,
though not significantly). With an increasing rate of modulation, from 1.25 to 10 μm/s, the
Autism A group demonstrated a decreasing Difference Limen (DL). As the rate increased
above 15 μm/s ond, this group began performing significantly worse in that the test stimuli
was increased well beyond the value of the standard stimulus (resulting in the “negative” DL).
It appears that this group was unable to temporally integrate information from the stimuli,
and future in vivo studies will examine the role that different neurotransmitter systems play
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Figure 11. Left Panel: Comparison of data obtained from typically developing controls vs. individuals with autism. Note
that at lower rates of stimulus amplitude modulation, all 3 groups behave approximately the same way. As the amplitude
modulation rate is increased, the responses of one of the autism groups diverge distinctly from the responses of the other
subjects. Note that the negative Weber fraction indicates that the subject responded beyond the matching point of the
two stimuli rather than before. Right Panel: Comparison of individual data points from the highest modulation rate dis‐
played in Panel A. Note the clustering of the data points within each of the groups of subjects.

7. Generating an individual CNS profile from multiple measures

A battery of protocols yields multiple parameters that can be used to build a CNS profile of a
subject. Since each of the tests are influenced by some mechanisms more than others (e.g.,
adaptation will influence the evoked cortical response during conditioning prior to a TOJ task,
but synchronization of cortical ensembles appears to have the predominant outcome on that
task), combining the results from multiple tasks – with each task characterized as an inde‐
pendent vector of performance for some aspect of CNS information processing - would
predictably yield a unique individual CNS profile. To fully appreciate the differences between
subject populations, we utilized a modern mathematical approach for multi-variable analysis.
Quantitative performance of each subject on the battery of N sensory tests was treated as
localizing a subject in an N-dimensional “cortical metrics” space (i.e., an abstract space in which
each coordinate axis corresponds to one of the battery’s sensory tests). Principal Component
Analysis (PCA) was then used to graphically display the test-performance data collected in
the different subject populations. Figure 12, for example, was generated using PCA on 8
metrics, and it clearly separates individuals with autism (orange) from TD controls (blue) with
a 99% confidence level that the two populations are different (using a t-squared Hotelling test).
Our long term goal with this work is to develop metrics that have the requisite sensitivity to
reflect the impact that treatments or interventions have. It is anticipated that successful
treatments would result in a shift of the autism values towards the more tightly clustered
control values.
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Figure 12. PCA Analysis was used to examine the performance of two populations on 8 differerent metrics. The analy‐
sis clearly separates individuals with autism (orange) from TD controls (blue). (99% confidence using a t-squared Ho‐
telling test)

8. Conclusions

Adults with autism exhibit inhibitory deficits that are often manifested in behavioral modifi‐
cations such as repetitive behaviors and/or sensory hyper-responsiveness. If such behaviors
are the result of a generalized deficiency in inhibitory neurotransmission, then it stands to
reason that deficits involving localized cortical-cortical interactions – such as in sensory
discrimination tasks – could be detected and quantified. This chapter describes recently
developed hypothesis driven methods for quantifying metrics of sensory perception based on
the neurophysiological principles of cortical modularity. These novel sensory discrimination
tests may provide (a) an effective means for biobehavioral assessment of deficits specific to
autism and (b) efficient and sensitive measures of change following treatment. The methods
could prove to be a useful and efficient way to detect specific neural deficits and monitor the
efficacy of pharmacological and/or behavioral treatments in autism.
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1. Introduction

The purpose  of  this  is  to  give  an  overview and summary of  findings  for  event-related
potentials, event-related spectral perturbances and spontaneous electrical activity findings
in ASD to date.  The topic of epilepsy,  although relevant to the electrophysiology of au‐
tism, is beyond the scope of this chapter. Interested readers are directed to other, recent
reviews on this topic [1-4].

1.1. EEG and MEG in Autism Spectrum Disorders (ASD)

Electroencephalography (EEG) and magnetoencephalography (MEG) are noninvasive
methods of measuring activity in the brain. Both methods have been used extensively in autism
spectrum disorders (ASD), revealing differences in cognitive processing in individuals with
ASD compared to typically developing controls. Both EEG and MEG measure synchronized
neural activity in the brain with excellent temporal resolution, with EEG measuring electrical
potentials on the scalp and MEG measuring the magnetic field outside the head produced by
current flow in the brain [5]. Processes in ASD that are commonly investigated with EEG and
MEG include auditory processing, face processing, visual processing, speech and language,
and social cognition. EEG and MEG can be used to assess simple sensory processing as well
as higher-order cognitive processing and can often reveal information that is unavailable from
behavioral tasks. Many studies have found differences in brain activity measured by EEG and/
or MEG in spite of equivalent performance between ASD and control groups. As such, while
behavioral performance may appear normal, measures of brain activity may reveal compen‐
satory processes masking abnormal brain activity [6].

A commonly used measure is the event-related potential (called the event-related field in
MEG), which is a waveform created by averaging brain activity recorded with EEG or MEG
across multiple trials of a particular task. As such, ERPs are time-locked to the presented
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stimuli. ERPs have made significant contributions to the current understanding of ASD and
have been used extensively as measures of brain function in ASD and in understanding
behavioral components of the disorder. In addition to ERPs, the frequency content of brain
activity measured by EEG and MEG can be investigated by focusing on event-related spectral
perturbances (ERSPs). These measures have become increasingly common as more sophisti‐
cated analytical methods are developed and allow for identification of spectral changes that
are both phase-locked and non-phase-locked to stimuli.

2. Event Related Potentials (ERP) and Event-Related Spectral Perturbances
(ERSP)

Event-related potentials (ERPs), called the event-related field (ERF) in MEG, are created by
averaging the response to stimuli across multiple trials. The type of stimuli and experimental
paradigm used determine the nature of the observed ERP components and the use of common
ERP naming conventions allows for results to be compared across studies. ERPs serve as
physiological markers thought to reflect processing of both sensory and higher-level cognitive
information and are defined based on polarity (positive or negative) and latency (timing post-
stimulus). For example, the N100 is a negative potential (in EEG; polarity is not reflected in
MEG) that is seen around 100 ms post-stimulus (see Figure 1). Components are named based
on the time at which they occur (e.g., 100 ms) or the order in which they are seen. As such, the
N100 may also be referred to as the N1, as it is the first negative component seen in the
waveform. To indicate that it is a magnetic event-related field (ERF), the N100 is called the
M100 when measured with MEG. Latency of an ERP/ERF indicates the time course of the
neural activity, while amplitude is thought to reflect the allocation of neural resources
necessary for a particular task [7, 8].

ERP waveforms from a commonly used paradigm, the auditory oddball task, are shown in
Figure 1. In this task, study participants listen to a series of sounds in which there are both
infrequent (“rare”) and frequent (“standard”) stimuli. In the example in Figure 1, rare stimuli
were 1000 Hz tones (25% of stimuli) presented among the standard stimuli consisting of 500
Hz tones (75% of stimuli). This task elicits a clear N100 response to both types of stimuli, but
the P300 component is much larger to rare stimuli compared to standard stimuli. This type of
paradigm also allows for the detection of the mismatch negativity (MMN) component, which
is a response elicited by changes in stimuli. This component is derived by subtracting the
standard waveform from the rare waveform, as can be seen in Figure 1.

Over the past 10 years, while signal averaged ERP analyses have continued to develop with
increased sophistication, there has also been increased awareness of the loss of information
in MEG and EEG due to time-domain averaging. Partly motivated by time-frequency trans‐
formations and by the development of metrics to assess the underlying assumption of time/
phase-locking of the response to a stimulus, researchers have focused more recently on stim‐
ulus-related change in the frequency content of EEG/MEG data. With time-domain averag‐
ing, any jitter in the phase of the EEG response with respect to the onset of the stimulus or
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response causes a reduction in the amplitude of the ERP, or spreading of the amplitude, and
with enough jitter, will reduce the ERP to the noise floor. ERP phenomena are therefore reli‐
ant on a relatively high degree of phase-locking (often called time-locking in the ERP litera‐
ture) and high inter-trial phase consistency. Responses that are highly phase-locked are
considered evoked responses. There are, however, legitimate stimulus-related EEG signals
that appear to be inherently non-phase-locked (i.e., the signal change is present, but varies
from trial to trial). Such non-phase-locked events are known as induced responses. While
averaging such responses in the time domain tends to eliminate them, averaging of induced
responses can be achieved by first transforming the single trial data into the frequency do‐
main, then averaging. Figure 2 illustrates two types of ERSP, one highly phase-locked and
one not, from MEG experiments.

Figure 1. Event-related potential (ERP) waveforms. Responses to an auditory oddball task, in which infrequent (rare) stim‐
uli consisting of 1000 Hz tones (70 ms duration; 25% of stimuli) were presented among frequent (freq) 500 Hz tones (70 ms
duration; 75% of stimuli) binaurally. Participants responded to rare tones with a button press. The ERP response to the rare
tones is shown in red, with the response to the frequent tones in blue. Common ERP components (P1, N1, P2, P3) are la‐
beled. The mismatch negativity (MMN) is shown in green and is derived by subtracting the response to the standard tones
from the response to the rare tones. Data shown are adapted from McFadden et al. [177].

Various analyses of spectral changes evoked or induced by stimuli or associated with re‐
sponses have been collectively termed event-related spectral perturbances (ERSP) by Makeig
and colleagues [9]. The term ERSP encompasses the earlier and still often used terms event-
related desynchronization (ERD) and event-related synchronization (ERS), terms that describe
stimulus-related decreases and increases in spectral power, respectively. ERSP, ERD and ERS
phenomena can be evoked (phase-locked), induced (non-phase-locked), or both.
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Figure 2. Event-related spectral perturbances (ERSP). Auditory response to 500 ms, 40 Hz modulated stimulus (Audi‐
tory, left column) and sensorimotor response to unilateral index finger movement (Motor, right column) are shown.
Top row = evoked power, relative to prestimulus baseline. Second row = total, or induced power, relative to baseline.
Third row = phase-locking factor (PLF). Bottom row = time-domain averaged evoked field (ERF). For rows 2 and 3, ERS
is shown in red colors and ERD in blue colors. For the auditory stimulus, the baseline period for relative power and DC
offset is the -200 to 0 ms period preceding the stimulus. For the motor ERSP, the baseline period is -3000 to -2000 ms.
For the auditory steady-state response, which is highly phase-locked (see third row), the gamma response at 40 Hz is
clearly evident in the evoked power, but can also be seen in the time-domain average. The motor beta ERD and ERS
responses, which are not phase-locked, are best visualized in the induced, or total power. Note that the low frequency
motor evoked field, clearly observed at time 0 in the motor response, is phase-locked and seen in the PLF, evoked and
total power.
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3. Event-Related Potentials in ASD

Several ERP components have been extensively investigated in ASD and the following sections
will detail the cognitive processes thought to be involved in each, as well as how these
components have been used to assess cognition in ASD.

3.1. N100/M100

The N100 and its magnetic equivalent, the M100, is usually seen between 60 and 160 ms [10]
and is thought to reflect processing of basic sensory (mainly auditory) features [11-14]. The
N100/M100 is thought to be primarily generated by auditory cortex [15-17]. While the N100 is
often broken into multiple components, the M100 (measured by MEG) is a more straightfor‐
ward measure of activity from primary auditory cortex [11, 18, 19]. The N/M100 is often elicited
by auditory stimuli and a common paradigm used to measure the N/M100 is the auditory
oddball paradigm, in which participants hear infrequent (“rare”) sounds among frequent
(“standard”) sounds (see Figure 1). However, the N/M100 can also be seen in response to
stimuli in other sensory domains, such as visual or somatosensory stimuli [11].

Many studies have investigated differences in N/M100 latency in ASD, although results are
somewhat inconsistent. While most studies have found no differences in N/M100 amplitude
between individuals with ASD and typically developing controls [20-28], one study found
individuals with ASD to demonstrate decreased amplitude compared to controls [29] and two
others found increased amplitude in ASD [30, 31]. Strandburg et al. [30] suggested the reason
for their finding of increased N100 amplitude in ASD could be due to the complexity of the
stimuli used. Their study employed a number of information processing tasks that were more
difficult than the simple auditory oddball paradigms used in many of the studies finding either
decreased or equivalent N100 amplitude in ASD groups. Similarly, Oades et al. [31], who also
found increased N100 amplitude in individuals with ASD compared to controls, also hy‐
pothesized that the tasks used may have been too difficult for the ASD population included
in the study. While they used an auditory oddball task, participants were required to attend
and respond to stimuli throughout the task, while many others employ a passive task. Oades
et al. also found the ASD group in their study to show worse performance during the task,
indicating that the increased N100 amplitude may reflect difficulties in attending to stimuli.
Attention deficits are often seen in ASD [32-34] and the N/M100 is thought be impacted by
early attentional processes [7, 11, 35, 36].

Interesting results have also been found in regard to N/M100 latency. While some studies
identified no differences in N/M100 latency between individuals with ASD and typically
developing controls [21, 26, 27, 37, 38], others have found either delayed [14, 28, 39-42] or earlier
N/M100 latency in ASD [20, 25, 31]. Given the consistency of the finding, delayed N/M100
latency has been suggested as a potential biomarker for ASD [14, 42]. It is thought that this
could reflect abnormal auditory processing in individuals with ASD, at the level of simple
sensory encoding. Consistent with this hypothesis, many studies have found evidence of
abnormalities in auditory processing in ASD [6, 12, 43, 44]. As with abnormal N/M100
amplitude, this abnormal latency could reflect impairments in early attentional processes in
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Top row = evoked power, relative to prestimulus baseline. Second row = total, or induced power, relative to baseline.
Third row = phase-locking factor (PLF). Bottom row = time-domain averaged evoked field (ERF). For rows 2 and 3, ERS
is shown in red colors and ERD in blue colors. For the auditory stimulus, the baseline period for relative power and DC
offset is the -200 to 0 ms period preceding the stimulus. For the motor ERSP, the baseline period is -3000 to -2000 ms.
For the auditory steady-state response, which is highly phase-locked (see third row), the gamma response at 40 Hz is
clearly evident in the evoked power, but can also be seen in the time-domain average. The motor beta ERD and ERS
responses, which are not phase-locked, are best visualized in the induced, or total power. Note that the low frequency
motor evoked field, clearly observed at time 0 in the motor response, is phase-locked and seen in the PLF, evoked and
total power.
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3. Event-Related Potentials in ASD

Several ERP components have been extensively investigated in ASD and the following sections
will detail the cognitive processes thought to be involved in each, as well as how these
components have been used to assess cognition in ASD.

3.1. N100/M100

The N100 and its magnetic equivalent, the M100, is usually seen between 60 and 160 ms [10]
and is thought to reflect processing of basic sensory (mainly auditory) features [11-14]. The
N100/M100 is thought to be primarily generated by auditory cortex [15-17]. While the N100 is
often broken into multiple components, the M100 (measured by MEG) is a more straightfor‐
ward measure of activity from primary auditory cortex [11, 18, 19]. The N/M100 is often elicited
by auditory stimuli and a common paradigm used to measure the N/M100 is the auditory
oddball paradigm, in which participants hear infrequent (“rare”) sounds among frequent
(“standard”) sounds (see Figure 1). However, the N/M100 can also be seen in response to
stimuli in other sensory domains, such as visual or somatosensory stimuli [11].

Many studies have investigated differences in N/M100 latency in ASD, although results are
somewhat inconsistent. While most studies have found no differences in N/M100 amplitude
between individuals with ASD and typically developing controls [20-28], one study found
individuals with ASD to demonstrate decreased amplitude compared to controls [29] and two
others found increased amplitude in ASD [30, 31]. Strandburg et al. [30] suggested the reason
for their finding of increased N100 amplitude in ASD could be due to the complexity of the
stimuli used. Their study employed a number of information processing tasks that were more
difficult than the simple auditory oddball paradigms used in many of the studies finding either
decreased or equivalent N100 amplitude in ASD groups. Similarly, Oades et al. [31], who also
found increased N100 amplitude in individuals with ASD compared to controls, also hy‐
pothesized that the tasks used may have been too difficult for the ASD population included
in the study. While they used an auditory oddball task, participants were required to attend
and respond to stimuli throughout the task, while many others employ a passive task. Oades
et al. also found the ASD group in their study to show worse performance during the task,
indicating that the increased N100 amplitude may reflect difficulties in attending to stimuli.
Attention deficits are often seen in ASD [32-34] and the N/M100 is thought be impacted by
early attentional processes [7, 11, 35, 36].

Interesting results have also been found in regard to N/M100 latency. While some studies
identified no differences in N/M100 latency between individuals with ASD and typically
developing controls [21, 26, 27, 37, 38], others have found either delayed [14, 28, 39-42] or earlier
N/M100 latency in ASD [20, 25, 31]. Given the consistency of the finding, delayed N/M100
latency has been suggested as a potential biomarker for ASD [14, 42]. It is thought that this
could reflect abnormal auditory processing in individuals with ASD, at the level of simple
sensory encoding. Consistent with this hypothesis, many studies have found evidence of
abnormalities in auditory processing in ASD [6, 12, 43, 44]. As with abnormal N/M100
amplitude, this abnormal latency could reflect impairments in early attentional processes in
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ASD. Additionally, it has been suggested that N/M100 latency delays in ASD may be a marker
of language dysfunction in this population [14, 42].

The differences among studies are not surprising, given the myriad of differences among study
designs. While some studies focused on low-functioning individuals with ASD, other focused
on a high-functioning population. Additionally, disparities between studies can be attributed
to differences in age groups studied and differences in experimental paradigms used. While
the N/M100 is reliable in adults, it has not been found to be as consistent in children, due to
developmental aspects of the response. The N/M100 response is sometimes not evident in
young children [45] and has been found to show increased amplitude and decreased latency
with increasing age [17, 18, 38, 46], thought to be partly related to ongoing myelination of white
matter [18, 47]. This reduced latency in aging may also be delayed in children with ASD [40].

Additionally, Schmidt et al. [48] found that children with ASD fail to show the anticipated
asymmetry in M100 generator location. Typically developing controls show M100 generator
location asymmetry such that the location in the brain is more anterior in the right hemisphere
than the left hemisphere [49]. However, Schmidt et al. found children with ASD to demonstrate
an absence of this asymmetry [48]. Schmidt et al. also found the degree of asymmetry to be
associated with behavioral measures of language function, suggesting a relationship between
the M100 and language abilities. This is noteworthy as language impairments are a core
symptom of ASD [50]. As such, it has been suggested that M100 abnormalities may be related
to language impairments rather than specifically to ASD [48]. However, Roberts et al. found
that children with ASD demonstrated M100 latency delays regardless of whether they had
language impairments or not [14], suggesting this response to be specifically related to ASD
rather than simply to language impairment. Supporting this, Roberts et al. have also found
that children with specific language impairment who do not have ASD do not show M100
latency delays [51].

3.2. Mismatch negativity (MMN/MMF)

The MMN (or the mismatch field (MMF), its MEG equivalent) is an early component typically
seen between 150-250 ms post-stimulus and is elicited by changes in stimuli [7, 8, 13, 52, 53].
The magnitude of perceptual difference between stimuli predicts the amplitude of the MMN
response [13, 52]. While the MMN is modulated by attention, it can be elicited by stimuli
differences even in the absence of attention, indicating that it is an early marker of pre-attentive
detection of change [7, 8, 13, 53]. The MMN is elicited by presenting occasional (“rare”) stimuli
interspersed among frequent (“standard”) stimuli, as in an auditory oddball paradigm [7, 54].
The MMN is commonly measured by creating a difference wave, using the “rare” minus
“standard” waveforms (see Figure 1) [12, 24, 52, 53]. While the MMN is most frequently studied
in response to auditory stimuli, it has also been elicited in other sensory modalities [53, 55].
The MMN has been implicated as indicating a number of brain functions, such as auditory
discrimination [6, 52, 53, 55, 56], duration of sensory memory [52, 53, 55], abnormal auditory
perception [55], involuntary attention switching [6, 53, 55], cognitive function [55], illness
progression [55, 57], and treatment outcome [45, 55].
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Given that individuals with ASD are thought to have abnormalities in auditory processing [6,
12, 43, 44], the MMN can be a useful tool in this population as it can be used to assess various
components of auditory processing. The MMN can be used as a measure of the ability to
discriminate between various simple or complex sounds [52], which could identify areas of
processing potentially leading to the speech and language difficulties common in ASD. In
addition to being elicited by changes in simple stimuli, such as tones, the MMN can also be
seen in response to higher-order discrimination paradigms, such as detecting grammatical
errors and discriminating between words and pseudo-words [53]. Since the MMN can be
elicited in the absence of attention, this also makes it a particularly useful measure for ASD
populations [52]. Attention deficits are often seen in ASD [32-34] and if attention is necessary
for measurement of a particular component, this can present challenges. The MMN provides
a way of avoiding those challenges, as it can be measured while participants are reading a book
or watching a movie. It has also been suggested that the MMN be used for early identification
of hearing disorders [52] as it can be seen in populations as young as newborn infants [58]. It
stands to reason that this component could also be used to assess auditory processing deficits
in children with ASD who have not yet acquired language capabilities.

As with other components, MMN/MMF findings in ASD have been somewhat inconsistent.
While some have found amplitude to be increased in individuals with ASD compared to
typically developing controls [20, 59], others have found amplitude reductions [6, 26, 59, 60]
or amplitude measures comparable to controls [24, 34]. In part, these differences depend on
the stimulus used; changes in pitch have shown both increased [20, 59] and decreased
amplitude [6, 26], and changes in duration have demonstrated reduced MMF amplitude in
ASD [59]. Indeed, Lepisto et al. [59] found increased MMN amplitude in children with ASD
to pitch changes, but decreased MMN amplitude for changes in duration of stimuli. MMN
latency has similarly be found to be both shorter [45], longer [60-62], or comparable between
individuals with ASD and controls [24]. Again, this could be due to the stimuli used (e.g., tone
stimuli vs. speech stimuli, discrimination between different pitches vs. different durations).
Another potential reason for disparities between studies is differences in the ASD populations
included. While some studies have focused on MMN/MMF in low-functioning individuals
with ASD [20, 26], others have focused on high-functioning individuals [24, 34].

These MMN/MMF differences seen in ASD could indicate impairments in the ability to dis‐
criminate between stimuli [6, 53] or impairments in sensory memory [53, 55]. Additionally,
since some studies have found attention attenuates group differences in MMN [6, 24], abnor‐
malities in MMN amplitude and/or latency could result from attentional deficits. Dunn et al. [6]
addressed the impact of attention on these differences in children with ASD compared to con‐
trol children. They found that when children were not attending to stimuli, children with ASD
demonstrated reductions in MMN amplitude compared to control children. However, when
children were instructed to actively attend to stimuli, MMN amplitude was similar between
groups. This is consistent with results from Kemner et al. [24], finding similar MMN amplitude
in children with ASD compared to controls during a task in which they were actively attending
to stimuli. While attention is not necessary to elicit the MMN, attention does modulate the com‐
ponent [63, 64]. As the MMN reflects the ability to automatically switch attention, this could be
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ASD. Additionally, it has been suggested that N/M100 latency delays in ASD may be a marker
of language dysfunction in this population [14, 42].

The differences among studies are not surprising, given the myriad of differences among study
designs. While some studies focused on low-functioning individuals with ASD, other focused
on a high-functioning population. Additionally, disparities between studies can be attributed
to differences in age groups studied and differences in experimental paradigms used. While
the N/M100 is reliable in adults, it has not been found to be as consistent in children, due to
developmental aspects of the response. The N/M100 response is sometimes not evident in
young children [45] and has been found to show increased amplitude and decreased latency
with increasing age [17, 18, 38, 46], thought to be partly related to ongoing myelination of white
matter [18, 47]. This reduced latency in aging may also be delayed in children with ASD [40].

Additionally, Schmidt et al. [48] found that children with ASD fail to show the anticipated
asymmetry in M100 generator location. Typically developing controls show M100 generator
location asymmetry such that the location in the brain is more anterior in the right hemisphere
than the left hemisphere [49]. However, Schmidt et al. found children with ASD to demonstrate
an absence of this asymmetry [48]. Schmidt et al. also found the degree of asymmetry to be
associated with behavioral measures of language function, suggesting a relationship between
the M100 and language abilities. This is noteworthy as language impairments are a core
symptom of ASD [50]. As such, it has been suggested that M100 abnormalities may be related
to language impairments rather than specifically to ASD [48]. However, Roberts et al. found
that children with ASD demonstrated M100 latency delays regardless of whether they had
language impairments or not [14], suggesting this response to be specifically related to ASD
rather than simply to language impairment. Supporting this, Roberts et al. have also found
that children with specific language impairment who do not have ASD do not show M100
latency delays [51].

3.2. Mismatch negativity (MMN/MMF)

The MMN (or the mismatch field (MMF), its MEG equivalent) is an early component typically
seen between 150-250 ms post-stimulus and is elicited by changes in stimuli [7, 8, 13, 52, 53].
The magnitude of perceptual difference between stimuli predicts the amplitude of the MMN
response [13, 52]. While the MMN is modulated by attention, it can be elicited by stimuli
differences even in the absence of attention, indicating that it is an early marker of pre-attentive
detection of change [7, 8, 13, 53]. The MMN is elicited by presenting occasional (“rare”) stimuli
interspersed among frequent (“standard”) stimuli, as in an auditory oddball paradigm [7, 54].
The MMN is commonly measured by creating a difference wave, using the “rare” minus
“standard” waveforms (see Figure 1) [12, 24, 52, 53]. While the MMN is most frequently studied
in response to auditory stimuli, it has also been elicited in other sensory modalities [53, 55].
The MMN has been implicated as indicating a number of brain functions, such as auditory
discrimination [6, 52, 53, 55, 56], duration of sensory memory [52, 53, 55], abnormal auditory
perception [55], involuntary attention switching [6, 53, 55], cognitive function [55], illness
progression [55, 57], and treatment outcome [45, 55].
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Given that individuals with ASD are thought to have abnormalities in auditory processing [6,
12, 43, 44], the MMN can be a useful tool in this population as it can be used to assess various
components of auditory processing. The MMN can be used as a measure of the ability to
discriminate between various simple or complex sounds [52], which could identify areas of
processing potentially leading to the speech and language difficulties common in ASD. In
addition to being elicited by changes in simple stimuli, such as tones, the MMN can also be
seen in response to higher-order discrimination paradigms, such as detecting grammatical
errors and discriminating between words and pseudo-words [53]. Since the MMN can be
elicited in the absence of attention, this also makes it a particularly useful measure for ASD
populations [52]. Attention deficits are often seen in ASD [32-34] and if attention is necessary
for measurement of a particular component, this can present challenges. The MMN provides
a way of avoiding those challenges, as it can be measured while participants are reading a book
or watching a movie. It has also been suggested that the MMN be used for early identification
of hearing disorders [52] as it can be seen in populations as young as newborn infants [58]. It
stands to reason that this component could also be used to assess auditory processing deficits
in children with ASD who have not yet acquired language capabilities.

As with other components, MMN/MMF findings in ASD have been somewhat inconsistent.
While some have found amplitude to be increased in individuals with ASD compared to
typically developing controls [20, 59], others have found amplitude reductions [6, 26, 59, 60]
or amplitude measures comparable to controls [24, 34]. In part, these differences depend on
the stimulus used; changes in pitch have shown both increased [20, 59] and decreased
amplitude [6, 26], and changes in duration have demonstrated reduced MMF amplitude in
ASD [59]. Indeed, Lepisto et al. [59] found increased MMN amplitude in children with ASD
to pitch changes, but decreased MMN amplitude for changes in duration of stimuli. MMN
latency has similarly be found to be both shorter [45], longer [60-62], or comparable between
individuals with ASD and controls [24]. Again, this could be due to the stimuli used (e.g., tone
stimuli vs. speech stimuli, discrimination between different pitches vs. different durations).
Another potential reason for disparities between studies is differences in the ASD populations
included. While some studies have focused on MMN/MMF in low-functioning individuals
with ASD [20, 26], others have focused on high-functioning individuals [24, 34].

These MMN/MMF differences seen in ASD could indicate impairments in the ability to dis‐
criminate between stimuli [6, 53] or impairments in sensory memory [53, 55]. Additionally,
since some studies have found attention attenuates group differences in MMN [6, 24], abnor‐
malities in MMN amplitude and/or latency could result from attentional deficits. Dunn et al. [6]
addressed the impact of attention on these differences in children with ASD compared to con‐
trol children. They found that when children were not attending to stimuli, children with ASD
demonstrated reductions in MMN amplitude compared to control children. However, when
children were instructed to actively attend to stimuli, MMN amplitude was similar between
groups. This is consistent with results from Kemner et al. [24], finding similar MMN amplitude
in children with ASD compared to controls during a task in which they were actively attending
to stimuli. While attention is not necessary to elicit the MMN, attention does modulate the com‐
ponent [63, 64]. As the MMN reflects the ability to automatically switch attention, this could be
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one aspect of attention that is impaired in ASD; it could be that individuals with ASD need to
specifically attend to stimuli to discriminate unanticipated changes, while typically develop‐
ing individuals are able to detect these changes automatically [6].

It has been suggested that these impairments in auditory discrimination, auditory sensory
memory, and attention switching may contribute to the development of language impairments
in ASD [6, 43, 47, 59]. While Dunn et al. [6] did not find MMN amplitude to be related to
language abilities in children with and without ASD, Roberts [47, 62] has suggested that the
MMF latency may serve as a biomarker of language impairment in ASD. Alternatively, it has
been suggested that rather than being deficient in auditory discrimination, individuals with
ASD may have enhanced auditory discrimination skills for particular stimulus features such
as pitch [55, 56, 59, 65]. This is consistent with studies finding increased MMN amplitude [20,
59] or shorter latency [45] to pitch discrimination tasks. It has been suggested that enhanced
auditory discrimination skills could also lead to language impairments, through difficulties
focusing on relevant details and ignoring irrelevant details when listening to speech sounds
[56]. This enhancement has also been hypothesized to potentially underlie auditory hyper‐
sensitivity seen in ASD [56, 59]. Indeed, delays in MMF latency seen in children with ASD
compared to typically developing controls were found to be greater in children with language
impairments [62].

3.3. N170/M170

The N/M170 component is thought to be important in face-specific processing [66-70] and
appears to be a sensitive measure of impairment in the early stages of face processing [67, 71,
72]. This component is seen around 170 ms post-stimulus [66, 71, 73]. While it is also elicited
to non-face stimuli [72], the N170 shows the shortest latency and greatest amplitude in
response to faces [71-75]. The N170 is still seen when faces are inverted, albeit with delayed
latency and greater amplitude [71, 73, 74], suggesting that the N170 is involved in simply
recognizing something as a face rather than attempting to recognize a particular face [66, 71,
73]. Supporting this, viewing familiar or repeated faces does not result in shorter N170 latency
[67, 71, 76, 77]. Of note, the N170 responds to viewing human eyes with the greatest amplitude
and shortest latency, leading some to hypothesize that this component is specifically related
to eye detection [66, 76]. However, others suggest that the N170 is not specific to faces at all,
but reflects expert processing and is seen in response to human faces given that most people
are experts in the recognition of faces [67, 78-80].

Studies have found abnormal amplitude and latency of the N170 component in individuals
with ASD, but results have been inconsistent [67, 81]. McPartland et al. [72] found adolescents
and adults with ASD to show delayed N170 latency in response to face stimuli compared to a
control group, but this group difference was not seen in response to objects. While other studies
have also seen this N170 latency delay in adults with ASD compared to controls [82-84], others
have failed to find a group difference [68, 69]. In some studies, this reduction in N170 latency
in ASD was found to generalize across face and non-face stimuli, suggesting slower general
processing speed rather than face-specific processing deficits [80]. In addition, studies have
found control adults to demonstrate the typical latency delay to inverted faces compared to
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upright faces, but find this effect to be attenuated in ASD [72, 81]. This lack of an inversion
effect has been suggested to reflect less sensitivity to the configural properties of faces [72] and
an atypical approach to face processing in ASD [85]. That individuals with ASD do not show
the typical additional processing in response to inverted faces supports the theory that
individuals with ASD may process the component parts of faces individually [67, 85]. Rather
than necessarily reflecting a deficit in global processing, it has been suggested that this reflects
individuals with ASD demonstrating superior processing of facial features [67], which has
been previously demonstrated [86].

Reduced N170 amplitude in adults with ASD compared to controls has also been seen in some
studies [69, 83, 87], but not others [72, 84, 88]. It has been suggested that group differences in
N170 amplitude are only seen when task demands are high [81], perhaps reflecting an impact
of attention on the component, as attention is often impaired in ASD [32-34]. Churches et al.
[87] found N170 amplitude to increase in control adults when asked to actively attend to faces,
but failed to see a similar attention-related increase in amplitude in adults with ASD. They
hypothesize that face processing is enhanced by attention in typically developing individuals,
but that individuals with ASD may not actively attend to faces in the same way and thus do
not benefit from attention-enhanced face processing. However, this theory requires further
investigation as other studies have found that directing attention to faces appears to result in
N170 latency being “normalized” in ASD, with no group differences seen between ASD and
controls when attention was directed to the eye region of the face stimuli [68]. Churches et al.
[81] also found that the difference in N170 amplitude between individuals with ASD and
controls was larger when stimuli were non-face-like objects compared to the group difference
seen for faces or face-like objects. This could suggest that the face detection system in those
with ASD is perhaps more specific to faces and less capable of generalization to non-face
objects. Churches et al. [81] suggest that this reduced generalization may contribute to social
impairments as individuals with ASD may be less able to generalize face processing across
different circumstances (e.g., different lighting, distances, or orientations).

It has long been thought that individuals with ASD have deficits in face processing [67, 75],
but it is as of yet unclear if this deficit is during early processing or at a later cognitive stage
of face processing [80]. Face processing impairments in ASD include abnormal eye contact [75,
89], reduced attention to faces [75], deficits in face recognition [75, 76, 81], and impairments in
social orienting [76]. These impairments are thought to be early indicators of ASD, since many
can be seen by age 2 to 3 [75, 76, 85]. It has also been suggested that reduced social motivation
in individuals with ASD may lead to reductions in eye contact and social orienting [67, 76].
Conversely, reduced eye contact early in development is thought to impact development of
social communication skills in ASD [75, 90]. Eye contact is a crucial component of social
communication and a lack of eye contact is included in standard diagnostic criteria for autism
spectrum disorders [50]. Atypical patterns of eye contact in ASD can be seen as early as the
first year of life [90-93]. However, it has recently been suggested that face processing deficits
in ASD may be overestimated in the literature [67, 80] and that rather than face-specific
processing being impaired in ASD, difficulties in processing faces may be related to broader
deficits in visual processing [70, 94].
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one aspect of attention that is impaired in ASD; it could be that individuals with ASD need to
specifically attend to stimuli to discriminate unanticipated changes, while typically develop‐
ing individuals are able to detect these changes automatically [6].

It has been suggested that these impairments in auditory discrimination, auditory sensory
memory, and attention switching may contribute to the development of language impairments
in ASD [6, 43, 47, 59]. While Dunn et al. [6] did not find MMN amplitude to be related to
language abilities in children with and without ASD, Roberts [47, 62] has suggested that the
MMF latency may serve as a biomarker of language impairment in ASD. Alternatively, it has
been suggested that rather than being deficient in auditory discrimination, individuals with
ASD may have enhanced auditory discrimination skills for particular stimulus features such
as pitch [55, 56, 59, 65]. This is consistent with studies finding increased MMN amplitude [20,
59] or shorter latency [45] to pitch discrimination tasks. It has been suggested that enhanced
auditory discrimination skills could also lead to language impairments, through difficulties
focusing on relevant details and ignoring irrelevant details when listening to speech sounds
[56]. This enhancement has also been hypothesized to potentially underlie auditory hyper‐
sensitivity seen in ASD [56, 59]. Indeed, delays in MMF latency seen in children with ASD
compared to typically developing controls were found to be greater in children with language
impairments [62].

3.3. N170/M170

The N/M170 component is thought to be important in face-specific processing [66-70] and
appears to be a sensitive measure of impairment in the early stages of face processing [67, 71,
72]. This component is seen around 170 ms post-stimulus [66, 71, 73]. While it is also elicited
to non-face stimuli [72], the N170 shows the shortest latency and greatest amplitude in
response to faces [71-75]. The N170 is still seen when faces are inverted, albeit with delayed
latency and greater amplitude [71, 73, 74], suggesting that the N170 is involved in simply
recognizing something as a face rather than attempting to recognize a particular face [66, 71,
73]. Supporting this, viewing familiar or repeated faces does not result in shorter N170 latency
[67, 71, 76, 77]. Of note, the N170 responds to viewing human eyes with the greatest amplitude
and shortest latency, leading some to hypothesize that this component is specifically related
to eye detection [66, 76]. However, others suggest that the N170 is not specific to faces at all,
but reflects expert processing and is seen in response to human faces given that most people
are experts in the recognition of faces [67, 78-80].

Studies have found abnormal amplitude and latency of the N170 component in individuals
with ASD, but results have been inconsistent [67, 81]. McPartland et al. [72] found adolescents
and adults with ASD to show delayed N170 latency in response to face stimuli compared to a
control group, but this group difference was not seen in response to objects. While other studies
have also seen this N170 latency delay in adults with ASD compared to controls [82-84], others
have failed to find a group difference [68, 69]. In some studies, this reduction in N170 latency
in ASD was found to generalize across face and non-face stimuli, suggesting slower general
processing speed rather than face-specific processing deficits [80]. In addition, studies have
found control adults to demonstrate the typical latency delay to inverted faces compared to
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upright faces, but find this effect to be attenuated in ASD [72, 81]. This lack of an inversion
effect has been suggested to reflect less sensitivity to the configural properties of faces [72] and
an atypical approach to face processing in ASD [85]. That individuals with ASD do not show
the typical additional processing in response to inverted faces supports the theory that
individuals with ASD may process the component parts of faces individually [67, 85]. Rather
than necessarily reflecting a deficit in global processing, it has been suggested that this reflects
individuals with ASD demonstrating superior processing of facial features [67], which has
been previously demonstrated [86].

Reduced N170 amplitude in adults with ASD compared to controls has also been seen in some
studies [69, 83, 87], but not others [72, 84, 88]. It has been suggested that group differences in
N170 amplitude are only seen when task demands are high [81], perhaps reflecting an impact
of attention on the component, as attention is often impaired in ASD [32-34]. Churches et al.
[87] found N170 amplitude to increase in control adults when asked to actively attend to faces,
but failed to see a similar attention-related increase in amplitude in adults with ASD. They
hypothesize that face processing is enhanced by attention in typically developing individuals,
but that individuals with ASD may not actively attend to faces in the same way and thus do
not benefit from attention-enhanced face processing. However, this theory requires further
investigation as other studies have found that directing attention to faces appears to result in
N170 latency being “normalized” in ASD, with no group differences seen between ASD and
controls when attention was directed to the eye region of the face stimuli [68]. Churches et al.
[81] also found that the difference in N170 amplitude between individuals with ASD and
controls was larger when stimuli were non-face-like objects compared to the group difference
seen for faces or face-like objects. This could suggest that the face detection system in those
with ASD is perhaps more specific to faces and less capable of generalization to non-face
objects. Churches et al. [81] suggest that this reduced generalization may contribute to social
impairments as individuals with ASD may be less able to generalize face processing across
different circumstances (e.g., different lighting, distances, or orientations).

It has long been thought that individuals with ASD have deficits in face processing [67, 75],
but it is as of yet unclear if this deficit is during early processing or at a later cognitive stage
of face processing [80]. Face processing impairments in ASD include abnormal eye contact [75,
89], reduced attention to faces [75], deficits in face recognition [75, 76, 81], and impairments in
social orienting [76]. These impairments are thought to be early indicators of ASD, since many
can be seen by age 2 to 3 [75, 76, 85]. It has also been suggested that reduced social motivation
in individuals with ASD may lead to reductions in eye contact and social orienting [67, 76].
Conversely, reduced eye contact early in development is thought to impact development of
social communication skills in ASD [75, 90]. Eye contact is a crucial component of social
communication and a lack of eye contact is included in standard diagnostic criteria for autism
spectrum disorders [50]. Atypical patterns of eye contact in ASD can be seen as early as the
first year of life [90-93]. However, it has recently been suggested that face processing deficits
in ASD may be overestimated in the literature [67, 80] and that rather than face-specific
processing being impaired in ASD, difficulties in processing faces may be related to broader
deficits in visual processing [70, 94].
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Differences in results across studies could stem from a multitude of reasons, such as the range
of function of participants in differing studies (e.g., varying IQ and verbal abilities), the type
of control groups used in different studies (e.g., matched by age, matched by verbal ability),
and the variability between tasks used in each study (e.g., the type of objects compared to faces,
task difficulty) [68, 70]. Age can also influence measures of the N170, since this component is
not fully developed until adolescence or adulthood [70, 83, 95].

3.4. P300/M300

The P/M300 is a later component observed around 300 ms post-stimulus onset and is thought
to reflect higher order cognitive processing compared to the earlier components. The P300 is
often broken into two subcomponents reflecting different cognitive processes, the P3a and P3b
subcomponents [96, 97]. The P3a is thought to indicate orienting to environmental changes
and response to novelty that could underlie attentional switching [13, 98], and is elicited by
rare and task-irrelevant stimuli [13]. The P3b is seen when a participant is responding to a task-
relevant target stimulus [12, 13] and as such, is thought to reflect task-related activity and
memory updating [98-100]. When the component is referred to as simply the P3 or P300, this
is usually the P3b element of the component [7] (as such, this chapter will refer to the P3b
component as the P300). A task commonly used to elicit these components is the “oddball”
task, in which infrequent (“rare”) stimuli are presented among frequent (“standard”) stimuli
(see Figure 1). The P300 can be elicited by visual, auditory, or somatosensory stimuli [12].

A number of studies have found individuals with ASD to show reduced P300 amplitude
compared to controls in response to a variety of auditory stimuli such as clicks, tones, and
phonemes [12, 21, 27, 29, 31, 37, 101-103]. This finding is less consistent for visual stimuli, with
some studies finding diminished P300 amplitude [103, 104] and others not finding this
amplitude reduction [29, 39, 102, 105]. Reductions in amplitude have been suggested to
represent individuals with ASD having difficulties attaching significance to the target stimulus
[31]. While most studies have found either reduced or equivalent P300 in individuals with
ASD, Strandburg et al. [30] found adults with ASD to show increased P300 amplitude to both
a continuous performance task (requiring a button press when the same visually-presented
number appears on two consecutive trials) and an idiom recognition task (requiring partici‐
pants to distinguish meaningful idiomatic phrases from nonsensical phrases). However,
interpretation of this finding is difficult because while the ASD group performed as well as
the control group on the continuous performance task, they performed worse than controls
on the idiom recognition task. Given this difference in behavioral performance across the two
tasks, and that the two tasks target very different skills, it may be that the amplitude increase
in the two different tasks reflects separate cognitive processes. However, given that these tasks
are more difficult than most commonly used oddball tasks, the group effect seen here may be
a result of the challenging nature of the tasks. As with other components, differences between
studies could be due to multiple factors, such as intellectual abilities of participants, matching
of control participants to ASD participants, age range included, sensory modality of the
stimuli, and the task used to elicit the response. Most studies have not found group differences
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in P300 latency [21, 22, 37, 101-103], although latency delays in individuals with ASD have
been seen in response to novel distractor stimuli in visual target-detection tasks [33, 39].

Interestingly, Salmond et al. [106] found P300 amplitude to be reduced in low-functioning
individuals with ASD, but not in high-functioning individuals with ASD. This suggests a
relationship between P300 abnormalities and cognitive function. As mentioned, this could also
explain discrepancies among other studies, as levels of cognitive abilities between studies are
variable. However, reductions in P300 amplitude in ASD have also been seen despite normal
behavioral task performance [21, 29, 37], suggesting that individuals with ASD may use
compensatory cognitive processing strategies to achieve normal behavioral performance.
Others have suggested that abnormalities in the P300 component seen in ASD are due to
attentional difficulties, commonly seen in ASD [32-34]. Whitehouse & Bishop [107] found
children with ASD to demonstrate reduced P300 amplitude compared to controls when not
attending to stimuli, but found that this reduction was attenuated when children were asked
to attend to stimuli. This suggests that attention may help to normalize the P300 response in
children, suggesting that the deficit may be in automatic processing. It has also been suggested
that P300 abnormalities in ASD may be modality-specific, due to abnormalities being seen
most consistently to auditory stimuli [30]. It has been suggested that deficits in auditory
processing in ASD contribute to impairments in such things as language impairment [69, 98].
Since these P300 abnormalities have also been seen in response to visual stimuli, albeit
inconsistently, it has also been hypothesized that visual processing deficits may lead to other
social impairments in ASD, such as reading emotions and face processing [98].

3.5. N400/M400

The N/M400 component peak is evident around 400 ms post-stimulus and has been shown to
reflect semantic aspects of word and sentence processing [108-111]. As with the P/M300, this
component reflects higher order cognitive processing compared to earlier components (e.g.,
N/M100, MMN/MMF). N/M400 amplitude increases when a stimulus deviates from context,
as when a word is not predicted by the surrounding context [13, 111-113]. The larger N/M400
amplitude in response to unexpected stimuli compared to expected stimuli is referred to as an
N/M400 effect, or a priming effect. Priming refers to a change in the response to a stimulus as
a result of a related preceding stimulus, which is thought to reflect automatic processes
involved in such things as memory, category recognition, and language [114, 115]. In semantic
priming, responses to words preceded by semantically related words will be enhanced
compared to those preceded by unrelated words or nonsense words [112, 114]. Similarly, if a
word is incongruent with the preceding sentence (e.g., the boy climbed to the top of the
“banana”), it becomes more difficult to integrate the word into the context of the sentence,
leading to an increase in N/M400 amplitude [110, 116, 117]. As such, the N/M400 can be used
to measure things such as semantic integration and degree of expectancy, which can be used
as an indication of language processing [28, 116].

Given that it is a measure of semantic processing, the N/M400 response is of interest in ASD be‐
cause language impairment is a core symptom of ASD [50]. Many studies have found attenuat‐
ed semantic priming effects in individuals with ASD compared to controls [28, 113, 118-120].
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compared to controls in response to a variety of auditory stimuli such as clicks, tones, and
phonemes [12, 21, 27, 29, 31, 37, 101-103]. This finding is less consistent for visual stimuli, with
some studies finding diminished P300 amplitude [103, 104] and others not finding this
amplitude reduction [29, 39, 102, 105]. Reductions in amplitude have been suggested to
represent individuals with ASD having difficulties attaching significance to the target stimulus
[31]. While most studies have found either reduced or equivalent P300 in individuals with
ASD, Strandburg et al. [30] found adults with ASD to show increased P300 amplitude to both
a continuous performance task (requiring a button press when the same visually-presented
number appears on two consecutive trials) and an idiom recognition task (requiring partici‐
pants to distinguish meaningful idiomatic phrases from nonsensical phrases). However,
interpretation of this finding is difficult because while the ASD group performed as well as
the control group on the continuous performance task, they performed worse than controls
on the idiom recognition task. Given this difference in behavioral performance across the two
tasks, and that the two tasks target very different skills, it may be that the amplitude increase
in the two different tasks reflects separate cognitive processes. However, given that these tasks
are more difficult than most commonly used oddball tasks, the group effect seen here may be
a result of the challenging nature of the tasks. As with other components, differences between
studies could be due to multiple factors, such as intellectual abilities of participants, matching
of control participants to ASD participants, age range included, sensory modality of the
stimuli, and the task used to elicit the response. Most studies have not found group differences

Recent Advances in Autism Spectrum Disorders - Volume II82

in P300 latency [21, 22, 37, 101-103], although latency delays in individuals with ASD have
been seen in response to novel distractor stimuli in visual target-detection tasks [33, 39].

Interestingly, Salmond et al. [106] found P300 amplitude to be reduced in low-functioning
individuals with ASD, but not in high-functioning individuals with ASD. This suggests a
relationship between P300 abnormalities and cognitive function. As mentioned, this could also
explain discrepancies among other studies, as levels of cognitive abilities between studies are
variable. However, reductions in P300 amplitude in ASD have also been seen despite normal
behavioral task performance [21, 29, 37], suggesting that individuals with ASD may use
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to attend to stimuli. This suggests that attention may help to normalize the P300 response in
children, suggesting that the deficit may be in automatic processing. It has also been suggested
that P300 abnormalities in ASD may be modality-specific, due to abnormalities being seen
most consistently to auditory stimuli [30]. It has been suggested that deficits in auditory
processing in ASD contribute to impairments in such things as language impairment [69, 98].
Since these P300 abnormalities have also been seen in response to visual stimuli, albeit
inconsistently, it has also been hypothesized that visual processing deficits may lead to other
social impairments in ASD, such as reading emotions and face processing [98].

3.5. N400/M400

The N/M400 component peak is evident around 400 ms post-stimulus and has been shown to
reflect semantic aspects of word and sentence processing [108-111]. As with the P/M300, this
component reflects higher order cognitive processing compared to earlier components (e.g.,
N/M100, MMN/MMF). N/M400 amplitude increases when a stimulus deviates from context,
as when a word is not predicted by the surrounding context [13, 111-113]. The larger N/M400
amplitude in response to unexpected stimuli compared to expected stimuli is referred to as an
N/M400 effect, or a priming effect. Priming refers to a change in the response to a stimulus as
a result of a related preceding stimulus, which is thought to reflect automatic processes
involved in such things as memory, category recognition, and language [114, 115]. In semantic
priming, responses to words preceded by semantically related words will be enhanced
compared to those preceded by unrelated words or nonsense words [112, 114]. Similarly, if a
word is incongruent with the preceding sentence (e.g., the boy climbed to the top of the
“banana”), it becomes more difficult to integrate the word into the context of the sentence,
leading to an increase in N/M400 amplitude [110, 116, 117]. As such, the N/M400 can be used
to measure things such as semantic integration and degree of expectancy, which can be used
as an indication of language processing [28, 116].

Given that it is a measure of semantic processing, the N/M400 response is of interest in ASD be‐
cause language impairment is a core symptom of ASD [50]. Many studies have found attenuat‐
ed semantic priming effects in individuals with ASD compared to controls [28, 113, 118-120].
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Dunn et al. [28, 118] showed a classic N400 effect in typically developing control children, in
which the N400 was increased in response to words not matching the given category (e.g., ani‐
mals) compared to the N400 response to words matching the stated category. Children with
ASD did not demonstrate this N400 effect; that is, they did not show a difference in N400 ampli‐
tude between words that were congruent and incongruent with the category [28, 118]. Fishman
et al. [113] found similar results using a more typical N400 paradigm, in which responses to
sentences  ending  with  congruent/expected  words  (e.g.,  kids  learn  to  read  and  write  in
“school”) were compared with those to sentences ending in incongruent/unexpected words
(e.g., kids learn to read and write in “finger”). In this study, individuals with ASD also demon‐
strated a lack of an N400 effect; that is, no difference in N400 responses was seen between con‐
gruent and incongruent words, although this effect was seen in typically developing controls
[113]. Pijnacker et al. [117] also found a lack of the N400 effect in adults with ASD in a sentence
context task. McCleery et al. similarly found the N400 effect to be missing in children with ASD
during a verbal task (auditory words that matched or did not match a presented picture), but
found the N400 effect to be no different from that seen in typically developing children during
an environmental sound paradigm involving non-linguistic stimuli (environmental sounds
that matched or did not match a picture, e.g., picture of a car and either the sound of a car en‐
gine starting (match) or a ball bouncing (mismatch) presented with the picture). This suggests
that the deficit may be specific to verbal rather than non-verbal stimuli.

This absence of a priming effect in ASD is suggested to reflect deficits in semantic processing
[28, 113, 118, 119]. These deficits could be at multiple points in processing, including attention
to stimuli, discriminating between stimuli, and integration of context [13, 110, 116, 117]. It has
been suggested that the lack of the N400 effect may indicate that individuals with ASD may
fail to use context, or may use it inefficiently [28, 117]. This is supported by other studies
suggesting that individuals with ASD have difficulties using contextual information in
language tasks [121, 122]. Alternately, it could indicate a lack of semantic representation in
individuals with ASD or reduced activation and/or connectivity of brain circuits responsible
for semantic processing [28, 113, 119].

It has also been suggested that the reduced or absent N/M400 seen in ASD may be reflecting
general verbal or cognitive abilities. Indeed, some studies have also seen impaired behavioral
performance in individuals with ASD in addition to a lack of the N400 effect [28, 113]. However,
in these studies, ASD groups were not matched to controls on cognitive measures and/or
showed reduced cognitive abilities compared to controls. Pijnacker et al. [117] matched control
participants to ASD participants on intelligence scores and found individuals with ASD to
perform comparably to controls behaviorally, but still found them to lack the N400 effect.
Similarly, other studies have also found intact behavioral performance in individuals with
ASD despite a reduced or missing N400 effect [118, 119]. This suggests that the lack of an N400
effect is not simply due to a lack of semantic comprehension or task understanding. Rather,
the abnormal N400 effect may reflect a lack of automatic semantic processing in individuals
with ASD [117, 119]. As such, individuals with ASD seem to be able to effectively use context
to arrive at a normal behavioral response, but may require additional effort or more purposeful
processing compared to typically developing controls [117]. Findings from McCleery et al.

Recent Advances in Autism Spectrum Disorders - Volume II84

[119] suggest that this may be specific to certain types of processing. That the reduced N400
effect was not seen in response to nonverbal relationships (i.e., relationships between envi‐
ronmental sounds and pictures) indicates that this may reflect a less effortful form of process‐
ing for individuals with ASD. Therefore, while individuals with ASD may have intact
automatic processing for some types of stimuli (e.g., nonverbal), automatic processing of
semantic information may be specifically impaired. The need for more effortful processing of
semantic information that may be more automatic for typically developing children could
contribute to the development of additional language and social impairments [119].

While many studies have found the N400 effect to be reduced or absent in ASD [28, 113, 118,
119], other studies have demonstrated an intact effect. Braeutigam et al. [123] found an M400
effect in adults with ASD in response to incongruent compared to congruent sentence endings,
using MEG. Although both groups (adults with ASD and a group of control adults) showed
an increased M400 response to incongruent compared to congruent sentence endings, there
were differences in lateralization. While the control group showed a bilaterally increased
response to incongruent endings, the ASD group showed a stronger right hemisphere
response. Braeutgiam et al. suggest that this could be due to those in the ASD group having
weaker expectancy regarding the sentence endings compared to the control group, as the left
hemisphere is thought to be biased towards an expected meaning [123].

4. Resting-state electrophysiology in ASD

One of the most prominent features of resting EEG/MEG in autism is the presence of epilep‐
tiform activity. Up to 30 percent of individuals on the spectrum have comorbid epilepsy. These
features are beyond the purpose of this review, but are considered in detail in several excellent
reviews on the topic [1-4]. Here, we concern ourselves with non-epileptiform activity in the
spontaneous EEG and MEG record.

Several studies have examined oscillatory activity in the EEG or MEG in ASD. In an early
study, Cantor et al. [124] reported increased delta-band activity (0-4 Hz) in children with ASD
compared to mental age-matched control subjects. Frontal abnormalities in slow wave activity
have also been suggested by findings of increased frontal theta [125] as well as additional
studies replicating increased delta in ASD [126, 127]. There have, however, been opposing
reports of reduced delta activity in children with ASD [e.g., see 128].

The alpha rhythm, which is most commonly associated with the posterior-dominant alpha that
is reactive to opening and closing the eyes, but which is also observed across multiple regions
of cortex reactive to other task-related activities (see below), has also been examined in ASD.
In a high density EEG study of resting power and coherence, Murias et al. [127] reported
reduced relative alpha power in frontal and occipitoparietal regions in adults with ASD.
Increased alpha power was also seen in a recent study, also in an adult ASD sample [129].
Notably, however, in the later study, alpha power was only increased relative to controls in
the eyes-open condition and not the eyes-closed condition, whereas the earlier Murias et al.
study observed it in the eyes-closed state and did not record eyes-open. A recent MEG paper
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ASD did not demonstrate this N400 effect; that is, they did not show a difference in N400 ampli‐
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et al. [113] found similar results using a more typical N400 paradigm, in which responses to
sentences  ending  with  congruent/expected  words  (e.g.,  kids  learn  to  read  and  write  in
“school”) were compared with those to sentences ending in incongruent/unexpected words
(e.g., kids learn to read and write in “finger”). In this study, individuals with ASD also demon‐
strated a lack of an N400 effect; that is, no difference in N400 responses was seen between con‐
gruent and incongruent words, although this effect was seen in typically developing controls
[113]. Pijnacker et al. [117] also found a lack of the N400 effect in adults with ASD in a sentence
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[28, 113, 118, 119]. These deficits could be at multiple points in processing, including attention
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language tasks [121, 122]. Alternately, it could indicate a lack of semantic representation in
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ASD despite a reduced or missing N400 effect [118, 119]. This suggests that the lack of an N400
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with ASD [117, 119]. As such, individuals with ASD seem to be able to effectively use context
to arrive at a normal behavioral response, but may require additional effort or more purposeful
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contribute to the development of additional language and social impairments [119].

While many studies have found the N400 effect to be reduced or absent in ASD [28, 113, 118,
119], other studies have demonstrated an intact effect. Braeutigam et al. [123] found an M400
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response. Braeutgiam et al. suggest that this could be due to those in the ASD group having
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hemisphere is thought to be biased towards an expected meaning [123].
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tiform activity. Up to 30 percent of individuals on the spectrum have comorbid epilepsy. These
features are beyond the purpose of this review, but are considered in detail in several excellent
reviews on the topic [1-4]. Here, we concern ourselves with non-epileptiform activity in the
spontaneous EEG and MEG record.

Several studies have examined oscillatory activity in the EEG or MEG in ASD. In an early
study, Cantor et al. [124] reported increased delta-band activity (0-4 Hz) in children with ASD
compared to mental age-matched control subjects. Frontal abnormalities in slow wave activity
have also been suggested by findings of increased frontal theta [125] as well as additional
studies replicating increased delta in ASD [126, 127]. There have, however, been opposing
reports of reduced delta activity in children with ASD [e.g., see 128].

The alpha rhythm, which is most commonly associated with the posterior-dominant alpha that
is reactive to opening and closing the eyes, but which is also observed across multiple regions
of cortex reactive to other task-related activities (see below), has also been examined in ASD.
In a high density EEG study of resting power and coherence, Murias et al. [127] reported
reduced relative alpha power in frontal and occipitoparietal regions in adults with ASD.
Increased alpha power was also seen in a recent study, also in an adult ASD sample [129].
Notably, however, in the later study, alpha power was only increased relative to controls in
the eyes-open condition and not the eyes-closed condition, whereas the earlier Murias et al.
study observed it in the eyes-closed state and did not record eyes-open. A recent MEG paper
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on eyes-closed resting-state activity in a large sample of children also found elevated alpha in
children with ASD, and that elevated alpha power in temporal and parietal regions was
positively correlated with scores on the SRS [130]. Although alpha was previously considered
to be primarily a cortical idling rhythm [e.g., see 131], more recent evidence suggests that it is
associated with top-down, active inhibition of sensory processing in various regions of the
cortex in which it is expressed [132].

Spontaneous activity in higher frequency ranges (beta, gamma and higher) has been studied
less frequently in ASD. Excessive spontaneous beta-band activity has been reported along
midline EEG electrode sites [128] and temporal, parietal and occipital regions in MEG source
analyses [130]. Orekhova et al. [133] reported higher levels of EEG gamma-band activity,
defined as 24-44 Hz in their study, in two independent samples of boys with ASD (N = 20 each),
also reporting that gamma-band activity was correlated with an IQ-derived measure of
developmental delay in both samples. No differences were reported in the beta-band. In‐
creased spontaneous gamma has also been reported in independent EEG [134] and MEG
studies [130]. Higher frequency oscillatory activity is associated with recurrent inhibitory
interneuronal processing in the cerebral cortex [e.g., see 135], which when considered in
conjunction with the alpha-band findings, suggests significant and widespread inhibitory
dysfunction in the ASD brain.

Beyond simple analyses of spectral power, resting state studies have also examined network
connectivity through measures such as coherence. The previously discussed study by Murias
et al. [127] also found reduced alpha-band coherence between frontal electrode sites and
between frontal and other regions of the brain. Reduced coherence is a common finding in
ASD studies [128, 136, 137]. A recent large study involving a retrospective database analysis
of 463 cases of ASD and 571 controls found generally reduced coherence across a wide EEG
bandwidth (although there were some frequencies that had increased coherence in ASD), and
based on spatial patterns was able to achieve an average classification success across age-
groups of 88.5% for controls and 86% for ASD subjects.

5. ERSP in ASD

As suggested in section 4, spontaneous oscillatory rhythms have established associations with
mental states and are reactive to sensory and motor perturbance. In the following section, this
reactivity, the ERSP, is considered for ASD.

5.1. Mu and beta rhythms and mirror neuron dysfunction

One of  the  most  well  studied  ERSP phenomena in  ASD is  the  mu rhythm ERD,  more
commonly  referred  to  as  mu  suppression.  The  mu  rhythm  is  actually  an  alpha-band
(8-12 Hz, sometimes reported as 8-13 Hz) oscillation, but unlike the more widely known
posterior-dominant alpha rhythm, peaks over central sensorimotor regions of the cortex.
Intracranial  recordings  and  source  localization  techniques  suggest  sources  for  the  mu
rhythm in primary sensory and motor and supplementary motor cortices [138, 139]. The
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mu rhythm is  strongly  suppressed  preceding  movements  and maximal  suppression  oc‐
curs contralateral to the movement side [140, 141].

Interest in mu suppression in ASD is focused on the observation that the mu ERD response
also occurs when observing the actions of others, not just during the actual motor movements
of the subject [142-145]. This has led to a number of studies of mu suppression in the context
of mirror neuron theory and the broken mirror hypothesis of ASD [e.g., 146, 147, 148].

EEG findings have been mixed on mu suppression in ASD during action observation. Oberman
et al. [146] were first to report that mu suppression was normal to self-performed hand
movements, but not to observed movements, in a sample of 10 high-functioning individuals
with ASD. A subsequent study by other investigators also reported reduced mu suppression
during action observation in 17 adults with ASD [149]. Oberman and colleagues [147] have
also presented evidence that mu suppression effects in ASD may depend partly on the
familiarity of the observed hand doing the action, as ASD participants’ mu suppression only
differed from healthy controls when the action was performed by an unfamiliar hand. Two
recent EEG studies, however, have reported negative findings between healthy subjects and
ASD subjects for the action observation condition. Raymaekers et al. [148] reported equivalent
mu suppression action observation in 20 high-functioning children with ASD. Another study
found that while ASD participants’ imitative actions were impaired behaviorally compared to
healthy controls, mu suppression was not impaired to action observation in the same group
of 20 individuals [150].

A second sensorimotor rhythm, the beta rhythm that peaks around 20 Hz, has also received
attention relating to the broken mirror theory of ASD. The sensorimotor beta rhythm is
potentially linked to the mu rhythm as a possible harmonic, but this point is debated because
of separate functional localization and timing related to motor activity [e.g., see 151]. This
central beta rhythm is suppressed prior to movement onset (ERD) and there is a post-move‐
ment power increase (ERS) termed the post-movement beta rebound (PMBR: see Figure 2).
Like the mu rhythm, the PMBR has also been shown to be reactive to action observation in
addition to actual movement [152]. An early MEG study reported a negative finding with
respect to beta activity during action observation, but the lack of finding could have been due
to the very small sample (N=5) of ASD participants, or because the focus of the analysis was
on the phase-locked evoked beta signal, rather than the induced beta activity that predomi‐
nates the PMBR [153]. A more recent MEG study, also with a relatively small sample (N=7 ASD
subjects) found that the PMBR effect was reduced in the ASD group relative to healthy controls
during action observation [154]. Taken together, the EEG and MEG findings on mu and beta
rhythm reactivity to action observation appear to suggest that motor regions of the neocortex
in ASD may not respond as well to passive observation of another individual’s actions,
consistent with the prediction of the broken mirror theory in ASD.

5.2. Gamma-band

As with the mu and beta rhythms, interest in the gamma-band has also been keen in ASD.
Gamma-band is typically defined as activity in the frequency range between 30 to 80 Hz,
although some distinguish between a low (30-80 Hz) and high (> 80 Hz) gamma. This frequency
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on eyes-closed resting-state activity in a large sample of children also found elevated alpha in
children with ASD, and that elevated alpha power in temporal and parietal regions was
positively correlated with scores on the SRS [130]. Although alpha was previously considered
to be primarily a cortical idling rhythm [e.g., see 131], more recent evidence suggests that it is
associated with top-down, active inhibition of sensory processing in various regions of the
cortex in which it is expressed [132].

Spontaneous activity in higher frequency ranges (beta, gamma and higher) has been studied
less frequently in ASD. Excessive spontaneous beta-band activity has been reported along
midline EEG electrode sites [128] and temporal, parietal and occipital regions in MEG source
analyses [130]. Orekhova et al. [133] reported higher levels of EEG gamma-band activity,
defined as 24-44 Hz in their study, in two independent samples of boys with ASD (N = 20 each),
also reporting that gamma-band activity was correlated with an IQ-derived measure of
developmental delay in both samples. No differences were reported in the beta-band. In‐
creased spontaneous gamma has also been reported in independent EEG [134] and MEG
studies [130]. Higher frequency oscillatory activity is associated with recurrent inhibitory
interneuronal processing in the cerebral cortex [e.g., see 135], which when considered in
conjunction with the alpha-band findings, suggests significant and widespread inhibitory
dysfunction in the ASD brain.

Beyond simple analyses of spectral power, resting state studies have also examined network
connectivity through measures such as coherence. The previously discussed study by Murias
et al. [127] also found reduced alpha-band coherence between frontal electrode sites and
between frontal and other regions of the brain. Reduced coherence is a common finding in
ASD studies [128, 136, 137]. A recent large study involving a retrospective database analysis
of 463 cases of ASD and 571 controls found generally reduced coherence across a wide EEG
bandwidth (although there were some frequencies that had increased coherence in ASD), and
based on spatial patterns was able to achieve an average classification success across age-
groups of 88.5% for controls and 86% for ASD subjects.

5. ERSP in ASD

As suggested in section 4, spontaneous oscillatory rhythms have established associations with
mental states and are reactive to sensory and motor perturbance. In the following section, this
reactivity, the ERSP, is considered for ASD.

5.1. Mu and beta rhythms and mirror neuron dysfunction

One of  the  most  well  studied  ERSP phenomena in  ASD is  the  mu rhythm ERD,  more
commonly  referred  to  as  mu  suppression.  The  mu  rhythm  is  actually  an  alpha-band
(8-12 Hz, sometimes reported as 8-13 Hz) oscillation, but unlike the more widely known
posterior-dominant alpha rhythm, peaks over central sensorimotor regions of the cortex.
Intracranial  recordings  and  source  localization  techniques  suggest  sources  for  the  mu
rhythm in primary sensory and motor and supplementary motor cortices [138, 139]. The
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mu rhythm is  strongly  suppressed  preceding  movements  and maximal  suppression  oc‐
curs contralateral to the movement side [140, 141].

Interest in mu suppression in ASD is focused on the observation that the mu ERD response
also occurs when observing the actions of others, not just during the actual motor movements
of the subject [142-145]. This has led to a number of studies of mu suppression in the context
of mirror neuron theory and the broken mirror hypothesis of ASD [e.g., 146, 147, 148].

EEG findings have been mixed on mu suppression in ASD during action observation. Oberman
et al. [146] were first to report that mu suppression was normal to self-performed hand
movements, but not to observed movements, in a sample of 10 high-functioning individuals
with ASD. A subsequent study by other investigators also reported reduced mu suppression
during action observation in 17 adults with ASD [149]. Oberman and colleagues [147] have
also presented evidence that mu suppression effects in ASD may depend partly on the
familiarity of the observed hand doing the action, as ASD participants’ mu suppression only
differed from healthy controls when the action was performed by an unfamiliar hand. Two
recent EEG studies, however, have reported negative findings between healthy subjects and
ASD subjects for the action observation condition. Raymaekers et al. [148] reported equivalent
mu suppression action observation in 20 high-functioning children with ASD. Another study
found that while ASD participants’ imitative actions were impaired behaviorally compared to
healthy controls, mu suppression was not impaired to action observation in the same group
of 20 individuals [150].

A second sensorimotor rhythm, the beta rhythm that peaks around 20 Hz, has also received
attention relating to the broken mirror theory of ASD. The sensorimotor beta rhythm is
potentially linked to the mu rhythm as a possible harmonic, but this point is debated because
of separate functional localization and timing related to motor activity [e.g., see 151]. This
central beta rhythm is suppressed prior to movement onset (ERD) and there is a post-move‐
ment power increase (ERS) termed the post-movement beta rebound (PMBR: see Figure 2).
Like the mu rhythm, the PMBR has also been shown to be reactive to action observation in
addition to actual movement [152]. An early MEG study reported a negative finding with
respect to beta activity during action observation, but the lack of finding could have been due
to the very small sample (N=5) of ASD participants, or because the focus of the analysis was
on the phase-locked evoked beta signal, rather than the induced beta activity that predomi‐
nates the PMBR [153]. A more recent MEG study, also with a relatively small sample (N=7 ASD
subjects) found that the PMBR effect was reduced in the ASD group relative to healthy controls
during action observation [154]. Taken together, the EEG and MEG findings on mu and beta
rhythm reactivity to action observation appear to suggest that motor regions of the neocortex
in ASD may not respond as well to passive observation of another individual’s actions,
consistent with the prediction of the broken mirror theory in ASD.

5.2. Gamma-band

As with the mu and beta rhythms, interest in the gamma-band has also been keen in ASD.
Gamma-band is typically defined as activity in the frequency range between 30 to 80 Hz,
although some distinguish between a low (30-80 Hz) and high (> 80 Hz) gamma. This frequency
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band has generated attention in ASD research primarily because there may be a role for it in
cognitive phenomena such as perceptual binding [155-157]. The mechanisms of gamma
frequency generation in the cortex and hippocampus are also relatively well characterized
[135, 158-160], representing the interaction of pyramidal glutamatergic inputs to fast-spiking
interneurons, which in turn recurrently inhibit the pyramidal cells via GABAergic inputs. It is
noteworthy that reduced numbers of one of the major classes of these interneurons has been
a common finding across animal models of ASD [161].

Grice et al. [82] first examined EEG ERSP changes in gamma-band activity in a face discrimi‐
nation task. Significant increases in gamma-band power were observed to upright faces than
to inverted faces in healthy subjects, but no modulation of gamma power was seen to inverted
versus upright faces in the ASD group. A recent MEG paper reported reduced gamma-band
phase locking to Mooney face stimuli in ASD, but group differences were only seen when faces
were upright, rather than scrambled and inverted [162]. Brown et al. [163] reported increased
EEG induced gamma-band power produced in response to perceptual closure of Kanizsa
illusory shapes in adolescents with ASD, in contrast to healthy control children who exhibited
reduced gamma-band power to the same stimuli. Stroganova et al. [164] also used illusory
contour Kanizsa stimuli to demonstrate an absence of early, phase-locked gamma-band
responses in occipital electrodes in boys with ASD. A study of visual responses to Gabor
patches by reported that children with ASD had attenuated increases in stimulus-induced
gamma-band power to increasing spatial frequencies [165], which together with behavioral
data was interpreted as evidence for enhanced low-level visual perceptual ability in ASD.

Auditory stimuli produce two types of gamma-band responses; an early, obligatory transient
gamma-band response (tGBR) is seen in typically developing individuals to all types of sound
stimuli within the first 30-80 ms post-stimulus [166]. When stimuli are modulated in amplitude,
either as part of a train of clicks or by amplitude modulation, a later auditory steady-state
response (ASSR, see Figure 2) beginning around 100 ms is produced at or near the frequency
of modulation, peaking around 40 Hz modulatory rates [167, 168]. Both types of responses are
highly phase-locked in typically developing individuals. Wilson et al. [169] reported reduced
ASSR power in children and adolescents with ASD. Reduced tGBR power, and reduced phase-
locking, has also been reported in both children [42] and adults [170] with ASD using MEG.
Both tGBR and ASSR responses are also reported to be impaired in unaffected first-degree
relatives of persons with ASD, suggesting that the finding may be a heritable biomarker, or
endophenotype [170, 171]. There is an association between visual gamma-band activity and
the concentration of GABA in the cerebral cortex [172-174], which as previously discussed may
implicate inhibitory dysfunction in the disorder.

6. Future directions

Based on the rich findings emerging in  the electrophysiology of  autism,  there  has  been
an  exciting  push  to  expand  the  field  beyond  electromagnetic  phenomenology  and  into
clinical translation. Two related areas of significant interest have emerged. First, research‐
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ers  have  made  significant  progress  towards  successful  EEG  and  MEG  recordings  in
young children  and infants  so  that  studies  of  risk  and diagnostic  outcome can be  con‐
ducted.  For  example,  EEG studies  examining infants  at  familial  high risk (i.e.,  a  sibling
with autism) have shown some promise using measures of EEG complexity and machine
learning  to  separate  high-risk  infants  from  typically-developing  infants  [175,  176].  Of
course,  a  necessary  and  more  difficult  next  step  will  be  predicting  the  diagnostic  out‐
come of  these  infants,  since  the  majority  will  end  up  unaffected,  or  at  least  below the
threshold for clinical  diagnosis.  A second area of positive development in the field con‐
cerns how many of the findings have converged on abnormalities in inhibitory function
in  relatively  well-known circuitry  [e.g.,  see  42],  which  suggests  the  possibility  of  using
electrophysiology in clinical trials in terms of prediction of treatment response or even as
a primary outcome measure related directly to pharmaceutical intervention.
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The Sensory Experience of Toilet Training and Its
Implications for Autism Intervention
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1. Introduction

Individuals  with autism spectrum disorders are often plagued with incontinence due to
compromised  sensory  processing  between  the  peripheral  and  central  nervous  system.
Currently,  a  combination of  the  Azrin  & Foxx method (1971)  and operant  conditioning
are considered the standard protocol for toilet training children with developmental and
intellectual  disabilities  including individuals  with  autism.  Although programs that  have
been adapted to children with physical disabilities have resulted in successful toilet train‐
ing  in  most  cases,  there  is  a  considerable  proportion  of  individuals  with  autism  who
have  reached  adulthood  without  being  accomplished  in  bladder  and  bowel  control.
These individuals often reside in the spectrum of non-verbal with lower cognition levels
(Dalrymple & Ruble, 1992) and exhibit not only incontinence but are challenged with ab‐
normality in toileting such as  encopresis,  enuresis  and fecal  smearing.  A lack of  neuro‐
biological data precluded conclusions regarding the development of, and abnormality in,
toilet training individuals with autism. Existing literature is skewed towards treating the
aforementioned issue as solely the domain of behavior. Whereas toilet training is both an
inherently neurobiological and cultural phenomenon, society’s failure to comprehend and
address the problem of some of our most vulnerable members in the autism spectrum re‐
flect  a  still  “Victorian-albeit  taboo”  in  this  fundamentally  important  issue  in  self-care.
This  chapter  reviews  the  importance  of  independent  self-care  skills  in  family  routines,
and proposes a putative sensory-neural  understanding of  the toilet  training-resistant co‐
hort,  which is  largely  unknown.  Case  studies  of  two children with  autism demonstrate
how sensory experiences may affect toilet training success.

© 2013 Yip et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Toilet training in autism

Toilet training is commonly delayed in Autism spectrum disorders (ASD). Dalrymple and
Ruble (1992) surveyed 100 parents of clients with ASD (mean age = 19.5 years) and reported
that 22% of them did not have full success with toileting. Research studies on toileting in autism
have been scarce and are mainly single case studies (Kroeger & Sorensen, 2010). In general,
toilet training in autism included: the teaching of hand-washing techniques and cleaning up
strategies (Rumfelt-Wright, 2001; Furman, 2001), positive motivational practice, habituation
to the bathroom (Cicero & Pfadt, 2002; Rockville, 2008) and the utilization of communication
training component to promote self-initiated toileting (LeBlanc, 2005).

3. Impact of lack of independence in toileting in family’s life

Children with ASD exhibiting sensory processing issues often lack bladder and bowel control.
This can impact family routines. Most notably, the families of children with ASD tended to
avoid social participation more so than families with typically developing children (Bagby et
al., 2012). Gray (1994) reports that social withdrawal is often a coping strategy for families with
children on the autism spectrum who display inappropriate toileting behavior. Additionally,
mothers of children with autism are less likely to work full-time than mothers of typically
developing children (Porterfield, 2004). As schools and child-care facilities often reject children
who are not independent with toileting, parental participation in activities outside of the
homes may be further limited as a result of caregiving roles and extensive responsibilities.

4. Self-care skills in children with ASD: A brief overview

Most child care centers and inclusive preschools require children to be toilet trained before
entering a certain grade level. For example, inclusive preschools in which prompted inde‐
pendent urination could occur during group lavatory trips at structured times. Children with
ASD whom require diaper changes during the school days would be excluded from this
classroom routine. As a longer period of seated time is expected for learning to occur, the
children attending inclusive schools are required to maintain sufficient bladder and bowel
control and to sustain basic self-care needs in order to adhere to environmental structures.
Therefore, the ability of children to learn and refine performance of basic self-care tasks holds
meaning not only for the children but also for their caregivers and teachers.

5. Neurobiology of toilet training

Without understanding how the body orchestrate the many events associated with going to
the bathroom, it is not possible to progress in the field of intervention for individuals still
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struggling with containing themselves appropriately past the critical period for toilet training.
This is because toilet training is a behavior that lies in the juncture between a biology that is
involuntary and a biology governed by free will that is voluntary. In neurobiological terms,
conscious control of urinary and anal continence requires an intact communication between
the peripheral and central nervous system. Therefore, dysfunction of the nervous system
would result in the loss of control of continence and could explain the prevalence of inconti‐
nence in individuals with compromised neurology such as autism. Micturition or the urge to
urinate is dependent on the integrity of a center in the lumbo-sacral region of the cord with
the bladder and urethra. Micturition takes place when the bladder and urethra sphincter hence
stimulated transmits impulses via the ganglia to the cord. Whereas micturition can take place
with the lower end of the cord alone, the voluntary control of micturition requires coordination
with the central nervous system. Micturition reflex was evoked by filling the bladder and is
mediated through sacral spinal region as illustrated in Figure 1. The micturition reflex arch
involves the coordination from the spinal cord to the brainstem-cerebellum and back (Fowler
et al., 2008). The micturition reflex arch composed of an afferent pathway from the urinary
bladder to the lumbar and sacral region onto the spinal cord and to the pontine micturition
center before connecting to higher centers in the brain. The afferent pathway is served by the
pelvic nerve and hypogastric nerve which connects to the spinal cord before entering the brain.
The efferent pathway, on the other hand, projects from the higher center of the brain through
the periaqueductal gray area (PAG), travelling to the bladder, then to the lumbro-sacral
parasympathetic center and finally to the sphincter muscle of the bladder via the pudendal
nerve (Manto & Jissendi, 2012; see Figure 1). The pontine micturition center is thought to be
the control center for micturition and is involuntary. The instinctual and involuntary aspects
aside, there is a socio-cultural dimension of micturition and proceeds by conscious decision
which develops through training. The voluntary center needs to recruit more elaborate
coordination between the higher centers in the brain with the spinal cord. This conscious
control of urination is thought to recruit higher cerebral centers including the medial prefrontal
cortex, anterior cingulate cortex and insular cortex which will communicate with the pontine
micturition center that mastermind toilet training. Figure 2 describes in detail the interplay of
multiple systems that are involved in the conscious control of continence. As for for the control
anal defecation: it is similar to the micturition reflex and work via the coordination of various
anorectal physiology: action of sacral nerve stimulation, neurological control of the colon and
anorectum and higher cerebral centers (Gourcerol et al., 2011).

Figure 2 illustrates the multi-level control systems that are required for the conscious control
of bladder voiding. The PAG is recruited to connect lower spinal cord to the cerebral cortex.
Since the cerebellum forms projections to the PAG via the pons, it is likely that sensory
processing entering from the cerebellum convey information to the PAG and ultimately
communicates with the cerebral cortex.

The neurobiology of continence control indicates that the frontal cortex and cerebellum is part
of the essential circuit during the conscious control of continence. Successful toilet training
should point toward the contribution of cognitive function and habituation that recruits the
frontal cortex and the sensory components of the cerebellum. This paper strive to understand
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if the dual combination therapy targeting (i) cognitive and habituation training, and (ii) sensory
modulation could result in positive outcomes for individuals resistant to traditional ap‐
proaches to toilet training.

Figure 1. Connections between the afferent pathway (from the bladder to the lumbro-sacral region and the spinal
cord via the hypogastric and pelvic nerve) and the efferent pathway (from the brain through the PAG, the spinal cord
and onto the sphincter muscle and bladder via the pudendal nerve) that gives rise to the involuntary control of mictur‐
ition or bladder voiding (Adapted from Manto and Jissendi, 2012).

During the maximal storage of urine, the pressure against the bladder stimulates nervous reflex
to the lumbro-sacral region and the spinal cord. This in turn activates the pontine micturition
center that communicates with the higher brain center consisting namely of the medial
prefrontal cortex (mPFC), anterior cingulate cortex (ACC), and the insular cortex (insular Cx)
that promote the guarding reflex for continence. In response, the PAG sends information back
to the spinal cord, lumbro-sacral region, bladder to contract the detrusor muscle in the bladder
and relax the sphincter muscle in the urethra for voiding. The conscious sensation of bladder
pressure and voiding requires the decision of the frontal cortex and the motor learning
coordinated through the cerebellum and brainstem. It is the link between the higher centers
in the brain with the lower center in the bladder-lumbro-sacral region that constitute the
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conscious control necessary for toilet training. In behavior terms, the motor and cognitive
learning sub-served by the higher brain centers talks to the lower sensory-related processing
in the bladder region to allow the individual to decide whether or not to void. When there is
neurological damage as in spinal cord injury or hypothetically in neurodevelopmental
disorders such as autism, there is a lack of information flow between the higher (frontal-
cerebellum-brainstem) and lower centers (bladder-lumbo-sacral); it may be likely that
individuals resistant to toilet training belong to this cohort.

6. Sensory processing in autism

Sensory functions play an important role in young children's daily performance. As defined
in the Occupational Therapy Practice Framework: Domain and Process (American Occupational
Therapy Association [AOTA], 2008), the client factors of sensory functions include touch,
smell, taste, hearing, seeing, temperature, pressure, proprioceptive processing and vestibular
function. Professionals and parents are recognizing that when young children have poor

Figure 2. Neural circuits involving the brain that forms voluntary control of micturition.
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sensory processing functions, it can affect their sensorimotor, cognitive, and social develop‐
ment (Sears, 1994). ASD are associated with differences in sensory functions and affective
response to sensory stimuli. Studies have shown that 70%-100% children with ASD exhibit
sensory processing difficulties (Adamson, O'Hare & Graham, 2006; Ben-Sasson et al., 2007;
Tomchek & Dunn, 2007). Three sensory constructs (under-responsiveness, over-responsive‐
ness, and sensation seeking) generally characterize the ASD population which are different
than typically developing children (Ben-Sasson et al., 2009; Tomchek & Dunn, 2007). These
sensory processing difficulties may further impact family routines and daily occupations, such
as what a family chooses to do or not to do during family time and how the family prepares
daily tasks (Bagby, Dickie & Baranek, 2012).

The cerebellum is strongly implicated in the control of continence by relaying sensory impulses
from the sacral spinal regions to the higher centers. A dominant role of the cerebellum is the
processing of sensory information through the cerebello-thalamo-cortical tract. Aberration in
neuronal circuits of the cerebellum have been proposed (Yip et al., 2007, 2008, 2009) and could
be an underlying factor for altered sensory sensitivity observed in individuals with ASD.

In addition, there is an association between the modes of sensory processing with temperament
(Brock et al., 2012). The ASD population displays temperament scores distinct from typically
developing children on most dimensions of temperament (such as activity, rhythmicity,
adaptability, approach, distractibility, intensity, persistence, and threshold). Sensory under-
responsiveness was associated with slowness to adapt, low reactivity, and low distractibility.
Conversely, sensory over-responsiveness often accompanies hyperactivity, attention deficit
and high distractability. A combination of increased sensory processing difficulties, especially
in the areas of taste & smell sensitivity and movement-related sensory behavior, was associated
with greater challenge in self-care skills, adaptive behaviors and emotional regulations (Lane,
Young, Baker & Angley, 2010).

Successful integration of signals from various sensory systems is essential for daily function‐
ing. Sensory processing powerfully influences the channel of information transfer necessary
for the biology of continence. Sensory processing further contributes critical sensory integra‐
tion and necessary motor skills for everyday activities and elaborates the temperament of the
child, such as to dictate the affective and attentional capability, without which the behaviors
associated with toileting could not be accomplished.

7. Analysis of sensory constructs related to toileting in children with ASD

• Under-responsiveness: not aware of wet or stool diapers, not notice when hands are dirty
or messy

• Over-responsiveness or sensory sensitivity: overwhelmed by tactile inputs from underpants
(or touch feelings of underwear edges), smell of urine, sight of fluorescent lights in bath‐
room, cold feel of toilet seat, loud noise associated with flushing, etc.
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• Sensation seeking: playing water, urine or stool in the toilet, playing water at the sink,
turning on and off the lights in the bathroom, flushing toilet repeatedly

All of these sensory processing difficulties may make toilet training a challenge.

8. Analysis of motor and cognitive processing related to toileting in
children with ASD

The cerebellum is a critical brain area for the relaying of sensory information to the cerebral
cortex. Sensory information conveyed through motor movement is interpreted in the cerebral
cortex, which eventually become stored as motor learning. The learning of motor skill is
essential to daily self-help routine. In the cerebellum, the olivocerebellar pathway is a key
pathway contributing to learning of motor skills. When the olivocerebellar circuit is deficient
as reported in the autism literature (Blatt et al., 2010), it is expected that motor learning will
correspondingly be impacted. The role of motor learning in neurodevelopmental disorders
and its noticeable implications for the understanding and management of these patients has
recently gained more attention (Manto & Jissendi, 2012).

It is common for children with ASD to exhibit deficits in sensory-motor processing such as
apraxia. For example, complex motor planning and multiple sensory-motor steps are involved
in self-care tasks such as undressing, toileting, cleaning up and hand-washing. The task of
toileting requires children to utilize sufficient balance, trunk stability & gross motor skills to
get on/off toilet seat and fine more coordination to dress & undress. Dressing or undressing is
one specific activity within the self-care area commonly known as activity of daily living
(ADL). Dressing independently as a child is important for demonstrating self-reliance
(Christiansen & Matuska, 2004). Children with ASD often struggle completing these multiple
sensory-motor steps related to toileting.

Independent toileting requires many motor skills that differ by gender, by the facility used,
and by the type of clothing worn in different contexts followed by specific cultural norms. A
child has to demonstrate his or her abilities to accomplish a series of sensory-motor activities.
These activities often require a higher level of executive functioning to form an idea of motor
sequences, and to perform a complex loop of motor planning & executions of movement
patterns. The following paragraphs provide examples of motor and cognitive skills related to
toileting:

• Motor skills related to toileting: moving on and off the toilet; sufficient balancing skills;
muscle strength, postural control, and trunk stability to sit safely on the toilet; shifting
weight to wipe and to undress then dress after toileting; active range of motion to reach for
toilet paper, to wipe the perineal area and to flush the toilet; fine motor skills and bilateral
coordination to grasp toilet paper; somatosensory and proprioceptive skills to feel the hold/
grasping of the toilet paper; directional movements to clean the perineal area; fine motor
coordination to unfasten, remove, and refasten underwear and clothing. For boys who have
insufficient gross motor skills and are lacking balancing skills or trunk stability may have a
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room, cold feel of toilet seat, loud noise associated with flushing, etc.
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• Sensation seeking: playing water, urine or stool in the toilet, playing water at the sink,
turning on and off the lights in the bathroom, flushing toilet repeatedly

All of these sensory processing difficulties may make toilet training a challenge.

8. Analysis of motor and cognitive processing related to toileting in
children with ASD

The cerebellum is a critical brain area for the relaying of sensory information to the cerebral
cortex. Sensory information conveyed through motor movement is interpreted in the cerebral
cortex, which eventually become stored as motor learning. The learning of motor skill is
essential to daily self-help routine. In the cerebellum, the olivocerebellar pathway is a key
pathway contributing to learning of motor skills. When the olivocerebellar circuit is deficient
as reported in the autism literature (Blatt et al., 2010), it is expected that motor learning will
correspondingly be impacted. The role of motor learning in neurodevelopmental disorders
and its noticeable implications for the understanding and management of these patients has
recently gained more attention (Manto & Jissendi, 2012).

It is common for children with ASD to exhibit deficits in sensory-motor processing such as
apraxia. For example, complex motor planning and multiple sensory-motor steps are involved
in self-care tasks such as undressing, toileting, cleaning up and hand-washing. The task of
toileting requires children to utilize sufficient balance, trunk stability & gross motor skills to
get on/off toilet seat and fine more coordination to dress & undress. Dressing or undressing is
one specific activity within the self-care area commonly known as activity of daily living
(ADL). Dressing independently as a child is important for demonstrating self-reliance
(Christiansen & Matuska, 2004). Children with ASD often struggle completing these multiple
sensory-motor steps related to toileting.

Independent toileting requires many motor skills that differ by gender, by the facility used,
and by the type of clothing worn in different contexts followed by specific cultural norms. A
child has to demonstrate his or her abilities to accomplish a series of sensory-motor activities.
These activities often require a higher level of executive functioning to form an idea of motor
sequences, and to perform a complex loop of motor planning & executions of movement
patterns. The following paragraphs provide examples of motor and cognitive skills related to
toileting:

• Motor skills related to toileting: moving on and off the toilet; sufficient balancing skills;
muscle strength, postural control, and trunk stability to sit safely on the toilet; shifting
weight to wipe and to undress then dress after toileting; active range of motion to reach for
toilet paper, to wipe the perineal area and to flush the toilet; fine motor skills and bilateral
coordination to grasp toilet paper; somatosensory and proprioceptive skills to feel the hold/
grasping of the toilet paper; directional movements to clean the perineal area; fine motor
coordination to unfasten, remove, and refasten underwear and clothing. For boys who have
insufficient gross motor skills and are lacking balancing skills or trunk stability may have a
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difficulty to stand in front of a urinal or direct urine into the toilet. Belts or additional
accessories may also be worn, which would require additional eye-hand coordination and
perceptual functions.

• Cognitive functions in toileting: familiarizing the child to the environment of the toilet so
that it is perceived as being a friendly place where one uses the toilet for actions associated
with voiding and evacuation; establishing a habit of sitting on the toilet for a length of time;
succesfully voiding and evacuating in the toilet and being reinforced positively; forming a
habit of going to the toilet to void and evacuate; realizing the urge to void and independently
going to the toilet; feeling the pressure to the bowel and independently making the trip to
the toilet; performing the steps of voiding, evacuation, cleaning up oneself, handwashing
and drying the hands.

9. Task analysis of toileting in children with ASD

Toilet hygiene is an important activity of daily living task as it relates to independence in daily
functioning, self-identity, and social acceptance. The following paragraphs provide examples
of how toileting may impact routines and psychosocial aspects in children with ASD:

• Social Interaction and Imitation: interest in watching others perform certain tasks, then
imitating “go potty”, in children with ASD less responsive to social rewards such as praise
of “good job” for successful toileting might be a challenge.

• Communication: ability to express a need to go to the bathroom. Boswell & Gray (2012) in
TEACCH indicate the importance of having a communication system for children with ASD
to initiate the toilet sequences, such as signaling that he needs to go to the bathroom; and
have a back up plan in place when in a unfamiliar environment. Such plan may include an
evaluation of the environmental contexts and incorporating “teachable moments" to teach
the child how to use systematic communication tools, such as objects, pictures, or words to
communicate in other settings.

• Tasks in bathroom include: obtaining and using supplies, clothing management – undress‐
ing and dressing, maintaining toileting position, transferring to & from toileting position,
cleaning body & maintaining posture & balance during cleaning, caring for menstrual needs
(Christiansen & Matuska, 2004).

• Teaching and practicing toilet hygiene: children with ASD who also exhibit tactile sensitivity
may avoid hand-over-hand assistance to turn the water on and off at the sink during hand-
washing (Kern, Wakeford & Aldridge, 2007; Dunn, 1997). With compromised motor
planning and eye-hand coordination, the movement of turning on and off of light and water,
or holding on the handle to flush toilet would be daunting for the children with ASD.

• Change in routines associated with toileting: taking away diapers, wearing underpants.

• Caregiving: there are certain caregiving stresses associated with toileting (Dalrymple &
Ruble, 1992). When a child is toilet trained, financial and time benefits arise, such as money
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savings of diapers and wipes; available time from assisting toileting for caregivers to engage
in other daily tasks (Lee, 2010).

The next paragraph implements, via case studies, the aforementioned task analysis involved
in toilet training, including the motor skills and cgnitive domain. Case studies of two children
who are siblings illustrate the success of toilet training in one child and a lack of independent
toileting in another child; therefore, provide insight into factors that could hinder success.

10. Case studies utilizing the training protocol

The procedure is adapted from Azrin and Foxx (1971) and was carried out in the children’s
home during the evening 4 hours before bedtime. The participants’ parents were interviewed
prior to baseline collection and the habit journal was constructed based on the interview. In ad‐
dition, the researcher compiled a journal recording the number and time of voids after meal-
time and at each hour noting the baseline voiding pattern. The data was collected across two
children, who are siblings, given the pseudo-name of Jim (10 year old male with a diagnosis of
autism) and Bob (5 year old male also with autism) for anonymity. A schedule of reinforcers
were noted and used for the protocol (see Table 1). Baseline data includes the frequency of voids
per trip to the toilet. Both children were able to void, on occasion, upon verbal prompting but
self-initiation was lacking. After baseline was taken, the toilet training program commenced.
Unfortunately the training was not as intensive as would have been the ideal scenario. The
training program was limited logistically by the children’s schedule and school commitment,
resulting in the time allocated for the toilet training programme to be 3 hours per evening for
twice a week. After 4 weeks at this level of contact time, voiding was 100% for both children (Fig‐
ures 1 and 2). Follow up after the intervention was maintained at 100%. However, self-initiation
was only observed in Bob but not in Jim. While both children have autism, Bob’s level of com‐
munication was superior to Jim in that Bob could independently express approximately 15
words. On the other hand, Jim was non-verbal and demonstrated less cognitive skills and recep‐
tive communication.

The protocol consists of first familiarizing the children to the toilet routine. Children were
shown videos, pictures, songs of all aspects associated with toileting. After the multi-media ex‐
posure, children were encouraged to visit the bathroom, play with flushing the toilet, turn on
and off the faucet, wash their hands with soap, dry with a towel and play with the toilet paper.
The aim of the first stage is to allow the children to enjoy going to the bathroom. Stage 2 of the
protocol is the child entering the bathroom in the presence of reinforcers so that the bathroom is
viewed as a friendly place. Children sat on the toilet for 5 minutes with their favourite toy and
activity. The time is increased to 10 minutes when children showed enthusiasm for the toilet sit‐
ting routine. When successful, implementation of the scheduled sitting begins. The routine of 15
minutes on the toilet followed by 15 minutes of break away from the toilet and bathroom was
performed. To provide maximum opprtunity for voiding, children were given drinks every 15
minutes. In scheduled toilet sitting, the children were taught to undress by themselves from the
waist down and continuously sit on the toilet without reinforcer. As they void, they were prais‐
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difficulty to stand in front of a urinal or direct urine into the toilet. Belts or additional
accessories may also be worn, which would require additional eye-hand coordination and
perceptual functions.

• Cognitive functions in toileting: familiarizing the child to the environment of the toilet so
that it is perceived as being a friendly place where one uses the toilet for actions associated
with voiding and evacuation; establishing a habit of sitting on the toilet for a length of time;
succesfully voiding and evacuating in the toilet and being reinforced positively; forming a
habit of going to the toilet to void and evacuate; realizing the urge to void and independently
going to the toilet; feeling the pressure to the bowel and independently making the trip to
the toilet; performing the steps of voiding, evacuation, cleaning up oneself, handwashing
and drying the hands.

9. Task analysis of toileting in children with ASD

Toilet hygiene is an important activity of daily living task as it relates to independence in daily
functioning, self-identity, and social acceptance. The following paragraphs provide examples
of how toileting may impact routines and psychosocial aspects in children with ASD:

• Social Interaction and Imitation: interest in watching others perform certain tasks, then
imitating “go potty”, in children with ASD less responsive to social rewards such as praise
of “good job” for successful toileting might be a challenge.

• Communication: ability to express a need to go to the bathroom. Boswell & Gray (2012) in
TEACCH indicate the importance of having a communication system for children with ASD
to initiate the toilet sequences, such as signaling that he needs to go to the bathroom; and
have a back up plan in place when in a unfamiliar environment. Such plan may include an
evaluation of the environmental contexts and incorporating “teachable moments" to teach
the child how to use systematic communication tools, such as objects, pictures, or words to
communicate in other settings.

• Tasks in bathroom include: obtaining and using supplies, clothing management – undress‐
ing and dressing, maintaining toileting position, transferring to & from toileting position,
cleaning body & maintaining posture & balance during cleaning, caring for menstrual needs
(Christiansen & Matuska, 2004).

• Teaching and practicing toilet hygiene: children with ASD who also exhibit tactile sensitivity
may avoid hand-over-hand assistance to turn the water on and off at the sink during hand-
washing (Kern, Wakeford & Aldridge, 2007; Dunn, 1997). With compromised motor
planning and eye-hand coordination, the movement of turning on and off of light and water,
or holding on the handle to flush toilet would be daunting for the children with ASD.

• Change in routines associated with toileting: taking away diapers, wearing underpants.

• Caregiving: there are certain caregiving stresses associated with toileting (Dalrymple &
Ruble, 1992). When a child is toilet trained, financial and time benefits arise, such as money
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savings of diapers and wipes; available time from assisting toileting for caregivers to engage
in other daily tasks (Lee, 2010).

The next paragraph implements, via case studies, the aforementioned task analysis involved
in toilet training, including the motor skills and cgnitive domain. Case studies of two children
who are siblings illustrate the success of toilet training in one child and a lack of independent
toileting in another child; therefore, provide insight into factors that could hinder success.

10. Case studies utilizing the training protocol

The procedure is adapted from Azrin and Foxx (1971) and was carried out in the children’s
home during the evening 4 hours before bedtime. The participants’ parents were interviewed
prior to baseline collection and the habit journal was constructed based on the interview. In ad‐
dition, the researcher compiled a journal recording the number and time of voids after meal-
time and at each hour noting the baseline voiding pattern. The data was collected across two
children, who are siblings, given the pseudo-name of Jim (10 year old male with a diagnosis of
autism) and Bob (5 year old male also with autism) for anonymity. A schedule of reinforcers
were noted and used for the protocol (see Table 1). Baseline data includes the frequency of voids
per trip to the toilet. Both children were able to void, on occasion, upon verbal prompting but
self-initiation was lacking. After baseline was taken, the toilet training program commenced.
Unfortunately the training was not as intensive as would have been the ideal scenario. The
training program was limited logistically by the children’s schedule and school commitment,
resulting in the time allocated for the toilet training programme to be 3 hours per evening for
twice a week. After 4 weeks at this level of contact time, voiding was 100% for both children (Fig‐
ures 1 and 2). Follow up after the intervention was maintained at 100%. However, self-initiation
was only observed in Bob but not in Jim. While both children have autism, Bob’s level of com‐
munication was superior to Jim in that Bob could independently express approximately 15
words. On the other hand, Jim was non-verbal and demonstrated less cognitive skills and recep‐
tive communication.

The protocol consists of first familiarizing the children to the toilet routine. Children were
shown videos, pictures, songs of all aspects associated with toileting. After the multi-media ex‐
posure, children were encouraged to visit the bathroom, play with flushing the toilet, turn on
and off the faucet, wash their hands with soap, dry with a towel and play with the toilet paper.
The aim of the first stage is to allow the children to enjoy going to the bathroom. Stage 2 of the
protocol is the child entering the bathroom in the presence of reinforcers so that the bathroom is
viewed as a friendly place. Children sat on the toilet for 5 minutes with their favourite toy and
activity. The time is increased to 10 minutes when children showed enthusiasm for the toilet sit‐
ting routine. When successful, implementation of the scheduled sitting begins. The routine of 15
minutes on the toilet followed by 15 minutes of break away from the toilet and bathroom was
performed. To provide maximum opprtunity for voiding, children were given drinks every 15
minutes. In scheduled toilet sitting, the children were taught to undress by themselves from the
waist down and continuously sit on the toilet without reinforcer. As they void, they were prais‐

The Sensory Experience of Toilet Training and Its Implications for Autism Intervention
http://dx.doi.org/10.5772/54947

113



ed and reinforced with their favourite toy. As the percentage of voids increases, the children
were given breaks even before the 15 minute-sitting time were up to instill the notion that once
voiding has completed, it is time to leave the bathroom. Upon independent void, children were
immediately rewarded with fun and interesting activities in another room.

• Stage 1: Introduction to toilet through multi-media education, such as Elmo potty video, toilet training songs, Elmo

coloring book, toilet training stories

• Stage 2: 5 minutes on the toilet engaged in favourite activity, such as watching DVD, playing Lego®, or favourite toys

• Stage 3: Extend to 10 minutes on the toilet engaged in favourite activity

• Stage 4: 15 minutes uninterrupted toilet sitting while engaged in favourite activity

• Stage 5: Hydrate with water every 15 minutes followed by routine 15 minutes toilet sitting

• Stage 6: Toilet sitting for 15 minutes duration, without favourite activity, intervened with 15 minutes break. This is

the scheduled 15 minutes on toilet and 15 minutes off toilet

• Stage 7: Toilet sitting for 15 minutes noting successful voids and reinforcing with praise and 2 minutes of favourite

activity as reinforcer and a break

• Stage 8: When voiding is independent and successful, breaks are introduced into the 15 minutes toilet sitting and 15

minutes break routine extending the time of break

Table 1. Protocol for Voiding

Jim and Bob differed in their outcomes in toilet training. While both children could complete
the steps associated with toileting as shown in Figures 3a and 4a, only Bob could initiate the
process independently and did not need to wear a diaper following intervention since Bob
could initiate independently (see Figure 4b). The other child, Jim, could only void when
prompted and failed to achieve the independence (Figure 3b) necessary in order for him to
graduate from the diaper. A sensory profile analysis (elaborated in succeeding paragraphs)
using the Sensory Profile and the Sensory Processing Measure (SPM) illustrated the difference
in sensory processing between Bob and Jim. Bob, not only has better cognitive ability but also
has better sensory processing which may contribute to a more intact neural circuit between
the higher brain centers with the lower bladder-lumbro-sacral and spinal region. It is likely
that an intact circuit predicts better outcomes in toilet training. Nevertheless, further sensory
and cognitive training for Jim could help him eventually develop independence.

11. Evaluation Results and Summary Interpretation of Sensory Processing
for the Case Studies

11.1. Sensory profile1

The Sensory Profile Caregiver Questionnaire (SP; Dunn, 1999) is a widely used pediatric
assessment that provides a standard method for professionals and caregivers to measure

1 Dunn, W. (1999).Sensory Profile user’s manual.San Antonio, TX:Psychological Corporation.
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children’s (from 3-10 years of age) responses to sensory events in everyday experiences.
Caregivers complete the questionnaire by reporting how frequently their children respond in
the way described by each item, using a 5-point Likert scale (nearly never, seldom, occasion‐
ally, frequently, almost always). There are 125 items included in the profile2, which are: (1)
sensory processing, (2) modulation, and (3) behavioral & emotional responses. The sensory

2 Cut off scores were determined by preparing a cumulative frequency distribution with the national research sample of
children without disabilities (n = 1,037) (Dunn & Westman, 1997) and computing the raw scored cut scores for -1 SD and
-2 SD. This was done for the SSP total score and for each section. Refer to the Summary section for representation of the
raw scores for 1 SD and 2 SD below the mean.
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Figure 3. Percentage of successful voids (3a) and percentage successful void upon self-initiation 
(3b) for Jim. 
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ed and reinforced with their favourite toy. As the percentage of voids increases, the children
were given breaks even before the 15 minute-sitting time were up to instill the notion that once
voiding has completed, it is time to leave the bathroom. Upon independent void, children were
immediately rewarded with fun and interesting activities in another room.

• Stage 1: Introduction to toilet through multi-media education, such as Elmo potty video, toilet training songs, Elmo

coloring book, toilet training stories

• Stage 2: 5 minutes on the toilet engaged in favourite activity, such as watching DVD, playing Lego®, or favourite toys

• Stage 3: Extend to 10 minutes on the toilet engaged in favourite activity

• Stage 4: 15 minutes uninterrupted toilet sitting while engaged in favourite activity

• Stage 5: Hydrate with water every 15 minutes followed by routine 15 minutes toilet sitting

• Stage 6: Toilet sitting for 15 minutes duration, without favourite activity, intervened with 15 minutes break. This is

the scheduled 15 minutes on toilet and 15 minutes off toilet

• Stage 7: Toilet sitting for 15 minutes noting successful voids and reinforcing with praise and 2 minutes of favourite

activity as reinforcer and a break

• Stage 8: When voiding is independent and successful, breaks are introduced into the 15 minutes toilet sitting and 15

minutes break routine extending the time of break

Table 1. Protocol for Voiding

Jim and Bob differed in their outcomes in toilet training. While both children could complete
the steps associated with toileting as shown in Figures 3a and 4a, only Bob could initiate the
process independently and did not need to wear a diaper following intervention since Bob
could initiate independently (see Figure 4b). The other child, Jim, could only void when
prompted and failed to achieve the independence (Figure 3b) necessary in order for him to
graduate from the diaper. A sensory profile analysis (elaborated in succeeding paragraphs)
using the Sensory Profile and the Sensory Processing Measure (SPM) illustrated the difference
in sensory processing between Bob and Jim. Bob, not only has better cognitive ability but also
has better sensory processing which may contribute to a more intact neural circuit between
the higher brain centers with the lower bladder-lumbro-sacral and spinal region. It is likely
that an intact circuit predicts better outcomes in toilet training. Nevertheless, further sensory
and cognitive training for Jim could help him eventually develop independence.

11. Evaluation Results and Summary Interpretation of Sensory Processing
for the Case Studies

11.1. Sensory profile1

The Sensory Profile Caregiver Questionnaire (SP; Dunn, 1999) is a widely used pediatric
assessment that provides a standard method for professionals and caregivers to measure

1 Dunn, W. (1999).Sensory Profile user’s manual.San Antonio, TX:Psychological Corporation.
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children’s (from 3-10 years of age) responses to sensory events in everyday experiences.
Caregivers complete the questionnaire by reporting how frequently their children respond in
the way described by each item, using a 5-point Likert scale (nearly never, seldom, occasion‐
ally, frequently, almost always). There are 125 items included in the profile2, which are: (1)
sensory processing, (2) modulation, and (3) behavioral & emotional responses. The sensory

2 Cut off scores were determined by preparing a cumulative frequency distribution with the national research sample of
children without disabilities (n = 1,037) (Dunn & Westman, 1997) and computing the raw scored cut scores for -1 SD and
-2 SD. This was done for the SSP total score and for each section. Refer to the Summary section for representation of the
raw scores for 1 SD and 2 SD below the mean.
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processing section includes six sensory systems (e.g., auditory, visual, vestibular, tactile, oral).
The modulation section contains five item categories that measure children’s ability to regulate
sensory inputs in order to produce an appropriate response to the context (Dunn, 1997). The
summary scores are then classified as Typical Performance3, Probable Difference4, or Definite
Difference5 in each sensory processing system. The Sensory Profile was given to Jim and Bob's

3 Typical Performance is scores at or above the -1 SD point. This classification system is a statistical proportion usually
represents about 84% of the norm. Section raw score totals that fall within this range indicate typical sensory processing
abilities. This range indicates that the child performed no different than the 84% of the research sample of childrenwithout
disabilities (n = 1,037).
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Figure 4. Percentage of successful voids (4a) and percentage successful void upon self-initiation (4b) for Bob.
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caregiver to reveal the possible contribution of his sensory processing patterns to daily
performance and/or functional challenges. The following paragraphs summarize Jim and
Bob’s performance from the Sensory Profile.

11.2. Jim’s section & factor summaries

Jim has Probable Difference scores in the following areas:

• Modulation Difficulty in Visual Processing: occasionally prefers to be in the dark; has
difficulty putting puzzles together (as compared to same age children); has a hard time
finding objects in competing backgrounds (for example, shoes in a messy room, favorite toy
in the junk drawer); occasionally looks carefully or intensely at objects/people (such as
stares); has trouble staying between the lines when coloring or when writing.

• Modulation Difficulty in Touch Processing: doesn’t seem to notice when face or hands are
messy (low registration); has difficulty standing in line or close to other people (tactile
sensitivity); expresses discomfort at dental work or tooth brushing (for example, cries or
fights); avoids getting messy (such as in paste, sand, finger paint, glue, tape).

• Multisensory Processing: has difficulty paying attention; walks on toes.

• Modulation Related to Body Position and Movement: fears falling or heights; seems accident-
prone; hesitates going up or down curbs or steps (for example, in cautious, stops before
moving).

• Modulation of Movement Affecting Activity Level: Low Endurance/Tone; spends most of the
day in sedentary play (for example, does quiet things); becomes overly excited during
movement activity.

• Modulation of Visual Input Affecting Emotional Responses & Activity Level: avoids eye contact;
watches everyone when they move around the room; doesn’t notice when people come into
the room.

• Emotional/Social Responses: has trouble “growing up” (for example, reacts immaturely to
situations); has definite fears; has difficulty making friends (for example, does not interact
or participate in group play); doesn’t have a sense of humor.

• Sensory Seeking: enjoys strange noises/seeks to make noise for noise’s sake; seeks out all
kinds of movement activities.

Jim has Definite Difference scores in the following areas:

4 Probable Difference is scores at or above the -2 SD point below the mean, but lower than -1 SD point below the mean.
This classification system is a statistical proportion usually represents about 14% of the norm. Section raw score totals
that fall within this range indicate questionable areas of sensory processing abilities. This range indicates that the child’s
performance was between the 2nd and 16th percentile, representing 14% of the sample population.
5 Definite Difference is scores below the -2 SD point below the mean. This classification system is a statistical proportion
usually represents about 2% of the sample population. Section raw score totals that fall within this range indicate sensory
processing difficulties. This range indicates that the child is performing like a child in the lowest 2% of the sample, when
compared to the research sample of 1,037 children without disabilities.
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Figure 4. Percentage of successful voids (4a) and percentage successful void upon self-initiation (4b) for Bob.
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caregiver to reveal the possible contribution of his sensory processing patterns to daily
performance and/or functional challenges. The following paragraphs summarize Jim and
Bob’s performance from the Sensory Profile.
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• Auditory Hypersensitivity: responses negatively to unexpected or loud noises (for example,
cries or hides at noise from vacuum cleaner, dog barking, hair dryer); has trouble completing
tasks when the radio is on.

• Seeking Vestibular Inputs: seeks all kinds of movement and this interferes with daily routines
(for example, cannot sit still, fidgets); occasionally rocks in desk/chair/on floor.

• Oral Motor Hypersensitivity and Dyspraxia: avoids certain tastes or food smells that are
typically part of children’s diets; will only eat certain tastes (such as rice, fish & chicken);
picky eater, especially regarding food textures.

• Modulation Related to Endurance/Tone: cannot lift heavy objects; shows poor endurance &
tires easily.

• Modulation of Sensory Inputs Affecting Emotional/Social Responses and Daily Performance:
such as Poor Registration and Oral Sensory Sensitivity; does perceive body language or facial
expressions (for example, unable to interpret).

• Behavioral Outcomes due to Challenges in Sensory Processing: such as Emotionally
Reactive and Inattention/Distractibility

11.3. Bob’s section & factor summaries

Bob has Probable Difference scores in the following areas:

• Sensory Seeking in Visual Processing: seeks all kinds of movement and this interferes with
daily routines (for example, can’t sit still, fidgets, being whirled by adult, merry-go-rounds,
playground equipment, moving toys, etc.).

• Oral Motor Hypersensitivity and Dyspraxia: gags easily with food textures or food utensils in
mouth; avoids certain tastes or food smells that are typically part of children’s diets; will
only eat certain tastes (such as rice, fish, chicken & noodle); picky eater, especially regarding
food textures.

• Modulation Related to Body Position and Movement: seems accident-prone; hesitates going
up or down curbs or steps (for example, in cautious, stops before moving); fears falling or
heights; takes movement or climbing risks during play that compromise personal safety.

• Sensory Seeking: enjoys strange noises/seeks to make noise for noise’s sake; seeks out all
kinds of movement activities; becomes overly excited during movement activity; “on the
go”.

Bob has Definite Difference scores in the following areas:

• Modulation of Auditory Processing: holds hands over ears to protect ears from sound;
responses negatively to unexpected or loud noises (for example, cries or hides at noise from
vacuum cleaner, dog barking, hair dryer); has trouble completing tasks when the radio is
on; appears to not hear what you say (for example, does not “tune-in” to what you say,
appears to ignore you).
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• Multisensory Processing: has difficulty paying attention; looks away from tasks to notice all
actions in the room.

• Modulation of Movement Affecting Activity Level: spends most of the day in sedentary play
(for example, does quiet things); becomes overly excited during movement activity;
frequently “on the go”.

• Modulation of Sensory Inputs Affecting Emotional/Social Responses and Daily Performance:
express discomfort at dental work or tooth brushing; don’t seem to notice when face or
hands are messy; has difficulty making friends (for example, does not interact or participate
in group play); talks self through tasks; has trouble staying between the lines when coloring
or when writing; has difficulty tolerating changes in routines.

• Inattention/Distractibility: contributed by poor modulation of Auditory Processing

• Low Registration: high pain tolerance; lack of temperature awareness; don’t seem to notice
when face or hands are messy.

12. Sensory profile results

In comparison of Jim & Bob’s Sensory Profile results, Jim demonstrated multifaceted sensory
processing and modulation difficulties in several areas, including: Low Endurance/Tone, Oral
Sensory Sensitivity, Fine Motor/Perceptual Skills, Visual Processing, Vestibular Processing, and
Modulation of Visual Input Affecting Emotional Responses and Activity Level. Despite showing a
more organized sensory processing profile, Bob displays problems in Modulation of Movement
Affecting Activity Level and Emotional/Social Responses. Through sensory motor activities, he
demonstrates ideational dyspraxia and problems with motor planning, which are validated
through his Sensory Profile by engaging in sedentary play. In comparison to Jim, who displays
complex multi-sensory processing deficits, including somatodyspraxia, tactile, vestibular &
proprioceptive among other sensorimotor deficits. This may help explaining Jim’s higher level
of difficulties with activities of daily living (ADLs), including toileting.

13. Sensory Processing Measure (SPM)6

The Sensory Processing Measure (SPM) is an integrated system of rating scales that is used to
assess children's response to sensory stimuli in various environments. The SPM consists of
three forms: the Home Form, the Main Classroom Form, and the School Environments Form.
The SPM is based on sensory integration theory (Ayres, 19727, 19798, 20059), which proposes
that the integration and regulation of everyday sensory experiences is critical neurobehavioral

6 Parham, L. D., Ecker, C., Miller Kuhaneck, H., Henry, D. A., & Glennon, T. J. (2007). Sensory Processing Measure (SPM):
Manual. Los Angeles, CA: Western Psychological Services.
7Ayres, A. J. (1972). Sensory integration and learning disorders. Los Angeles, CA: Western Psychological Services.
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go”.
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responses negatively to unexpected or loud noises (for example, cries or hides at noise from
vacuum cleaner, dog barking, hair dryer); has trouble completing tasks when the radio is
on; appears to not hear what you say (for example, does not “tune-in” to what you say,
appears to ignore you).
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• Multisensory Processing: has difficulty paying attention; looks away from tasks to notice all
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• Modulation of Movement Affecting Activity Level: spends most of the day in sedentary play
(for example, does quiet things); becomes overly excited during movement activity;
frequently “on the go”.

• Modulation of Sensory Inputs Affecting Emotional/Social Responses and Daily Performance:
express discomfort at dental work or tooth brushing; don’t seem to notice when face or
hands are messy; has difficulty making friends (for example, does not interact or participate
in group play); talks self through tasks; has trouble staying between the lines when coloring
or when writing; has difficulty tolerating changes in routines.

• Inattention/Distractibility: contributed by poor modulation of Auditory Processing

• Low Registration: high pain tolerance; lack of temperature awareness; don’t seem to notice
when face or hands are messy.

12. Sensory profile results

In comparison of Jim & Bob’s Sensory Profile results, Jim demonstrated multifaceted sensory
processing and modulation difficulties in several areas, including: Low Endurance/Tone, Oral
Sensory Sensitivity, Fine Motor/Perceptual Skills, Visual Processing, Vestibular Processing, and
Modulation of Visual Input Affecting Emotional Responses and Activity Level. Despite showing a
more organized sensory processing profile, Bob displays problems in Modulation of Movement
Affecting Activity Level and Emotional/Social Responses. Through sensory motor activities, he
demonstrates ideational dyspraxia and problems with motor planning, which are validated
through his Sensory Profile by engaging in sedentary play. In comparison to Jim, who displays
complex multi-sensory processing deficits, including somatodyspraxia, tactile, vestibular &
proprioceptive among other sensorimotor deficits. This may help explaining Jim’s higher level
of difficulties with activities of daily living (ADLs), including toileting.

13. Sensory Processing Measure (SPM)6

The Sensory Processing Measure (SPM) is an integrated system of rating scales that is used to
assess children's response to sensory stimuli in various environments. The SPM consists of
three forms: the Home Form, the Main Classroom Form, and the School Environments Form.
The SPM is based on sensory integration theory (Ayres, 19727, 19798, 20059), which proposes
that the integration and regulation of everyday sensory experiences is critical neurobehavioral

6 Parham, L. D., Ecker, C., Miller Kuhaneck, H., Henry, D. A., & Glennon, T. J. (2007). Sensory Processing Measure (SPM):
Manual. Los Angeles, CA: Western Psychological Services.
7Ayres, A. J. (1972). Sensory integration and learning disorders. Los Angeles, CA: Western Psychological Services.
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8Ayres, A. J. (1979). Sensory integration and the child. Los Angeles, CA: Western Psychological Services.

Factor Summary

Category Raw Score - Jim Raw Score - Bob

Sensory Seeking 61/85* 58/85*

Emotional Reactive 46/80** 34/80**

Low Endurance/Tone 37/45* 44/45

Oral Sensory Sensitivity 24/45** 32/45*

Inattention/Distractibility 16/35** 15/35**

Poor Registration 24/40** 27/40**

Sensory Sensitivity 15/20* 16/20

Sedentary 10/20* 8/20**

Fine Motor/Perceptual 8/15* 12/15

Section Summary

Sensory Processing

Category Raw Score - Jim Raw Score - Bob

Auditory Processing 19/40** 16/40**

Visual Processing 30/45* 35/45

Vestibular Processing 43/55** 47/55*

Touch Processing 73/90 75/90

Multisensory Processing 24/35* 22/35**

Oral Sensory Processing 34/60** 41/60*

Modulation

Category Raw Score - Jim Raw Score - Bob

Sensory Processing Related to Endurance/Tone 32/45** 44/45

Modulation Related to Body Positioning Movement 40/50* 40/50*

Modulation of Movement Affecting Activity Level 19/35* 14/35**

Modulation of Sensory Input Affecting Emotional Responses 10/20** 11/20**

Modulation of Visual Input Affecting Emotional Responses

and Activity Level

13/20* 16/20

Behavior and Emotional Responses

Category Raw Score - Jim Raw Score - Bob

Emotional/Social Responses 55/85* 43/85**

Behavioral Outcomes of Sensory Processing 15/30** 15/30**

Items Indicating Thresholds for Response 13/15 13/15

No indication: Typical Performance

* Indicates Probable Difference

** Indicates Definite Difference

Table 2. Comparison of Jim & Bob’s Sensory Profile results (comparing to children aged 3-10 years old):
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process that affects development and function. Reponses of "never", "occasionally", "frequent‐
ly", or "always" are given in answer to questions regarding areas of Social Participation, Vision,
Hearing, Touch, Taste & Smell, Body Awareness, Balance & Motion, and Planning & Ideas. Results
are converted to T scores, and compared to responses of typically developing children aged 3
to 12 years old. Scores are interpreted within ranges described as "typical" (within normal
limits), "some problems" (*T score of 60-69), and "definite dysfunction" (**T score of 70-80). In
addition to the Sensory Profile, Jim and Bob’s caregiver also completed Sensory Processing
Measure (SPM) – Home Form10. This assessment is similar to the Sensory Profile, with
additional information on Social Participation and Praxis (the ability to plan and organize
movement).

Results of the SPM (Table 3) indicate Jim is experiencing definite dysfunction in the areas of
Hearing, Motor Planning, and Social Participation. Some sensory problems are also indicated,
including: Vision, Touch, Body Awareness, and Balance & Motion. Bob’s SPM results show fewer
deficits in multi-sensory processing, with definite dysfunction in Motor Planning & Ideas. Some
sensory problems are indicated, including: Vision, Hearing, Touch, Motor Planning, and Social
Participation. In comparison of Jim & Bob’s Sensory Processing Measure results, Jim demon‐
strates more sensory deficits in multiple categories, especially in the areas of Social Participation,
Hearing, and Body Awareness.

Raw Score T-Score Percentile

Area of Assessment Jim Bob Jim Bob Jim Bob

Social Participation 38 25 80** 65* "/>99 93

Vision 23 21 69* 68* 97 96

Hearing 20 18 71** 69* 98 97

Touch 17 21 61* 66* 86 95

Body Awareness 17 14 61* 57 86 76

Balance & Motion 19 20 64* 65* 92 93

Planning/Ideas 35 25 80** 70** "/>99 97.5

Total 104 103 67* 67* 95.5 95.5

T-Score of 40-59 indicates "typical performance"

*T-Score of 60-69 indicates "some problems"

**T-Score of 70-80 indicates "definite dysfunction"

Table 3. Comparison of Jim & Bob's Sensory Processing Measure (SPM): Home Report Results

9Ayres, A. J. (2005). Sensory integration and the child, 25th anniversary edition. Los Angeles, CA: Western Psychological
Services.
10Parham, L. D., & Ecker, C. (2007). Sensory Processing Measure (SPM) Home Form. Los Angeles, CA: Western
Psychological Services.
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Figure 5. A summary T-Scores of Sensory Processing Measure (SPM) for Jim and Bob. Sensory processing areas are rep‐
resented on the x-axis and T-Scores are indicated on the y-axis. The darkest shaded zone for the T-Scores between 70
and 80 represent definite dysfunction. Correspondingly, the lighter shaded zone between T-Scores of 60 and 70 indi‐
cate some problems. Note that although the total T-Scores for Jim and Bob is the same and fell under ”some prob‐
lems”, Jim has a more complex sensory processing profile and somatosensory processing deficits as indicated on the
above-mentioned Sensory Profile results.

14. Summary interpretation of Jim and Bob’s sensory processing

When a child has difficulty in a particular sensory system, it means that this form of sensory
input would be confusing or upsetting to the child. As a result, the child may avoid situations
that overload him with specific types of sensory stimuli or acting inappropriately when such
stimuli are unavoidable. Problems in multisensory processing could cause a child to become
easily agitated or distracted around busy environments & while experiencing new sensations.
At times, the child may show emotional distresses and seem disorganized in their movement
patterns or social interactions. In any case, difficulty with sensory inputs can interfere with the
child’s ability to modulate emotions, behavior, and/or activity level appropriately in response
to sensory stimuli in contexts and to complete important activities successfully.

The Sensory Profile & the Sensory Processing Measure scores reveal Jim and Bob’s sensory
processing and modulation difficulties in multiple areas. Jim’s sensory modulation difficulties
are more profound and complex than Bob (Table 2, Table 3 and Figure 5). For example, Jim
demonstrates several sensory-based motor deficits and somatodyspraxia, including tactile
defensiveness, poor endurance, low muscle tone, and lack of body awareness. His proximal
joint instability, poor posture control & lack of trunk stability add to his uncoordinated
movements & fatigue during gross motor tasks. In order to make sense of his body positions
in space, Jim may exhibit excessive movements, grasp objects too tightly, or push too hard
when engaging with everyday objects. In comparison, Bob’s ideational dyspraxia may
contribute to his needs of repeating movement patterns to make sense of movement patterns.

Recent Advances in Autism Spectrum Disorders - Volume II122

These sensory processing deficits would affect their attention to tasks, social participation and
functional performance in daily routines, such as toileting.

Future directions

Much of the research studies on toilet training in autism has centered on operant conditioning,
especially training protocols. Toilet training develops as a result of culture and is a condition
of civilized living, but there may be reasons for examining an even earlier process. This process
speaks of the inherent biological drive which communicates between lower and higher centers
and is shaped by learning. In the population of ASD who may be cognitively impacted to a
severe degree, independence in toileting is inhibited by the lack of sensory-neural integration.
This chapter attempts to address the issue of sensory processing challenges in toilet training
for the intervention of the resistant group. Toileting is an essential daily living skill which
typically developing individuals often take for granted. It is in the lack of its skill acquisition
that profoundly impacts the children with ASD, their families, caregivers and society as a
whole.

Abbreviations

SOC = Social Participation

VIS = Vision

HEA = Hearing

TOU = Touch

BOD = Body Awareness

BAL = Balance and Motion
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Future directions

Much of the research studies on toilet training in autism has centered on operant conditioning,
especially training protocols. Toilet training develops as a result of culture and is a condition
of civilized living, but there may be reasons for examining an even earlier process. This process
speaks of the inherent biological drive which communicates between lower and higher centers
and is shaped by learning. In the population of ASD who may be cognitively impacted to a
severe degree, independence in toileting is inhibited by the lack of sensory-neural integration.
This chapter attempts to address the issue of sensory processing challenges in toilet training
for the intervention of the resistant group. Toileting is an essential daily living skill which
typically developing individuals often take for granted. It is in the lack of its skill acquisition
that profoundly impacts the children with ASD, their families, caregivers and society as a
whole.
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1. Introduction

Recent years have witnessed an increasing interest in the concept of ‘recovery’ in the field of
mental health and psychiatry. Anthony (1993) described personal recovery as occurring in the
presence of ongoing symptoms but involving ‘a way of living a satisfying, hopeful and
contributing life even with limitations caused by illness’ (Anthony, 1993). Recovery from
mental illnesses has been conceptualized to involve not only remission of symptoms and
achievement of psychosocial milestones but also subjective changes in how persons appraise
their lives and the extent to which they experience themselves as meaningful agents in the
world (Jacobson & Greenley, 2001). Diverse forms of recovery are possible. In people with
optimal outcome, recovery may produce important remission and changes, including the exit
from mental health services for a long time period or, sometimes, permanently (Emsley et al,
2011). For other patients, it may mean continuing to receive medical, personal or social support,
enabling people to get on with their lives (Emsley et al, 2011). However, in all conditions, the
role played by the service in promoting, maintaining and restoring an adequate level of
recovery for each patients is pivotal.

© 2013 Boso et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Autism is a neurodevelopmental disorder characterized by qualitative impairments in social
interaction and communication skill, along with a restricted, repetitive, and stereotyped
pattern of behavior and interests (APA, 2000). The diagnosis is lifelong and can be a major
impediment to independent living. Therefore, autistic subjects need a long-term educational,
psychiatric, and – in selected cases – medical support. It has been previously demonstrated
that organized and structured forms of intervention, starting from early childhood and
developing during all the different life stages, may improve outcome and quality of life in
patients with autism (Howlin et al, 2009). It is therefore conceivable that diverse forms of
recovery (e.g. optimal level of motivation, skills, social involvement) may be possible in autism.

There are no fully developed tools with which to evaluate the recovery orientation of a service,
but the National Institute for Mental Health in England (NIMHE) has identified the Develop‐
ing Recovery Enhancing Environments Measure (DREEM) (Ridgway & Press, 2004) as the
most promising of an emerging group of recovery sensitive measures. The DREEM permits to
collect data on the subjective recovery experience, highlighting the elements that people feel
are important to their recovery. Additionally, this questionnaire rates the performance of the
mental health service on diverse activities associated with each of these elements. Data from
the DREEM may be used not only in evaluating the service but also in educating staff and
patients about the recovery, in orienting services towards recovery, in assessing specific
recovery oriented programs and supporting on-going quality improvement within the service
(Allot et al, 2006).

This study explores the use of DREEM, as a tool to evaluate the effectiveness of recovery-based
care in an Italian farm community center specifically designed for adult patients with autism
and intellectual disability.

2. Material and methods

2.1. Linguistic validation

The DREEM is a 5-point Likert-type scale that ranges from 1 (Strongly Agree) to 5 (Strongly
Disagree). Importantly, lower scores represent higher or more positive ratings and higher
scores represent lower or less positive rating. All the questions are stated positively, so no
reverse scoring is required. The linguistic validation of the Italian adaptation of the DREEM
research tool consisted of three different phases. In the first phase, a board-certified psychiatrist
(MB), native speaker of Italian, translated the original instrument into Italian. In the second
phase, the Italian version was back translated into English by a professional translator of
English background (MT). We compared the original questionnaire and the back translation
for coherence and then formulated the initial Italian version of the instrument for patient
testing. The third phase, the patient testing panel, was attended by 15 patients recruited in a
psychiatric rehabilitation centre in Pavia, Italy. The participants were native speakers of the
Italian language. The three steps resulted in the elaboration of the Italian version of the DREEM
for the subsequent routine assessment of psychiatric patients or their caregivers.
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2.2. Setting

The study was conducted in Cascina Rossago (San Ponzo Semola, Pavia, Italy). Established in
2002, this center is the first Italian farm-community specifically designed for autistic adults
(See also Box 1 for more information). The ultimate goal is to improve the growth of each
autistic subject in every area of life, using the rural, extended family community as a model.
Activities include gardening, animal care, woodworking, carpentry, housekeeping. Addition‐
ally, daily schedule presents cognitive activities, stimulating concentration, attention, behav‐
ioral control and creative and expressive laboratories, such as music, painting, ceramics.
Several sports are performed outside the farm, such as trekking, basket and sailboating. Other
form of integration are represented by shopping locally, eating in local restaurants, selling the
products of the farm during local festivals. Staff training, supervisions, didactics, meetings are
strictly planned within and outside the farm with the special aim to update knowledge and to
help care providers in understanding the features of autism and the treatment issues unique
to this population. Medical and psychiatric care is assured by the daily presence of a psychia‐
trist with expertise in the field; this figure supervises activities, programs and staff perform‐
ance within the farm.

2.3. Participants

The mothers of adult nonverbal subjects with severe autism were invited to take part in the
project. The information about the project was given to 24 families at regular parent-caregiver
meetings by one of the authors (SU). All patients with autism were recruited from a single
farm community center specifically designed for individuals with autism (Cascina Rossago,
San Ponzo Semola, Pavia, Italy). The diagnosis in each patient was made on the basis of the
Autism Diagnostic Interview-Revised (ADI-R), Italian version (Lord et al, 2003). ADI-R is
based on three separate scores. ADI-R domain score A quantifies impairment in social
interaction (score range: 0–32), domain score BNV quantifies impairment in nonverbal
communication (score range: 0–26), and domain score C quantifies restricted, repetitive, and
stereotyped patterns of behavior and interests (score range: 0–16). Higher scores on each
indicate worse condition. The cut-off scores of domain score A, domain score BNV, and domain
score C are 10, 8, and 3, respectively. A DSM-IV diagnosis of ASD was made for all subjects.
All subjects enrolled in the study had a Childhood Autism Rating Scale score > 40. All patients
were assessed with Raven's Progressive Matrices, a measure of nonverbal IQ (Raven, 2000).
Because of the severity and nonverbality of our patients, the Wechsler Intelligence Scale could
not be used. The mothers were required to fill two specific sections (3 and 4) of the DREEM
tool in a home-based fashion at two different time points (January 2009 and January 2010).
Informed consent was obtained from each mother before examination.

2.4. Statistics

Descriptive statistics, including means and standard deviations were computed for each item
of the DREEM. A paired t-test was computed to test the hypothesis that DREEM scores for
each item could differ between the two different time points. Statistical significance was set at
p < 0.05 in all the analyses for which the statistical software SPSS 17.0 version was used.
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for the subsequent routine assessment of psychiatric patients or their caregivers.
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3. Results

Of the 24 mothers, 17 attended both interviews. Total mean scores in the section Organizational
Climate were 1,5 in 2009 and 1,47 in 2010. Total mean scores in the section Recovery Markers
were 1,6 both in 2009 and after one year. Statistical analysis indicated no difference for each
item between the two different time points.

As depicted in Figure 1 and 2, in both sections and both administrations scores of all items
were lower than two.

Organizational Climate 2009

2010

Figure 1. Column graph representing the Organizational Climate in Cascina Rossago

Figure 2. Column graph representing the Recovery Markers in Cascina Rossago
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In the section Organizational Climate,  the best results,  i.e.  a score lower or equal to 1.5,
are showed in both administrations in the following items: “learning and growth”, “hopeful
environment”, “encouraging service”, “friendly service”, “respect and esteem”, ”safety and
attractive service”, “welcoming staff” (Fig. 1). The item with a score equal or lower than
1.5  in  the  first  administration but  not  in  the  second were  “relationship”  and “feedback
relevance”,  whereas  the  “creativity  of  the  service”  reaches  the  best  score  in  the  second
administration (Fig. 1).

In the section Recovery Markers,  the best  results,  i.e.  a  score lower or  equal  to  1.5,  are
showed in both administrations in the following items: “safety of the environment”, “trust”,
“distress  control”,  “quality  of  life”,  “personal  growth”,  “feeling active”,  “service  useful‐
ness” (Fig. 2). The item with a score equal or lower than 1.5 in the first administration but
not in the second were “mutual relationship”, “learning”, “personal strengths and talents”,
whereas “physical health” and “hopefulness about the future” reach the best score in the
second administration.

4. Discussion

Our study demonstrates that the section Organizational Climate and Recovery Markers of the
DREEM may be useful to evaluate the recovery status in individuals with autism and severe
intellectual disability. In fact, the 71% of the mother involved in this study attended both
interviews, showing interest in this topic.

The two investigated sections show very good scores at both time points. Particularly, all items
had always a score lower than two. Additionally, the absence of difference for each item
between the two different time points suggests that a plateau has been reached in our study
group.

This results highlight that the farm community is a rehabilitation model promoting the
recovery process in autism. The results of both sections reveal that the investigated service is
friendly, encouraging, safe and attractive. It favors learning and growth, respect and esteem
and is targeted on improving the quality of life of the residents.

This rehabilitation approach, favoring communication, autonomy within a safe and structured
framework, seems to be valid in contrasting the core dysfunctions of autism, favoring the
growing of each autistic subject in every area of life.

As demonstrated in this work, if the framework is adequate, organized and targeted on patient
needs, hopeful and stimulating life is possible also in the severe forms of social and cognitive
impairment.

Box 1. General principles of intervention in Cascina Rossago

Constancy and stability are fundamental in planning and doing every activity carried out in
Cascina Rossago. Beside these, a constant attention for the core elements of autism is always

The Recovery Orientation of a Farm Community for Severe Autism–Data from the DREEM–IT...
http://dx.doi.org/10.5772/55007

133



3. Results

Of the 24 mothers, 17 attended both interviews. Total mean scores in the section Organizational
Climate were 1,5 in 2009 and 1,47 in 2010. Total mean scores in the section Recovery Markers
were 1,6 both in 2009 and after one year. Statistical analysis indicated no difference for each
item between the two different time points.

As depicted in Figure 1 and 2, in both sections and both administrations scores of all items
were lower than two.

Organizational Climate 2009

2010

Figure 1. Column graph representing the Organizational Climate in Cascina Rossago

Figure 2. Column graph representing the Recovery Markers in Cascina Rossago

Recent Advances in Autism Spectrum Disorders - Volume II132

In the section Organizational Climate,  the best results,  i.e.  a score lower or equal to 1.5,
are showed in both administrations in the following items: “learning and growth”, “hopeful
environment”, “encouraging service”, “friendly service”, “respect and esteem”, ”safety and
attractive service”, “welcoming staff” (Fig. 1). The item with a score equal or lower than
1.5  in  the  first  administration but  not  in  the  second were  “relationship”  and “feedback
relevance”,  whereas  the  “creativity  of  the  service”  reaches  the  best  score  in  the  second
administration (Fig. 1).

In the section Recovery Markers,  the best  results,  i.e.  a  score lower or  equal  to  1.5,  are
showed in both administrations in the following items: “safety of the environment”, “trust”,
“distress  control”,  “quality  of  life”,  “personal  growth”,  “feeling active”,  “service  useful‐
ness” (Fig. 2). The item with a score equal or lower than 1.5 in the first administration but
not in the second were “mutual relationship”, “learning”, “personal strengths and talents”,
whereas “physical health” and “hopefulness about the future” reach the best score in the
second administration.

4. Discussion

Our study demonstrates that the section Organizational Climate and Recovery Markers of the
DREEM may be useful to evaluate the recovery status in individuals with autism and severe
intellectual disability. In fact, the 71% of the mother involved in this study attended both
interviews, showing interest in this topic.

The two investigated sections show very good scores at both time points. Particularly, all items
had always a score lower than two. Additionally, the absence of difference for each item
between the two different time points suggests that a plateau has been reached in our study
group.

This results highlight that the farm community is a rehabilitation model promoting the
recovery process in autism. The results of both sections reveal that the investigated service is
friendly, encouraging, safe and attractive. It favors learning and growth, respect and esteem
and is targeted on improving the quality of life of the residents.

This rehabilitation approach, favoring communication, autonomy within a safe and structured
framework, seems to be valid in contrasting the core dysfunctions of autism, favoring the
growing of each autistic subject in every area of life.

As demonstrated in this work, if the framework is adequate, organized and targeted on patient
needs, hopeful and stimulating life is possible also in the severe forms of social and cognitive
impairment.

Box 1. General principles of intervention in Cascina Rossago

Constancy and stability are fundamental in planning and doing every activity carried out in
Cascina Rossago. Beside these, a constant attention for the core elements of autism is always

The Recovery Orientation of a Farm Community for Severe Autism–Data from the DREEM–IT...
http://dx.doi.org/10.5772/55007

133



required, accompanied by a firm organization and permanent education of the staff. Addi‐
tionally, within the farm it is fundamental to do “real” work, aimed at specific and clear targets.

The rehabilitative approach of Cascina Rossago is based on four essential keywords:

• Ecological approach

• Subjectivity

• Shared problem solving

• Imitation

The ecological approach represents a constant connection between techniques, existential plan,
care, organization of the life framework.

A rehabilitative approach targeted on subjectivity implements communication, expression and
the ability of making choices, proposing activities fitted on individual motivation and aptitude.

The shared problem solving is probably the pivotal characteristic of Cascina Rossago. It is
grounded on Meltzoff’s theory “from shared actions to shared minds” (1993), applied to the
specific case of subjects with severe social deficit. In an ecological and structured framework,
where the relationship is assured by the constant presence of an expert care provider, the
autistic subject may be more easily involved in social interaction. Patients and care-providers,
together engaged in the activities, share actions, feelings, thoughts and emotions. In this rich
context, autistic subjects, overcoming their social difficulties, may more spontaneously detect
the “what“ and “why” of human intentions.

The last keyword is imitation, necessary to the process of sharing actions and minds, as
highlighted by Meltzoff (1993). In the last ten years, diverse theories have postulated an
imitation deficit in autism associated with the presence of broken mirror neurons (Williams
et  al,  2001;  Iacoboni & Dapretto,  2006).  However,  more recently,  diverse Authors exam‐
ined  the  broken  mirror  theory  of  autism concluding  that  the  functioning  of  the  mirror
neuron system might be preserved in individuals  with ASD to a  certain degree (South‐
gate & Hamilton, 2008; Fan et al, 2010). They highlighted the necessity to study the mirror
system within the larger context of the complex circuitries involving imitation,  empathy
and communication (Arbib, 2007; Southgate and Hamilton, 2009). People with autism show
an enhanced automatic imitation effect (Bird et al, 2007). The fact that they can imitate but
tend not to do so without instruction suggests that their difficulties arise from problems
with knowing when and what to imitate, as a consequence of a reduced sensitivity to social
cues. In fact, they can perform a variety of imitation tasks correctly when they are explicitly
instructed to imitate (Hamilton et al, 2007).

A rehabilitation approach favoring interaction, communication, autonomy within a safe and
structured framework, such as the farm community context, may contrast the core dysfunc‐
tions of autism with positive effects the on the whole imitation system. As a consequence,
imitation is possible within the farm and may be efficaciously used to favor interaction and
communication.
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1. Introduction

Autism is one of a group of pervasive developmental disorders and is characterised by qual‐
itative impairments in communication and social interactions and by stereotyped behav‐
iours and interests. Abnormal development is present before the age of 3 years. A quarter of
affected children show developmental regression with loss of acquired skills. One third of
children with autism have epilepsy and three quarters have mental retardation. Only 15 %
of adults with autism lead independent live. Twin and family studies suggest that most cas‐
es of autism occur because of combination of genetics factors [1]. Concept of autism has been
broadened the last few years from early infantile autism to an autistic spectrum and related
communication disorders are grouped together under pervasive developmental disorders or
autistic spectrum disorders. People with an autistic disorder have severe difficulties in the
integration of perceived in social stimuli into a meaningful entity. More than two people
with autistic disorder are also mentally retarded. Autism cannot be cured but adequate in‐
tervention can significantly improve the quality of life people with this disorder [2].

The American Psychiatric Association´s last version of the Diagnostic and Statistical manual
of Mental Disorders identifies within pervasive developmental disorders five subgroups:

a. autistic disorder,

b. Rett syndrome

c. childhood disintegrative disorder

d. Asperger's disorder and

e. pervasive developmental disorder.
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1. Introduction

Autism is one of a group of pervasive developmental disorders and is characterised by qual‐
itative impairments in communication and social interactions and by stereotyped behav‐
iours and interests. Abnormal development is present before the age of 3 years. A quarter of
affected children show developmental regression with loss of acquired skills. One third of
children with autism have epilepsy and three quarters have mental retardation. Only 15 %
of adults with autism lead independent live. Twin and family studies suggest that most cas‐
es of autism occur because of combination of genetics factors [1]. Concept of autism has been
broadened the last few years from early infantile autism to an autistic spectrum and related
communication disorders are grouped together under pervasive developmental disorders or
autistic spectrum disorders. People with an autistic disorder have severe difficulties in the
integration of perceived in social stimuli into a meaningful entity. More than two people
with autistic disorder are also mentally retarded. Autism cannot be cured but adequate in‐
tervention can significantly improve the quality of life people with this disorder [2].

The American Psychiatric Association´s last version of the Diagnostic and Statistical manual
of Mental Disorders identifies within pervasive developmental disorders five subgroups:

a. autistic disorder,

b. Rett syndrome

c. childhood disintegrative disorder

d. Asperger's disorder and

e. pervasive developmental disorder.
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Prenatal exposure to infection and subsequent inflammatory responses have been implicat‐
ed in the etiology of autism and schizophrenia [3]. Children with autism are vulnerable to
anxiety. Also, higher levels of repetative behaviours were associated with more anxiety [4].
Autism is a pervasive developmental disorder characterised by impairment in social interac‐
tion and communication, with unusual behaviour [5].

From the previous 4 per 10,000 people, today’s prevalence estimates range from 0.6 to
around 1% [6].

The onset of autistic disorder is before the age of 3 years and is four to five times more fre‐
quent in boys than in girls. Girls with autism are more likely to have more severe mental
retardation. The causes of autism spectrum disorders are unknown, although genetic and
environmental influence have been implicated. There is increasing evidence that people
with autism spectrum disorder have abnormalities in the serotonergic system [7].

There are limited options for pharmacological therapeutic interventions in children with au‐
tism disorders and some studies showed that risperidone as an atypical antipsychotic may
be in effective for the treatment of people with autism and intellectual disabilities [8].

The primary models of treatment are non pharmacological interventions that include inter‐
vention models such as applied behaviour analysis and developmental and structured
teaching. The main role of pharmacological interventions is limited to treating symptoms
that may be interfering with a child´s ability to learn or function within a particular environ‐
ment [9].

The prevalence of prescription medications for children with autism is high. Survey indi‐
cates that one-half to two-thirds are prescribed at least one medication of any type and
about 45% are prescribed at least one psychotropic medication [10-11].

The most commonly prescribed psychotropic medications are antidepressants, stimulants
and antipsychotics. The reported prevalence of anticonvulsant medications is approximately
5% among children with autistic disorders and 11-13% among individuals across the life
course [12-13].

Atypical neuroleptics have been showed to be useful in the treatment of behavioral symp‐
toms in autism. Attention deficit and hyperactivity disorder medications may be affective
for countering the additional features of hyperactivity and short attention span. Antiepilep‐
tic drugs for epilepsy and bipolar disorder (Valproat etc.) and selective serotonin reuptake
inhibitors have shown promising results for depression [14].

One of the most frequently reported behavioral concerns among children with autism spec‐
trum disorder is high rates of activity and inattention, symptoms that are often associated
with attention deficit hyperactivity disorder [15]. The most studied antipshychotic drugs in‐
clude haloperidol and risperidone [8].

In low dosages, they have been shown to reduce repetitive behaviours (stereotypes) and so‐
cial withdrawal, as well as a number of related symptoms, such as a hyperactivity, aggres‐
sion, self-abuse behavior, liability of mood and irritability. All the listed symptoms have
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appeared in adult patients with schizophrenia, where also with the application of atypical
antipsychotics may affect on described clinical picture [16].

70 % of children have mild to moderate learning disability, the remaining 30 % with normal
IQ are classified as either high-functioning autism (with language difficulties) or Asperger´s
syndrome (with normal language). 1-2 % of those with autism have a normal life; 5 to 20 %
of those with autism have a borderline prognosis; but 70 % are totally dependent upon sup‐
port [17].

The both first and second-generation antipsychotics have shown safety and efficacy in short-
term and long-term studies in autism. Safety concerns associated with treatment include the
risk of drug-related dyskinesias, which is greater with the first-generation drugs (haloperi‐
dol, flufenazin), and the risk of weight gain and associated metabolic problems (increases in
glucose and lipids), which is greater with the second generation agents [18-19].

Risperidone has been shown to reduce repetitive behaviours and social withdrawal, hyper‐
activity, aggression, self-harm behaviour, temper tantrums, lability of mood and irritability
[17].

It is also has been proved helpful in treating children and adolescents with autism spectrum
disorders behavioural problems, conduct and bipolar disorder, Tourette’s syndrome and
schizophrenia [20].

Risperidone is a high potency antipsychotic with combined dopamine D2 and serotonin 5-
HT2 receptor antagonist properties, has been used to subdue aggressive or self-injurious be‐
haviours. Several reports have suggested that risperidone is effective in diminishing
aggressiveness, hyperactivity and self-injurious behaviour in children with autistic disorder.
For children with autism, lower dosages ranging from 0.5 to 4 mg per day are generally
used [21].

Treatment with atypical antipsychotic olanzapine also can be beneficial in alleviating some
behavioral symptoms (irritability, hyperactivity/noncompliance, lethargy), associated with
autism [22].

It is very important careful drug titration, usually start with half (½) or one (1) mg in the
morning, and then gradually increase the dose in order to prevent adverse effects [23].

It is important to educate parents of children about possible side effects of treatment with
antipsychotics. Most often side effects are feeling of stiffness, primarily in the neck and spi‐
nal muscles, sedation and weight gain, and in rare cases also galactorrhoea.

This approach can help parents to distinguish between symptoms of disorder and adverse
drug effects, reduce their anxiety and intimidation, and simultaneously upgrade compliance
and trust between parent and child. These medications are usually studied in adult schizo‐
phrenic patients, and there are frequent dilemmas on the use of this group of drugs in chil‐
dren. It is important to always take into account the adverse effects of this group of drugs,
time to inform parents about them and have continuous monitoring of children. We have
noticed that is often required professional assistance to parents of such children, because of
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the constant confrontation with difficulties and unpredictable course of illness and fear of
the uncertain future of their children.

2. Medical options for children and adolescents

Atypical antypsichotics

Atypical antipsychotics (AAPs) are a group of drugs originally developed to treat psychosis.
The group includes compounds brought to the market over the past 10 years as safer and
better tolerated alternatives to the existing „typical“ antipsychotics. In this group are: cloza‐
pine, risperidone, olanzapine, quetiapine, ziprasidone and aripriprazole. The target symptoms for
pharmacotherapy with AAP typically include aggression, self-injury, property destruction
or severe tantrums. Those drugs have lower risk of inducing neurological side effects such
as parkinsonism in the short-term and perhaps tardive dyskinesia in the long-term. These
newer compounds have been also reported to improve the negative symptoms of schizo‐
phrenia (abulia, avolition, flat affect) there is an interest in the notion that this may be rele‐
vant to the social withdrawal and lack of spontaneous interaction in autism. The reduced
occurence of dyskinesias and the improvement in negative symptoms of schizophrenia may
be related to the dual action of five-hydroxytryptamine (5-HT) to dopamine (DA) receptor
blockade [24]. The lower use of clozapine in autism probably reflects concerns about the risk
of blood dysplasia and seizures that are associated with the drug. Additionally, frequent
blood tests should be required to monitor for agranulocytosis, which can be challenging in
children with autism [25]. Risperidone has high affinities for DA D2-D4, 5HT2A, 5-HT2C re‐
ceptors [26].

It is an atypical antipsychotic (serotonin-dopamine antagonist: second generation antipsy‐
chotic) and also mood stabilizers. Risperidone blocks dopamine 2 receptors, reducing positive
symptoms of psychosis and stabilizing affective symptoms. They also block serotonin 2A re‐
ceptors causing enhancement of dopamine release in certain brain regions and thus reduc‐
ing motor side effects and possibly improving cognitive and affective symptoms.
Interactions at a myriad of other neurotransmitter receptors may contribute to risperidone's
efficacy. Alpha 2 antagonist properties may contribute to antidepressant actions. According
to Food and Drug Administration, risperidone is commonly prescribed for: schizophrenia
ages 13 and older, delaying relapse in schizophrenia, other psychotic disorders, acute mania,
mixed mania, autism related irritability in children ages 5 to 16, bipolar depression, behavio‐
ral disturbances in children and adolescents and disorders associated with problems with
impulse control [27]. Usual dosage range is 2 to 8 mg per day orally for acute psychosis and
bipolar disorder, but 0.5 to 2.0 mg per day orally for children and elderly. It is the most fre‐
quently used atypical antipsychotic in children and adolescents [28].

Research on risperidone shows it to be effective in treating aggressive behaviour in patient
population. Also, great improvements have been shown on the verbal communication, ap‐
perception and behavioural symptoms [29].

A large number of papers showed that risperidone is a good choice for autistic children with
the behavioral problems and irritability. Treatment with all newer antipsychotics was well
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tolerated with low rates of extrapyramid side effects and serious adverse effects. There is
evidence that autistic children and adolescents may be even more prone to weight gain with
antipsychotic treatment then patients with general psychiatric conditions. This may occur
because these individuals often have less autonomy and ability to take control of appetite,
food intake and exercise levels to prevent weight gain [30-31]. Risperidone was found to be
more effective than haloperidol in the treatment of behavioral symptoms, impulsivity, lan‐
guage skills, and impaired social relations in children with autistic disorders. Comparing
two groups children with autism, there was a greater increase of prolactin in the risperidone
group, while alanine aminotransferase had further increased in group that was treated with
haloperidol. Also sensory motor behaviours and language at the end of the study showed
that sensory motor skills and language subscales scores decreased in the group that was
treated with risperidone [32]. With use of risperidone in our Department we achieved re‐
duction of psychomotoric symptoms and reduction of hetero-aggressive and self-destructive
behaviours and also improvement in contact with his surroundings. Research on the use of
risperidone in the treatment of autistic children in Croatia is rare, given the limited use of
risperidone in children younger than 15 years, the question arises about the need to expand
the scope of application of risperidone in younger age groups (5).

Many studies show the effectiveness of haloperidol in a variety of behavioral symptoms in
autistic children. Haloperidol is conventional antipsychotic (neuroleptic, butyrophenone,
dopamine 2 antagonist) and according to Food and Drug Administration approved for:
manifestation of psychotic disorders, tics and vocal ultrances, in second-line treatment of se‐
vere behaviour problems in children of combative, explosive hyperexcitability, second-line
short-treatment of hyperactive children, treatment of schizophrenic patients who require
prolonged parenteral antipsychotic therapy, bipolar disorder, delirium, behavioral distur‐
bances in dementias. Haloperidol blocks dopamine 2 receptors, reducing positive symptoms
of psychosis and possibly combative behaviours. It blocks dopamine 2 receptors in the ni‐
grostriatal pathway, improwing tics and other symptoms in Tourette’s syndrome. There is
less evidence on the effectiveness of other typical antipsychotics. Haloperidol treatment of‐
ten causes side effects such as dystonic reactions and dyskinesis. Because of the risk of ex‐
trapyramidal symptoms, the use is limited only for refractory cases. The most often seen
side effects are: akathisia, neuroleptic-induced syndrome, parkinsonism, tardive dyskinesia,
tardive dystonia, galactorrhoea, amenorrhoea, dizziness, sedation, dry mouth, decreased
sweating, hypotension, tachycardia, hypertension, weight gain, tardive dystonia. Haloperi‐
dol is not intended for use under age 3. Initial oral dose is 0.5 mg/day; target dose 0.05-0.15
mg/kg per day for psychotic disorders and 0.05 to 0.075 mg/kg per day for nonpsychotic dis‐
orders [28]. Risperidone is from 2006. year approved by the FDA for the treatment of chil‐
dren older than 5 years. It helps in reducing the symptoms of irritability, aggression and
self-harm. The most frequent side effects are weight gain and sedation. Autism is a disorder
that lasts a lifetime. Autistic children with IQ higher than 70 and those that develope lan‐
guage communication ability to the fifth or seventh year have the best prognosis. Research
on autistic adults have shown that two-thirds of them remain seriously handicapped in
complete or partial dependence on caregivers. Only 1-2 percent of persons are capable for
independent life, including employment. Five to twenty percent of persons have nearly nor‐
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mal life. All study showed also some adverse events or adverse affects by using risperidone
such as: weight gain, somnolence, drowsiness, tremor, dyskinesia, rigidity. Also some au‐
thors reported a greater rise in prolactin levels in subjects which were treated by risperi‐
done. These results showed that also it was a greater rise in prolactin levels in subjects in the
risperidone compared with those in the placebo althought they did not report clinical events
such as gynecomastia or galactorrhoea, that could be elevated prolactin levels [33].

United Kingdom guidelines recommended maximum daily doses of between 2 and 3.5 mg
for children weighing under and over 45 kg, respectively. In practice many authorities rec‐
ommended using very small doses starting at 0.25 mg and increasing very slowly if re‐
quired.

Aripiprazole is the most recent addition to the list of available AAPs. Studies in adults with
schizophrenia have shown it to be an effective antipsychotic with a low risk of side effects
and causing reduced levels of weight gain [34]. Aripiprazole is dopamine partial agonist
(dopamine stabilizer, atypical antipsychotic, third generation antipsychotic) and commonly
prescribed for: schizophrenia ages 13 and older, maintaining stability in schizophrenia,
acute mania/mixed mania ages 10 and older, bipolar maintenance, depression, autism-relat‐
ed irritability in children ages 6 to 17, bipolar depresion, other psychotic disorders, disor‐
ders associated with problems with impulse control, behavioral disturbances in children
and adolescents. Theoretically increases dopamine output when dopamine concentrations
are low, thus improving cognitive, negative and mood symptoms. After treatment with ari‐
priprazole, children showed less irritability, hyperactivity, and stereotypes (repetitive, pur‐
poseless actions).

Notable side effects must be considered, however, such as weight gain, sedation, drooling,
and tremor (35).

By blocking alpha 1 adrenergic receptors it can cause dizziness, sedation and hypotension.
Partial agonist actions at dopamine 2 receptors can also cause nausea, occasional vomiting
and activating side effects. Mechanism of any possible weight gain is unknown; weight gain
is not common with aripriprazole and may have a different mechanism from atypical anti‐
psychotics for which weight gain is common or problematic. Usual dosage range is 15-30
mg/day, but children and patients which not acutely psychotic may need to be dosed lower
(2.5 -10 mg /day) in order to avoid akathisia and activation and for maximum tolerability.
Aripiprazole was efficacious in children and adolescents with irritability, associated with
autistic disorder and was generally safe and well tolerated. Also, it has been shown to be
efficacious and generally well tolerated in children and adolescents with schizophrenia and
bipolar mania [36-37]. Aripiprazole is approved for use in schizophrenia ages 13 and older,
manic/mixed episodes ages 10 and older and irritability associated with autism ages 6 to 17.
Clinical experience and early data suggest aripriprazole may be safe and effective for behav‐
ioral disturbances in children and adolescents, especially at lower doses. Children and ado‐
lescents using aripriprazole may need to be monitored more often than adults and may
tolerate lower doses better. Also, may be more risk of weight gain in children than in adults
[28]. Data in youth with autism and disruptive behaviour disorders, available only for some
antipsychotics, suggest greater weight gain, possibly due to less prior antipsychotic expo‐
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sure. Metabolic effects differ among second-generation antipsychotics, despite significant
weight gain with all studied agents, suggesting additional, weight-independent effects.
Pharmacological work indicates that antipsychotics polypharmacy increases the risk for obe‐
sity or any other cardiovascular, cerebrovascular or hypertensive adverse event [38].

Serotonin reuptake inhibitors (SRIs)

Repetitive behaviours are a core symptom domain in autism that has been linked to altera‐
tions in the serototonin system. While the selective serotonin-receptor inhibitor fluvoxamine
has been shown to be effective in adults with autism, as yet no published placebo controlled
trials with these agents document safety and efficacy in children with autism. Trials with
SRIs suggest benefits in adults with autism spectrum disorders. In the only double-blind
study of SRIs in adults with autism to date, McDougle et al. conducted a placebo controled
study on fluvoxamine and found that 53% patients were responders compared to placebo
group. Significant improvements in repetitive thoughts and behaviour, maldaptive behav‐
iour, aggression, social relatedness and language usage were reported. In contrast to this
adult trial of fluvoxamine, a subsequent trial in children and adolescents with autism con‐
ducted by the same group found poor response to fluvoxamine, only one of 18 responded,
while 14 had adverse effects [39]. To control the depressive symptoms are commonly used
fluoxetin, fluvoxamine and sertralin. These act to reduce repetitive, ritualized behaviours
and improvement in social skills. SRIs are prescribed for the treatment of co-morbidity asso‐
ciated with autistic spectrum disorders such as depression, anxiety and obsessive-compul‐
sive behaviours [40]. Several studies suggested that children may respond better to low
doses of SRIs specifically fluoxetine, than they did to fluvoxamine. Some of the FDA ap‐
proved drugs used to treat symptoms of autism that can be administrated to children above
the age of seven include fluoxetine, fluvoxamine, sertaline and clomipramine. Serotonin re‐
uptake inhibitors (SRIs) such as clomipramine, fluoxetine, fluvoxamine, sertraline, paroxetine, cit‐
alopram and escitalopram that inhibit the uptake at the presynaptic site.

Fluoxetine is selective serotonin reuptake inhibitor often classified as an antidepressant but it
is not only antidepressant. It is commonly prescribed for: major depressive disorder ages 8
and older, obsessive-compulsive disorder ages 7 and older, premenstrual dysphoric disor‐
der, bulimia nervosa, panic disorder, bipolar depression, treatment resistant depression in
combination with olanzapine, social phobia and posttraumatic stress disorder. Usual dosage
range is 20-80 mg for depression and 60 to 80 mg for bulimia. In children it is approved for
obsessive-compulsive disorder and it could be helpful in some autistic children with stero‐
types reactions. Adolescents often receive adult dose, but doses slightly lower for children.
Fluvoxamine is also selective serotonin reuptake inhibitor and commonly prescribed for ob‐
sessive-compulsive disorder, social anxiety disorder, depression, panic disorder, general‐
ized anxiety disorder, posttraumatic stress disorder and it was helpful for compulsive
behaviour and aggression as well as increased prosocial behaviour, in adults with autism,
who participated in a double-blind placebo controlled study [41].

In children fluvoxamine is approved for ages 8 to 17 for obsessive-compulsive disorder in
inital dose of 25 mg/day at bedtime, increase by 25 mg/day every 4 to 7 days. Mirtazapine is
an atypical antidepressant in that it posseses both serotoninergic and adrenergic activity.
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mal life. All study showed also some adverse events or adverse affects by using risperidone
such as: weight gain, somnolence, drowsiness, tremor, dyskinesia, rigidity. Also some au‐
thors reported a greater rise in prolactin levels in subjects which were treated by risperi‐
done. These results showed that also it was a greater rise in prolactin levels in subjects in the
risperidone compared with those in the placebo althought they did not report clinical events
such as gynecomastia or galactorrhoea, that could be elevated prolactin levels [33].
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[28]. Data in youth with autism and disruptive behaviour disorders, available only for some
antipsychotics, suggest greater weight gain, possibly due to less prior antipsychotic expo‐
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Study suggested that it can be helpfull for some children with autism for symptoms includ‐
ing aggression, self-injury, irritability, hyperactivity, anxiety, depression and insomia. Ad‐
verse effects were minimal and included increased appetite, irritability and transient
sedation [42]. Although SRIs may demonstrate therapeutic benefits in autism spectrum dis‐
orders, many studies suggest the need for additional randomized controlled trials. Also, giv‐
en the increased awareness of the dangers associated with SRIs induced activation and
agitation, the presence of these side effects in the autistic population warrants closer atten‐
tion to dosage, titration and subject selection issues [43].

No specific SRIs or dose range has been shown to improve a specific autistic symptom al‐
though some patients have demonstrated improvements. Benefits with these drugs in treat‐
ing functional impairments in autism have been observed. Response to therapy and adverse
effects are individualized. Current evidence does not support selection of one SRIs over an‐
other for any impairment associated with autism [44].

Tricyclic antidepressants

Autistic spectrum disorders is associated with restricted and/or sterotyped interests or be‐
haviours. Tricyclic antidepressants block noradrenaline and serotonin reuptake. Increasing
the availability of these neurotransmitters in the central nervous system. Through their im‐
pact on serotonin tricyclic antidepressants have been used in the treatment of autistic symp‐
toms and comorbidities in individuals with autism.

Clomipramine is a tricyclic antidepressant that inhibits the reuptake of both norepinephrine
and serotonin. It is commonly prescribed for obsessive-compulsive disorder, depression, se‐
vere and treatment-resistant depression, anxiety, insomnia, neuropathic pain/chronic pain.
It boosts neurotransmitters serotonin and noradrenaline, blocks serotonin reuptake pump,
presumably increasing noradrenergic neurotransmission. Notable side effects are: blurred
vision, constipation, urinary retention, increased appetite, dry mouth, nausea, diarrhoea,
heartburn, unusual taste in mouth, weight gain, fatigue, weakness, dizziness, sedation,
headache, anxiety, nervousness, restlessness, sexual dysfunction, sweating [28]. Clomipra‐
mine has been shown to reduce irritability, hyperactivity, inadequate eye contact and inap‐
propriate speech but also further research is required before tricyclic can be recommended
for treatment of autistic children [45]. In children and adolescents it is important to monitor
patients, particularly during the first several weeks of treatment, also not recommended for
use in children age 10.

Anticonvulsants

Anticonvulsants are commonly used in clinical practice in the treatment of autistic children
and adults. One in four people with autistic pervasive developmental disorder also have a
seizure disorder and usually treated with anticonvulsants such as carbamazepine, lamotri‐
gine, valproic acid. Lamotrigine is an anticonvulsant, mood stabilizer, voltage-sensitive so‐
dium channel antagonist and mostly prescribed for: maintenance treatment of bipolar
disorder, partial seizures in adults and children age 2 and older, bipolar depression, major
depressive disorder, etc. One of the common side effects is rash especially in children ages
under 12 and in children taking valproate. Very slow titration may reduce the incidence of
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skin rush. A study of lamotrigine in 28 children with autism showed no separation between
active drug and placebo on measures of stereotypes, lethargy, irritability, hyperactivity,
emotional reciprocity, sharing pleasures and in language and communication, socialization
and daily living skills noted after 12 weeks [46-47].

The goal of treatment is to alleviate symptoms and improve functioning. If it starts early in‐
tensive programs of education and behavioral therapy, can achieve for the child reaches a
certain level of independence and gain some social skills. Available pharmacotherapeutic
agents are not sufficiently effective for the treatment of the basic symptoms of autistic spec‐
trum. These can help in alleviating comorbid symptoms as a support to the educational, be‐
havioral and cognitive measures. Commonly treated pharmacologically, are the attention
deficit, hyperactivity, mood disorders, (anxiety, depression), obsessive-compulsive symp‐
toms, irritability, aggression, propensity for self-harm and sleep disorders. British study
from 2004. year by authors Emerson E. and Hatton C, (from Institute for Health Research,
Lancaster University, Lancaster UK), conducted on 68 adults whit autism diagnosed before
the 1980., with an IQ above 50 is shown following: twelve percent achieved a higher level of
independence, ten percent have some friends and are generally employed, but they need
support to some extent, nineteen percent have some independence, but generally live at
home and they need significant support with the supervision of daily life, forty-six percent
require professional, residential care in the specialized institutions for autistic spectrum dis‐
order, with high levels of support and very limited autonomy, while twelve percent have a
need for high levels of hospital care.

Electroconvulsive therapy /ECT

ECT is considered as a safe, effective and life-saving treatment in people mainly adults who
suffer from affective disorders, acute psychosis and catatonia. There are recent speculations
that certain types of autism may be the earliest expression of catatonia and that both disor‐
ders have identical risk factors. ECT may improve autism and if started early enough, may
prevent further development of autistic symptoms in some children. Researched area that
may support the hypothesis that ECT is effective in autism should be pursued [48]. Electro‐
convulsive therapy should be considered a potentially useful intervention in cases with au‐
tistic disorder and a severe comorbid affective disorder.

Acupunture

Acupuncture which involves the use of needles or pressure to specific points on the body, is
used widely in Traditional Chinese medicine and increasing within a western medical para‐
digm. Also, it has been sometimes used as a treatment aimed at improving autism spectrum
disorders symptoms and outcomes. Adverse effects noted included bleeding, crying due to
fear or pain of life [49].

Neurofeedback

Behaviour therapy improves communications and behavioral functioning in children with
autistic symptoms. Neuro-feedback is a noninvasive approach shown to enhance neurore‐
gulation and metabolic function in autistic spectrum disorder [50].

The Medical Treatment of Autism Disorders
http://dx.doi.org/10.5772/52832

145



Study suggested that it can be helpfull for some children with autism for symptoms includ‐
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under 12 and in children taking valproate. Very slow titration may reduce the incidence of

Recent Advances in Autism Spectrum Disorders - Volume II144

skin rush. A study of lamotrigine in 28 children with autism showed no separation between
active drug and placebo on measures of stereotypes, lethargy, irritability, hyperactivity,
emotional reciprocity, sharing pleasures and in language and communication, socialization
and daily living skills noted after 12 weeks [46-47].

The goal of treatment is to alleviate symptoms and improve functioning. If it starts early in‐
tensive programs of education and behavioral therapy, can achieve for the child reaches a
certain level of independence and gain some social skills. Available pharmacotherapeutic
agents are not sufficiently effective for the treatment of the basic symptoms of autistic spec‐
trum. These can help in alleviating comorbid symptoms as a support to the educational, be‐
havioral and cognitive measures. Commonly treated pharmacologically, are the attention
deficit, hyperactivity, mood disorders, (anxiety, depression), obsessive-compulsive symp‐
toms, irritability, aggression, propensity for self-harm and sleep disorders. British study
from 2004. year by authors Emerson E. and Hatton C, (from Institute for Health Research,
Lancaster University, Lancaster UK), conducted on 68 adults whit autism diagnosed before
the 1980., with an IQ above 50 is shown following: twelve percent achieved a higher level of
independence, ten percent have some friends and are generally employed, but they need
support to some extent, nineteen percent have some independence, but generally live at
home and they need significant support with the supervision of daily life, forty-six percent
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tistic disorder and a severe comorbid affective disorder.
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Acupuncture which involves the use of needles or pressure to specific points on the body, is
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fear or pain of life [49].
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Biological therapies

There are, so called biological therapies (“somewhat controversial”) such as secretin, oxyto‐
cin, gluten and casein free diet, vitamin B6, magnesium, dimethylglicyn, hyperbaric oxygen‐
ation therapy, melatonin. Melatonin administration in autistic spectrum disorders is
associated with improved sleep parameters, better daytime behaviour and minimal side ef‐
fects. Commonly used doses are 1-9 mg at night [51]. Vitamin B6 is being tested as a drug to
stimulate brain activity. It has been suggested that impairments associated with autism
spectrum disorders (ASD) may be partially explained by deficits of omega-3 fatty acids, and
that supplementation of these essential fatty acids may lead to improvement of symptoms
[52].

Stimulant drugs

Stimulants have been shown to reduce hyperactivity and improve focus, but they may cause
behavioral worsening, weight loss and stereotypes de novo. Drugs such as methylphenidate
are prescribed for attention deficit hyperactivity syndrome and have proven sufficiently
component in treating the similar symptoms of autism. Methylphenidate is stimulant com‐
monly prescribed for narcolpesy and tretament-resistant depression and attention deficit hy‐
peractivity disorder in children ages 6 to 17 and in adults. It increases norepinephrine and
dopamine by blocking their reuptake. The main goal of treatment of attention-deficit-hyper‐
activity is reduction of symptoms of inattentiveness, motor hyperactivity, and or impulsive‐
ness that disrupt social, school and occupational functioning. The common side effects are:
insomnia, headache, tics, irritability, anorexia, nausea, abdominal pain, weight loss, blurred
vision, and sometimes life-threatening or dangerous side effects as psychotic episodes, seiz‐
ures, palpitations, tachycardia, hypertension, rare neuroleptic malignant syndrome or cardi‐
ovascular abnormalities. Usual dosage range is 2.5 to 10 mg twice per day. Use in young
children sholud be reserved for specialist of child and adolescent psychiatry and it is not li‐
censed for children age under 6 years [28].

There is evidence that non-stimulant medication atomoxetine is effective. In both cases ad‐
verse events may be increased in this group requiring a slower titration and lower end
doses. Atomoxetine is selective norepinephrine reuptake inhibitor commonly prescribed for
attention deficit hyperactivity disorder in adults and children over 6 years old. Usual dosage
is 0.5 to 1.2 mg/kg per day in children up to 70 kg. Recommended target dose is 1.2 mg/kg
per day. It is not licensed for children with structural cardiac abnormalities or other serious
cardiac problems [28].

Secretin is a treatment that has received much media attention after reports of efficacy from a
small open studies but it controlled studies have failed to show any benefit. In autism also
same alternative treatments have been used, but none have shown some benefit [53].

Clonidine is antihypertensive and centrally acting alpha 2 agonist hypotensive agent, nonsti‐
mulant for attention deficit - hyperactivity disorder. It is commonly prescribed for attention
deficit - hyperactivity disorder, Tourette's syndrome, substance withdrawal, anxiety disor‐
ders, menopausal flushing etc. It is not licensed for children and children may be more sen‐
sitive to hypertensive effects of withdrawing treatment. Children may be more likely to
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experience central nervous depression with overdose and might be even exibit signs of tox‐
icity with 0.1 mg of clonidine. Usual dosage is 0.1 to 0.4 mg per day in divided doses. Cloni‐
dine is moderately prescribed drug for controlling hypertensive behaviour in autistic
children [28]. Other treatment options are: stem cells therapy, sensory-motor therapy, audi‐
tory integration therapy, sensory integration therapy and music therapy.

3. Conclusion

The decision to use medications early in the treatment plan for children with autism may be
a long-lasting good decision.

Antipsychotics as drugs are intended primarily for the treatment of adult patients with psy‐
chotic disorders, but showed the favorable effects on the symptoms in autistic children, es‐
pecially risperidone. Risperidone has been approved by the US Food and Drug
Administration for the symptomatic treatment of irritability (including symptoms of aggres‐
sion toward others, deliberate self-injuries, temper tantrums, and quickly changing moods)
in children and adolescents with autistic disorder.

Some studies suggest that the earlier use of antipsychotics in autistic children may have pro‐
tective effect on IQ, which further justifies the use of these drugs in early childhood [18]. Re‐
search on the use of risperidone in the treatment of autistic disorders among children in
Croatia are rare, given the limited use of risperidone in children younger than 15 years, the
question arises about the need to expand the scope of application of risperidone in younger
age groups.

Also, it may be worth to explore some alternative treatments, such as behavioural interven‐
tions, to try to avoid long-term medications. Also it is important to known that although
these psychotropic medications have many beneficial effects, they all come with some risk in
terms of adverse effects. It is well established that the early detection and treatment of side
effects helps reduce their long-term adverse effects on health. Family members are the ones
most likely to recognize those reactions such as: weight gain or fatigue. Also it is need for
psychoeducational programs for families or individuals with autism that teach parents
about medications and the signs and symptoms of potential side effects.

Atypical antipsychotic agents are widely used psyscopharmacological interventions for au‐
tism spectrum disorders and among them risperidone has demonstrated considerable bene‐
fits in reducing several behavioral symptoms associated with autism spectrum disorders.
Althought risperidone has several adverse effects, most are manageable or extremely rare.
An exception is rapid weight gain, which is common and can create significant health prob‐
lems [54]. Aripiprazole, a third generation of atypical antipsychotics, is relatively new drug
that has a unique mechanism of action different from other antypshotices. After treatment
with aripiprazole children showed less irritability, hyperactivity and stereotypes (repetitive,
purposeless actions). Notable side effects must be considered such as weight gain, sedation,
drooling and tremor [55].
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Biological therapies
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insomnia, headache, tics, irritability, anorexia, nausea, abdominal pain, weight loss, blurred
vision, and sometimes life-threatening or dangerous side effects as psychotic episodes, seiz‐
ures, palpitations, tachycardia, hypertension, rare neuroleptic malignant syndrome or cardi‐
ovascular abnormalities. Usual dosage range is 2.5 to 10 mg twice per day. Use in young
children sholud be reserved for specialist of child and adolescent psychiatry and it is not li‐
censed for children age under 6 years [28].

There is evidence that non-stimulant medication atomoxetine is effective. In both cases ad‐
verse events may be increased in this group requiring a slower titration and lower end
doses. Atomoxetine is selective norepinephrine reuptake inhibitor commonly prescribed for
attention deficit hyperactivity disorder in adults and children over 6 years old. Usual dosage
is 0.5 to 1.2 mg/kg per day in children up to 70 kg. Recommended target dose is 1.2 mg/kg
per day. It is not licensed for children with structural cardiac abnormalities or other serious
cardiac problems [28].

Secretin is a treatment that has received much media attention after reports of efficacy from a
small open studies but it controlled studies have failed to show any benefit. In autism also
same alternative treatments have been used, but none have shown some benefit [53].

Clonidine is antihypertensive and centrally acting alpha 2 agonist hypotensive agent, nonsti‐
mulant for attention deficit - hyperactivity disorder. It is commonly prescribed for attention
deficit - hyperactivity disorder, Tourette's syndrome, substance withdrawal, anxiety disor‐
ders, menopausal flushing etc. It is not licensed for children and children may be more sen‐
sitive to hypertensive effects of withdrawing treatment. Children may be more likely to
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experience central nervous depression with overdose and might be even exibit signs of tox‐
icity with 0.1 mg of clonidine. Usual dosage is 0.1 to 0.4 mg per day in divided doses. Cloni‐
dine is moderately prescribed drug for controlling hypertensive behaviour in autistic
children [28]. Other treatment options are: stem cells therapy, sensory-motor therapy, audi‐
tory integration therapy, sensory integration therapy and music therapy.

3. Conclusion

The decision to use medications early in the treatment plan for children with autism may be
a long-lasting good decision.

Antipsychotics as drugs are intended primarily for the treatment of adult patients with psy‐
chotic disorders, but showed the favorable effects on the symptoms in autistic children, es‐
pecially risperidone. Risperidone has been approved by the US Food and Drug
Administration for the symptomatic treatment of irritability (including symptoms of aggres‐
sion toward others, deliberate self-injuries, temper tantrums, and quickly changing moods)
in children and adolescents with autistic disorder.

Some studies suggest that the earlier use of antipsychotics in autistic children may have pro‐
tective effect on IQ, which further justifies the use of these drugs in early childhood [18]. Re‐
search on the use of risperidone in the treatment of autistic disorders among children in
Croatia are rare, given the limited use of risperidone in children younger than 15 years, the
question arises about the need to expand the scope of application of risperidone in younger
age groups.

Also, it may be worth to explore some alternative treatments, such as behavioural interven‐
tions, to try to avoid long-term medications. Also it is important to known that although
these psychotropic medications have many beneficial effects, they all come with some risk in
terms of adverse effects. It is well established that the early detection and treatment of side
effects helps reduce their long-term adverse effects on health. Family members are the ones
most likely to recognize those reactions such as: weight gain or fatigue. Also it is need for
psychoeducational programs for families or individuals with autism that teach parents
about medications and the signs and symptoms of potential side effects.

Atypical antipsychotic agents are widely used psyscopharmacological interventions for au‐
tism spectrum disorders and among them risperidone has demonstrated considerable bene‐
fits in reducing several behavioral symptoms associated with autism spectrum disorders.
Althought risperidone has several adverse effects, most are manageable or extremely rare.
An exception is rapid weight gain, which is common and can create significant health prob‐
lems [54]. Aripiprazole, a third generation of atypical antipsychotics, is relatively new drug
that has a unique mechanism of action different from other antypshotices. After treatment
with aripiprazole children showed less irritability, hyperactivity and stereotypes (repetitive,
purposeless actions). Notable side effects must be considered such as weight gain, sedation,
drooling and tremor [55].
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Autism comprises a clinically heterogeneous group of disorders-named „autism spectrum
disorders“ ASD. They share common features or impaired social relationships, impaired
language and communications, and repetative behaviours or a narrow range of interests.
Management of an autism involves educational, behavioral and medical therapies to pro‐
mote conversational language and social interactions while mitigating repetitive self-stimu‐
latory behaviours, tantrums, aggression and self-injuries behaviours. Medications, especially
atypical antipsychotics can ameliorate specific symptoms such as aggressive or self-injured
behaviour. Children treated early can usually be taught, to varying degrees, to communi‐
cate, recognize and respond to social interactions, developing imaginative play, and curb all
consuming repetative self-stimulatory behaviors [56]. Although most children with autism
are healthy, evidence is mounting that medical disorders have a significant effect on behav‐
iours, level of functioning and response to educational therapies. Sensory issues including a
blunted pain response, inability to tell others when they are uncomfortable and poor toler‐
ance of medical evaluations can lead to suboptimal medication care. The use of medications
has increased as newer medications, especially the atypical antipsychotics, which affect both
serotonin and dopamine systems and serotonin reuptake inhibitors (SRIs) which modulate
the serotonin system, have been studied in children. In 1997. year the National institute of
Mental Health Research Units on Pediatrics Psychopharmacology Autism Network investi‐
gated the safety and efficacy of drugs for treating the behaviours associated with autism.
Some of conclusions are: no medications are autism specific, marked differences exist in the
efficacy of drugs in adults vs. children, individual antipsychotics medications within the
same class may differ with respect to their potency and side effect profile, affected individu‐
als may respond differently to the same medication, medication management should be in‐
tegrated into family centered, multi-modal behavioral and educational program. Typically,
first line treatment for children with autism include psychosocial treatments and education‐
al interventions with the goal of maximizing language acquisition, improving social and
communications skills and extinguishing of maladaptive behaviours. Currently there are no
available standard medication treatments, addressing the core symptoms of autism. There
are no pharmacological treatments currently approved by US Food and Drug Administra‐
tion for autism. When used, pharmacological interventions usually target specific symp‐
toms, accompanying the core symptoms, and severely impairing the individual’s
functioning, often not allowing for „first line“ educational and behavioral interventions to
take place (aggression, self-injurious behavior, compulsive rituals, low frustration tolerance
with explosive outbursts, hyperactivity). The newer psychotropics, ecpecially the atypical
antipsychotics and the selective serotonin reuptake inhibitors (SSRIs) have more benign side
effects profiles than older agents [57]. Despite increased support for pediatric psychotropic
use, there is a need for more long-term safety and efficacy studies of existing medications
and newer, safer, and more effective agents with fewer side effects for the pharmacological
treatment of all childhood disorders in which aggression is prominent. Prescription of anti‐
psychotics drugs requires careful monitoring because of the safety risks and the likelihood
of a long-term use.
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Drug administration should be initiated at low dosages and subsequent dosage changes
sholud be based on tolerability and clinical response. Also children using risperidone may
need to be monitored more often than adults.
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1. Introduction

Utilising a series of recent Australian decisions, this paper reviews contemporary approaches
of the courts in relation to the relevance of Autism Spectrum Disorder (ASD) to criminal
responsibility and culpability. It employs the definition of the disorder expected to be em‐
ployed in DSM-V (American Psychiatric Association, 26 January 2011), recognising that the
new formulation is broad-brush and does not avail itself of the nomenclature or separate
diagnostic criteria for Asperger’s Disorder.

It identifies a significant level of unawareness in Australian courts as to the distinctiveness,
and more importantly the potential significance of the distinctiveness, of the world experience
of those with symptomatology of the disorder and explores the challenge for mental health
experts in effectively assisting judicial officers to understand the internal experience of those
with ASD and differentiating it from personality disorders and psychopathy (see though
Fitzgerald, 2010).

Drawing on the reasoning in recent decisions, it argues that, while Asperger’s Disorder, and
to a lesser degree ASD, have now penetrated the public and judicial consciousness to some
degree, there is a significant forensic distance to travel and many challenges to be overcome
before courts are enabled meaningfully to appreciate for any given defendant the impact likely
to have been exercised on offending behaviour by an ASD. Identifying something of a backlash
against such a disorder being viewed as significantly mitigating in Australia, it advances
proposals for how mental health professionals can sensitise the courts more informedly to the
potential forensic significance of ASD.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. ASD and the law

The preponderance of scholarship in relation to ASD and the criminal law has related to
persons with Asperger’s Disorder (see generally Murrie et al, 2002; Silva, Ferrari and Leong,
2003; Barry-Walsh and Mullen, 2004; Haskins and Silva, 2006; Warren, 2006; Langstrom et
al,  2009;  Freckelton  and  List,  2009;  Browning  and  Caulfield,  2011;  Freckelton,  2011;
Freckelton,  2013).  It  has  identified  issues  that  have  arisen  in  relation  to  fitness  to  be
interviewed,  fitness  to  stand trial,  capacity  to  form intent,  fitness  for  extradition,  defen‐
ces,  such as  self-defence,  insanity/mental  impairment,  diminished responsibility,  and,  in
particular, sentencing (see Warren, 2006; Freckelton and List, 2009; Freckelton, 2013). It has
also analysed particular categories of offences that have been committed by persons with
ASD:  offences  of  violence,  offences  against  public  order,  sexual  offences,  arson offences
and computer offences (see Realmuto and Ruble, 1998; Milton et al, 2002; Mouridsen et al,
2008;  Freckelton,  2011;  2013;).  Awareness  amongst  judicial  officers’  decisions  of  the
potential relevance of the disorder arises principally from expert insights into the fact that
those with ASD experience the world in a way that is at major variance from those without
the disorder. The disorder can be marked by obsessionality, inability to apprehend verbal
and  non-verbal  cues,  lack  of  empathy,  rigidity,  literalism  in  response,  naivete  and  a
propensity  to  panic  and  behave  impulsively  and  unpredictably  in  unfamiliar  environ‐
ments. (see eg R v Mueller,  2005 at [92]; McC v The Queen,  2007). Such persons may also
be very suggestible (see eg IA v The Queen, 2005 at [8]), have an aversion to being touched
by others (see eg ZH v The Commissioner of Police for the Metropolis, 2012) or be distressed
by  sensory  perceptions  such  as  noise  or  intense  light  (see  Cascio  et  al,  2012),  possibly
because of sensory processing deficits (see Lane, Young, Baker and Angley, 2010). There
are  important  indications  that  persons  with  ASD  are  significantly  over-represented  as
persons in custody (Cashin and Newman, 2009; Mayes, 2003; Scragg and Shah, 1994).

There are indications arising from court decisions that mental health experts in the forensic
area and judicial officers alike have not always been as aware of the counter-intuitive charac‐
teristics of ASD as they need to be so that fair decisions are made by courts about procedural
issues arising in criminal trials, as well as about both the criminal responsibility and culpability
of those with ASD.

As of 2013, it can be said that the incidence of cases in which ASD is invoked as relevant to
criminal trials or sentencing appears to be growing. Part of this is attributable to increasing
awareness of ASD within the general population and by extension within the legal community.
This highlights the need for more focused and expert specialist assessment of defendants for
whom their ASD may constitute an important aspect of their defence (Freckelton and Selby,
2013; Freckelton, 2013). In this paper recent Australian decisions have been selected for
evaluation as illustrative of the complex forensic and mental health issues which continue to
be confronted by the courts, even in a jurisdiction which has had a disproportionate number
of appellate decisions which have wrestled with the forensic significance of ASD.
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3. R v George (2004)

One of Australia’s earliest and most significant decisions in relation to ASD in the criminal
law, but which has not previously been scrutinised, save in relation to issues relating to
hoarding and the law (Freckelton, 2012), was that of R v George (2004).

George was found guilty at first instance in the New South Wales Supreme Court of man‐
slaughter of his 86 year old mother (for whom he was the primary carer) by criminal negligence
arising from his failure to provide her with proper nutrition, hydration, medication and
medical attention. He was sentenced after trial to imprisonment for seven years with a non-
parole period of four years.

George appealed to the New South Wales Court of Appeal (R v George, 2004) on the ground
that insufficient weight was given by the sentencing judge to the fact that he suffered from
Asperger’s Disorder and other psychological issues that resulted from a solitary life and social
dysfunction. The Court of Appeal allowed his appeal and reduced his sentence to three years
and six months’ imprisonment with a non-parole period of two years.

The evidence before the Court was that at the time of his mother’s death George was 58 years
of age and had never married. He lived until the time of her death with his mother and a
developmentally delayed sister. He had generally been unemployed although latterly he had
undertaken some minor administrative functions at a chiropractic clinic.

About two years before her death, George’s mother had instructed her children not to arrange
home care for her as she was embarrassed by the state of her house and its surrounds. The
garden was seriously overgrown and unkempt and the interior of the house was overrun by
papers, some of which were kept in bags and piled in various rooms. The shower and the bath
had not worked in some time. Newspapers were stacked in the shower recess and the toilet
leaked. Thick dust and cobwebs were to be found throughout the house.

Evidence before the Supreme Court at the time of the manslaughter trial established that
George’s mother had been a domineering person and had vigorously resisted all efforts to take
her to hospital and provide her with home care. She had an aversion to being showered.
George’s culpability depended on the sufficiency or otherwise of efforts he had made to
provide her with care as her condition deteriorated. When ambulance officers discovered her,
she was bed ridden and covered in sores. She was wearing soiled clothing and her bed and
person were covered in human vomitus, faeces, urine and body fluids. She was severely
malnourished and shortly afterwards died of bronchial pneumonia. Evidence established that
she had not been provided with prescribed medicine for some years and that she had suffered
significantly, especially in the latter stages of her life.

Psychiatric evidence shed some light on the reasons for the insufficiency of George’s responses
to his mother’s worsening health condition. It suggested that George had a “mild variant of
an autistic disorder”, a diagnostic criterion for which was “a lack of social or emotional
reciprocity, which could partly explain his apparent lack of concern for his mother’s condi‐
tion.” (R v George, 2004: [23]) The psychiatrist noted that George had an apparently consuming

Forensic Issues in Autism Spectrum Disorder: Learning from Court Decisions
http://dx.doi.org/10.5772/55400

159



2. ASD and the law

The preponderance of scholarship in relation to ASD and the criminal law has related to
persons with Asperger’s Disorder (see generally Murrie et al, 2002; Silva, Ferrari and Leong,
2003; Barry-Walsh and Mullen, 2004; Haskins and Silva, 2006; Warren, 2006; Langstrom et
al,  2009;  Freckelton  and  List,  2009;  Browning  and  Caulfield,  2011;  Freckelton,  2011;
Freckelton,  2013).  It  has  identified  issues  that  have  arisen  in  relation  to  fitness  to  be
interviewed,  fitness  to  stand trial,  capacity  to  form intent,  fitness  for  extradition,  defen‐
ces,  such as  self-defence,  insanity/mental  impairment,  diminished responsibility,  and,  in
particular, sentencing (see Warren, 2006; Freckelton and List, 2009; Freckelton, 2013). It has
also analysed particular categories of offences that have been committed by persons with
ASD:  offences  of  violence,  offences  against  public  order,  sexual  offences,  arson offences
and computer offences (see Realmuto and Ruble, 1998; Milton et al, 2002; Mouridsen et al,
2008;  Freckelton,  2011;  2013;).  Awareness  amongst  judicial  officers’  decisions  of  the
potential relevance of the disorder arises principally from expert insights into the fact that
those with ASD experience the world in a way that is at major variance from those without
the disorder. The disorder can be marked by obsessionality, inability to apprehend verbal
and  non-verbal  cues,  lack  of  empathy,  rigidity,  literalism  in  response,  naivete  and  a
propensity  to  panic  and  behave  impulsively  and  unpredictably  in  unfamiliar  environ‐
ments. (see eg R v Mueller,  2005 at [92]; McC v The Queen,  2007). Such persons may also
be very suggestible (see eg IA v The Queen, 2005 at [8]), have an aversion to being touched
by others (see eg ZH v The Commissioner of Police for the Metropolis, 2012) or be distressed
by  sensory  perceptions  such  as  noise  or  intense  light  (see  Cascio  et  al,  2012),  possibly
because of sensory processing deficits (see Lane, Young, Baker and Angley, 2010). There
are  important  indications  that  persons  with  ASD  are  significantly  over-represented  as
persons in custody (Cashin and Newman, 2009; Mayes, 2003; Scragg and Shah, 1994).

There are indications arising from court decisions that mental health experts in the forensic
area and judicial officers alike have not always been as aware of the counter-intuitive charac‐
teristics of ASD as they need to be so that fair decisions are made by courts about procedural
issues arising in criminal trials, as well as about both the criminal responsibility and culpability
of those with ASD.

As of 2013, it can be said that the incidence of cases in which ASD is invoked as relevant to
criminal trials or sentencing appears to be growing. Part of this is attributable to increasing
awareness of ASD within the general population and by extension within the legal community.
This highlights the need for more focused and expert specialist assessment of defendants for
whom their ASD may constitute an important aspect of their defence (Freckelton and Selby,
2013; Freckelton, 2013). In this paper recent Australian decisions have been selected for
evaluation as illustrative of the complex forensic and mental health issues which continue to
be confronted by the courts, even in a jurisdiction which has had a disproportionate number
of appellate decisions which have wrestled with the forensic significance of ASD.

Recent Advances in Autism Spectrum Disorders - Volume II158

3. R v George (2004)

One of Australia’s earliest and most significant decisions in relation to ASD in the criminal
law, but which has not previously been scrutinised, save in relation to issues relating to
hoarding and the law (Freckelton, 2012), was that of R v George (2004).

George was found guilty at first instance in the New South Wales Supreme Court of man‐
slaughter of his 86 year old mother (for whom he was the primary carer) by criminal negligence
arising from his failure to provide her with proper nutrition, hydration, medication and
medical attention. He was sentenced after trial to imprisonment for seven years with a non-
parole period of four years.

George appealed to the New South Wales Court of Appeal (R v George, 2004) on the ground
that insufficient weight was given by the sentencing judge to the fact that he suffered from
Asperger’s Disorder and other psychological issues that resulted from a solitary life and social
dysfunction. The Court of Appeal allowed his appeal and reduced his sentence to three years
and six months’ imprisonment with a non-parole period of two years.

The evidence before the Court was that at the time of his mother’s death George was 58 years
of age and had never married. He lived until the time of her death with his mother and a
developmentally delayed sister. He had generally been unemployed although latterly he had
undertaken some minor administrative functions at a chiropractic clinic.

About two years before her death, George’s mother had instructed her children not to arrange
home care for her as she was embarrassed by the state of her house and its surrounds. The
garden was seriously overgrown and unkempt and the interior of the house was overrun by
papers, some of which were kept in bags and piled in various rooms. The shower and the bath
had not worked in some time. Newspapers were stacked in the shower recess and the toilet
leaked. Thick dust and cobwebs were to be found throughout the house.

Evidence before the Supreme Court at the time of the manslaughter trial established that
George’s mother had been a domineering person and had vigorously resisted all efforts to take
her to hospital and provide her with home care. She had an aversion to being showered.
George’s culpability depended on the sufficiency or otherwise of efforts he had made to
provide her with care as her condition deteriorated. When ambulance officers discovered her,
she was bed ridden and covered in sores. She was wearing soiled clothing and her bed and
person were covered in human vomitus, faeces, urine and body fluids. She was severely
malnourished and shortly afterwards died of bronchial pneumonia. Evidence established that
she had not been provided with prescribed medicine for some years and that she had suffered
significantly, especially in the latter stages of her life.

Psychiatric evidence shed some light on the reasons for the insufficiency of George’s responses
to his mother’s worsening health condition. It suggested that George had a “mild variant of
an autistic disorder”, a diagnostic criterion for which was “a lack of social or emotional
reciprocity, which could partly explain his apparent lack of concern for his mother’s condi‐
tion.” (R v George, 2004: [23]) The psychiatrist noted that George had an apparently consuming

Forensic Issues in Autism Spectrum Disorder: Learning from Court Decisions
http://dx.doi.org/10.5772/55400

159



interest (typical of persons with Asperger’s Disorder) in all things related to railways. He noted
that: “The idiosyncratic thinking that is usually observed in the presence of Mr George’s
disorder could also explain his rather literal interpretation of his mother’s instructions and his
apparent lack of concern when interviewed about the events.” (R v George, 2004: [23]) He
explained this further as incorporating a difficulty in George having a normal level of empathy
and an capacity to recognize and respond to the reactions of others by reason of his lack of
empathy.

On appeal the Court found that the sentencing judge’s failure to deal explicitly with these
considerations “was a deficiency of some importance” in that it significantly reduced George’s
level of culpability:

Upon the evidence his capacity to respond to his responsibilities was clearly impaired by an unusual personality disorder

arising from his history of social dysfunction, as evidenced by the utterly bizarre circumstances in which he, and the

immediate family, lived.

The case is a tragic and wholly exceptional one, and we are driven to the conclusion that the Applicant’s objective

criminality was overstated by his Honour. As Dr Nielssen explained, Asperger’s Syndrome is not normally associated

with criminal offending, and the risk of the Applicant reoffending, or of being placed in a similar situation, is minimal.

Personal deterrence is, accordingly, of little relevance. (R v George, 2004: [42]-[43])

R v George  (2004) is  significant as it  is  Australia’s first  appellate authority on the poten‐
tial  relevance  of  ASD  symptomatology  to  the  evaluation  of  criminal  culpability.  Its
recognition of the distinctive propensity of persons with an ASD to comply with the plain
words  of  instructions  from  a  trusted  person  and  not  to  respond  emotionally  even  to
manifest  suffering,  if  such  a  response  is  interpreted  by  them  as  inconsistent  with  the
instructions  given to  them,  is  consistent  with  clinical  insights  into  the  characteristics  of
persons with ASD. It highlights that the lack of empathy of a person with ASD is prone
to be interpreted as malign intent (eg criminal mens rea) unless counter-intuitive expert
evidence is provided to the contrary.

4. R v Hampson (2011)

Bradley Hampson, a man of 29, pleaded guilty to a range of offences relating to possession
and distribution of child pornography. He was sentenced to three years’ imprisonment with
release after 12 months and then two years’ probation. He appealed to the Queensland Court
of Appeal (R v Hampson, 2011) on the basis that his sentence was manifestly excessive. He had

Recent Advances in Autism Spectrum Disorders - Volume II160

a prior conviction for using a carriage service to menace, harass or cause offence – when he
had telephoned persons and made lewd inquiries of them.

Evidence before the Court of Appeal established that Hampson had been diagnosed with
autism by a psychologist to whom he had been referred when he applied for a disability
support pension. The criminal conduct the subject of his sentence appeal included posting
sexually offensive observations on the tribute page for a murder victim and the distribution
of obscene comments and sexualized depictions of children. The sentencing judge described
Hampson’s conduct as “depraved”.

The sentencing judge acknowledged that: “It seems that the origin of your offending may lie
somewhere in your history of autism and in your own social ineptitude which led you to
misusing the internet in the way you did.” (R v Hampson, 2011: [57]) The Court of Appeal,
however, concluded that little weight should be given to Hampson’s autism for the purposes
of assessing his criminal culpability and that the trial judge’s incorporation of the condition
into his sentencing analysis was proper but sufficient.

The Hampson decision raises the difficult issue of the blameworthiness of persons with ASD
for conduct that would be considered difficult to understand and repugnant in ordinary
members of the community. Persons with ASD are frequently absorbed by persons, objects
and details. They can be very concrete in their reactions (see eg R v George, 2004). They can
have a propensity to engage in repetitive and obsessive behaviours, especially within the
unthreatening environment of the Internet.

In the Ontario case of R v Somogyi (2011) a man found guilty of luring two girls under the age
of 14 and inviting them to engage in sexual touching was sentenced “only” to a conditional
sentence with house arrest in part because of his having ASD. In taking what he acknowledged
was an unusual step Anderson J observed that Mr Somogyi had the social age of a 12 year old:
“This was a fantasy world for Mr Somogyi, where he could communicate with children that
were perhaps closer to his own emotional age. It appeared clear to me that part of the com‐
munication with the two undercover officers was sexual in nature, but that part of the
communication was as friends, consisting of sharing music, pictures and conversation. In this
communication, Mr Somogyi could be the knowledgable outgoing leader, not the shy awk‐
ward adult.” (at [36])

The  environment  of  the  Internet  can  enable  persons  with  ASD  to  act  out  their  sexual
attractions and impulses, as well as feelings of distress and anger, without the confront‐
ing exigencies of direct person-to-person interaction. When such a pattern of fascination is
coupled  with  a  reduced  level  of  socialization  and  capacity  for  understanding  of  and
empathy with others’ sensibilities, there is the potential for them to engage in conduct that
is  alienating  and  frightening  but  whose  resonances  and  consequences  are  not  (well)
understood by them. Expert mental health evidence to explicate these limitations on the
part of persons with ASD is extremely important if unfair harshness in sentencing is to be
avoided.
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The case is a tragic and wholly exceptional one, and we are driven to the conclusion that the Applicant’s objective
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R v George  (2004) is  significant as it  is  Australia’s first  appellate authority on the poten‐
tial  relevance  of  ASD  symptomatology  to  the  evaluation  of  criminal  culpability.  Its
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words  of  instructions  from  a  trusted  person  and  not  to  respond  emotionally  even  to
manifest  suffering,  if  such  a  response  is  interpreted  by  them  as  inconsistent  with  the
instructions  given to  them,  is  consistent  with  clinical  insights  into  the  characteristics  of
persons with ASD. It highlights that the lack of empathy of a person with ASD is prone
to be interpreted as malign intent (eg criminal mens rea) unless counter-intuitive expert
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4. R v Hampson (2011)

Bradley Hampson, a man of 29, pleaded guilty to a range of offences relating to possession
and distribution of child pornography. He was sentenced to three years’ imprisonment with
release after 12 months and then two years’ probation. He appealed to the Queensland Court
of Appeal (R v Hampson, 2011) on the basis that his sentence was manifestly excessive. He had
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a prior conviction for using a carriage service to menace, harass or cause offence – when he
had telephoned persons and made lewd inquiries of them.

Evidence before the Court of Appeal established that Hampson had been diagnosed with
autism by a psychologist to whom he had been referred when he applied for a disability
support pension. The criminal conduct the subject of his sentence appeal included posting
sexually offensive observations on the tribute page for a murder victim and the distribution
of obscene comments and sexualized depictions of children. The sentencing judge described
Hampson’s conduct as “depraved”.

The sentencing judge acknowledged that: “It seems that the origin of your offending may lie
somewhere in your history of autism and in your own social ineptitude which led you to
misusing the internet in the way you did.” (R v Hampson, 2011: [57]) The Court of Appeal,
however, concluded that little weight should be given to Hampson’s autism for the purposes
of assessing his criminal culpability and that the trial judge’s incorporation of the condition
into his sentencing analysis was proper but sufficient.

The Hampson decision raises the difficult issue of the blameworthiness of persons with ASD
for conduct that would be considered difficult to understand and repugnant in ordinary
members of the community. Persons with ASD are frequently absorbed by persons, objects
and details. They can be very concrete in their reactions (see eg R v George, 2004). They can
have a propensity to engage in repetitive and obsessive behaviours, especially within the
unthreatening environment of the Internet.

In the Ontario case of R v Somogyi (2011) a man found guilty of luring two girls under the age
of 14 and inviting them to engage in sexual touching was sentenced “only” to a conditional
sentence with house arrest in part because of his having ASD. In taking what he acknowledged
was an unusual step Anderson J observed that Mr Somogyi had the social age of a 12 year old:
“This was a fantasy world for Mr Somogyi, where he could communicate with children that
were perhaps closer to his own emotional age. It appeared clear to me that part of the com‐
munication with the two undercover officers was sexual in nature, but that part of the
communication was as friends, consisting of sharing music, pictures and conversation. In this
communication, Mr Somogyi could be the knowledgable outgoing leader, not the shy awk‐
ward adult.” (at [36])

The  environment  of  the  Internet  can  enable  persons  with  ASD  to  act  out  their  sexual
attractions and impulses, as well as feelings of distress and anger, without the confront‐
ing exigencies of direct person-to-person interaction. When such a pattern of fascination is
coupled  with  a  reduced  level  of  socialization  and  capacity  for  understanding  of  and
empathy with others’ sensibilities, there is the potential for them to engage in conduct that
is  alienating  and  frightening  but  whose  resonances  and  consequences  are  not  (well)
understood by them. Expert mental health evidence to explicate these limitations on the
part of persons with ASD is extremely important if unfair harshness in sentencing is to be
avoided.
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5. DPP v HPW (2011)

In Director of Public Prosecutions v HPW (2011) the Victorian Court of Appeal heard an appeal
brought by the prosecution contending that the sentencing judge at first instance had wrongly
found a causal connection between HPW’s Asperger’s Disorder and his sexual offending, had
erred in imposing a manifestly inadequate sentence and had inadequately cumulated the
penalties he imposed for a significant number of sex offences.

HPW was found guilty at first instance of eight charges, three of which were representative of
many instances of sex offending, committed against his biological daughter during a time
when she was aged 11 and 12. They involved multiple instances of oral, digital and anal
penetration as well as instances of masturbation and of encouraging the family dog to lick his
daughter’s vagina.

When interviewed by the police, HPW admitted sodomising his daughter and explained that
it was “just as an experiment”. He said by way of explanation that “it was just sexual gratifi‐
cation for myself” and commented that he was “probably a psycho”.

HPW was aged 47 at the time of sentencing and without prior convictions. He had served a
lengthy period of time in the army until he was discharged in 2007 for not handing back some
hand grenades. He had two children from a marriage that lasted over a decade, after which
he formed a relationship that involved bestiality and anal sex with another woman.

A psychologist who examined him formed the view that the offending with his daughter
stopped when “he realised what he was doing”. HPW’s Asperger’s Disorder went undiag‐
nosed until after the criminal charges were laid. A psychologist who assessed him expressed
the view (at [37]) that he had

significant deficits in social interaction; restricted behaviour, interests and activities; clinically significant impairment in

social or other important areas of functioning; no apparent language impairment; and no apparent cognitive impairment.

He is somewhat atypical in his awareness of his deficiencies in empathy and friendship skills.

Another psychologist, Dr Kennedy, whose report was tendered at the plea hearing, stated
(at [47]):

In this case, victim empathy should be commented on for specific reasons, particularly in relation to [HPW]’s cognitive

distortion associated with the offences. In this matter, he has reported that while carrying out the sexual offences he

considered that [his daughter] was experiencing the sexual abuse in a matter-of-fact way as if the activities were normal, and

nothing more than her daily activities.
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Discussion of this issue occurred at some length. I should note that [HPW] did not appear to be attempting to minimise

this behaviour in this [sic], but was attempting to explain how he saw [his daughter’s] response to the sexual abuse. He thought

at the time for her, it was “something to do... as if it was an activity such as playing cards or watching TV” that had no

impact on her at an emotional level. When asked about his understanding of the effects of the sexual abuse on [his daughter],

he reported in a very distinct way that the impact has been “huge... I think I’ve ruined her... she’ll never be able to see

me in the same light... it will be very difficult for her with partners in the future”.

He added (at [50]):

[There is a] focus on deficient empathy, which is clearly relevant in this case, interpersonal naivety which appears to be

the case in this matter, sexual frustration which is clearly relevant in this case, and immediate confession, which from my

understanding, is also present. Additionally, there are sexual preoccupations, which do appear relevant in this case.

Dr Kennedy expressed the view that at the time of his offending HPW was unaware of the
distress he was causing to his daughter but contended that since that time, with professional
assistance, he had acquired genuine empathy and remorse. He observed that there had been
no grooming process, as is often seen in sex offending cases.

The Court of Appeal found that the evidence of the expert gave no support for the foundation
of the plea made on HPW’s behalf, and which was (wrongly) accepted by the sentencing judge,
that HPW misread his daughter’s behaviour as providing encouragement to him by hints or
signals, to engage in the sexual offending. Justice Tate (at [53]), writing the leading judgment,
found that Dr Kennedy’s opinion:

suggested that the sexual offending occurred in a context in which (1) the respondent had sexual preoccupations with

his daughter, fantasising about her in a manner reflective of his previous unusual sexual relationship with an earlier

partner of whom his daughter reminded him; (2) he was sexually frustrated with his current partner; (3) his level of

alcohol abuse led to disinhibition; and (4) his deficient empathy meant that he believed that his sexual offending was

having no emotional impact on his daughter. Dr Kennedy’s opinion did not provide a proper evidentiary base supporting

the finding of the sentencing judge that the respondent ‘may have misinterpreted [his] daughter’s cues’.
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She found that the plea by counsel misrepresented the expert report. To the extent that Dr
Kennedy had commented “it is highly likely that [HPW’s] behaviour is best explained by the
presence of an Autism Spectrum Disorder”, Tate JA found that this could not support the
proposition that there was a causal connection between his conduct and his misreading of his
daughter’s behavioural cues. This led Tate JA (with Neave and Mandie JJA agreeing) to find
a sentencing error to have been committed at trial. They also found that HPW’s Asperger’s
Disorder should not have led to a significant moderation in the sentence imposed upon him,
and that his sentence was not sufficiently cumulated to reflect the “debased and humiliating
nature of the offending, the core breach of trust, or the effect of the offending upon [HPW’s]
daughter” (at [82]).

While the court did not find that HPW’s Asperger’s Disorder reduced his moral blamewor‐
thiness for the purposes of sentencing, it did accept that it was appropriate to view his disorder
as a mitigating factor to the extent that it was likely to make his service of a custodial sentence
more burdensome for him. It ordered his sentence to be increased from seven and a half years’
imprisonment with a non-parole period of five years and six months to nine years and six
months’ imprisonment with a non-parole period of six years and six months.

The HPW decision is a salutary reminder that judges’ evaluation of the relevance of Asperger’s
Disorder will vary from case to case, depending upon factors such as the severity of the
disorder, the nature of the offending and the proven relationship between the disorder and
the particular offending. On some occasions it will be regarded by sentencers as powerfully
relevant, while on others it may be found nearly irrelevant. This is consistent with the position
with psychiatric disorders that more commonly intersect with the cases determined by the
criminal courts – for instance, the fact alone that a person satisfies the DSM criteria for
schizophrenia does not of itself relieve the person of criminal responsibility or culpability.
However, more can be observed. A real question will arise on occasions about the extent in a
meaningful sense that a person with ASD will be aware, other than at a superficial or, to them,
a theoretical level, of the wrongfulness of their behaviour and of the consequences that it is
likely to bring for their victim. In such a situation, real questions arise in relation to their
criminal culpability and therefore the basis upon which they should be sentenced. This issue
is at its most confronting when, as in the HPW case, the conduct is particularly unpleasant.

6. R v Sokaluk (2012)

Brendan Sokaluk was convicted by a jury in Melbourne, Australia, of ten counts of arson
causing death, an offence carrying a maximum sentence of 25 years of imprisonment for each
charge. The sentencing judge, Justice Coghlan of the Supreme Court of Victoria, found that
Sokaluk had intentionally lit a fire in eucalypt plantations and in two other places, knowing
that his actions would cause damage, and in fact causing the deaths of ten people. He accepted
that Sokaluk did not intend to cause loss of life but found that, nonetheless, the fact was that
he did cause multiple deaths on a day that became known in Australia as “Black Saturday”,
when strong winds built up and temperatures exceeded 46 degrees Celsius.
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Evidence before the jury showed that when he was being evacuated from the fire zone Sokaluk
told a lie because his father earlier in the day had advised him not to go to the hills. This was
but one of a number of untruths told by Sokaluk and which raised the issue of whether he
understood full well that his actions were wrongful and could lead to adverse consequences.
Another occurred on the next day when he returned to the scene of one of the fires and saw
that his car had been destroyed by the fire. Within an hour and a half he made a claim on his
insurance policy. Justice Coghlan found that his level of functioning during the call “was at
the very least reasonable” (at [23]). He drew adverse inferences for Sokaluk’s level of under‐
standing and functioning from this conduct.

In the next days Sokaluk made various comments about who had been responsible for lighting
the fire and then on the Tuesday made a false and self-serving report to police that he had seen
a fire fighter driving a four wheel utility lighting one of the fires. Justice Coghlan characterized
this report as “a deliberate and careful attempt to attach the blame to others.” (at [25]) Later
Sokaluk acknowledged to police that he had made the report so that he would not be blamed
for the fire. When police spoke to him some days later, he told them that he had been smoking
in his car and asserted that a piece of paper must have ignited, after which he panicked, and
some time later reported the fire to authorities. However, Coghlan J noted that expert evidence
repudiated the feasibility of his account. How these situations were interpreted by the
sentencing judge was that since Sokaluk was able to function to some extent in an apparently
reasoned and sophisticated way in the aftermath of his fire-lighting he was significantly
culpable for his criminal conduct because of having the capacity to understand the nature of
what he was doing. The legitimacy of such judicial reasoning is a function of whether the two
scenarios were properly commensurate for a person with ASD. At the time of writing, the case
is subject to appeal.

The sentencing judge reviewed in some detail the catastrophic nature of the fire and drew
particular attention to the “self-sacrifice and courage” of the volunteers in the area who fought
the fire. He took into account the hurtful nature of the way in which the fires had started
because of Sokaluk and the life-changing nature of the fires for those who survived them.

Justice Coghlan received a substantial amount of material about Sokaluk who was 42 years of
age at the time of sentencing and had no prior convictions. He received multiple expert reports
which led him to conclude that Sokaluk suffered from an ASD and was intellectually disabled
to a “reasonably mild degree” (at [46]). He noted that Sokaluk had grown up in the local area
and had experienced difficulties during his schooling. He attended a “special school” for
children with disabilities but managed to gain employment at a university where he worked
as an assistant gardener for some 16 to 17 years. Justice Coghlan concluded that Sokaluk was
teased and perhaps bullied in the workplace as he had been at school. Interestingly, and
perhaps suggestive of his having a problematic interest in fires, he also worked for the Country
Fire Authority but ceased employment in about 2006 and went onto a disability pension. He
owned his own house and lived there alone but was dependent on his parents for cooking,
cleaning and managing his finances. He had had two serious relationships with women and
was closely emotionally connected to his dog.
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Justice Coghlan accepted that Sokaluk had a “mental impairment” for the purposes of
sentencing by reason of his conditions of autism and intellectual disability. He had regard to
what he classified as Sokaluk’s “reduced moral culpability” and stated that he had moderated
general deterrence as a factor to which he had regard in sentencing. He concluded that
“personal deterrence looms somewhat larger for you than it might for others.” (at [66]) He
stated that he regarded Sokaluk as “genuinely remorseful” and accepted that he did not “set
out to achieve this awful result” (at [66]). He accepted that the sentence of imprisonment that
that he imposed would “weigh more heavily upon you than on others” (at [66]).

So far as expert evidence was concerned, Coghlan J received multiple forensic mental health
expert reports but had particular regard to that of Professor James Ogloff, the Director of the
Centre for Forensic Behavioural Science and Foundation Professor of Clinical Forensic
Psychology at Monash University. Professor Ogloff observed that Mr Sokaluk:

“would occasionally stare blankly ahead. … He did not appear emotionally distressed or anxious. He displayed repetitive

motor behaviour which consisted of lightly touching the edge of the table that separated us and moving his hands together

and apart slowly. This behaviour subsided over the course of the interview. Mr Sokaluk demonstrated very concrete

literal thinking. He appeared emotionally blunted and socially immature. (Psychological Court Report, 22 December

2012, para 5)

Professor Ogloff noted Sokaluk’s assessed level of intellectual functioning, measured overall
at an IQ of 74 and another psychologist’s assessment that his profile was typical of a person
with autism. He took into account that Sokaluk’s relative strengths were in the areas of visual
perception, non-verbal processing and attention to visual detail, while his weaknesses were
in the ability to comprehend and/or respond to questions. Professor Ogloff expressed the view
that the autistic symptoms experienced by Sokaluk “have been debilitating and dysfunctional,
resulting in difficulties in relationships, employment and general life skills.” (Psychological
Court Report, 22 December 2012, para 9). He emphasized Sokaluk’s response to the question
of who the person was who was most important to him. Sokaluk responded that it was his dog
and related very detailed, anthropomorphizing accounts of his dog. While Sokaluk was
dependant upon his father, there was little evidence of emotional connection with him.

Professor Ogloff concluded that Sokaluk was fit to stand trial, although he thought he would
experience some difficulties in following the evidence, and that the defence of mental impair‐
ment (insanity) was not available to him. Professor Ogloff expressed the view that Sokaluk
was not a pyromaniac but did not feel able to identify with confidence the characteristics or
motivations which had led him to engage in his fire-setting behaviours, other than to say that
if he did deliberately light the relevant fire his motivation was probably expressive (namely a
means of emotional expression, given his social inadequacies)
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Mr Sokaluk meets the criteria for a diagnosis of Autism Spectrum Disorder. This disorder has affected his social and

adaptive functioning all of his life. He does not meet the criteria for a diagnosis of a major mental illness or personality

disorder at present, although he has been treated with medication in the community for depression and in prison for

lowered mood and anxiety.

Whilst his overall level of intellectual functioning is in the borderline range, his verbal capacity is more limited and, in

fact, falls in the intellectually disabled range. Conversely, his perceptual capabilities are much better, falling in the low

average range. This suggests that while Mr Sokaluk has been able to hold a job, operate a motor vehicle, and live on his

own, his level of intellectual reasoning and verbal comprehension is very impoverished. He has been dependent on his

parents for maintaining his finances, cleaning his house, and providing him with meals. It takes him much longer to

acquire information or to learn a task than would be the case for most others and his abstract reasoning capacity is very

limited. His presentation, reasoning, receptive and expressive language are affected by the confluence of his Autism

Spectrum Disorder and decreased level of intellectual functioning. For example, he is a very concrete and literal thinker.

Justice Coghlan sentenced Sokaluk to a total effective sentence of imprisonment of 17 years
and 9 months, with 14 years to elapse before he would be eligible for parole. Both the Director
of Public Prosecutions and Sokaluk appealed against the sentence, the one contending it was
too short, the other that it was too long. At the time of writing the appeal had not been heard.

The Sokaluk appeal raises for consideration the relevance of ASD (and an intellectual disabil‐
ity) to the evaluation of criminal culpability when the defendant’s capacity to appreciate the
consequences of his behaviour is reduced by reason of his disorder. Expert evidence before
the court suggested that Sokaluk’s intellectual and abstract reasoning were at a low level, that
his emotional connections with people were poor and that he had been ill-treated over a period
of time by reason of his difficulties in communicating and interacting with others. However,
Sokaluk was far from wholly disabled and to varying extents had been able to function within
the community and had some capacity to appreciate that forms of behaviour are unacceptable
and wrong. Thus, the question arises as to how severely he should have been punished and
deterred from conduct whose terrible repercussions he was found not to have set out to achieve
and whose ability to foresee and appreciate was unclear.

7. State of Western Australia v Mack (2012)

Brent Mack was charged with the murder of his mother but in an application that he made for
a judge-alone trial questions arose about his fitness for trial on the basis of his suffering from
autism. His counsel swore an affidavit expressing the view that there was a risk that Mack
would not participate in the trial in any way, including the provision of instructions, thus
making his defence extremely difficult.
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Justice Coghlan accepted that Sokaluk had a “mental impairment” for the purposes of
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literal thinking. He appeared emotionally blunted and socially immature. (Psychological Court Report, 22 December

2012, para 5)
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if he did deliberately light the relevant fire his motivation was probably expressive (namely a
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A psychiatrist retained for Mack expressed the view that Mack was unfit to stand trial because
of his inability to follow the course of the trial and to defend the charges against him:

He has impairment in the use of multiple nonverbal behaviours, including eye contact and body posture; a lack of social

reciprocity; the failure to develop any appropriate peer relationships. He also exhibits impairments in communication in

relation to the inability to sustain a conversation; stereotyped use of language; monotonous speech with an abnormal,

robotic rhythm to it; and inability to understand the nonliteral aspects of communication or applied meaning.... [H]is

ability to understand the abstract is virtually absent and everything is very much concrete interpretations of things.(State

of Western Australia v Mack, 2012: [19])

When asked about the contrast between this presentation and Mack’s manner in his records
of interview, the psychiatrist stated that he had heard Mack speaking in a similar way to his
responses in the records of interview when he spoke to members of a working party about
native plants, a subject in which he had a particular interest. He expressed the view that Mack
did not process emotion, particularly negative emotion, his response tending to be one of
retreat from a situation physically or into himself. In such circumstances his deficits in short
term memory and concrete thinking were exacerbated. He expressed the view that:

Mr Mack tends to be quite dichotomous in his thinking, so from my assessment of him, he divides things into a personal

context - that's his language - personal context or some other context, such as a business context. If anything is relevant

to himself personally, he tends to have a somewhat all-or-nothing approach to that. So he obliterates that from discussion

completely. If it's something to do with something about which he's factually knowledgeable, then he's probably happy

to talk at length about it. … from my interviews with Mr Mack, I would expect that he would be very reluctant to talk

about any matters that might arise during the course of the trial (State of Western Australia v Mack, 2012: [24]).

A psychiatrist called by the prosecution, although agreeing on the diagnosis, and conceding
a potential for Mack’s cognitive ability or performance to deteriorate during the trial because
of anxiety, expressed the view that he was fit for trial. He accepted that Mack had a propensity
to focus on the way in which questions were asked, rather than their substance but concluded
there was no evidence to “suggest the presence of any difficulties in registration” of the content
of communications to which he was privy.

Justice McKechnie accepted that the behaviour of Mack was unusual but found the evidence
of the psychiatrist called by the prosecution to be more consistent with the performance of
Mack during his records of interview. He concluded that “It is likely that the accused’s current
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presentation is more as a result of choice coupled with his autism than a result simply of his
mental impairment.” (State of Western Australia v Mack, 2012: [24]). He placed little weight on
the submission that Mack’s odd presentation might cause him prejudice before jurors who
might be distracted by it or draw adverse inferences against him (cp McGraddie v McGraddie,
2009; Parish v DPP, 2007). However, he concluded that because of Mack’s autism and its impact
on the trial process generally, the interests of justice weighed in favour of a trial by judge alone
(State of Western Australia v Mack, 2012: [44]).

The decision of McKechnie J highlights the difficulty encountered by those with ASD in being
able effectively to communicate with and give instructions to their lawyers in the unwonted
and intimidating atmosphere of the courtroom. While persons with ASD may be articulate and
contextually appropriate when conversing about a subject of interest or fascination that is non-
threatening, a wrong inference may be extrapolated that they are capable “if they simply make
an effort” of speaking with their lawyers, understanding testimony and its import for their
defence, and giving evidence in a courtroom. While the discontinuity between these contexts
is not immediately obvious, the nature of ASD, if well explained by a mental health expert,
has the potential to be compelling.

Another aspect of Mack’s case that is significant is the failure of the trial judge to accept that
the conduct of the defendant might be highly prejudicial and, in particular, be misinterpreted
and misconstrued by a jury. This is a problematic issue for defendants with ASD because of
their propensity to conduct themselves oddly and with apparent disinterest in the circum‐
stances of their victim and the ramifications of their conduct. There is often a risk that their
manner, their words and their reactions may lead jurors and judicial officers who are unin‐
structed in the characteristics and symptomatology of ASD to draw wrong and damaging
inferences (see eg McGraddie v McGraddie, 2009; Parish v DPP, 2007).

8. Challenges for mental health expert evidence

The 2011/2012 decisions by courts in HPW, Sokaluk and Hampson illustrate the risk that ASD
will not to be found by judicial officers to have a major relevance for the determination of
criminal culpability. What each case has in common is conduct that is such as to prompt high
levels of censure by reference to ordinary community standards and thus a risk that such
considerations will overbear subtle issues relating to the personal blameworthiness of an
offender. However, there is reason to suspect that in each case the defendant’s ASD constituted
at least a significant context within which the criminal conduct was committed and there is
reason to postulate that it may have had a sufficient influence on the conduct to have been a
genuinely mitigating factor in terms of each offender’s moral blameworthiness.

The decisions of George, Sokaluk and Mack are exemplary of cases where wrong inferences may
be drawn by reason of the capacity of persons with ASD to conduct themselves in ways
comparable to how others with full capacity might behave. There is a need in many criminal
trial contexts that deal with persons with ASD for expert evidence that is counter-intuitive and
directed toward the need for care to be taken by decision-makers, judicial or lay (ie jurors), in
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will not to be found by judicial officers to have a major relevance for the determination of
criminal culpability. What each case has in common is conduct that is such as to prompt high
levels of censure by reference to ordinary community standards and thus a risk that such
considerations will overbear subtle issues relating to the personal blameworthiness of an
offender. However, there is reason to suspect that in each case the defendant’s ASD constituted
at least a significant context within which the criminal conduct was committed and there is
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drawing inferences on the basis of otherwise known conduct and capacities of persons with
ASD, especially when different scenarios in defendants’ lives are compared. Capacity is highly
situation-related, and for all of us is variable by reference to context. Persons with ASD may
be high-functioning in some contexts but when comfort zones are intruded upon or when they
are outside an environment that is structured or familiar, their conduct may be erratic, their
judgment poor and their capacity to appreciate the resonances and repercussions of their
actions limited. This is relevant both to their capacity to function effectively within a trial
context, including their fitness to stand trial, and to their criminal responsibility and moral
blameworthiness for actions for which they are being tried.

Fitzgerald (2010) has postulated a subcategory of ASD that he calls “Criminal Autistic
Psychopathy”, characterised, he says, by persons with callous, unemotional traits who
repeatedly engage in anti-social criminal conduct. He has instanced a number of serial killers
who he maintains have combined features of ASD and Psychopathy. While there are theoret‐
ically fundamental differences between the two disorders, the former for instance being a
developmental disorder, Fitzgerald makes a persuasive argument for the overlap of traits/
symptoms in some persons. For these individuals the existence of conjoint pathology or a
hybrid disorder is particularly problematic at sentencing as it is most likely to arouse concerns
in relation to the need for protection of the community rather than an empathic focus on
impaired levels of moral blameworthiness.

Finally, two other important issues consistently arise in criminal cases. The behaviour of a
person with ASD at trial can be alienating and highly prejudicial. This bears upon whether
they should be accorded the opportunity for a judge-alone trial, where that facility exists (see
eg State of Western Australia v Mack, 2012), or whether expert evidence to disabuse jurors of
misimpressions they might otherwise form should be permitted. In addition, the capacity of
a person with ASD to cope without decompensating, being dangerously victimised or having
the anxiety and depressive symptomatology, which is often part of an ASD (see eg R v
Sokaluk, 2012), exacerbated within a custodial environment frequently needs to be the subject
of expert opinion evidence from professionals with a sound understanding of the impact of
ASD on day-to-day functioning for those with the disorder.

The challenge for mental health professionals who seek to educate courts about the relevance
of ASD to decision-making about accused persons’ responsibility for criminal conduct and
their blameworthiness for their actions lies in identifying the causative role of ASD and its
repercussions for the imposition of custodial sanctions. The reality of ASD is that it is easily
misdiagnosed as it can easily fail to be identified, it can it can co-exist with a variety of other
disorders – anxiety, depressive and personality - and it can be highly exculpatory or at least
explanatory. On other occasions though it is no more than part of a context and is not partic‐
ularly mitigating at all. More than simply identifying the disorder by correct diagnostics, the
real issue for mental health professionals is to evaluate in a rigorous and informed way how
ASD fits into the picture of criminal culpability for a particular individual in respect of
particular conduct at a particular time.
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1. Introduction

"At the International Congress "Building, Dwelling, Thinking" held in 2001, Heiddeger con‐
cludes by highlighting the convenience and importance for the scientific architect to develop
architecture by “building from living and thinking about dwelling".

Architecture has been defined in many ways throughout history, but its focus, its aim, its
purpose, is dwelling. For this reason, Norberg-Schulz (1980) affirms that in order to research
and understand an architectural space, it is necessary to understand existential space, that is,
the concept of space that allows man to create a stable image of what surrounds him, at the
same time allowing him to belong to a society and culture.

In an architect’s work, there is an underlying notion, which may be evident to a greater or
lesser extent, that the built environment is a space that is to be lived in, inhabited, for it to be
considered architecture. It is this existential experience of the space which gives it a sense of
place and not a mere sense of the abstract.

Likewise, for many years, architecture has taken into account the existence of people with
different types and degrees of disabilities (mainly visual, hearing and motor), and the archi‐
tect has planned and designed, either in accordance with their convictions or purely down
to legal guidelines, so that spaces can also be inhabited by these people. So, here we are talk‐
ing about “accessibility”, which is a clearly (although not exclusively) physical concept: this
is a matter of enabling disabled people to access buildings/spaces, which subsequently
makes it possible for them to inhabit them.

However, there are other deficiencies or disabilities that are not so “visible”, and that are ob‐
viated in making a built environment “accessible”. According to Dianne Smith (2009), in the
design process (of a building, of a street, of a town, of an interior space…) two paradigms

© 2013 Vázquez and Torres; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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intervene, almost exclusively: that of the client/property developer and that of the architect.
That is, it is the visions that these two agents have of reality, of how things work and are
perceived, which give shape to the building. This, moreover, on numerous occasions, with
the prior assumption that said environment is to be practically limited to being a container
or backdrop for certain activities or functions.

Nonetheless,  for  people  with  certain  cognitive  and  sensory  deficiencies,  etc.,  which  are
“less  visible”,  as  Smith herself  affirms,  including people suffering from autism, this  sup‐
position regarding how spaces  are  to  be  perceived and inhabited is  far  from the  truth:
due  to  their  deficits,  they  have  to  make  an  effort,  sometimes  an  enormous  one,  to  be
able  to  assimilate  and understand the  environment  surrounding  them.  In  this  struggle,
due to  the  problems that  they have in  processing the  information that  they receive  via
their  senses,  many factors may imply a great  barrier and, at  certain times,  may cause a
“blockage”  in  their  comprehension  of  the  environment,  which,  at  the  same  time,  leads
to  frustration  and strange  behaviour  in  the  eyes  of  a  chance  observer  (gestures,  verbal
expression, movement…).

Therefore, the surroundings, the built environment, is a factor which notably affects (direct‐
ly and in many other indirect ways) people with certain less visible deficiencies. As the archi‐
tect John Jenkins states, with reference to the design of educational areas for autistic
children, although it may be generalised to people of any age and to other types of build‐
ings, “mainstream children are probably more ‘able to cope’ with badly designed spaces than an au‐
tistic child would be. So the responsibility to create a ‘good’ environment is brought into sharp relief.”
(Quoted in Humphreys, 2008, pg.41).

2. Autism

In  this  section,  the  intention  is  to  give  a  global  vision  of  what  is  understood  by  the
term ‘autism’, and what the characteristics of people with autism are.1 It is true that the
definitions  of  the  disorder,  its  etiological  explanations,  the  nosological  considerations,
and even the treatment of people with autism, have changed over time, in keeping with
the progress that has been made in research into autism from diverse, although comple‐
mentary,  fields  such as  medicine,  psychology,  pedagogy or  even philosophy.  However,
it  is  necessary  to  know  what  peculiarities  people  with  autism  show  in  order  to  deter‐
mine what the characteristics are that a built environment has to have in order to make
it  easier for them to grasp and so achieve other objectives that go beyond, but to a cer‐
tain  point  depend  on,  the  architecture  itself,  such  as  encouraging  learning,  promoting
autonomy,  making  it  easier  to  socialise,  ensuring  independence  or  even  preserving  the
dignity of the person with autism.

1 The intention is  not  to assert  that  the characteristics  are unique.  Each person with autism shows symptoms in
an  almost  unique  manner.  It  is  a  matter  of  seeing  the  common  characteristics,  aspects  and  behaviour  that  are
frequently  apparent  in  people  with autism.

Recent Advances in Autism Spectrum Disorders - Volume II178

2.1. General concept

Autism is one of the most fascinating disorders that medicine and psychology have had
to  face.  Isolation  or  solitude  is  one  of  the  most  enigmatic  characteristics  of  autism.  In
fact,  when  American  psychiatrist  Leo  Kanner  (1943)  describes  the  autistic  disorder  for
the first  time,  he points out that the pathognomic sign is  the inability to relate to other
people, which causes an “extreme autistic solitude”.  In this first description, Kanner speci‐
fies  a  series  of  common  characteristics  in  the  children  that  he  studied,  which  we  can
summarise below:

• Inability to relate to other people, at least in a normal way

• Extreme autistic solitude which apparently isolates the child from the outside world

• Deficiencies in the language, which may include muteness, pronominal inversion, echola‐
lia or an idiosyncratic way of speaking, among others

• In some cases, an excellent literal memory

• Preference for certain specific foods (from a very young age)

• Fear of intense noises

• An obsessive desire to repeat and insistence on an invariable environment2

• Scarce repertoire of spontaneous activities (like normal play)

• Strange motor stereotypes, like spinning or swaying

• Normal physical appearance

• Appearance of the disorder in the first three years of life

2.2. Historical evolution of the consideration of autism

During the years prior to the appearance of Kanner and Asperger’s articles, as a conse‐
quence of the wide diffusion of psychoanalytical theories, and in spite of the fact that Kan‐
ner himself had suggested a biological deficiency, it was considered that autistic disorder
had a psychodynamic aetiology, that is, that it had originated due to emotional causes, lead‐
ing to the blame being laid on the parents (there was talk of cold mothers, unaffectionate
fathers…). So, it was finally affirmed that the cause of autism was the parents’ wish for the
child not to exist (Bettelheim, 2001). The psychoanalytical therapies used tried to restore
these alleged emotional wounds and reconstruct the supposedly broken affections. This
type of psychodynamic treatment, in the opinion of many contemporary researchers, has
not made many contributions. (for example JK Wing, 1968: Escobar Solano, Caravaca Canta‐
bella, Herrerro Navarro and Verdejo Bolonio, s.d.).

2 The term used by Kanner is sameness, which could be interpreted as “similarity” or “monotony”, but none of these
two words can completely describe the original meaning (situation in which there are no changes). This is often inter‐
preted as “invariance in the environment” or “Kanner’s autism”
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From the mid 1960s until around the middle of the 1980s, autism has gone from being con‐
sidered an emotional disorder to the opinion that it has a neurological origin, finally being
treated as a cognitive disruption, rather than affective (Escobar Solano et al., s.d.). Methodi‐
cal and rigorous research began on autism, to try to understand alterations in communica‐
tion and language, as well as in social relationships, resistance to change, etc (for example,
Rutter and Schopler, 1984; L. Wing and Gould, 1979).

From that moment, and thanks to the progress made in research, autism is now consid‐
ered to  be  a  developmental  disorder.  Autism is  included among the  so-called  General‐
ised Development Disorders,  which,  as well  as autistic disorder3,  include others such as
Asperger’s Syndrome, Rett’s  Syndrome, child disintegrative disorder,  and the non-speci‐
fied generalised development disorder.  Recently,  it  has also come to be understood that
on  many  occasions  it  is  not  easy  to  set  a  clear  limit  among  these  disorders,  instead
there  is  a  type of  continuum in which three  essential  areas  are  affected to  a  greater  or
lesser extent4:  communication (verbal and non-verbal,  as this does not only refer to lan‐
guage),  social  reciprocity,  and the absence of  imaginative behaviour and symbolic  play,
with highly  repetitive  interests  and activities.  For  this  reason,  talk  of  Autistic  Spectrum
Disorders  (ASD)  came about,  which  nowadays  is  a  common term (in  fact,  the  upcom‐
ing APA Diagnostic and Statistical Manual of Mental Disorders, DSM-5, which is hoped
to be published in 2013, considers this denomination).

3. Design criteria

We will go on to present, fleetingly and not in great depth, some aspects of people with ASD
to whom a solution can be given using architectural project and design mechanisms. We
will group them, in order to make their presentation more systematic, according to the dif‐
ferent areas that may be affected in said people.

3.1. Imagination

Resistance to change and a limited capacity of imagination are one of the essential character‐
istics of autistic spectrum, and these are reflected in aspects such as difficulty or extreme
nervousness when changing activity, and even when moving from one space to another (be‐
cause people with ASD are incapable of “imagining”, in the sense of creating a mental im‐
age of what there might be at the other side of a door or wall, for example). From an
educational point of view (and even in family life) this aspect is faced by “anticipating” the
activities that are going to be carried out next, and avoiding or lessening, as far as possible,
unexpected changes in the planned routines.

From the point of view of an architectural project, the inability to construct a mental im‐
age  of  the  environment,  as  well  as  to  integrate  parts  into  a  whole,  may  be  faced  by

3 Which would correspond with the so-called “classic  autism” or  “Kanner’s  autism”
4 This  is  known as  “Wing’s  triad” (L.  Wing and Gould,  1979)
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looking for a clear structure in the building, as well  as by providing elements that give
it a certain order and unity, in such a way that the building can be easily read, predict‐
able,  imaginable.  Referring to the transition between spaces,  the anxiety suffered by peo‐
ple  with  ASD  can  be  reduced  for  example,  by  using  colours  on  the  doors  (depending
on the  spaces  behind them),  as  well  as  pictographs  and photographs  which  “advance”
what  we are  going to  find,  or  by creating transitional  environments  in  between,  where
the change of space can be anticipated.

3.2. Communication

Difficulties  in  verbal  and  non-verbal  communication,  together  with  difficulties  process‐
ing  information,  make  it  necessary  to  “remove  certain  psychological  “barriers”  and
adapt  the  environment  with  codes  which  […]  are  characterised  by  being  specific  and
easily perceivable (as opposed to subtle), simple, that is, containing few elements (as op‐
posed to complex) and permanent (as opposed to temporary)” (Tamarit,  De Dios, Domí‐
nguez, and Escribano, 1990).

The person with ASD needs visual support for communicating and pictographs or photo‐
graphs of objects, people, etc. are usually used. The built environment should be able to
“welcome” these forms of communication, foreseeing their correct location and integration.
Colour coding, for example, of different elements may also help to improve communication.

3.3. Social interaction

Difficulties  in  social  interaction  are  taken into  account,  by  definition,  although to  vary‐
ing degrees,  in  people with ASD. For  this  reason,  different  educational  strategies  try to
influence  this  aspect.  Therefore,  it  will  be  necessary  to  provide  the  spaces  in  which  to
allow  and  even  encourage  social  interaction,  although  always  taking  into  account  that
people with ASD may show particular proxemics5,  needing wide, open spaces, in which
said interaction may take place without getting too close.  A combination of larger areas
and others,  in  which interaction can take place  more closely,  if  required,  would be  ad‐
visable.  Moreover,  at  certain times a  person with ASD may feel  overwhelmed by a  de‐
manding  social  situation  (in  the  sense  that  they  are  forced  to  participate  in  several
interactions) and need a space to which they can retreat in search of privacy or a “sim‐
pler” interaction (less people, or people with whom they are more familiar).

3.4. Sensory difficulties

In the case of ASD sufferers, it is also common for malfunctions to exist in the reception (or
the processing) of stimuli, which is demonstrated by a visual, acoustic, vestibular or tactile
(although also often related to smell or taste) hypersensitivity (or sometimes hyposensitivi‐
ty). The proprioceptive sense is also altered at times. A consideration of this aspect should
lead us to be careful when designing with colours (which do not clash excessively, are not

5 Proxemics refers to the space that  exists  between people in different social  interactions.  Proximity may be per‐
ceived as  a  threat  by a  person with autism.
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3 Which would correspond with the so-called “classic  autism” or  “Kanner’s  autism”
4 This  is  known as  “Wing’s  triad” (L.  Wing and Gould,  1979)
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visable.  Moreover,  at  certain times a  person with ASD may feel  overwhelmed by a  de‐
manding  social  situation  (in  the  sense  that  they  are  forced  to  participate  in  several
interactions) and need a space to which they can retreat in search of privacy or a “sim‐
pler” interaction (less people, or people with whom they are more familiar).
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In the case of ASD sufferers, it is also common for malfunctions to exist in the reception (or
the processing) of stimuli, which is demonstrated by a visual, acoustic, vestibular or tactile
(although also often related to smell or taste) hypersensitivity (or sometimes hyposensitivi‐
ty). The proprioceptive sense is also altered at times. A consideration of this aspect should
lead us to be careful when designing with colours (which do not clash excessively, are not
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too strong or too bright), textures or patterns, with acoustic properties in these spaces and
the construction elements separating one from another, with lighting (soft lighting is recom‐
mended, preferably sunlight, and in all cases avoiding fluorescent strip lights, as the flicker‐
ing and buzzing may upset a person with visual or auditory hypersensitivity),as well as
with the fittings, etc. Another example of sensory alteration is a different perception of the
sensation of pain, which may mean that a person with ASD could suffer serious burns on
their hands, due to not moving them in time when water from a tap, for example, comes out
at a very high temperature, or they may have a serious cut or injury and barely notice.

Multi-sensory stimulation rooms (“Snoezelen” rooms) allow people with ASD to adjust their
sensory perceptions and also reduce anxiety at specific moments.

3.5. Behaviour and safety

Behavioural problems are also frequent in people with ASD, and may lead to aggressive
conduct, meaning that the elements in the built environment have to be designed, chosen
and implemented taking into account these potential bouts of aggression. Examples of these
elements that are to be paid special attention to are bathroom fittings, electrical devices, met‐
al door fittings, banisters and railings, exterior carpentry, tiles, etc.

4. Conclusion

It has been proven that existing scientific literature regarding built environments in relation
to people with ASD and vice versa is scarce, and this is in spite of significant research activi‐
ty carried out in relation with autism in recent years. This interest is due to the significant
increase in the number of cases diagnosed, meaning that prevalence studies produce much
greater ratios than the figures of 1 to 3 people in every 10,000 that were handled at the be‐
ginning of the 1990s and which were previously even lower. Recently it has been affirmed
that there is one child with ASD in every 110 born (CDC – Center for Disease Control and
Prevention, 2009). It is clear that the increase in numbers does not reflect (at least not exclu‐
sively) a real increase in the number of cases, but the expansion that the concept of autism
has undergone, stretching to that of autistic spectrum, and to health care and education
which allow for early diagnosis, with a greater awareness of the existence of the disorder
(Ahrentzen and Steele, 2009). In spite of this, figures reveal that it is a significant group of
the population, which requires attention from society. In our area of discipline this should
also be the case. In just a few years, architects have been made aware of how to draw up
plans without the so-called “architectural barriers” that limit accessibility for people with a
disability. However, under this concept of a barrier, we do not usually include those which
limit the use of the built environment for people with cognitive or mental disabilities. As
Baumers and Heylighten (2009, 2010) state, these people perceive space in a unique, differ‐
ent way, with the “mind’s eye”.

It is necessary to progress in research in this sense, analysing the architectural achievements
designed and built for people with ASD, checking how suitable they are for the particular
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characteristics of this part of the population, even studying any defects they may have and
verifying the new contributions that can be made in them.

It would also be interesting to encourage field studies with specific interventions in the built
environment, even on a smaller scale, such as that of Magda Mostafa (2008), which allows us
to extract results that can be checked and verified on how certain activities improve, and to
what extent, the experience of the person with ASD in their built environment.

If, in general, the constant reflection upon the relationship between the person and space,
between the individual and their environment (built), is important for the discipline of ar‐
chitecture, we believe that the particularisation of this reflection for the dweller with autism
may be an interesting contribution for the discipline itself. In fact, researching about this ad‐
justment and this link, between the architectural object and its aim - the person, is to reflect
upon architecture itself, which, like other arts and other disciplines such as Philosophy,
grows upon rethinking.

Finally, we will conclude with a quote from Luis Fernández-Galiano, which allows us to sit‐
uate the role of the architect, especially in the case of people who are to be found “within the
spectrum”:

“Dwelling is a difficult job. Like the profession of living, that of dwelling requires continual learning
and attention, demands meticulous, systematic effort, and claims an immeasurable investment of time
and energy. The nature with which the majority of people manage to carry out the complicated rituals
of the dwelling space is surprising. Just as happens in the case of language, expertise in use is ac‐
quired along with habit, which provides guidelines and domesticates gestures and voices via daily re‐
iteration of movement and words. So, this tiring and habitual profession has both an obstacle and an
accomplice in the architect” (quoted in Oyarzun, 2005)
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there is a focus on cortical modularity and electrophysiology followed by treatment 

issues including sensory, medical and community-based interventions. Finally, 
forensic issues are dealt with and the importance of the built environment is focused 

on. The book will be relevant to psychiatrists, psychologists, paediatricians, social 
workers, speech and language therapists, occupational therapists and care workers.
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