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during	development	…

neural	tube	becomes	brain	and	spinal	cord	(CNS)

100	billion	neurons synapse	at	different	locations	
in	brain	and	SC

each	make	connections	to	≈	1000	target	cells	

at	birth,	the	human	brain	≈	350	grams.
• year	1	≈	1000	grams.
• adult	brain	≈	1200-1400	grams.

different,	sequential processes during	cortical	
development :	
• cellular	differentiation
• axonal	growth	
• myelinization
• synaptogenesis - formation of	synapses	between	

neurons

neurodevelopment	– very complex,	dynamic	process	...
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structure	of	the	brain	:	product	of	sculpting as	
much	as	growth

Synaptic	exuberance	and	pruning	- after	birth,	
synaptic	density	increases	dramatically	but	this	
also	differs	by	region	

• experience	expectant dev't :	pre-determined

growth	(typical	critical	periods)	
• experience	dependent dev't :	experience as	

sculptor

critical	periods	of	development - starting	with	
vision,	hearing	and	touch,	periods	for	language	
and	higher	cognition	occurring	later
• associated	with	cognition	and	behaviour

stage	of	cortical	development	:	nature	vs	nurture

brain slams on ‘plasticity brakes’ — presumably 
as a way to protect the newly optimized brain 
circuits from disruption by further input. 

Hensch separates these ‘brakes’ into two 
categories — structural and functional. The 
first comprises physical structures such as the 
perineuronal net (PNN), a complex of macro-
molecules that attach to PV interneurons 
around the time that a critical period ends, 
and that seem to restrict the extent to which a  
neural circuit can change. Chemical break-
down of the PNNs in adult rats makes their 
brains prone to being rewired6. 

Functional brakes are chemical compounds 
such as Lynx1 — a molecule, identified by 
Hensch and his colleagues, that shifts the bal-
ance of excitation and inhibition in the cortex 
by dampening the effect of the neurotrans-
mitter acetylcholine. Experiments in mice 
show that the amount of Lynx1 in the brain 
increases at the end of the critical period, and 
its removal from adult brains, like degradation 
of the PNNs, seems to restore neural plasticity7. 

Hensch says that what he finds particularly 
compelling about functional brakes is that they 
are relatively easy to release. One example of 
this is a behavioural intervention developed by 
Roger Li and Dennis Levi, optometrists at the 
University of California, Berkeley, for adults 
with amblyopia. 

People develop amblyopia when problems 
such as cataracts or crossed eyes disrupt input 
to one of their eyes during early childhood, 
often leaving them without three-dimensional 
(3D) vision. The condition is considered 
untreatable once the critical period has ended. 
But when Li and Levi got people with amblyo-
pia to play 40–80 hours of video games with 
their good eyes patched, most of them reported  
substantial improvements in visual function8. 
Describing one subject who was born with 
crossed eyes and had never seen the world in 

depth, Li says: “Once she found out she was 
able to see some 3D, she immediately began 
to cry.”

Hensch suggests that playing video games  
releases some of the brain’s functional brakes. 
He notes that heightened attention, which 
often goes along with video-game playing, has 
been shown to increase the activity of acetyl-
choline — a surge that would counteract the 
damping effect of Lynx1. 

WINDOWS OF OPPORTUNITY
Researchers have begun experimenting with 
drugs to reopen the critical period. Hensch 
and David Hunter, an ophthalmologist at 
Boston Children’s Hospital, received approval 
in May to begin a phase I clinical trial for  
treating amblyopia with a drug that increases 
the amount of acetylcholine in the brain. 

A similar study9, published in 2010 and led 
by neuroscientist Michael Silver of the Uni-
versity of California, Berkeley, found that 
when people with normal vision are given a 
drug that increases acetylcholine levels, they 
show greater improvements in visual acuity 
than people given a placebo. And a group led 
by Lamberto Maffei, a neurobiologist at the  
Scuola Normale Superiore in Pisa, Italy, has 
begun phase II clinical trials for amblyopia 
with selective serotonin re-uptake inhibi-
tors, a class of drugs often used to treat 
depression.

Such research makes it easy to imagine pills 
or shots that could aid recovery from a severe 
brain injury, for example, or make it easier 
to learn a new language or forget a terrifying 
memory. Lifting plasticity brakes might even 
be useful in treating complex disorders such 
as autism, says Hensch. He points to the dif-
ficulty children with autism have integrating 
input from multiple senses at once — when 
looking at a person’s facial expressions while 

listening to them speak, for example. Such 
integration may require the critical periods 
for each sense to have occurred in a specific 
developmental sequence. “I think that autism 
is a good example of what can go wrong when 
these different sensory critical periods are 
mistimed,” he says — a view for which there is 
some experimental evidence10. 

For now, however, when it comes to the 
neural basis of complex psychiatric conditions 
such as autism, the experimental evidence is 
limited. But if tests could be created to identify 
risk factors for some developmental disorders, 
says Hensch, physicians may one day be able 
to deploy biologically informed interventions 
during the critical period, taking advantage of 
the brain’s plasticity to set development on the 
right course. 

But no one in the field is suggesting that the 
brain’s critical periods should be tampered with 
casually. “When you reopen a critical period, 
there is, of course, always the possibility of a 
worse outcome,” says Alvaro Pascual-Leone, a 
neurologist at Harvard Medical School, point-
ing out that disorders such as amblyopia occur 
because of harmful input during the original 
critical period. 

And structural brakes are considerably 
more difficult to release than functional ones. 
In 2009, for example, researchers showed  that 
chemically destroying PNNs in mice makes it 
easier to erase their fear memories, suggesting 
a potential treatment for conditions such as 
post-traumatic stress disorder11. But to do 
this in humans could cause widespread brain  
damage that would outweigh any benefits. 
After all, says Hensch, the mechanisms that 
the brain uses to shut down critical periods are 
very complex, and they require a substantial 
amount of energy, “which gives us a good sense 
that they’ve evolved for a reason”. 

Stryker sounds a further note of caution. 
“I think it’s a romantic notion that you can 
replicate the critical period later in life,” he 
says. “Some things just don’t unhappen.” ■

Jon Bardin is a freelance writer based in New 
York.
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OPEN AND SHUT
The human brain’s sensitivity to learning seems to crest in three broad waves. The critical periods for cortical 
regions devoted to vision and other senses (red) open in infancy, then close tightly. Those for language 
(yellow) and higher cognition (purple) open later, and never close entirely. The successive waves allow a child 
to acquire increasingly complex skills (grey text). 
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• a	group	of	conditions	with onset in	the	developmental period.	

• typically	manifest	early	in	development (before	the	child	enters	grade	
school)	

• characterized	by	developmental	deficits	that	produce	impairments of	
personal,	social,	academic,	and/or	occupational functioning.	

• challenges	vary	from	the	very	specific	(i.e.,	learning	math,	difficulty	
with	attention,	etc.)	to	more	global	(i.e.,	social	skills	or	intelligence).

• frequently	co-occur

• not	a	ND when	a	child	is	temporarily	delayed	in	one	or	more	
milestones,	then	catches	up	to	peers	or	"normal"	range	

What	are	Neurodevelopmental	Disorders	(NDs)?
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Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	Fifth	Edition	(DSM-5) :	
the	standard	classification	and	codes	of	mental	disorders	used	by	mental	
health	professionals	in	the	United	States.

Intellectual	Disabilities

Communication	Disorders

Autism	Spectrum	Disorder

Attention-Deficit/Hyperactivity	Disorder

Specific	Learning	Disorder

Motor	Disorders

Other	Neurodevelopmental	Disorders

DSM	5	:	Neurodevelopmental	Disorders	(NDs)
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• often	defined	in	terms of

behaviour,	not	cause

• no	single biological	cause	

• male preponderance in	most	
cases

• tend	to	run in families

• co-morbidity	is	the	often	
prevalent	...	

• gene x	environment

interactions

Common	characteristics	of	(NDs)
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• NDs	with	known prenatal	cause	of	genetic
or	acquired origin	:	Down	Syndrome,	fetal	
alcohol	syndrome,	etc.

• NDs	where	atypical	neurodevelopment	is	
inferred :	exact	cause	is	complex	or	even	
unknown	(most	of	them	...)	& defined	in	
terms	of	behaviour that	is	observed	...

Neurodevelopmental	Disorders	(NDs)
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• Early assessment	=	Early intervention	=	best outcomes	(critical	periods)

• It	is	easier	and	less	costly	to	form	strong	brain	circuits	during	the	early	
years	than	it	is	to	intervene	or	“fix”	them	later	=	cortical plasticity ...

Early	intervention

Pat Levitt (2009)
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Specific	Learning	Disorders
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dyslexia	in	adults	was	first	noted	in	the	
latter	half	of	the	19th	century

developmental	dyslexia	in	children	was	
first	reported	in	1896.	

dyslexic	patients	- seen	by	
ophthalmologists,	called	the	disorder	
“word	blindness.”

James	Hinshelwood,	a	Scottish	
ophthalmologist - dyslexic	children	were	
often	exceptionally smart except	for	
their	inability to	read

dyslexia	(reading	disorder)Leonard Apt Lecture
The Science of Reading and Dyslexia

Sally E. Shaywitz, MD, and Bennett A. Shaywitz, MD

I t is a great honor to present this lecture, which honors
the extraordinary contributions to scholarship and
teaching of Leonard Apt, MD a true renaissance man.

For more than four decades, Leonard Apt has contributed
both singular discoveries and a continuous stream of re-
search findings that have significantly advanced our
knowledge in the field of pediatrics and pediatric ophthal-
mology. In the words of Leonard Apt, “In academic med-
icine, I have been free to question and investigate new
theories. Years from now, I’d like to be remembered as a
doctor who never stopped asking ‘Why?’”

Dyslexia is characterized by an unexpected difficulty in
reading in children and adults who otherwise possess the
intelligence, motivation, and schooling considered neces-
sary for accurate and fluent reading.2 Historically, dyslexia
in adults was first noted in the latter half of the 19th
century, and developmental dyslexia in children was first
reported in 1896. Patients with dyslexia were frequently
seen by ophthalmologists, who called the disorder “word
blindness.” James Hinshelwood, a Scottish ophthalmolo-
gist (Figure 1), who elaborated the disorder in children,
noted that these children were often exceptionally smart
except for their inability to read and proposed special
education programs as treatment.5

Recent epidemiological data indicate that, like hyper-
tension and obesity, dyslexia fits a dimensional model. In
other words, within the population, reading ability and
reading disability occur along a continuum, with reading
disability representing the lower tail of a normal distribu-
tion of reading ability.6,7 Dyslexia is perhaps the most
common neurobehavioral disorder affecting children, with
prevalence rates ranging from 5% to 10% in clinic- and
school-identified samples to 17.5% in unselected popula-
tion-based samples.2 Previously, it was believed that dys-
lexia affected boys primarily8; however, more recent data
indicate there is no sex predilection for dyslexia.9-11 Lon-
gitudinal studies, both prospective12,13 and retrospec-
tive,14-16 indicate that dyslexia is a persistent, chronic con-
dition; it does not represent a transient “developmental

lag” (Figure 2). Over time, poor readers and good readers
tend to maintain their relative positions along the spec-
trum of reading ability.12

Dyslexia is both familial and heritable.17 Family history
is one of the most important risk factors, with 23% to 65%
of children who have a parent with dyslexia reported to
also have the disorder.18 The prevalence rate among sib-
lings of affected persons is approximately 40%, and among
parents of affected individuals ranges from 27% to 49%.17

This provides opportunities for early identification of af-
fected siblings and often for delayed but helpful identifi-
cation of affected adults. Linkage studies implicate loci on
chromosomes 6 and 15,19,21 chromosome 1, and—most
recently—on chromosome 223 for the transmission of
phonological awareness deficits and subsequent reading
problems. Whether the differences in the genetic loci
represent polygenic inheritance, different cognitive paths
to the same phenotype, or different types of dyslexia is not
clear.

From the NICHD–Yale Center for the Study of Learning and Attention, New Haven, CT.
Portions of this article were previously published in, and are similar to, other reviews by the
authors.1-4

Submitted March 11, 2002.
Revisions accepted December 16, 2002.
Reprint requests: Sally E. Shaywitz, MD, Department of Pediatrics, Yale University School
of Medicine, PO Box 333, New Haven, CT 06510-8064.
Copyright © 2003 by the American Association for Pediatric Ophthalmology and
Strabismus.
1091-8531/2003/$35.00 ! 0
doi:10.1016/S1091-8531(03)00002-8

FIG 1. James Hinshelwood, a pioneering Scottish ophthalmologist
who was the one of the first physicians to describe the clinical
picture of dyslexia as well as to promise a coherent plan of man-
agement.

Journal of AAPOS158 June 2003
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DSM-IV	(315.00)	Diagnostic	Criteria

Specific	Learning	Disorder	(SLD)	

A. difficulty	learning /	using	academic	skills,	as	evidenced	by	presence	of	at	least	one	of	
following	for	6	months,	despite	intervention	..
1. inaccurate	or	slow	and	effortful	reading
2. difficulty	understanding	meanings of	words
3. difficulty	w	spelling
4. difficulties	w	written expression
5. difficulties	mastering	number sense,	number facts,	or	calculations
6. difficulties	w	mathematical reasoning

B.	affected academic skills below	expected	chron.	age	&	cause	sig	interference	w	academic	or	
occupational	functioning	(confirmed	using	standardized	cognitive	tests).	

C.	learning difficulties - fully	manifested	when	demands	for	affected	academic	skills	exceed
individual’s limited capacity	(excessively	heavy academic load)

D.	learning	difficulties	not better	accounted for	by	intellectual delay,	visual/auditory	problems,	
educational instruction,	psychosocial adversity,	etc.

specify	if	:
• with	impairment in	reading (dyslexia),	written	expression (dysgraphia)	and/or	mathematics

(dyscalculia)

Specific	Learning	Disorder	(SLD)	(DSM-V)	≈	dyslexia
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dyslexia accounts	for	80%	of	all	cases	of	learning	disorder	(alone	or	in	comb	
with	disorders	in	written	expression	or	mathematics)

in	2006,	a	“limitation	related	to	learning”	affected	121,080	children	aged	5	to	
14,	or	3.2%	of	all	children	in	Canada (includes	ADHD)	

60-80%	of	individuals	diagnosed	with	reading	disorder	are	male
• 2:1 to	3:1more	males	- genetics?	

– is	strongly (54	to	75%)	heritable,	occurring	in	up	to	68%	of	identical	twins	and	50%	of	
individuals	who	have	a	parent or	sibling with	dyslexia

• may,	however,	be	confounded with	a	higher	incidence	of	disruptive	
behavior	in	males (often	accompanied	by	ADHD)

symptoms - inability to	distinguish among	common letters or	to	associate	
common	phonemes with letter symbols - may	occur	as	early	as	kindergarten.	

usual	diagnosis	after	1st grade	- but,	may	not	be	apparent	until	the	3rd,	4th grade	
(or	later).		

SLD	w	impairment	in	reading	≈	dyslexia
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complaints center	around	poor school
performance.

general	ontogeny - delay in	speaking,	did	not	
learn	letters	by	kindergarten,	and	did	not	begin	
to	read	by	1st grade.	

child	progressively falls behind

dysgraphia is	often	present - laborious	note	
taking

self-esteem	is	frequently	affected	(even	in	
adulthood)

negative test-taking	experiences

given	sufficient time,	individuals	w	dyslexia
score	well	on	tests	of	reading comprehension.	

SLD	w	impairment	in	reading	(dyslexia):	symptomology

ties (for age, intelligence, or level of education) in reading
and (2) associated linguistic problems at the level of pho-
nological processing. There is no one single test score that
is pathognomonic of dyslexia. As with any other medical
diagnosis, the diagnosis of dyslexia should reflect a
thoughtful synthesis of all the clinical data available. What
the clinician is seeking is converging evidence of a phono-
logically based reading disability as indicated by a disparity
between the individual’s reading and phonological skills in
contrast to his or her intellectual capabilities, age, or level
of education. Dyslexia is distinguished from other disor-
ders that may prominently feature reading difficulties by
the unique, circumscribed nature of the phonological def-
icit, one not intruding into other linguistic or cognitive
domains. How reading and language are assessed will re-
flect the age and educational level of the patient (Tables 1
and 2).

Diagnosis at School Age

Presenting complaints most commonly center about
school performance, eg, the child is not doing well in
school, and often parents and teachers do not appreciate
that the child’s poor academic performance stems from a

reading difficulty. Thus, an evaluation for dyslexia should
be considered in all children presenting with school diffi-
culties, even if reading difficulty is not the chief complaint.
As with most other medical disorders, the history is critical
to the diagnosis of dyslexia. Clinicians need to develop a
sense of the developmental pattern demonstrated by chil-
dren with dyslexia. Overall, the ontogeny of dyslexia is that
of a child who may have had a delay in speaking, who did
not learn letters by kindergarten, and who did not begin to
learn to read by first grade. The child progressively falls
behind, with teachers and parents puzzled as to why such
an intelligent child may have difficulty learning to read.
The reading difficulty is unexpected with respect to the
child’s ability, age, and/or grade. Even after acquiring
decoding skills, the child generally remains a slow reader.
When teachers are not informed, they may unnecessarily
pressure or hurry the student. Dysgraphia is often present
and accompanied by laborious note taking. Self-esteem is
frequently affected, particularly if the disorder has gone
undetected for a long period of time. Learning-disabled
children are likely to have encountered negative test-tak-
ing experiences where there was a disparity between their
knowledge and their test scores, especially on timed tests,
and thus tend to exhibit more test anxiety than nondis-
abled peers. Test scores may thus be artificially depressed
as a result of such anxiety. Adults with strong histories of
dyslexia who have compensated for their reading disability
demonstrate good accuracy in reading but are less auto-
matic. Compensated dyslexics take longer to apply their
decoding skills and thus are slower readers; however, given
sufficient time, they score very well on tests of reading
comprehension.

Assessment of Reading

Reading is assessed by measuring decoding and compre-
hension. In the school-age child, one important element of
the psychometric evaluation is how accurately the child
can decode words, ie, read single words in isolation. This
is measured with standardized tests of single real-word and
pseudoword reading such as the Woodcock-Johnson Psy-
choEducational Battery–Revised (WJ-R) and the Wood-
cock Reading Mastery Test. Difficulties often also emerge

TABLE 1. Clues To Dyslexia In School-Age Children*
History

Delayed language
Problems with the sounds of words (trouble rhyming words, confusing
words that sound alike)
Expressive language difficulties (mispronunciations, hesitations, word-
finding difficulties)
Difficulty naming (difficulty learning letters of alphabet and names of
numbers)
Difficulty learning to associate sounds with letters
History of reading and spelling difficulties in parents and siblings

Reading
Difficulty decoding single words
Particular difficulty reading nonsense or unfamiliar words
Inaccurate and labored oral reading
Slow reading
Comprehension often superior to isolated decoding skills
Poor spelling

Language
Relatively poor performance on tests of word retrieval (name the
pictured item)
Relatively superior performance on tests of word recognition (point to
the pictured item)
Poor performance on tests of phonological awareness

Clues most specific to young children at-risk for dyslexia
Difficulty on tests assessing: knowledge of the names of letters, the
ability to associate sounds with letters, and phonological awareness

Clues most specific to bright young adults with dyslexia
Childhood history of reading and spelling difficulties
Accurate but not automatic reading
Very slow performance on timed reading tests (eg, Nelson-Denny
Reading Test)
Penalized by multiple choice tests

*Clues are based on history, observations, testing, or a combination of all three.
Reprinted with permission.

TABLE 2. Types of Tests Useful in Identifying Children At Risk for
Dyslexia at School Entry
Letter identification (naming letters of the alphabet)
Letter—sound association (eg, identifying words beginning with the

same letter from a list: doll, dog, boat)
Phonological awareness (eg, identifying word that would remain if a

particular sound were removed: if the /k/ sound was taken away
from “cat”)

Verbal memory (eg, recalling a sentence or a story that was just told)
Rapid naming (rapidly naming a continuous series of familiar objects,

digits, letters, or colors)
Expressive vocabulary or word retrieval (eg, naming single-pictured

objects
Reprinted with permission.

Journal of AAPOS
Volume 7 Number 3 June 2003162 Shaywitz and Shaywitz
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skills	need	to	read	and	spell	are	affected	
at	school	entry

oral	reading is	characterized	by	
distortions,	substitutions,	and/or	
omissions	

both	oral	and	silent	reading	are	
characterized	by	slowness and	errors in	
comprehension.

dyslexia	is	a	persistent,	chronic	condition;	
it	does	not represent	a	transient	
“developmental	lag”	=	Fig	

average or	above	average Intelligence

SLD	w	impairment	in	reading	(dyslexia)	:	diagnosis	assessment

ties (for age, intelligence, or level of education) in reading
and (2) associated linguistic problems at the level of pho-
nological processing. There is no one single test score that
is pathognomonic of dyslexia. As with any other medical
diagnosis, the diagnosis of dyslexia should reflect a
thoughtful synthesis of all the clinical data available. What
the clinician is seeking is converging evidence of a phono-
logically based reading disability as indicated by a disparity
between the individual’s reading and phonological skills in
contrast to his or her intellectual capabilities, age, or level
of education. Dyslexia is distinguished from other disor-
ders that may prominently feature reading difficulties by
the unique, circumscribed nature of the phonological def-
icit, one not intruding into other linguistic or cognitive
domains. How reading and language are assessed will re-
flect the age and educational level of the patient (Tables 1
and 2).

Diagnosis at School Age

Presenting complaints most commonly center about
school performance, eg, the child is not doing well in
school, and often parents and teachers do not appreciate
that the child’s poor academic performance stems from a

reading difficulty. Thus, an evaluation for dyslexia should
be considered in all children presenting with school diffi-
culties, even if reading difficulty is not the chief complaint.
As with most other medical disorders, the history is critical
to the diagnosis of dyslexia. Clinicians need to develop a
sense of the developmental pattern demonstrated by chil-
dren with dyslexia. Overall, the ontogeny of dyslexia is that
of a child who may have had a delay in speaking, who did
not learn letters by kindergarten, and who did not begin to
learn to read by first grade. The child progressively falls
behind, with teachers and parents puzzled as to why such
an intelligent child may have difficulty learning to read.
The reading difficulty is unexpected with respect to the
child’s ability, age, and/or grade. Even after acquiring
decoding skills, the child generally remains a slow reader.
When teachers are not informed, they may unnecessarily
pressure or hurry the student. Dysgraphia is often present
and accompanied by laborious note taking. Self-esteem is
frequently affected, particularly if the disorder has gone
undetected for a long period of time. Learning-disabled
children are likely to have encountered negative test-tak-
ing experiences where there was a disparity between their
knowledge and their test scores, especially on timed tests,
and thus tend to exhibit more test anxiety than nondis-
abled peers. Test scores may thus be artificially depressed
as a result of such anxiety. Adults with strong histories of
dyslexia who have compensated for their reading disability
demonstrate good accuracy in reading but are less auto-
matic. Compensated dyslexics take longer to apply their
decoding skills and thus are slower readers; however, given
sufficient time, they score very well on tests of reading
comprehension.

Assessment of Reading

Reading is assessed by measuring decoding and compre-
hension. In the school-age child, one important element of
the psychometric evaluation is how accurately the child
can decode words, ie, read single words in isolation. This
is measured with standardized tests of single real-word and
pseudoword reading such as the Woodcock-Johnson Psy-
choEducational Battery–Revised (WJ-R) and the Wood-
cock Reading Mastery Test. Difficulties often also emerge

TABLE 1. Clues To Dyslexia In School-Age Children*
History

Delayed language
Problems with the sounds of words (trouble rhyming words, confusing
words that sound alike)
Expressive language difficulties (mispronunciations, hesitations, word-
finding difficulties)
Difficulty naming (difficulty learning letters of alphabet and names of
numbers)
Difficulty learning to associate sounds with letters
History of reading and spelling difficulties in parents and siblings

Reading
Difficulty decoding single words
Particular difficulty reading nonsense or unfamiliar words
Inaccurate and labored oral reading
Slow reading
Comprehension often superior to isolated decoding skills
Poor spelling

Language
Relatively poor performance on tests of word retrieval (name the
pictured item)
Relatively superior performance on tests of word recognition (point to
the pictured item)
Poor performance on tests of phonological awareness

Clues most specific to young children at-risk for dyslexia
Difficulty on tests assessing: knowledge of the names of letters, the
ability to associate sounds with letters, and phonological awareness

Clues most specific to bright young adults with dyslexia
Childhood history of reading and spelling difficulties
Accurate but not automatic reading
Very slow performance on timed reading tests (eg, Nelson-Denny
Reading Test)
Penalized by multiple choice tests

*Clues are based on history, observations, testing, or a combination of all three.
Reprinted with permission.

TABLE 2. Types of Tests Useful in Identifying Children At Risk for
Dyslexia at School Entry
Letter identification (naming letters of the alphabet)
Letter—sound association (eg, identifying words beginning with the

same letter from a list: doll, dog, boat)
Phonological awareness (eg, identifying word that would remain if a

particular sound were removed: if the /k/ sound was taken away
from “cat”)

Verbal memory (eg, recalling a sentence or a story that was just told)
Rapid naming (rapidly naming a continuous series of familiar objects,

digits, letters, or colors)
Expressive vocabulary or word retrieval (eg, naming single-pictured

objects
Reprinted with permission.
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represent the sounds of spoken language. In order to read, a
child has to develop the insight that spoken words can be pulled
apart into the elemental particles of speech (phonemes) and that
the�letters�in�a�written�word�represent�these�sounds�(Shaywitz
2003);�such�awareness�is�largely�missing�in�dyslexic�children�and
adults� (Bruck�1992;� Fletcher� et� al� 1994;� Liberman�and�Shank-
weiler�1991;�Shankweiler�et� al�1979;�Shaywitz�2003;�Torgesen
1995;� Wagner� and� Torgesen� 1987).� Results� from� large� and
well-studied populations with reading disability confirm that in
young�school-age�children�(Fletcher�et�al�1994;�Stanovich�and
Siegel�1994)�as�well�as� in�adolescents� (Shaywitz�et�al�1999)�a
deficit in phonology represents the most robust and specific
correlate� of� reading� disability� (Morris� et� al� 1998;� Ramus� et� al
2003).�Such�findings�form�the�basis�for�the�most�successful�and
evidence-based interventions designed to improve reading; such
interventions detailed in the Report of the National Reading
Panel include five critical elements: phonemic awareness; phon-
ics;�fluency;�vocabulary�and�comprehension�(Report�2000).

Implications of the Phonologic Model of Dyslexia
Reading comprises two main processes - decoding and com-

prehension�(Gough�and�Tunmer�1986).�In�dyslexia,�a�deficit�at
the level of the phonologic module impairs the ability to segment
the spoken word into its underlying phonologic elements and
then link each letter(s) to its corresponding sound. As a result,
the reader experiences difficulty, first in decoding the word and
then in identifying it. The phonologic deficit is domain-specific;
that is, it is independent of other, nonphonologic, abilities. In
particular, the higher order cognitive and linguistic functions
involved in comprehension, such as general intelligence and
reasoning,�vocabulary�(Share�and�Stanovich�1995),�and�syntax
(Shankweiler�et�al�1995),�are�generally� intact.�This�pattern� -�a
deficit in phonologic analysis contrasted with intact higher-order
cognitive abilities - offers an explanation for the paradox of
otherwise intelligent, often gifted, people who experience great
difficulty�in�reading�(Shaywitz�1996,�2003).

According to the model, a circumscribed deficit in a lower-

order linguistic function (phonology) blocks access to higher-
order processes and to the ability to draw meaning from text. The
problem is that the affected reader cannot use his or her
higher-order linguistic skills to access the meaning until the
printed word has first been decoded and identified. Suppose, for
example, an individual who knows the precise meaning of the
spoken word “apparition;” however, she will not be able to use
her knowledge of the meaning of the word until she can decode
and identify the printed word on the page and it will appear that
she does not to know the word’s meaning.

Outcome

Deficits in phonological coding continue to characterize
dyslexic readers even in adolescence; performance on phono-
logical processing measures contributes most to discriminating
dyslexic and average adolescent readers, and average and supe-
rior�readers�as�well�(Shaywitz�et�al�1999).�Children�with�dyslexia
neither spontaneously remit nor do they demonstrate a lag
mechanism for “catching up” in the development of reading
skills. That is not to say that many dyslexic readers do not
become quite proficient in reading a finite domain of words that
are in their area of special interest, usually words that are
important for their careers. For example, an individual who is
dyslexic in childhood but who, in adult life becomes interested in
molecular biology might then learn to decode words that form a
minivocabulary important in molecular biology. Such an individ-
ual, while able to decode words in this domain still exhibits
evidence of his early reading problems when he has to read
unfamiliar words, which he then does accurately but not fluently
and�automatically�(Ben-Dror�et�al�1991;�Bruck�1992,�1994;�Lefly
and�Pennington�1991;�Shaywitz�et�al�1999).�In�adolescents,�the
rate of reading as well as facility with spelling may be most useful
clinically in differentiating average from poor readers. From a
clinical perspective, these data indicate that as children approach
adolescence, a manifestation of dyslexia may be a very slow
reading rate; in fact, children may learn to read words accurately,
but they will not be fluent or automatic, reflecting the lingering
effects� of� a� phonologic� deficit� (Lefly� and� Pennington� 1991).
Because they are able to read words accurately (albeit very
slowly) dyslexic adolescents and young adults may mistakenly
be assumed to have “outgrown” their dyslexia. Data from studies
of children with dyslexia who have been followed prospectively
support the notion that in adolescents, the rate of reading as well
as facility with spelling may be most useful clinically in differen-
tiating average from poor readers in students in secondary
school, and college and even graduate school. It is important to
remember that these older dyslexic students may be similar to
their unimpaired peers on untimed measures of word recogni-
tion yet continue to suffer from the phonologic deficit that makes
reading less automatic, more effortful, and slow. For these
readers with dyslexia the provision of extra time is an essential
accommodation; it allows them the time to decode each word
and to apply their unimpaired higher-order cognitive and lin-
guistic skills to the surrounding context to get at the meaning of
words that they cannot entirely or rapidly decode. With such
accommodations, many students with dyslexia are now success-
fully completing studies in a range of disciplines, including
medicine. It is important to appreciate that phonologic difficulties in
dyslexia are independent of intelligence, consequently, many
highly intelligent boys and girls have reading problems which are
often overlooked and even ascribed to “lack of motivation.”

In counseling their patients who are dyslexic, physicians

Figure 1. Trajectory of reading skills over time in nonimpaired and dyslexic
readers. Ordinate is Rasch scores (W scores) from the Woodcock-Johnson
reading test (Woodcock and Johnson 1989) and abscissa is age in years. Both
dyslexic and nonimpaired readers improve their reading scores as they get
older, but the gap between the dyslexic and nonimpaired readers remains.
Thus dyslexia is a deficit and not a developmental lag. Figure derived from data
in (Francis et al 1996) and reprinted from (Shaywitz 2003) with permission.
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development	of	phonological	awareness	(Berg	&	Stegelman,	2003)

phonological	awareness :	a	skill	development	follows	a	predictable	developmental

Typical	Age	of	Mastery	Skill

• 3	years	:	recite	rhymes,	rhyme	by	pattern,	alliteration (cat,	core)

• 4	years	of	age	:	count syllables (50%	of	children)

• 5	years	of	age	:	count	syllables (90%);	count	phonemes (<50%)

• 6	years	:	match	initial consonants;	blend	2	to	3	phonemes;	count	phonemes	(70%);	
identify	rhymes;	divide	onset-rimes	(e.g.,	c-at)

• 7	years	:	blend	3	phonemes,	segment	3	to	4	phonemes,	spell phonetically,	delete
phonemes

GENERALLY	:	develop	from	from	phonemic	(sounding	out)	towards	lexical	(automatic)	

process	...

can	asses	using	cognitive	testing	
16



examples	:	phonological	awareness	assessment	task(Cassady et	al	2005)

Practical Assessment Research & Evaluation, Vol 10, No 18 3 
Cassady, Smith & Huber, Phonological Awareness 
 

 
Table 1. Phonological Awareness Assessment Task Examples 

Phonological 
Awareness Task 

Basic Instructions Sample Item(s) 

Rhyme recognition 
Rhymes are words that sound the 
same at the end... Tell me if these 
words rhyme. 

ape-knee; dip-hip 

Rhyme application Tell me a word that rhymes with: 
 

cap 

Oddity tasks: Beginning 
sounds 

Listen to the names of these pictures.  
Tell me which one has a different 
beginning sound. 

nest, soap, nails 

Oddity tasks: Ending 
sounds 

Listen to the names of these pictures.  
Tell me which one has a different 
ending sound. 

bell, web, crib 

Oddity tasks: Middle 
sounds 

Listen to the names of these pictures.  
Tell me which one has a different 
middle sound.   

beak, cone, heel 

Blending body-codas I will say two parts of a word 
separately. You tell me the word. 

/co/ /p/ 

Blending onset-rimes 
I will say the first sound of a word 
and then the rest of the word 
separately. Tell me the whole word  

/c/ /op/ 
 

Blending phonemes I’m going to say each sound of a word 
slowly, then you tell me the word.  

/s/ /a/ /ve/ -- “what is the 
word put together?” 

Segmenting onset-rimes
Split the word by saying the first 
sound and then the rest of the word:  

“Split the word coat  by saying 
just the first sound and then the 
rest of the word.   

Segmenting phonemes Say each sound you hear in the word job 

Phoneme deletion Listen to the word ____.  Take away 
the first sound, what is left? 

Listen to the word book.  Take 
away the /b/ sound, what is left?

Phoneme Substitution: 
Beginning sounds 

If I change the first sound in the word 
man to /p/, the new word is pan. 

Change the first sound in cat to 
/h/.  What is the new word? 

Phoneme Substitution:  
Ending sounds 

If I say the word rat and change the 
last sound to /g/, the new word is 
rag. 
 

Change the last sound in cat to 
/p/. What is the new word? 
 

Phoneme Substitution:  
Middle sounds 

If I say the word pan, change the 
middle sound to /i/, the new word is 
pin. 

Change the middle sound in the 
word cat to /o/, what’s the new 
word? 

Note: The phonological awareness task examples are based on the structure of the SAPA.  There are 
variations across measures on the instructions, types of items, and number of tasks assessed. 
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phoneme :	the	smallest	unit	of	

speech	that	can	be	used	to	make	one	
word	different from	another word.



dyscalculia :	difficulty	performing	math calculations or	
learning disability	which	affects	math
• number-specific	cognitive	challenge	- number	concepts,	

combinations,	and	resolving	word	problems
• not	caused	by	other	cognitive	difficulties	(i.e.,	attention)

young	children	:	difficulty	w
• counting,	trouble	recognizing printed	numbers,	difficulty	tying	

together	the	idea number (4)	and	how	it	exists	in	the	world	(4	
cars),	poor	memory for	numbers

school-age	children :	difficulty	w
• learning	math	facts,	developing	math	problem-solving	skills,	long	

term	memory	for	math functions,	measuring things,	etc.

teenagers/adults	:	difficulty	w	
• estimating	costs	(i.e.,	groceries	bills)
• budgeting or	balance	a	checkbook,	
• concepts of	time (schedule,	etc.)

SLD	w	impairment	in	mathematics	(dyscalculia)	:	symptomology

18



adults	with	SLD	

Many	adults	have	grown	up	feeling	inadequate,	attributing	their	difficulties	to	a	general	
lack	of	ability.	
• knowing that	there	is	a	specific	reason	for	their	difficulties	can	be	a	great	relief.	
• better	understanding	of	their	strengths as	well	as	their	weaknesses =	important	step	

towards	building	self-esteem	and	developingmore	effective	coping	strategies.	

Many	adults	newly	diagnosed	with	SLD	could	benefit	from	counselling
• personal - understand	their	strengths and	weaknesses - self-esteem
• professional - career /	adult	support	groups	may	be	helpful	

Many	excellent	support	programs for	the	student	/	adults	w	SLD	in	colleges	/	universities
• useful	for	students	to	self-identify	in	order	to	access	services	and	accommodations.	

https://ldaamerica.org

• how	to	manage	social-emotional	issues	of adults with SLDs
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interventions	:	school

Individualized Education Program (IEP)	:	is	a	written	plan	that	describes	the	
modification	of	level	of	instruction	or	adaptations	to	the	curriculum	required	
by	a	particular	student.

modifications :	changes	to	WHAT	is	taught	&	assessed	

• meet	student	needs	that	are	substantially	different from	the	prescribed grade	level	

curriculum.
• Learn	different	material	(such	as	continuing	to	work	on	multiplication	while	classmates	

move	on	to	fractions)
• Get	graded or	assessed using	a	different	standard	than	the	one	for	classmates
• Be	excused from	particular	projects
• alter	the	grade-level	learning	expectations	(for	a	subject	or	course)	from	the	provincial	

curriculum	

accommodations :	changes	to	HOW	child	is	taught	and	assessed	

• can	be	environmental,	physical,	academic,	organizational,	motivational,	
assessment &	evaluation
– amount	of	work,	time	to	complete	in-class	work,	level	of	support	(professionals)	,	

difficulty	(problem	type),	output	(#	of	words	for	composition),	alternate	expectations		20



maintain	realistic expectations about	learning	skills.	
• challenges	does	not	mean	that	child	will	alwaysmake	reading	errors,	but	more	

laborious compared	to	child's	peers
• reading	a	few	pages	/	night	– just	practicing	is	a	short-term,	tangible goal	

celebrate every	success (ie..,	with	a	"good	job"	or	"a	high	five")
• reward	progress and	effort.
• work	of	self-esteem	!!!

phonetic	awareness	/	spelling will	continue	to	be	a	challenge for	a	child	
• provide	a	visual	phoneme	chart to	help	with	homework	- helpful	to	pair	the	sounds	

with	relevant	images.	
• use	dictionary,	spell	check,	or	text-prediction

software
• read	aloud	w	child	or	use	App that	reads	aloud	

so	child	can	gain	understanding context/meaning of	
text,	help	with	phonetic awareness &	comprehension

interventions	:	home	/	parents
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Montreal Centre for Learning Disabilities

http://www.ldmontreal.ca

• charitable organization that aims to disseminate
information, promote awareness and provide innovative
services and programs to the English speaking community

• adult services

Montreal Fluency Centre

http://montrealfluency.com

• specialized after-school programming that targets
phonological skill development.

L’Institut des troubles d’apprentissage

http://institutta.com

• non-profit organization catering to persons with SLDs and
their families.

resources

22



ADHD
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Early	1900s	- ADHD	was	first	mentioned	in	1902	by		British	
pediatrician	Sir	George	Still	

Children	who	lacked	self-control	and	showed	symptoms	of	
overactivity /	inattention	in	school	were	said	to	have	“defective	
moral	control”,	but	were	intelligent

1900	- 1950	:	Minimal	Brain	Dysfunction	(damage):

1950	-1969	:	Hyperkinetic/Hyperactivity	Syndrome	(DSM-II	of	
1968)

1970	– 1979	:	Recognition	of	Attentional	impairment	and	
Impulsivity

1980	:	Diagnostic	Criteria	(DSM-III)	and	�ADD� with	or	without	
Hyperactivity

1987	:	ADD	becomes	ADHD	(DSM-IIIR)	w/mixed	criteria:

1994	:	ADHD	(inattentive,	hyperactive,	combined	subtypes)	in	
DSM-IV

history
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Key	symptoms	fall	under	two	well-documented	categories

• Inattention

• Hyperactivity-impulsivity

Using	these	dimensions	to	define	ADHD	oversimplifies	the	
disorder
• Attention	and	impulse	control	are	closely	connected	

developmentally

Intellectual abilities

• most	children	with	ADHD have	at	least	normal	intelligence	- the	
difficulty	lies	in	applying	intelligence	to	everyday	life	situations	

Impaired	academic	functioning

• children	with	ADHD	frequently	have	lower	productivity,	grades,	
and	scores	on	achievement	tests

• attention	involved	in	many	academic	functions	....

core characteristics of ADHD
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Inability	to	sustain	attention,	particularly	for	repetitive,	structured,	and	less	enjoyable	tasks

• deficits	may	be	seen	in	one	or	more	types	of	attention	:	attentional	capacity	/	selective	
attention	/	distractibility	/	sustained	attention	/	vigilance	(a	core	feature)

DSM-5 Diagnostic Criteria for ADHD - Inattention
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Inability to	voluntarily inhibit dominant or	ongoing behavior
• Hyperactive	behaviors	:	 fidgeting	and	difficulty	staying	seated	/	moving,	running,	touching	

everything	in	sight,	excessive	talking,	and	pencil	tapping,	excessively	energetic,	intense,	
inappropriate,	and	not	goal-directed

• Impulsivity :	inability	to	control	immediate	reactions	or	to	think	before	acting	:	cognitive	
impulsivity	includes	disorganization,	hurried	thinking,	and	need	for	supervision
– behavioral impulsivity :	difficulty	inhibiting	responses	when	situations	require	it
– emotional impulsivity :	impatience,	low	frustration	tolerance,	hot	temper,	quickness	to	

anger,	and	irritability

DSM-5 Diagnostic Criteria for ADHD - Hyperactivity & Impulsivity
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Appears	prior	to	age	12

Persists	more	than	6	months

Occurs	more	often and	with	greater	severity compared	to	children	of	the	same	age	and	
sex	(different	thresholds	formales and	female	- questionnaires)

Occur	across	two	or	more	settings	(home,	school,	activities,	tassesment,		etc.)

Interferes with	social or	academic	performance	

Not	explained	by	another	disorder

Additional DSM-5 Diagnostic Criteria for ADHD
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ADHD	- predominantly	inattentive	or	hyperactive-impulsive	presentation

Predominantly	inattentive presentation	(ADHD-PI)
• Inattentive,	drowsy,	day-dreamy,	aloof,		spacey,	in	a	fog,	and	easily	confused
• May	have	co-occurring	SLD	:	process information	slowly,	have	trouble remembering

things,	and	display	low	academic	achievement

• Often	anxious,	apprehensive,	socially withdrawn,	and	may	display	mood disorders

Predominantly	hyperactive–impulsive	presentation	(ADHD-HI)
• Primarily	symptoms	of	hyperactivity-impulsivity	(rarest	group)
• Primarily	includes	preschoolers	and	may	have	limited	validity	for	older	children
• May	be	a	distinct	subtype	of	ADHD-C
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Worldwide	prevalence of	ADHD	has	been	estimated	at	5.29% (Polanczyk et	al	2007)

Prevalence rates	vary	widely	with	sampling	methods
• Estimates:	6-7%	of	school-age	children	and	adolescents	in	North	America	and	5%	

worldwide	have	ADHD
• ADHD	is	one	of	the	most	common	referral	problems	seen	at	clinics

5.4-fold	increase	in	prevalence	from	1979	- 1996	in	US
• partially	explained	by	changes	in	diagnostic	criteria	(DSM-III	to	DSM-IV)

ADHD	persists	in	adulthood	for	about	about	50	- 65%	of	diagnosed	children	(Faraone et	
al	2006)

• persistence	related	to	ADHD	symptom	severity,	number	of	symptoms,	ADHD	subtype,	
ADHD	in	relatives,	psychosocial	adversity,	psychiatric	comorbidities,	and/or	parental	
psychopathology

Many	adults with	ADHD	are	undiagnosed	and	untreated

ADHD	- prevalence	and	course

30



ADHD	occurs	more	frequently	in	boys	
• girls	with	ADHD	may	be	under-identified	and	undertreated	- less	

behavioural manifestations

Ratio	in	clinical	samples	is	6:1	with	boys	being	referred	more	often	than	girls
• ADHD	in	girls	may	go	unrecognized	and	unreported	

Overall	rates	decrease	in	adolescence	for	both	sexes	- ratio	remains	the	same

DSM	criteria	(cutoffs	and	symptoms)	may	be	more	appropriate	for	boys than	
girls

Girls with	ADHD	may	be	more	likely	to	display	inattentive/disorganized	
symptoms

Girls with	ADHD	who	display	impulsive-hyperactive	behaviors

more	likely	to	develop	eating	disorder	symptoms

ADHD	- gender
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ADHD	- comorbid	diagnoses	- children

Up	to	80% of	children	with	ADHD	have	a	co-
occurring	psychological	disorder

Oppositional	Defiant	Disorder	(ODD)	and	Conduct	
Disorder (CD)
• common	genetic	contribution	for	ADHD,	ODD,	and	CD
• Family	connections	– there	is	evidence	for	a	

contribution	from	a	shared	environment

Mood	disorders

• ADHD	at	4-6	years	is	a	risk	factor	for	future	
depression	and	suicidal	behavior

• 20-30%	of	children	with	ADHD	experience	

depression

– family	risk	for	one	disorder	may	increase	the	risk	
for	the	other

three domains; 20% did well in all three domains; and 60% had
intermediate outcomes. These findings suggest that the syn-
dromic persistence of ADHD is not associated with a uniform
functional outcome; rather, it leads to a wide range of emotional,
educational, and social adjustment outcomes that can be partially
predicted. More work is needed, however, to disentangle the
role of treatment on outcome.

Comorbidity of ADHD

Childhood ADHD
Throughout the life cycle, a key clinical feature observed in

patients with ADHD is comorbidity. In children, psychiatric
disorders comorbid with ADHD include oppositional defiant
disorder, conduct disorder, mood disorders (both unipolar and
bipolar), anxiety disorders, and learning disorders (Kessler 2004;
Pliszka 1998). Although spurious comorbidity can occur due to
referral and screening artifacts (Caron and Rutter 1991), recent
reviews of the literature show that these artifacts cannot explain
the high levels of psychiatric comorbidity observed for ADHD
(Angold et al 1999). Figure 1 illustrates the prevalence rates of
common comorbid diagnoses of childhood ADHD and how
these diagnoses are affected with respect to gender (Biederman
et al 1996, 1999; Pliszka 1998; Spencer et al 1999).

In a systematic evaluation of the impact of gender on the
clinical features of ADHD, Biederman et al (2002) reported that
girls with ADHD were at less risk for comorbid disruptive
behavior disorder than boys with ADHD. Because disruptive
behavior disorder drives referral, this finding might explain the
substantial discrepancy in the male/female ratio between clinic-
referred (10:1) and community (3:1) samples of children with
ADHD (Biederman et al 2002). Furthermore, this gender discrep-
ancy suggests that girls with ADHD might be under-identified
and under-treated.

Adult ADHD
Follow-up studies have found that 5%–66% of children with

ADHD persist with this disorder in adulthood (Biederman et al
1993). Current epidemiologic studies estimate the prevalence of
adult ADHD to be between 3% and 5% (Faraone 2004; Kessler
2004). Furthermore, studies of referred and nonreferred adults
with a clinical diagnosis of childhood-onset and persistent ADHD
revealed that clinical correlates—demographic, psychosocial,
psychiatric, and cognitive features—mirrored well-documented
findings among children with ADHD (Biederman et al 1993,

2004). Lifetime prevalence rates of comorbid anxiety disorders in
adults with ADHD approach 50%, whereas mood disorders,
antisocial disorders, and alcohol/drug dependency also show
substantial prevalence rates (Figure 2) (Biederman et al 1993,
1994; Shekim et al 1990). Findings from a new, large sample of
male and female adults with and without ADHD provide com-
pelling evidence for the validity of adult ADHD and document
strikingly similar phenotypic features of the disorder in both
genders (Biederman et al 2004). Consistent with previous find-
ings, this study documented high rates of mood and anxiety
disorders in adults with ADHD, with a female predominance.

Genetics and ADHD

Familial Influence
Family studies of ADHD have consistently supported its

strong familial nature (Faraone and Doyle 2001; Faraone and
Tsuang 1995). Despite nosologic changes, there is remarkable
agreement between early studies of children whose illness was
defined as hyperactivity (Cantwell 1972; Morrison and Stewart
1971) and subsequent studies using DSM-III and DSM-III-R
definitions of ADHD (Figure 3) (Biederman et al 1990; Faraone
et al 1992; Frick et al 1991; Schachar and Wachsmuth 1990). Most
family studies have identified a two- to eightfold increase in the
risk for ADHD in parents and siblings of children with ADHD
(Biederman et al 1990; Cantwell 1972; Faraone et al 1992; Frick
et al 1991; Manshadi et al 1983; Morrison and Stewart 1971; Pauls
et al 1983; Schachar and Wachsmuth 1990; Welner et al 1977). A
study of siblings of adults with ADHD (Manshadi et al 1983) and

Figure 1. Approximate prevalence of comorbid diagnoses in children with
attention-deficit/hyperactivity disorder.

Figure 2. Approximate prevalence of comorbid diagnoses in adults with
attention-deficit/hyperactivity disorder.

Figure 3. Family studies in attention-deficit/hyperactivity disorder
(ADHD).
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ADHD	- comorbid	diagnoses	- children (cont'd)

Anxiety	disorders

• about	25%	of	children	with	ADHD	experience	
excessive	anxiety

• children	with	co-occurring	anxiety
– Display	social	and	academic	difficulties
– Experience	greater	long-term	impairment	and	

mental	health	problems

Learning	disorders

• about	25%	of	children	with	ADHD	have	difficulty	
with	reading,	writing	and/or	math

+	speech-related	difficulties

• difficulty	understanding	others’	speech
• excessive	and	loud	talking
• frequent	shifts	and	interruptions	in	conversation
• inability	to	listen
• inappropriate	conversations
• speech	production	errors

three domains; 20% did well in all three domains; and 60% had
intermediate outcomes. These findings suggest that the syn-
dromic persistence of ADHD is not associated with a uniform
functional outcome; rather, it leads to a wide range of emotional,
educational, and social adjustment outcomes that can be partially
predicted. More work is needed, however, to disentangle the
role of treatment on outcome.

Comorbidity of ADHD

Childhood ADHD
Throughout the life cycle, a key clinical feature observed in

patients with ADHD is comorbidity. In children, psychiatric
disorders comorbid with ADHD include oppositional defiant
disorder, conduct disorder, mood disorders (both unipolar and
bipolar), anxiety disorders, and learning disorders (Kessler 2004;
Pliszka 1998). Although spurious comorbidity can occur due to
referral and screening artifacts (Caron and Rutter 1991), recent
reviews of the literature show that these artifacts cannot explain
the high levels of psychiatric comorbidity observed for ADHD
(Angold et al 1999). Figure 1 illustrates the prevalence rates of
common comorbid diagnoses of childhood ADHD and how
these diagnoses are affected with respect to gender (Biederman
et al 1996, 1999; Pliszka 1998; Spencer et al 1999).

In a systematic evaluation of the impact of gender on the
clinical features of ADHD, Biederman et al (2002) reported that
girls with ADHD were at less risk for comorbid disruptive
behavior disorder than boys with ADHD. Because disruptive
behavior disorder drives referral, this finding might explain the
substantial discrepancy in the male/female ratio between clinic-
referred (10:1) and community (3:1) samples of children with
ADHD (Biederman et al 2002). Furthermore, this gender discrep-
ancy suggests that girls with ADHD might be under-identified
and under-treated.

Adult ADHD
Follow-up studies have found that 5%–66% of children with

ADHD persist with this disorder in adulthood (Biederman et al
1993). Current epidemiologic studies estimate the prevalence of
adult ADHD to be between 3% and 5% (Faraone 2004; Kessler
2004). Furthermore, studies of referred and nonreferred adults
with a clinical diagnosis of childhood-onset and persistent ADHD
revealed that clinical correlates—demographic, psychosocial,
psychiatric, and cognitive features—mirrored well-documented
findings among children with ADHD (Biederman et al 1993,

2004). Lifetime prevalence rates of comorbid anxiety disorders in
adults with ADHD approach 50%, whereas mood disorders,
antisocial disorders, and alcohol/drug dependency also show
substantial prevalence rates (Figure 2) (Biederman et al 1993,
1994; Shekim et al 1990). Findings from a new, large sample of
male and female adults with and without ADHD provide com-
pelling evidence for the validity of adult ADHD and document
strikingly similar phenotypic features of the disorder in both
genders (Biederman et al 2004). Consistent with previous find-
ings, this study documented high rates of mood and anxiety
disorders in adults with ADHD, with a female predominance.

Genetics and ADHD

Familial Influence
Family studies of ADHD have consistently supported its

strong familial nature (Faraone and Doyle 2001; Faraone and
Tsuang 1995). Despite nosologic changes, there is remarkable
agreement between early studies of children whose illness was
defined as hyperactivity (Cantwell 1972; Morrison and Stewart
1971) and subsequent studies using DSM-III and DSM-III-R
definitions of ADHD (Figure 3) (Biederman et al 1990; Faraone
et al 1992; Frick et al 1991; Schachar and Wachsmuth 1990). Most
family studies have identified a two- to eightfold increase in the
risk for ADHD in parents and siblings of children with ADHD
(Biederman et al 1990; Cantwell 1972; Faraone et al 1992; Frick
et al 1991; Manshadi et al 1983; Morrison and Stewart 1971; Pauls
et al 1983; Schachar and Wachsmuth 1990; Welner et al 1977). A
study of siblings of adults with ADHD (Manshadi et al 1983) and

Figure 1. Approximate prevalence of comorbid diagnoses in children with
attention-deficit/hyperactivity disorder.

Figure 2. Approximate prevalence of comorbid diagnoses in adults with
attention-deficit/hyperactivity disorder.

Figure 3. Family studies in attention-deficit/hyperactivity disorder
(ADHD).
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ADHD	- comorbid	diagnoses	- adults

Many	children with	ADHD	do	not	outgrow	
problems and	some	can	get	much	worse

At	least	50%	of	clinic-referred	elementary	

school	children	continue	to	deal	with	ADHD	
into	adolescence

Adult	challenges (Shaw	et	al.,	2012)

• drug	use/addictive	behaviour,	
• academic	outcomes,	
• antisocial	behaviours,	
• social	function	
• occupation
BUT

• Some	individuals either	outgrow or	learn	to	
cope	with	their	disorder	by	adulthood

• ADHD	is	established	as	an	adult	disorder

three domains; 20% did well in all three domains; and 60% had
intermediate outcomes. These findings suggest that the syn-
dromic persistence of ADHD is not associated with a uniform
functional outcome; rather, it leads to a wide range of emotional,
educational, and social adjustment outcomes that can be partially
predicted. More work is needed, however, to disentangle the
role of treatment on outcome.

Comorbidity of ADHD

Childhood ADHD
Throughout the life cycle, a key clinical feature observed in

patients with ADHD is comorbidity. In children, psychiatric
disorders comorbid with ADHD include oppositional defiant
disorder, conduct disorder, mood disorders (both unipolar and
bipolar), anxiety disorders, and learning disorders (Kessler 2004;
Pliszka 1998). Although spurious comorbidity can occur due to
referral and screening artifacts (Caron and Rutter 1991), recent
reviews of the literature show that these artifacts cannot explain
the high levels of psychiatric comorbidity observed for ADHD
(Angold et al 1999). Figure 1 illustrates the prevalence rates of
common comorbid diagnoses of childhood ADHD and how
these diagnoses are affected with respect to gender (Biederman
et al 1996, 1999; Pliszka 1998; Spencer et al 1999).

In a systematic evaluation of the impact of gender on the
clinical features of ADHD, Biederman et al (2002) reported that
girls with ADHD were at less risk for comorbid disruptive
behavior disorder than boys with ADHD. Because disruptive
behavior disorder drives referral, this finding might explain the
substantial discrepancy in the male/female ratio between clinic-
referred (10:1) and community (3:1) samples of children with
ADHD (Biederman et al 2002). Furthermore, this gender discrep-
ancy suggests that girls with ADHD might be under-identified
and under-treated.

Adult ADHD
Follow-up studies have found that 5%–66% of children with

ADHD persist with this disorder in adulthood (Biederman et al
1993). Current epidemiologic studies estimate the prevalence of
adult ADHD to be between 3% and 5% (Faraone 2004; Kessler
2004). Furthermore, studies of referred and nonreferred adults
with a clinical diagnosis of childhood-onset and persistent ADHD
revealed that clinical correlates—demographic, psychosocial,
psychiatric, and cognitive features—mirrored well-documented
findings among children with ADHD (Biederman et al 1993,

2004). Lifetime prevalence rates of comorbid anxiety disorders in
adults with ADHD approach 50%, whereas mood disorders,
antisocial disorders, and alcohol/drug dependency also show
substantial prevalence rates (Figure 2) (Biederman et al 1993,
1994; Shekim et al 1990). Findings from a new, large sample of
male and female adults with and without ADHD provide com-
pelling evidence for the validity of adult ADHD and document
strikingly similar phenotypic features of the disorder in both
genders (Biederman et al 2004). Consistent with previous find-
ings, this study documented high rates of mood and anxiety
disorders in adults with ADHD, with a female predominance.

Genetics and ADHD

Familial Influence
Family studies of ADHD have consistently supported its

strong familial nature (Faraone and Doyle 2001; Faraone and
Tsuang 1995). Despite nosologic changes, there is remarkable
agreement between early studies of children whose illness was
defined as hyperactivity (Cantwell 1972; Morrison and Stewart
1971) and subsequent studies using DSM-III and DSM-III-R
definitions of ADHD (Figure 3) (Biederman et al 1990; Faraone
et al 1992; Frick et al 1991; Schachar and Wachsmuth 1990). Most
family studies have identified a two- to eightfold increase in the
risk for ADHD in parents and siblings of children with ADHD
(Biederman et al 1990; Cantwell 1972; Faraone et al 1992; Frick
et al 1991; Manshadi et al 1983; Morrison and Stewart 1971; Pauls
et al 1983; Schachar and Wachsmuth 1990; Welner et al 1977). A
study of siblings of adults with ADHD (Manshadi et al 1983) and

Figure 1. Approximate prevalence of comorbid diagnoses in children with
attention-deficit/hyperactivity disorder.

Figure 2. Approximate prevalence of comorbid diagnoses in adults with
attention-deficit/hyperactivity disorder.

Figure 3. Family studies in attention-deficit/hyperactivity disorder
(ADHD).
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ADHD	- genetics

ADHD	runs	in	families

Family studies:	
• sibling	risk	increases	2	- 5x
• 3	- 5x	increased	likelihood	that	parent is	

affected (9	- 35%)

Twin studies	

• 75%	heritability	estimates	for	
hyperactive-impulsive	and	inattentive	
behaviors

Specific gene studies
• Genes	may	contribute	to	the	expression	

of	ADHD	– focus	on	dopamine regulation

a study of children of adults with ADHD both documented very
high rates of ADHD in the families of adults with ADHD
(Biederman et al 1995a). These and other data suggest that
persistent ADHD might be a useful phenotype for molecular
genetic studies (Faraone et al 2000).

Attention to comorbid psychiatric disorders in these family
studies also provides evidence for the genetic heterogeneity of
ADHD. Results of analyses from independent samples of chil-
dren with DSM-III attention-deficit disorder (Biederman et al
1990) and DSM-III-R ADHD (Biederman et al 1992) suggest that
1) ADHD and major depression share common familial vulner-
abilities (Biederman et al 1991b); 2) ADHD children with conduct
disorders and bipolar disorders (Faraone et al 1991, 1997, 2001a;
Wozniak et al 1995) might be a distinct familial subtype of
ADHD; and 3) ADHD is familially independent from anxiety
disorders (Biederman et al 1991a) and learning disabilities (Faraone
et al 1993; Goodman and Stevenson 1989). Thus, stratification by
conduct and bipolar disorders might divide the universe of
children with ADHD into more familially homogeneous sub-
groups. On the other hand, major depressive disorder might be
a nonspecific manifestation of different ADHD subtypes.

Twin and Adoption Studies
Because ADHD is believed to be highly genetic, studies of

twins have been used to establish its heritability, or the degree to
which this disorder is influenced by genetic factors (Coolidge et
al 2000; Edelbrock et al 1995; Gillis et al 1992; Gjone et al 1996;
Goodman and Stevenson 1989; Hudziak et al 2000; Kuntsi and
Stevenson 2001; Levy et al 1997; Martin et al 2002; Nadder et al
1998; Sherman et al 1997; Silberg et al 1996; Stevenson 1992;
Thapar et al 1995; Willcutt et al 2000; Willerman 1973). Based on
numerous studies of twins, which varied considerably in meth-
odology and definitions of ADHD, the mean heritability for
ADHD was shown to be .77 (Figure 4).

Adoption studies of ADHD also implicate a genetic etiology.
Early studies showed that the adoptive relatives of hyperactive
children are less likely to have hyperactivity or associated
disorders than are the biologic relatives of hyperactive children
(Cantwell 1975; Morrison and Stewart 1973). In a recent study,
Sprich et al (2000) reported that the adoptive relatives of adopted
ADHD probands had rates of ADHD and other associated
disorders that were lower than those observed in the biological
relatives of nonadopted ADHD probands, and similar to those

found in relatives of control probands. Biological relatives of
children with ADHD also perform more poorly on standardized
measures of attention than do adoptive relatives of children with
ADHD (Alberts-Corush et al 1986).

Molecular Genetics Studies
Two approaches are used to evaluate the genetic etiology of

ADHD: 1) the genome scan, which examines all chromosomal
locations without a priori guessing as to which genes underlie
ADHD; and 2) the candidate gene approach, which examines
one or more genes based on theory and empirical evidence
(Faraone et al 2005). A genomewide linkage scan in 204 nuclear
families (853 individuals and 270 affected sibling pairs) suggests
that regions 16p13 and 17p11 likely harbor risk genes for ADHD
(Ogdie et al 2003).

Cook et al (1995) observed an association between ADHD
and the 480-bp allele (or genotype) in the dopamine transporter
gene (DAT). Additional polymorphisms in intron 9 and exon 9
were examined, with a trend for biased transmission of the
480-bp allele of VNTR polymorphism (Barr et al 2001). The
dopamine transporter was found to be elevated by approxi-
mately 70% in adults with ADHD, according to single photon
emission computed tomography (Dougherty et al 1999). By far,
the gene most strongly implicated in ADHD is the 7-repeat allele
of the human dopamine receptor D4 gene (DRD4), confirming a
strong dopamine component in the pathogenesis of ADHD
(Faraone et al 2001b).

Other Factors Contributing to the Etiology of ADHD

Biological Adversity
Several biologic factors have been proposed as contributors

to ADHD, including food additives/diet, lead contamination,
cigarette and alcohol exposure, maternal smoking during preg-
nancy, and low birth weight. Although the Feingold Diet for
ADHD was popularized by the media and accepted by many
parents, systematic studies showed that this diet was ineffective
and that food additives do not cause this disorder (Conners
1980). Several investigators have shown that lead contamination
can cause distractibility, hyperactivity, restlessness, and lower
intellectual functioning; however, lead does not account for the
majority of ADHD cases, and many children with high lead
exposure do not develop ADHD. An emerging literature docu-
ments that maternal smoking and alcohol exposure during
pregnancy, low birth weight, and psychosocial adversity are
additional independent risk factors for ADHD (Biederman et al
1995b; Mick et al 2002b).

Pregnancy and delivery complications (i.e., toxemia, eclamp-
sia, poor maternal health, maternal age, fetal postmaturity,
duration of labor, fetal distress, low birth weight, antepartum
hemorrhage) seem to predispose for ADHD (Sprich-Buckminster
et al 1993). It is theoretically compelling to explore maternal
smoking as a risk factor for ADHD, because nicotinic receptors
modulate dopaminergic activity, and dopaminergic disruption is
believed to be involved in the pathophysiology of ADHD.
Animal studies have shown a positive correlation between
hyperactivity and chronic exposure to maternal nicotine intake
during pregnancy (Fung and Lau 1989; Hagino and Lee 1985;
Johns et al 1982; Richardson and Day 1994; Van De Kamp and
Collins 1994). Several studies documented that maternal smoking
during pregnancy is an independent risk factor for ADHD
(Biederman et al 1995b; Mick et al 2002a; Milberger et al 1996).

Figure 4. Heritability of attention-deficit/hyperactivity disorder (ADHD).
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three domains; 20% did well in all three domains; and 60% had
intermediate outcomes. These findings suggest that the syn-
dromic persistence of ADHD is not associated with a uniform
functional outcome; rather, it leads to a wide range of emotional,
educational, and social adjustment outcomes that can be partially
predicted. More work is needed, however, to disentangle the
role of treatment on outcome.

Comorbidity of ADHD

Childhood ADHD
Throughout the life cycle, a key clinical feature observed in

patients with ADHD is comorbidity. In children, psychiatric
disorders comorbid with ADHD include oppositional defiant
disorder, conduct disorder, mood disorders (both unipolar and
bipolar),�anxiety�disorders,�and�learning�disorders�(Kessler�2004 ;
Pliszka�1998).�Although�spurious�comorbidity�can�occur�due�to
referral�and�screening�artifacts�(Caron�and�Rutter�1991),�recent
reviews�of�the�literature�show�that�these�artifacts�cannot�explain
the high levels of psychiatric comorbidity observed for ADHD
(Angold�et�al�1999).�Figure�1�illustrates�the�prevalence�rates�of
common comorbid diagnoses of childhood ADHD and how
these�diagnoses�are�affected�with�respect�to�gender�(Biederman
et�al�1996,�1999;�Pliszka�1998;�Spencer�et�al�1999).

In a systematic evaluation of the impact of gender on the
clinical�features�of�ADHD,�Biederman�et�al�(2002)�reported�that
girls with ADHD were at less risk for comorbid disruptive
behavior disorder than boys with ADHD. Because disruptive
behavior disorder drives referral, this finding might explain the
substantial discrepancy in the male/female ratio between clinic-
referred (10:1) and community (3:1) samples of children with
ADHD�(Biederman�et�al�2002).�Furthermore,�this�gender�discrep-
ancy suggests that girls with ADHD might be under-identified
and under-treated.

Adult ADHD
Follow-up studies have found that 5%–66% of children with

ADHD�persist�with�this�disorder�in�adulthood�(Biederman�et�al
1993).�Current�epidemiologic�studies�estimate�the�prevalence�of
adult�ADHD�to�be�between�3%�and�5%�(Faraone�2004 ;�Kessler
2004 ).�Furthermore,�studies�of�referred�and�nonreferred�adults
with a clinical diagnosis of childhood-onset and persistent ADHD
revealed that clinical correlates—demographic, psychosocial,
psychiatric, and cognitive features—mirrored well-documented
findings� among� children� with� ADHD� (Biederman� et� al� 1993,

2004 ).�Lifetime�prevalence�rates�of�comorbid�anxiety�disorders�in
adults with ADHD approach 50%, whereas mood disorders,
antisocial disorders, and alcohol/drug dependency also show
substantial�prevalence� rates� (Figure�2)� (Biederman�et� al� 1993,
1994 ;�Shekim�et�al�1990).�Findings�from�a�new,�large�sample�of
male and female adults with and without ADHD provide com-
pelling evidence for the validity of adult ADHD and document
strikingly similar phenotypic features of the disorder in both
genders�(Biederman�et�al�2004 ).�Consistent�with�previous�find-
ings, this study documented high rates of mood and anxiety
disorders in adults with ADHD, with a female predominance.

Genetics and ADHD

Familial Influence
Family studies of ADHD have consistently supported its

strong� familial� nature� (Faraone� and�Doyle� 2001;� Faraone� and
Tsuang�1995).�Despite�nosologic�changes,� there� is� remarkable
agreement between early studies of children whose illness was
defined�as�hyperactivity�(Cantwell�1972;�Morrison�and�Stewart
1971)� and� subsequent� studies� using� DSM-III� and� DSM-III-R
definitions�of�ADHD�(Figure�3)�(Biederman�et�al�1990;�Faraone
et�al�1992;�Frick�et�al�1991;�Schachar�and�Wachsmuth�1990).�Most
family studies have identified a two- to eightfold increase in the
risk for ADHD in parents and siblings of children with ADHD
(Biederman�et�al�1990;�Cantwell�1972;�Faraone�et�al�1992;�Frick
et�al�1991;�Manshadi�et�al�1983;�Morrison�and�Stewart�1971;�Pauls
et�al�1983;�Schachar�and�Wachsmuth�1990;�Welner�et�al�1977).�A
study�of�siblings�of�adults�with�ADHD�(Manshadi�et�al�1983)�and

Figure 1. Approximate prevalence of comorbid diagnoses in children with
attention-deficit/hyperactivity disorder.

Figure 2. Approximate prevalence of comorbid diagnoses in adults with
attention-deficit/hyperactivity disorder.

Figure 3. Family studies in attention-deficit/hyperactivity disorder
(ADHD).
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Current models of	ADHD	:	complicated and	not
completely understood,	but	..	
• implication	dopaminergic and	noradrenergic system

imbalances related	to	core	symptoms

consensus	...	prefrontal lobe dysfunction and	the	
connections	between	the	frontal lobe and	key	
subcortical regions underlie	ADHD

Medications	increase	neurotransmission	in	these	
systems	...	
• dopaminergic	:	Adderal,	Ritalin,	Concerta
• noradrenergic :	Strattera	

– not	a	psychostimulant	- selective	norepinephrine	reuptake	
inhibitor	- SNRI)

– Alternative	- for	kids	who	experience	lots	of	irritability	on	
stimulants

liberation	type	i.e.,	immediate	vs	Slow-release
initial	dose	i.e.,	5mg	vs	20	mg
duration	of	action	i.e.,	4	vs	12	hrs

ADHD	- pharmacology
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ADHD compared with controls. These longitudinal studies
have shown a developmental delay of cortical thickness in
ADHD, with greatest differences between ADHD and controls
in maturation of the middle prefrontal cortex. Interestingly,
normalization of volumes in different brain regions such as the
parietal cortex and the hippocampus parallel clinical improve-
ment of symptoms, whereas progressive volume loss of cer-
ebellar regions and hippocampus were associated with persis-
tent symptoms (59).

Imaging studies are also beginning to study familial pat-
terns of brain structure and function. Brain endophenotypes
refer to brain characteristics shared by ADHD patients and
their siblings and likely to be involved in the liability to the
disorder. Activation pattern of the ventral prefrontal cortex
and reduced striatal activity have been identified as possible
brain endophenotype candidates (63,64).

Neurocognitive models of ADHD. The dual pathway model
of ADHD (25,65) links inattention and deficits in executive
functions to impairments in prefrontal-striatal circuits whereas
hyperactivity may be consecutive to dysfunctions of reward
response and motivation, related to a frontal-limbic system.
Multiple pathways to ADHD symptoms are also pointed out in
another model suggesting that a poor adjustment of behavior
to environmental cues may arise from deficient signaling of
the prefrontal cortex by subcortical and posterior systems (i.e.
a failure to detect discrepancies between current and expected
context because of a failure in bottom-up mechanisms) or
from an intact signaling but inefficient top-down control
(66,67).

From genes to brain structure and function. Striatal acti-
vation patterns have been linked to DAT1 genotype through
higher levels of DAT expression in carriers of the 10-R allele

(64). Gene effects have also been shown on brain structure
with DRD4 and DAT1 genotypes influencing the volume of
the prefrontal cortex and the volume of the caudate nucleus,
respectively (68). Neuroimaging methods may not only con-
tribute to further document gene effects on brain function and
structure but also provide insight into environmental or GxE
effects in the near future (69).

Recent genetic findings suggest that a variety of genes
could have, via their rare variants, a similar impact on protein
complexes. Modifications of proteins in neuronal structures
such as the dendritic spine could account for an intermediate
phenotype (i.e. changes in dendritic spine morphology) lead-
ing to an abnormal synaptic transmission. Such molecular and
subcellular phenotypes can be common to a variety of distinct
rare variants (Fig. 2). A key issue for future research is to
understand how a diversity of neuropsychiatric phenotypes
can be generated by overlapping genotypes.

Novel strategies for pathophysiological analyses of
ADHD. Animal models are one of the most promising ap-
proaches to study molecular pathophysiology of ADHD. If
models that may recapitulate the full phenotypic spectrum of
a psychiatric disorder are currently out of reach, creation of
phenotypic components is feasible (70). Table 2 illustrates the
main animal models related to ADHD (71–75).

New perspectives are expected from using top-down and
bottom-up cognitive paradigms in experiments with primates.
Such paradigms can be transposed to rodents allowing exper-
imental analysis of the role of the prefrontal cortex in decision
making using models attainable to genetic modifications (76).

Figure 2. A same intermediate phenotype can be generated by variants
identified in many genes. The figure illustrates how a variety of genes could
have a similar impact on protein complexes neuronal structures such as the
dendritic spine. Similar changes in dendritic spine morphology could consti-
tute an intermediate phenotype involved in abnormal synaptic transmission.

Figure 1. Schematic representation of functional circuits involved in the
pathophysiology of ADHD. Here are summarized the attentional network
(green), the fronto-striatal network (yellow), the executive function network
(black), the fronto-cerebellar network (red), and the reward network (blue).
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The	Canadian	ADHD	Resource	Alliance		(CADDRA)



There	is	no	single test to	identify	ADHD

Clinical Interview

• diagnostic	assessment of	primary complaint
• medical,	psychiatric	&	developmental History
• detailed	educational history
• detailed	family &	social history

Behavioural assessment	
• observation (interview/in-class,	etc)
• questionnaires

Psycho-educational /	Neuropsychological
assessment
• intellectual functioning

• achievement	

• mostly "executive	functioning	/	frontal"	tests
• organization,	attention	(sustained,	selective,	

distributed),	working	memory	(recall	/	
interference),	inhibition,	self-regulation	/	
monitoring,	etc.

ADHD - establishing diagnosis - multifactorial
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Nigg (2005)	in	a	meta-analysis	identified	the	most	common	abnormalities	in	various	
neuropsychological	tasks	in	ADHD	(listed	by	Effect	Size):

ADHD	- neuropsychological	test	sensitive	to	ADHD

CPT	press	bar	except	after	X

explain a range of behavioral and physiologic observations.
Recent theories have been similar but more closely related to
psychopharmacology, again emphasizing disruption in the as-
cending noradrenergic neurons that support signal/noise detec-
tion�(McCracken�1991;�Figure�1B).�Sergeant�et�al�(1999),�drawing
on�Pribram�and�McGuinness� (1975),� suggested� that� responses
early in the task are particularly informative. Thus, appearance of
reaction time or accuracy deficits early on tasks (e.g., commonly
observed slow and variable reaction time on initial task trials;
Oosterlaan�et�al�1998)�is�one�source�of�support�for�an�arousal
model. Early and recent electroencephalogram and evoked
response potential findings tend to support this model as well
(Barry�et�al�2003a,�2003b),�in�that�they�reveal�excess�slow-wave
activity in children with ADHD.

Closely related to this conception of arousal is the ability to
alert rapidly to novel stimuli. That ability is also theorized to
depend on a right-lateralized vigilance network with noradren-
ergic�involvement�(Posner�and�Petersen�1990).�Data�on�alerting
therefore also might support an under-arousal model or enable it
to be reformulated. Some data suggest such alerting is deficient
in children with ADHD and their biologic but not adoptive
relatives�(Nigg�et�al�1997),�but�two�other�studies�found�smaller
effects� on� this� probe� (reviewed� by� Huang-Pollock� and� Nigg
2003).

Perhaps the best performance support for an arousal deficit in
ADHD comes from consistent findings of deficit on the contin-
uous performance test d-prime parameter, a consensus index of
arousal�as�defined�in�the�theories�cited�here�(Losier�et�al�1996;�see
Tables�1�and�2).�Arousal�thus�is�a�quite�viable�candidate�for�an

ADHD neurocognitive deficit. Questions remain, however, ow-
ing to lack of time on task data in many published cognitive
studies�(Sergeant�et�al�1999).

Activation and ADHD. In the cognitive tradition, activation
was historically viewed as a left-lateralized process involving
dopaminergic neurons in response to motor preparation for
response� output� (Pribram� and� McGuinness� 1975).� Whereas
arousal is related to early-stage information processing, activa-
tion is related to response preparation and readiness to respond.
It is a tonic rather than a phasic process. To some extent,
activation�is�related�to�the�concept�of�sustained�attention�(Posner
and�Peterson�1990),� except� that� the�emphasis� is�on� sustained
readiness�of�motor�preparation�(Pribram�and�McGuinness�1975;
Tucker�and�Williamson�1984).

Confusion therefore often ensues regarding the relationship
between activation, vigilance, and sustained attention. Histori-
cally, these concepts have had a parallel handling and have filled
similar roles in information processing theories, even though
they�are�not�isomorphic.�Thus�what�Posner�and�Petersen�(1990)
call “vigilance” is also often referred to as “sustained attention”
(Mirsky�and�Duncan�2001).�It�refers�to�the�ability�to�maintain�a

Figure 1. (A) Schematic view of subcortical and cortical regions, with dopa-
mine pathways highlighted. The mesocortical pathway running from sub-
stantial nigra on to prefrontal cortex is important in executive functioning as
well as in motivation and emotion. The mesolimbic pathway, projecting to
nucleus accumbens, is often identified with reward motivation and rein-
forcement learning. The nigrostiatal pathway projecting to basal ganglia is
often identified with motor control. (B) Schematic view of noradrenergic
projections to prefrontal cortex and cerebellum. Adapted and reproduced
with�permission�from�http://www.mastersofpediatrics.com/cme/cme2003/
lecture5_2.asp.

Table 2. Selected Meta-analytic Findings in Neuropsychology of ADHD
Versus Non-ADHD Children

Measure Effect Size (d)

Spatial Working Memory (Spatial Span) .75a to .85b to 1.14b

Response Suppression (Stop Task
SSRT/SSRT Slope)

.61a to .64c to .94d

Signal Detection (CPT d-prime) Arousal .72e

Stroop Naming Speed .69f

Full Scale IQ .61g

Set Shifting (Trails B Time) .55a to .59g to 0.75d

Planning (Tower of London/Hanoi) .51a to .69a

Mazes .58a

Verbal Working Memory .51a to .41b

Decision Speed on Go-Task .49c

WCST Perseverations .35g/.36a to .53h

Fluency .27d

Stroop Interference .25f

Covert Visual Spatial Orienting .20i

See�Table�1�for�task�descriptions.�The�effect�size�“d”�indicates�the�stan-
dard deviation unit difference in group means; it is computed as m1 -m2/
mean SD. ADHD, attention-deficit/hyperactivity disorder; SSRT, stop signal
reaction time; CPT, continuous performance task; IQ, intelligence quotient;
WCST, Wisconsin Card Sort Test.

aWillcutt et al 2005 (2005).
bMartinussen, in press (verbal working memory [WM] storage d ! .4,

verbal WM executive d ! .54, visual WM storage d ! .85, visual WM central
executive d ! 1.14).

cOosterlaan�et�al�1998.
dPennington�and�Ozonoff�1996.
eLosier�et�al�1996.
fvan�Mourik�et�al,�in�press.
gFrazier�et�al�2004.
hRomine�et�al�2004.
iHuang-Pollock�and�Nigg�2003.

J.T. Nigg BIOL PSYCHIATRY 2005;57:1424–1435 1429

www.sobp.org/journal
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Less	than	50%	of	kids	with	ADHD	receive	

treatment

• Of	those	who	do	many	discontinue	...

The	primary treatment approach	
combines:
• Parent management training
• Educational intervention
• Stimulantmedication

ADHD - treatment
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Establish	/	maintain structure as	much	as	possible !
• follow	a routine - Establish	simple	/predictable	rituals	for	meals,	homework,	play,	and	

bed.
• use clocks	/timers	throughout	home	- allow	enough	time	for	homework,	getting	ready	in	

the	a.m.,	transitional	times	(b/n	finishing	play	and	bedtime).
• simplify	(balance)	schedule	- keep	busy	but not	too	many	activities
• create	a	quiet	place - quiet	space	with	no	distractions
• be neat	&	organized	- as	much	as	possible	...

Rules	must	be	clear	and	simple
• write	down	rules	easily	understood by	child	- hang	them	up/available.
• follow	up every	time	with	a	reward	or	consequence	(+ve reinforcement	!)	– no	

food/toys,	use	immediate	rewards,	can	chart	rewards	/	point	system				

Homework ...	
• gradually	build	on	time	expended	during	tasks	without		breaks.
• provide	step-by-step	instruction,	specifically	for	longer,	more	laborious	work.

Try	to	eat	and	sleep	as	well	as	possible	...	

interventions	:	home	/	parents
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Canadian ADHD Resource Alliance (CADDRA)
http://www.caddra.ca/

CADDRA is a Canadian non-industry, not-for-profit,
independent association. An alliance of healthcare
professionals supporting patients with ADHD and their
families.

Le	Regroupement des	Associations	PANDA	du	Québec

http://www.associationpanda.qc.ca

Quebec-based	association	whose	aim	is	to	aid	persons	
with	ADHD	and	their	families.

resources
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ASD
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Bleuler (1911)
• described	withdrawal	from	social	relations	into	a	

rich	fantasy	life	seen	in	individuals	with	
schizophrenia

• derived	from	- autos	(self)	and	ismos (condition)

Kanner (1943)	
• case	history	of	11	children	(case	1	=	Donald	T)
• innattention of	outside	world	=	“extreme	autistic	

aloneness”
• social	isolation,	stereotyped	behavior,	resistance	

to	change,	echolalia
• « infantile	autism »
• congenital	in	nature

Asperger	syndrome	(1943)	:		another	form	of	
« autism »

Kanner (1943)

45



DSM	I	(1952)	Schizophrenic	reaction,	childhood	type
“psychotic	reactions	in	children,	manifesting	primarily	autism …”

DSM	II	(1968)�[autism	was	not	mentioned;	the	word	appears	only	under	the	following	category]
•295.8 Schizophrenia,	childhood	type

This	category	is	for	cases	in	which	schizophrenic	symptoms	appear	before	puberty.	The	condition	may	be	
manifested	by	autistic,	atypical	and	withdrawn	behavior…”

Rutter	(1968)	- argued	autism	differed	form	schizophrenia
•higher	M/F	ratio
•absence	of	delusions	and	hallucinations
•stable	course	(no	relapse/improvement)
•need	better	diagnostic	criteria	for	research	

DSM	III	(1980)	- effect	on	inclusion	criteria	for	research
•diagnostic	criteria	for	Infantile	Autism

DSM	IV	(1994)	- in	larger	category	of	“Pervasive	Developmental	Disorders”
•autistic	disorder
•Asperger	syndrome
•pervasive	developmental	disorder	- not	otherwise	specified	(PDD-NOS)
•Rett’s	syndrome	(rare)
•childhood	disintegrative	disorder

definition	of	autism	(ASD)
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Autism:	Then and	Now

Wendy	Stone,	PhD;	Mind	Institute	Lecture	Series,	2013	

CDC researchers collect health and school records for 8-
year-old children who live in select U.S. counties. These 
researchers are part of the Autism and Developmental 

Disabilities Monitoring Network



THEN	(1980’s):

• Prevalence	considerably	low	≈	3-4	
per	10000

• Largely	unknown	in	pop	culture

• Emphasis	on	intellectual	disability

• Few	educational	interventions

• One	autism	journal

NOW	(2015):

• Prevalence		1	in	59	children,	1	in	
42	boys	in	US	(CDC,	2018)

• Large	awareness,	extensive	media	
coverage

• Little	emphasis	on	intellectual	
impairment

• Recognized	heterogeneity	/	
neurodiversity

• MANY	autism	journals

Autism:	Then	and	Now
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scientific journals pop magazines

Autism:	empirical	evidence	vs pop	culture?

49



• Autism	is	not	rare

• Neurodevelopmental condition

• Traditionally	characterized	as	a	disorder	of	social	impairment

• Highly	heritable

• No biologicalmarker

• Outcomes are	variable

• Everyone	with	ASD	is	different	=	heterogeneity

Autism:	Facts	we	do	know

The	Autistic	Brain	by	Natasha	Aldred ©
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DSM 5	– diagnostic	criteria

DSM 5

severity	level

• how	much	support

“clinical	specifiers	“
• w	lang impairment?

• w intel	impairment?

=	dimensionality

associated	features
• know	genetics
• epilepsy
• DD

Mottron et	al.,	2007



behaviors	manifested	in	a	variable	manner	
- often	present	different	profiles
- ‘autisms’
- unique	strengths	and	weaknesses

differ	along	three	main	axes:

1) Language

• 10	- 20%	never	develop	ability	to	communicate	verbally
(accompanied	by	severe	delay)

2)	 Cognitive	development

• difficult	to	assess	Þ language/social	challenges	interfere	
with	cognitive	assessments

• IQ	variable	:		across	domains	/	verbal vs	non-verbal
• savants :	co-occurrence	of	cognitive	delay	with	particular	

ability	(10%)

3)	 Symptom	severity

• severe to	mild	

• profiles	change	as	a	function	of	development

Behavioural	and	cognitive	Heterogeneity	=	Spectrum

Stephen Wiltshire, 2009
http://www.youtube.com/watch?v=dAfaM_CBvP8
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no	single	test	Þ diagnosis	based	entirely	on	behavioural	manifestations	

ASD	Þ diagnosed	by	a	multidisciplinary	team	using	standardized	
instruments

Developmental	history

Autism	Diagnostic	Interview	(ADI-R)
• Semi-structured,	Parent	Interview

Behaviour

Autism	Diagnostic	Observation	Schedule	(ADOS-2)
• Child	observation

Cognitive	assessment

Clinical	expertise	involved	...

Diagnosis:	Assessment

www.vcuautismcenter.org
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Diagnosis:	Assessment	of	Symptoms

Parent Report

• Modified	Checklist	for	Autism	in	Toddlers	(M-CHAT)
• Social	Communication	Questionnaire	(SCQ)
• Social	Responsiveness	Scale	(SRS)	

Teacher Report

• Autism	Behavior	Checklist	(ABC)
• Social	Responsiveness	Scale	(SRS)	

Child	Observation	and	Rating

• Childhood	Autism	Rating	Scale	(CARS)	
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Diagnosis:	timeline

Parental	concerns	
about	child	‘s	

development	emerge

ASD	diagnosis	
given	

BIRTH 1 2 3 4 5 6

Delayed	diagnosis

age of child (years)

Wendy	Stone,	PhD;	Mind	Institute	Lecture	Series,	2013	
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Infrequent	id	of	comorbid psychiatric disorders in	
ASD	- diagnostic	overshadowing	

N	=	112	(98	males	or	7:1	ratio)	mean	age	of	11.5	
years
• 50	:	PDD;	62	:	childhood	autism

most	common disorders	

• social	anxiety	disorder	(29.2%),	ADHD (28.2%),	
and	oppositional,	defiant	disorder	(28.1%).	

identify	symptom	constellations	meeting	diagnostic	
(DSM)	criteria.
• suggest	that	ASD	diagnosis	should	be	followed	by	

systematic	assessment	of	other	psychiatric	
conditions

• improve	targeted	intervention

comorbidity

understood.7,8 Delineating psychiatric comorbidity may
identify targets for specific intervention that could
reduce overall impairment and improve quality of life.
The infrequent identification of comorbid psychia-

tric disorders in ASD may be due to the same
diagnostic overshadowing identified for intellectual
disability in which psychiatric symptoms are attributed
to the intellectual disability.9 Specific challenges to
comorbid psychiatric assessment in ASD are the wide
IQ range and communication problems, which make
personal interviewing difficult and may produce
uncertainty among caregivers about their ability to
make inferences regarding mental state. Comorbid
psychiatric problems were first reported in a number of
studies using unstandardized assessments10Y12 and
subsequently confirmed by questionnaires studies in
both children13Y15 and adults.16,17 These studies
suggest that as many as three fourths may reach
threshold for caseness,18 a finding supported by studies
using structured interviews that show high rates of
anxiety19,20 and affective disorders.19,21,22 To date, the
common, standardized psychiatric interview tools
available have not been used to identify other
psychiatric disorders among children with ASDs.
More recently Leyfer et al.23 reported high rates of
lifetime psychiatric disorders in children with autism,
using a new interview, the Autism Comorbidity
Interview-Parent and Lifetime Version, modified
from the Schedule of Affective Disorders and Schizo-
phrenia for School-Age Children.24 With the most
comprehensive coverage of psychiatric disorders, just
less than three fourths met criteria for one or more
DSM-IV disorders, with the median number of
diagnoses being three.
However, none of the studies using standardized

assessments of psychiatric disorder have involved
population-representative samples. In our epidemiolo-
gical sample, two thirds of those receiving an ASD
diagnosis had not been diagnosed as such by local
services (although almost all of them had other
diagnoses), indicating that clinical ascertainment is
incomplete and possibly biased.1 We make use of
this epidemiological sample of children with well-
characterized ASD to determine whether the prevalence
of commonDSM-IV child psychiatric disorders is as high
as previous reports suggest. We explore whether reported
child, family, and contextual risk factors for psychiatric
disorders reported in children without ASDs are also

associated in this population. To our knowledge, this is
the first report of structured assessments using a
population-derived sample.

METHOD

Sample

The Special Needs and Autism Project sample was drawn from a
total population cohort of 56,946 children. All of those with a
current clinical diagnosis of pervasive developmental disorder (N =
255) or considered to be at risk for being an undetected case by
virtue of having a Statement of Special Educational Needs (N =
1,515) were surveyed using the Social Communication Question-
naire (SCQ25). A Statement of Special Educational Needs is a legal
document issued by U.K. education authorities when children
require significant additional support in school due to any learning

TABLE 1
Prevalence of DSM-IV Disorders

Disorder
3-Mo Point

Prevalence/100 95% CI

Any disorder 70.8 58.2Y83.4
Any main disordera 62.8 49.8Y75.9
Any emotional disorderb 44.4 30.2Y58.7
Any anxiety or phobic disordersc 41.9 26.8Y57.0
Generalized anxiety disorder 13.4 0Y27.4
Separation anxiety disorder 0.5 0Y1.6
Panic disorder 10.1 0Y24.8
Agoraphobia 7.9 3.0Y12.9
Social anxiety disorder 29.2 13.2Y45.1
Simple phobia 8.5 2.8Y14.1
Obsessive-compulsive disorder 8.2 3.2Y13.1

Any depressive disorder 1.4 0Y3.0
Major depressive disorder 0.9 0Y2.3
Dysthymic disorder 0.5 0Y1.4

Oppositional or conduct disorder 30.0 14.9Y45.0
Oppositional defiant disorder 28.1 13.9Y42.2
Conduct disorder 3.2 0Y7.1

Attention-deficit/hyperactivity
disorder

28.2 13.3Y43.0

Other disordersd 24.7 14.1Y35.3
Enuresis 11.0 4.1Y17.7
Encopresis 6.6 1.8Y11.4
Tourette syndrome 4.8 0.1Y9.5
Chronic tic disorder 9.0 3.3Y14.6
Trichotillomania 3.9 0Y10.3

Note: CIs = confidence intervals.
a Includes attention-deficit/hyperactivity disorder, oppositional

and conduct disorders, and any emotional disorder.
b Includes all anxiety disorders, phobias, and mood disorders.
c Includes anxiety disorders, panic disorder, phobias, and

obsessive-compulsive disorder.
d Includes Tourette syndrome, chronic tics, trichotillomania,

enuresis, and encopresis.

SIMONOFF ET AL.

922 WWW.JAACAP.COM J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 47:8, AUGUST 2008
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Common	target	symptoms	:

aggression	/	self	injurious	behaviour (SIB)/	irritability		

• neuroleptics,	psychostimulants
• Anticonvulsant	medications

inattention	and	hyperactivity	

• Methylphenidate	(Ritalin),	neuroleptics

anxiety	and	repetitive	behaviors

• Fluoxetine	(Prozac	- antidepressant	– SSRI)
• Fluvoxamine	(Luvox - antidepressant)
• Risperidone	/	Aripiprazole	(Risperdal/Abilify -

antipsychotic)

Sleep	disturbance,	tics,	depression	etc

oxytocin	???
• peptides	of	the	human	neuroendocrine	system	
• effects	social	cognition
• clinical	trials	…

Interventions:	behaviors	and	pharmacology

McPheeters et	al.,	2011
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early	intensive	behavioral	intervention

• UCLA	/	Lovaas model	– ABA	(Lovaas,	1987).	
• a systematic	approach	to	skill	acquisition	- discrete	trial	training	(DTT)
• reinforcement	of	specific	skill,	broken	down	and	learned	in	step-by-step	manner
• Pivotal	response	training	(PRT)	targets	skills	that	are	important	(or	pivotal)	for	many	other	skills
• http://www.youtube.com/watch?v=iyCx-OLzgJw

school-based	treatment	approaches

• TEACCH	(treatment	and	education	of	autistic	and	communication
related	handicapped	children)	:	 based on	the	« autism culture »	

• “	structured	teaching”	- delivered	within	special	education	classroom	settings.
• uses	strengths	(usually	visual	)	of	child
• http://www.youtube.com/watch?v=ddGLJ2r4rcw

social	interventions	

• social	skills	groups

communication	interventions

• sensory	integration	therapy	
– brushing	(touch),	weighted	vests	(proprio),	swings,	spinning	(vestibular)

behavioral	interventions
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cognition	in	autism	:	intelligence

CDC,	2014,	Tsatsanis,	2011

longstanding	notion	of	intellectual	impairment,	but…

large	CDC	study	(2014) :
• 31%	had	intellectual	disability	(IQ	≤	70).
• 23%	were	in	the	borderline	range	(IQ	=	71-85).
• 46%	had	avg /	above	avg intellectual	ability	(IQ	>	85).

uneven	profile	in	ASD
é Performance-based	IQ	:	i.e.,	block	design
ê Verbal	based	IQ;	i.e.,	vocabulary

Wechsler	Intelligence	Scales	(WIS)
• conventional
• widely	available
• rely	on	verbal	instructions

Dawson	et	al.,	2007;Soulieres	et	al.,	2009

In contrast, autistics typically demonstrate a marked peak on
one of the nonverbal subtests, Block Design. On the Block

Design subtest, the examinee is shown a two-dimensional red-
and-white geometric design, and the task is to reproduce that
design by assembling a set of colored blocks. The Block Design

subtest is time limited and scored for accuracy.
How should one interpret such peaks and troughs in autistics’

Wechsler subtest scores? One commonsense notion is that the
peaks correspond to the intellectual skills that epitomize autis-

tics, the cognitive tasks on which they excel. However, for many
years, these peaks were classified as ‘‘islets of ability . . . regarded
as something of a myth or else as merely an interesting but

theoretically unimportant fact’’ (Shah & Frith, 1993, p. 1351).
Then, in the 1990s, the peaks were imbued with theoretical im-

portance. Exceptional performance on the Block Design subtest,
along with exceptionality in rapidly disembedding a target figure
from a complex background, drawing ‘‘impossible’’ figures, and

perceiving pitch, as well as many savant skills, were all inter-
preted as a unified deficit: ‘‘weak central coherence,’’ the ten-

dency to focus on details at the expense of configuration (Happé,
1999; Heaton, Hermelin, & Pring, 1998; Shah & Frith, 1983).

We empirically tested this construal of autistics’ intellectual
strengths as low-level perceptual penchants resulting from high-
level conceptual deficits by administering an intelligence test

widely regarded to be a preeminent measure of high-level an-

alytical reasoning, the Raven’s Progressive Matrices (Raven,

Raven, & Court, 1998). This test comprises 60 items, divided
into five sets of increasing complexity. All items have a similar

format: A matrix of geometric designs with one cell of the matrix
left blank is presented with six or eight alternatives for the

matrix’s completion. Minimal instruction is required for this
putatively nonverbal test.

The Raven’s Progressive Matrices has been empirically dem-

onstrated to assay the ability to infer rules, to manage a hierarchy
of goals, and to form high-level abstractions (Carpenter, Just, &

Shell, 1990). Broadly recognized as a paramount metric of rea-
soning and problem solving, the Raven’s Progressive Matrices is

believed to be a ‘‘paradigmatic’’ measure of fluid intelligence
(Mackintosh, 1998, p. 228), and fluid-intelligence tasks are pro-
posed to require coordinated executive function, attentional con-

trol, and working memory (Blair, 2006; Kane & Engel, 2002;
Newman & Just, 2005). The Raven’s Progressive Matrices occu-

pies psychometric centrality among tests of cognitive ability; in
Snow, Kyllonen, and Marshalek’s (1984) classic diagram, which
summarizes the intercorrelations among numerous tests of cog-

nitive ability, simple, domain-specific tests lie along the periph-
ery, and Raven’s Progressive Matrices occupies the center, as the

most complex and general single test of intelligence.
Descriptions of the cognitive processes required to solve

Raven’s Progressive Matrices and to perform fluid-intelligence
tasks read like compendia of the cognitive processes that au-
tistics are assumed to lack. For example, whereas autistics are

expected to perform adequately on simple tests of executive
function and working memory, they are expected to lack the

cognitive abilities required to perform well on more complex
assays of cognition (Minshew, Webb, Williams, & Dawson,
2006). Autistics are assumed to excel at tests of rote memory or

low-level pattern matching, but to be disproportionately chal-
lenged by tests of high-level integration or abstraction (Cour-

chesne & Pierce, 2005; Just, Cherkassky, Keller, & Minshew,
2004). Indeed, it has been specifically predicted that autistics

should be disproportionately impaired in fluid reasoning (Blair,
2006; Pennington & Ozonoff, 1996), but this prediction has
never been submitted to empirical scrutiny. Our goal was to

directly examine these claims.

METHOD

Subjects

Autistic Children
This group comprised 38 autistic children (35 males, 3 females)
between 7 and 16 years of age (M 5 10.39, SD 5 2.69). They

were diagnosed at the Pervasive Developmental Disorders
Specialized Clinic at Rivière-des-Prairies Hospital, Montreal,
Canada. All met diagnostic criteria for autistic disorder, rather

than any of the other diagnostic categories of the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition (e.g.,

pervasive developmental disorder not otherwise specified or

Fig. 1. Mean subtest scores of the 38 autistic children on the Wechsler
Intelligence Scale for Children–Third Edition.

658 Volume 18—Number 8
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cognition	in	autism	:	 WISC	cognitive	profile

Nader	AM,	Jelenic P,	Soulières I	(2015)

Relative	Strength	:	i.e.,	BD	- non-verbal	reasoning,	perceptual	organization,	pattern	recognition	
Relative	Weakness	:	i.e.,	CO	- verbal,	social	knowledge,	social	observation	ability,	society's	rules,	etc.

presented no speech delay (first words at or before 24 months AND first phrases at or before
36 months). Among the 30 Asperger children, 26 were characterized by both ADI-R and
ADOS-G, two by ADI-R only and two by ADOS-G only. Of the 28 Asperger participants who
had ADI-R, 25 scored above the cut-off for autism and three scored slightly under (1 in ADI--
Communication area and 2 in ADI-Social area). All Asperger participants who had ADOS-G
scored above the cut-off for autism.

Typically developing children. Typically developing participants selected from the data-
base were all recruited from the community (e.g. surrounding schools and community services)
and had a typical academic background. Furthermore, they were screened using a semi-struc-
tured interview; participants with a personal or family (1st degree) history of psychiatric, neuro-
logical or other medical conditions potentially affecting brain development were identified and
their data were excluded.

Measures
TheWISC is an individually-administered test battery that assesses intelligence in school-age
children (6 years to 16 years 11 months). The Wechsler Intelligence Scale for Children– 3rd

edition[17]comprises 10 core subtests that compute VIQ and PIQ, which, when combined,
yield the FSIQ (M 100 and SD 15). The Verbal scale includes Vocabulary, Similarities, Compre-
hension, Arithmetic and Digit Span subtests, whereas the Performance scale includes Block

Table 2. WISC-IV cognitive profile.

Autistic children Asperger children Typical children

Sample size (sex) 51 (49M, 2F) 15 (12M, 3F) 42 (29M, 13F)

Mean (SD) Mean (SD) Mean (SD)

Age 10.6 (2.7) 10.6 (2.6) 9.6 (2.3)

Range 7–15 7–15 6–15
WISC-IV FSIQ 90.7 (12.4) 98.3 (12.4) 103.3 (13.5)

VCI 85.6 (16.1) 110.5 (10.5) 103.3 (16.3)

Similarities 8.4 (2.4) 12.5 (2.0)** 10.6 (3.3)

Comprehension 5.8 (3.0)* 9.3 (2.0) 9.2 (3.0)*

Vocabulary 8.2 (3.6) 13.3 (3.2)** 11.7 (3.5)**
PRI 105.8 (13.3) 101.3 (15.9) 105.2 (11.7)

Block Design 11.0 (3.1)** 9.5 (2.5) 9.9 (3.2)*
Matrix Reasoning 11.7 (2.9)** 10.4 (2.7) 10.8 (2.5)

Picture Concept 10.0 (2.8)** 10.5 (2.0) 11.6 (2.3)**

WMI 87.8 (16.9) 92.7 (15.0) 99.4 (12.6)

Digit Span 7.6 (3.3)* 8.3 (3.1) 9.2 (2.5)*

Letter-Number Sequencing 7.8 (3.2)* 9.3 (1.5) 9.2 (2.4)

PSI 91.5 (14.1) 85.2 (9.3) 101.6 (13.2)

Coding 7.7 (2.7)* 6.7 (1.9)* 10.2 (2.5)

Symbol Search 9.3 (3.3) 8.1 (2.0)* 10.5 (3.0)

WISC-IV: Demographic characteristics and cognitive profile of autistic, Asperger and typical children who completed the WISC-IV.
*Relative weakness.
**Relative Strength.
FSIQ: Full Scale Intelligence Quotient, VCI: Verbal Comprehension Index, PRI: Perceptual Reasoning Index, WMI: working Memory Index, PSI:
Processing Speed Index.

doi:10.1371/journal.pone.0144645.t002

WISC-IV Cognitive Profile in Autism Spectrum Children

PLOS ONE | DOI:10.1371/journal.pone.0144645 December 16, 2015 5 / 16



cognition	in	autism	:	WISC	vs	RPM
Raven	Progressive	Matrices

assess	fluid	intelligence,	reasoning	&			
novel	problem-solving	abilities

self-paced

minimal	verbal	instructions

PERCEPTION IN AUTISM

Does WISC-IV Underestimate the Intelligence of Autistic
Children?

Anne-Marie Nader • Valérie Courchesne •

Michelle Dawson • Isabelle Soulières

! Springer Science+Business Media New York 2014

Abstract Wechsler Intelligence Scale for Children
(WISC) is widely used to estimate autistic intelligence

(Joseph in The neuropsychology of autism. Oxford Uni-

versity Press, Oxford, 2011; Goldstein et al. in Assessment
of autism spectrum disorders. Guilford Press, New York,

2008; Mottron in J Autism Dev Disord 34(1):19–27, 2004).

However, previous studies suggest that while WISC-III and
Raven’s Progressive Matrices (RPM) provide similar esti-

mates of non-autistic intelligence, autistic children perform

significantly better on RPM (Dawson et al. in Psychol
Sci 18(8):657–662, doi:10.1111/j.1467-9280.2007.01954.

x, 2007). The latest WISC version introduces substantial

changes in subtests and index scores; thus, we asked
whether WISC-IV still underestimates autistic intelligence.

Twenty-five autistic and 22 typical children completed

WISC-IV and RPM. Autistic children’s RPM scores were
significantly higher than their WISC-IV FSIQ, but there

was no significant difference in typical children. Further,

autistic children showed a distinctively uneven WISC-IV
index profile, with a ‘‘peak’’ in the new Perceptual Rea-

soning Index. In spite of major changes, WISC-IV FSIQ
continues to underestimate autistic intelligence.

Keywords Autism ! Children ! Intelligence ! Wechsler
scales ! Raven’s progressive matrices ! Abstract reasoning

Introduction

Autism is a neurodevelopmental variant often associated
with intellectual disability, but at reported rates which vary

widely, even across autistic cohorts born at similar times in

the same country (e.g., 15 % in Williams et al. 2008, vs.
55 % in Baird et al. 2006). The DSM-5 requires an autism

spectrum diagnosis to specify whether it is accompanied by

intellectual disability, yet the text refers to autistics’
‘‘(often uneven) intellectual profile’’ (APA 2013, p. 51),

which suggests that assessing autistic intelligence is not

necessarily straightforward.1 Indeed, findings that the
measured intelligence of autistic individuals varies—

sometimes dramatically—according to which instrument is

used are among the most durable in the history of autism
research, but also among the most overlooked as to their

full implications.
Both Raven’s Progressive Matrices (RPM) and Wechs-

ler scales are major instruments used to estimate human

intelligence, yet they are strikingly different in how they
are structured and administered. Wechsler involves the

individual administration of several subtests, some of them

culture-specific, which assess a limited number of specific
abilities considered to reflect latent general abilities. RPM

is a one-format 60-item matrix reasoning test which min-

imizes the need for task instructions, for culture- or expe-
rience-specific abilities, and for other specific abilities

which may be important (e.g., fine motor or speech skills)
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analyses were conducted on participant samples addition-
ally matched on mean RSPM task response times. This
matching process was achieved by excluding results from
the three fastest autistic participants and the five slowest
non-autistic participants, resulting in equivalent mean
response times in final groups comprising 12 autistic and
13 non-autistic participants.

All participants gave written informed consent and were
compensated for their participation in accordance with
protocol # 06-07 018 approved by the Regroupement Neu-
roimagerie/Québec IRB. Exclusion criteria were: uncorrect-
able visual impairment; current use of psychoactive or
vasoactive medications; and use of drugs or alcohol
exceeding 2 drinks per day. All structural scans were
reviewed by a neurologist to rule out the presence of any
anatomical abnormalities. Additionally, non-autistics were
screened through a questionnaire for any personal or fami-
lial neurological or medical conditions known to affect
brain function. Groups were matched on age, sex, manual
preference and full-scale IQ.

Clinical characterization

The autistic participants were recruited from the
research database of the Pervasive Developmental Disor-
ders Specialized Clinic of Rivière-des-Prairies Hospital
(Montreal, Canada). A multidisciplinary evaluation based
on DSM-IV criteria is performed at the clinic, including
the Autism Diagnostic Interview-Revised (ADI-R; Lord et
al., 1994], the Autism Diagnosis Observation Schedule
module 3 or 4 [ADOS-G; Lord et al., 2000], clinical evalua-
tion and psychometric testing. Twelve autistic participants
were characterized with both standardized diagnostic
instruments, and three were characterized with the ADI
and a clinical interview based on an ADOS-G assessment.
Individuals with no history of speech delay, echolalia or
pronoun reversal, and who therefore also met criteria for
Asperger syndrome, were excluded from the sample.

Psychometric characterization

Full-scale IQ scores were derived from Wechsler Scales
of Intelligence (WISC-III or WAIS-III) scores; autistics in
the performance matched sample had a mean IQ of 101.5
and non-autistics 105.31. The corresponding scores for the
entire sample were 99.73 and 106.22. Manual preference
was estimated using the Edinburgh Handedness Inven-
tory. There was no significant difference between the two
groups in IQ or manual preference (Table I).

Task Descriptions

Pattern matching task

To allow comparison with a task requiring minimal rea-
soning, we developed a self-paced 60-item pattern match-
ing task that had similar spatial and temporal properties
to the RSPM problems, with a target stimulus displayed
above 8 possible answers (Fig. 1A). The stimulus was pre-
sented until the participant responded. In this self-paced,
variable epoch length design, individual problem presenta-
tions were separated by periods of fixation whose duration
varied from 4 to 7 sec, following an exponential
distribution.

RSPM task

We used a slightly modified version of the original, 60-
item, untimed, paper version of the RSPM. The RSPM
problems are matrices of related geometric designs, from
which the final (right-hand bottom) entry is missing and
must be chosen from an array of 8 possible answers (Fig.
1B,C). In the original version of the test, simple or figural
items at the beginning progress to more difficult and com-
plex analytic items. We made modifications to the original
RSPM by: (1) horizontally shifting the rows of possible
answers, respectively to the left and right, to simplify the
mapping of answers made by pressing buttons with the
left or right hand; and (2) reducing non-specific temporal
effects by presenting the 60 RSPM items in a

Figure 1.
Sample stimuli for the pattern matching and RSPM tasks. (A) Pattern matching problems required
matching the global pattern presented at the top of the screen with one of the patterns presented in
the 2 rows below. (B) and (C) RSPM task problems were the 60 items of Raven’s Standard Progressive
Matrices. The task required selecting the correct answer from the alternatives presented at the bottom
of the screen. An example of a figural problem is shown in (B) and of an analytic problem in (C).
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significantly higher than their FSIQ, VCI, WMI, and PSI

(all p \ .05).
The typical children also showed discrepancies between

indexes but with a different profile (p \ .001, n2 = .257).

Their mean FSIQ was 110.3 (SD 14.8), with similar PRI
(110.7; SD 12.4), VCI (112.8; SD 18.3) and PSI (105.3; SD

13.2) scores. Their WMI (99.9; SD 11.9) score was sig-

nificantly lower than their FSIQ (p \ .05), PRI (p \ .001)
and VCI (p \ .05). See Table 2 for WISC-IV FSIQ and

index scores in both groups.

RPM Versus WISC-IV: Group Percentile Comparison

The autistic child group’s RPM score was at the 60th

percentile, compared to WISC-IV FSIQ at the 21st per-

centile, which represents a discrepancy of 39 percentile
points between tests. For the typical child group, RPM

score was at the 73rd percentile, very close to their full-

scale WISC-IV score, at the 75th percentile. See Fig. 1,
which also shows group WISC-IV index scores in

percentiles.

RPM Versus WISC-IV: Individual Percentiles

Individual scores on RPM and full-scale WISC-IV are
shown for autistic and typical children in Fig. 2.

While no autistic child scored over the 90th percentile

on WISC-IV, more than one-fourth (28 %) did on RPM;
and while only 28 % of the autistic children scored at or

above the 50th percentile on the WISC-IV, nearly two-

thirds (64 %) of the group did so on RPM. Four (16 %) of
the autistic children would be judged as intellectually

disabled according to their WISC-IV scores, but none

would be so judged on RPM. Indeed, all autistic children
scoring in the WISC-IV intellectual disability range per-

formed at the 10th percentile or higher on RPM. Finally,

only 20 % of the autistic children showed a discrepancy of
10 percentiles or less between the two tests, while 20 %

displayed a discrepancy of 50 percentile points or more,

their RPM scores being higher. In contrast, the majority
(64 %) of the typical children showed an under-10 per-

centile point difference between the two tests, and only one

typical child achieved a discrepancy greater than 50 per-
centile points between full-scale WISC-IV and RPM

scores.

In statistical comparisons, Wilcoxon signed-rank tests
indicated that the autistic children’s RPM scores were

significantly higher than their WISC-IV full scale IQ

(p \ .0005; r = .611), VCI (p \ .0005; r = .618), WMI
(p \ .005; r = .438) and PSI (p \ .0005, r = .605) scores.

The only WISC-IV index score that did not significantly

differ from their RPM score was the PRI (p = .14). Unlike
the autistic children, the typically developing children did

Fig. 1 For each group, performance in percentiles on WISC-IV
FSIQ, the 4 WISC-IV indexes, and RPM

Fig. 2 Distribution of individual scores on full-scale WISC-IV and
RPM in percentiles for a autistic and b non-autistic (typical) children.
Data points to the left of the lower diagonal lines represent
participants whose RPM scores were greater than their full-scale
WISC IV scores; data points to the left of the top diagonal lines
represent participants whose RPM scores were more than 50
percentile points greater than their full-scale WISC-IV scores
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ASD = widespread disorder of association cortex, development of connectivity,
only secondarily as a behavioral disorder

“	systems-level	approach	“

abnormalities	in	genetic	code	for	brain	development
¯

abnormal	mechanisms	of	brain	development
¯

structural	and	functional	abnormalities	of	brain
¯

cognitive	and	neurologic	abnormalities
¯

behavioral	syndrome

neurogenetic condition	:	where	polygenetic	changes	affect	development	of	the	
neural	networks	underlying	affect,	cognition,	language and	perception,

• define	the	pathophysiology	from	gene	to	behavior
• ultimately	support	the	development	of	interventions	at	multiple	levels	of	

the	sequence	(medication,	cognition	behaviour).	

origin	:	functional	connectivity	(FC)	hypotheses



Transitioning	:	employment

Specific	challenges	faced	by	adults	with	ASD	in	the	context	of	job	seeking	and	employment	are	many	
and	varied;

• understanding	complex	job	application	materials			
• ‘thinking	on	their	feet’	in	an	interview
• acclimatizing	to	new	procedures	and	routines	
• remembering and	following instructions		
• responding	flexibly	to	unexpected situations		
• planning	and	juggling	multiple	tasks		

• communicating	effectively	/	interacting	socially with	co-workers;	
• managing	sensory	sensitivities	in	the	workplace

Employment	in	which	adults	with	ASD	may	perform	extremely	well;	
• work	requiring visual	thinking
• systematic	information	processing	or	precise	technical	abilities	(e.g.	architect,	librarian,	computer	programmer).	

care	must	be	taken	not	to	stereotype	the	vocational	interests	and	capabilities of	adults	with	ASD

Studies	suggest	that	that	adults	with	ASD	exhibit	many	exemplary	characteristics	as	employees;
• honesty,	efficiency,	precision,	consistency,	low	absenteeism,	and	a	disinterest in	‘office	politics’

However	… are	employers	sensitive	to	abilities	and	challenges	of	adults	w	ASD	in	the	workplace	?

63



Transitioning	:	employment

large-scale	study	looking	into	the	working	lives	of	adults	who	have	an	autism	spectrum	
disorder	with	no	co-occurring	intellectual	disability.	

having	a	job	is	not	simply	a	means	to	an	end	($),	rather,	adults	with	AD	and	HFA	(like	
many	other	people)	view	work	primarily	as	an	opportunity	to	apply	their	knowledge,	
skills	and	interests	in	a	way	that	is	both	self- fulfilling	and	has	intrinsic	value.	 BUT	...

• 72	%	of	participants	reported	not	receiving	any	
specific	support	at	work	for	ASD-related	difficulties

• 66%	would have	liked	such	help	(i.e.,	employer,	agencies,	etc.) 64
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Abstract There is limited large-scale empirical research
into the working lives of adults who have an autism spectrum

disorder with no co-occurring intellectual disability. Drawing

on data from a national survey, this report describes the
employment activities and experiences of 130 adults with

Asperger’s Disorder (AD) and high functioning autism (HFA)

in Australia. Outcome measures include current occupation;
occupational skill level and alignment with educational

attainment; type of job contract; hours of work; support

received to find work; support received in the workplace; and
positive and negative experiences of employment. The find-

ings confirm and expand upon existing evidence that adults

with AD and HFA, despite their capacity and willingness to
work, face significant disadvantages in the labour market and

a lack of understanding and support in employment settings.
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Introduction

Numerous research studies have found that adults with

autism spectrum disorders (ASD) experience challenges in

securing and sustaining competitive employment (Barnhill
2007). As a group, they are more likely to be unemployed

(without a job), underemployed (in jobs that underutilise

their knowledge, skills and experience) and ‘malemployed’
(in jobs for which they are expressly unsuited) than the

population at large (Romoser 2000; Müller et al. 2003;

Hurlbutt and Chalmers 2004; Robertson 2010; Seltzer et al.
2011). Related to this, they demonstrate a comparatively

high level of job switching, resulting in fragmented work

histories that may limit their potential for ongoing
employment and career development, and in turn contrib-

ute to stress, depression, isolation, and financial insecurity

(Goode et al. 1994; Müller et al. 2003).
The specific challenges faced by adults with ASD in the

context of job seeking and employment are many and

varied. They may include understanding complex job
application materials; ‘thinking on their feet’ in an inter-

view; acclimatising to new procedures and routines;

remembering and following instructions; responding flex-
ibly to unexpected situations; planning and juggling mul-

tiple tasks; communicating effectively with co-workers;
interacting socially; and managing sensory sensitivities in

the workplace (Beardon and Edmonds 2007; Hillier et al.

2007; Stuart-Hamilton et al. 2009; Robertson 2010).
Stankova and Trajkovski (2010) note that these gener-

alised deficits mean some types of work are likely to be

unsuitable for the majority of adults with ASD. For
example, they may not cope well in jobs that require

immediate and rapid processing of requests or demands,

such as a cashier, a cook, a waiter or a receptionist. They
are also more likely to struggle in busy or noisy environ-

ments, such as fast food restaurants and factories.

On the other hand, there are jobs in which adults with
ASD may perform extremely well; notably those requiring

visual thinking, systematic information processing or
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moment’; (3) ‘I think I will need more support with this in

the future’; (4) ‘I don’t need any support with this’.

Support Received in the Workplace

Participants were asked to respond ‘Yes’ or ‘No’ to the

question: ‘‘Are you receiving any support at work related to

your autism spectrum disorder?’’ Those who responded
‘Yes’ were asked to provide brief details about the kind of

support they were receiving.
In a separate survey item, participants were asked to

respond ‘Yes’ or ‘No’ to the question: ‘‘Would you like to

have more support at work?’’ Participants could answer
‘Yes’ to this question even if they had previously stated

that they were currently receiving support. Those who

responded ‘Yes’ were asked to provide brief details about
the kind of support they would like to receive.

Positive and Negative Experiences of Employment

Participants were asked to provide a brief written

description of the ‘‘three best things’’ and ‘‘three worst
things’’ about their work and employment experiences to

date. A coding framework was subsequently devised to

group the responses into thematic categories. The frame-
work was drafted by one of the authors and reviewed by

colleagues to ensure agreement on the conceptual grouping

of responses. The data coding process was undertaken by
individual members of the research team, following which

selected portions of coding were checked and verified by a

colleague. Any instances of disputed codes were discussed
verbally until agreement was reached.

Results

Type of Occupation

All eight of the ANZSCO major occupational groups were

represented in the study sample (Table 2). The highest
proportions of participants were found in the groups

Clerical and Administrative Workers, Labourers, and Pro-

fessionals, which between them accounted for over two-
thirds (68 %) of the adults in the study.

Participants were employed in a wide range of specific

occupations within these high-level groupings. Whilst there
was a notable trend towards scientific, technical, and

information-based jobs within the study sample (e.g. ICT

technicians, business analysts, and administrators), there
were also many professions that did not conform to these

more ‘stereotypical’ categories associated with adults with

ASD, including teaching, complementary medicine, hos-
pitality and catering, retail, and gardening.

Qualifications, Occupational Skill Level

and Overeducation

Table 3 shows the distribution of participants by highest

educational qualification to date.

Table 4, in the column headed ‘All’, shows the distri-
bution of participants across occupational skill levels in

respect of their current employment. The majority of par-

ticipants were distributed between jobs at skill levels 1, 4
and 5, with smaller numbers working in jobs aligned with

skill levels 2 and 3.

The subsequent columns in Table 4 break down partic-
ipants into three groups according to the match (or mis-

match) between their occupational skill level and their

highest qualification level. Participants were classed as
being ‘at parity’ if the skill level equivalent to their highest

educational qualification matched the skill level of their

current job as specified by ANZSCO. They were classed as
‘undereducated’ if their highest qualification fell below the

skill level of their current job, and as ‘overeducated’ if it

exceeded it.

Table 2 Occupation by ANZSCO major group

Occupation major group n %

Clerical and administrative workers 29 22.8

Labourers 29 22.8

Professionals 28 22.0

Technicians and trades workers 16 12.6

Community and personal services workers 12 9.4

Managers 7 5.5

Sales workers 3 2.4

Machinery operators and drivers 3 2.4

Total 127 100

Missing data: n = 3

Table 3 Highest qualification

AQF qualification level ANZSCO skill
level
equivalent

n %

Bachelor degree or higher 1 24 19.4

TAFE Diploma or Advanced Diploma 2 36 29.0

TAFE Certificate III–IV 3 14 11.3

TAFE Certificate II–III or HSC 4 38 30.6

TAFE Certificate I or School
Certificate

5 12 9.7

Total 124 100

Missing data: n = 6
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In total, 26 % of the study participants were found to be

at parity relative to the skill requirements of their jobs,
while 28 % were working in jobs whose skill requirements

exceeded those of their formal qualifications (most likely

indicating that they had gained additional skills through
experience and/or on-the-job training). The remaining

46 % of participants were classed as overeducated.

Job Contract and Hours of Work

Table 5 shows the distribution of participants across types
of job contract and range of hours normally worked per

week.

A comparison of these data with national employment
tables suggests, in the first place, that adults with AD and

HFA are overrepresented in casual positions of employ-

ment. As indicated in Table 6, 32 % of study participants
were working on a casual basis at the time of the survey; in

contrast, 21 % of the Australian labour force as a whole is
made up of casual workers (ABS 2012a). The rate of casual

employment within the study sample increases to 35 %

when the self-employed group is excluded (as it is in the

ABS calculation). Conversely, the proportion of permanent

and fixed-term employees in the study population (61 %
when the self-employed group is excluded) is notably

lower than the corresponding national table of 79 % (ABS

2012a).
Within the study sample, casual employment was

strongly associated with lower skilled work: 83 % of

individuals working on casual contracts were in jobs
equating to ANZSCO skill level 4 or 5.

In addition, it appears that adults with AD and HFA tend

to work reduced hours relative to the population as a
whole. Table 6 indicates that 29 % of study participants

were working 15 h or less per week at the time of com-

pleting the survey, while approximately half (51 %) were

Table 4 Occupational skill
level, overeducation and
undereducation

Missing data: n = 13
a Small numbers should be
noted and row percentages
regarded with due caution

Occupational skill level (current job) All Parity Undereducated Overeducated Row total

1 n 36 10 26 – 36

% 30.8 27.8 72.2 – 100

2a n 10 5 4 1 10

% 8.5 50.0 40.0 10.0 100

3a n 7 – 1 6 7

% 6 – 14.3 85.7 100

4 n 31 7 2 22 31

% 26.5 22.6 6.5 71.0 100

5 n 33 8 – 25 33

% 28.2 24.2 – 75.8 100

Column total n 117 30 33 54 117

% 100 25.6 28.2 46.2 100

Table 5 Type of job contract
and normal weekly hours

Missing data: n = 3 (contract);
n = 1 (hours)

n %

Type of job contract

Permanent 65 51.2

Fixed-term 8 6.3

Casual 40 31.5

Apprenticeship 3 2.4

Self-employed 11 8.7

Total 127 100.0

Normal weekly hours

1–15 37 28.7

16–30 26 20.2

31? 66 51.2

Total 130 100.0

Table 6 Positive experiences of employment

Theme Sub-themes %

Self-actualisation Opportunity to apply and develop
knowledge, skills and interests

Freedom to be independent, autonomous or
creative

Sense of being accepted and valued

Making a difference in the lives of others or
in society

65

Social and
collegial
factors

Positive relationships with colleagues

Enjoyable interactions with clients and
customers

45

Job roles and
work content

Enjoyment of particular job roles and work
tasks

Favourable working conditions (e.g.
physical Environment, location, hours of
work)

36

Pay and benefits Earning money

Benefits and ‘perks’ (e.g. leave allowance,
company car, travel opportunities)

28
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working 31 h or more. In contrast, the most recent national

data showed that just 11 % of the overall Australian
workforce was working 15 h or less per week, with 69 %

working 30 h or more (ABS 2012b).

Past, Present and Future Job-Seeking Support

Fewer than half (41 %) of participants indicated that they
had received any kind of assistance or support to get their

current job. Within this group, 32 % of individuals had
been supported by Disability Employment Services and

19 % by Centrelink. In addition, 30 % reported having

received informal support from their family or friends.3

Over half (54 %) of participants indicated a need for

some level of support to help them find a (new) job, either

presently or in the future. There was no significant rela-
tionship between the skill level of an individual’s current

job and their expression of a need for job seeking support.

Of this group, 37 % stated that they were already
receiving an adequate level of support to find a (new) job.

Support Received in the Workplace

Almost three quarters (72 %) of participants stated that

they were not currently receiving any specific support at
work for difficulties associated with their ASD. Of the

subset of respondents who were receiving support and who

provided further information about this (n = 29), only four
referred to assistance from external agencies. Other com-

ments generally related to specific accommodations and

adjustments made within the workplace, including modi-
fications to job content and working conditions (e.g.

offering flexible hours, arranging special lighting, permit-

ting exemption from customer-facing tasks) and tailored
supervision strategies (e.g. providing written instructions,

‘checking in’ regularly, showing leniency when the indi-

vidual is having a ‘bad day’).
Approximately two-thirds (66 %) of participants indi-

cated that they would like to receive more support at work

related to their ASD. Those who elaborated on this answer
with written comments tended to convey a strong desire for

greater recognition, understanding and respect of their

needs within the workplace by others. A further subset
within this group consistently noted a need for more

effective support in developing their social and communi-

cation skills, as well as the desire to access workplace
counselling.

Positive and Negative Experiences of Employment

Participants recorded a total of 347 positive comments

(‘best things’) and 309 negative comments (‘worst things’)

relating to their past and present employment experiences.
Following the review and coding process described in the

Method section, the positive comments were categorised

into four key themes (Table 6) and the negative comments
into six key themes (Table 7). The tables indicate, for each

theme, the proportion of participants who recorded at least

one comment classified to that theme.4

Three of the themes identified in these analyses

appeared to bear some relationship to participants’ occu-

pational skill level. First, the higher the designated skill
level of an individual’s job, the more likely they were to

describe work as a means of self-actualisation, and to

identify this as one of the ‘three best things’ about their
employment experiences to date. 84 % of participants

working at skill level 1 recorded a comment coded to this

theme, in contrast to 64 % of those at skill level 4 and
53 % of those at skill level 5 (v2 = 8.372, p \ 0.05).5

Table 7 Negative experiences of employment

Theme Sub-themes %

Job roles and work
content

Dissatisfaction with job roles and work
tasks (e.g. boring, repetitive or
unfulfilling work)

Poor working conditions (e.g. physical
environment, location, hours of work)

49

Working
relationships

Misunderstanding, criticism, ill-
treatment or exclusion by others

Difficulties in communicating with or
relating to others

46

Health and well-
being issues

ASD-specific issues (e.g. sensory
sensitivities, anxiety)

Other physical and mental health
concerns

35

Performance and
development issues

Lack of adequate instruction, training or
support

perceived unfair discipline or dismissal

21

Organisational
factors

Unfavourable organisational systems
and practices (e.g. bureaucracy,
favouritism)

Negative workplace culture (e.g. high
turnover, excessive ‘office politics’)

14

Pay and conditions Unsatisfactory pay

Poor employment conditions (e.g. not
enough leave)

5

3 Percentages are not mutually exclusive due to instances of multiple
sources of support being accessed.

4 As participants could record up to three comments in both the
‘positive’ and ‘negative’ streams, the percentages shown in Tables 6
and 7 are not mutually exclusive and do not sum to 100.
5 Participants working at skill levels 2 and 3 were excluded from this
and the following analysis due to small numbers.

2446 J Autism Dev Disord (2014) 44:2440–2449

123



born	in	1933	:	
@	2	/	3	years	of	age
• unusual	memory	for	visual	information
• happy	when	alone,		avoided	contact
• movement	/	language	not	spontaneous	- repetitive	behaviors	(hands,	
fingers,	etc.),	echolalia,	etc.

in	2010	was	located	…
• learned	to	golf	(23	years),	drive	a	car	(25	years),	avid	traveler,	etc.
• spontaneous	language	production,	routine	important,	etc.

protective	factors	influenced	the	nature	and	course	of	development	…
• family�s	socio-economic		($)
• social	situation	- accepted	as	different	/	small	circle	of	friends	/	same	
friends	all	his	life,	etc.

Case	#	1 :	« Donald	T »	in	2010,	77	years	old

Final	thoughts…development

The	Atlantic,	2010 65



Suggested	Reading	and	Resources

Suggested	Reading:

•Autism:	A	very	brief	introduction,	Uta Frith
•The	Autistic	Brain,	Temple	Grandin
•Look	Me	in	the	Eye,	John	Elder	Robison
•The	Reason	I	Jump,	Naoki	Higashida &	David	Mitchell
•The	curious	incident	of	the	dog	in	the	night-time,	Mark	Haddon
•Love	Anthony,	Lisa	Genova

Resources:

www.autismspeak.org

https://sfari.org

http://www.theabilityhub.org/
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