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ABSTRACT This review summarizes a range of historical, current, and emerging proposals about autistic learning, covering accounts of learning in the autism intervention research, including the applied behavior analysis
framework, and accounts of autistic learning in the cognitive and savant literatures. We conclude that learning in
autism is characterized both by spontaneous—sometimes exceptional—mastering of complex material and an apparent resistance to learning in conventional ways. Learning that appears to be implicit seems to be important in
autism, but autistics’ implicit learning may not map directly onto non-autistics’ implicit learning or be governed by
the same constraints.
2.39.1. Introduction
Learning in autism is not a topic characterized by
consensus. For example, the ability of autistics1 to
learn is considered nonexistent in the typical everyday environment (Lovaas and Smith, 2003) and fundamentally impaired (Klinger et al., 2006), but so astounding that the cognitive literature as a whole is insufficient to explain it (Atkin and Lorch, 2006).
Autistic learning is recognized as distinctive (Volkmar et al., 2004) and singled out as subhuman
(Tomasello et al., 2005), but is also considered unremarkable compared to non-autistic learning (Thioux
et al., 2006). These apparently disparate accounts
may be the result of autistic learning, in contrast to
autistic perception, attention, and memory, being investigated in a piecemeal, ad hoc manner. This review will summarize a range of current and emerging
proposals about autistic learning, examining each
proposal’s empirical basis and adding historical and
thematic perspectives.
2.39.2. Autism: Classification and Description
Autism is a neurodevelopmental difference, classified as a pervasive developmental disorder in the
DSM-IV (APA, 1994) and diagnosed by atypical social interaction (e.g., “a lack of spontaneous seeking
to share . . . achievements with other people,” APA,

1994, p. 70), atypical communication (e.g., difficulty
“sustain[ing] a conversation,” APA, 1994, p. 70), focused interests (e.g., “persistent preoccupation with
parts of objects,” APA, 1994, p. 70), and atypical
body mannerisms (e.g., “hand or finger flapping”
APA, 1994, p. 70). While autism is innate, the overt
behaviors used to diagnose autism may not appear
until the second year of life, but always appear before
age three. Autism is polygenic (with as yet no agreed
upon loci) and highly heritable, with a male:female
ratio of ~4:1 and a prevalence of ~20/10,000. Two
less well-defined pervasive developmental disorders
are considered, with autism, to form the autistic spectrum. The first is Asperger syndrome (AS), which
shares the behavioral characteristics of autism but
presents with a different developmental trajectory,
featuring no delay in the onset of speech and measured intelligence in the normal range (Szatmari et al.,
2000). The second is Pervasive Developmental Disorder, Not Otherwise Specified (PDD-NOS), defined
as a subthreshold presentation of the behaviors used
to diagnose autism. Prevalence across the autistic
spectrum is ~60/10,000, and has been shown to be
stable over time, as has autism prevalence (Chakrabarti and Fombonne, 2001, 2005). This review will
concentrate on autism itself, as the bulk of the relevant research concerns this specific diagnosis.
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In research, autistics are often divided into highand low-functioning subgroups, based on a snapshot
measurement of intelligence or developmental level.
While this division is an efficient shorthand to denote
whether participants fall into the range of diagnosable
mental retardation, instruments normed for the nonautistic population are potentially misleading when
applied to autistics (e.g., Mottron, 2004), and individuals’ measured IQs may change dramatically over
time, particularly before age six (Eaves and Ho,
2004; Gernsbacher, 2004). Autistics’ average scores
on intelligence test batteries (e.g., Wechsler scales)
mask widely scattered subtest scores, raising the
question of whether level of functioning can definitively be assigned even at any single point in time.
The difficulty of assessing autistic intelligence is illustrated by recent epidemiology: the percentage of
autistics who also meet current day criteria for mental
retardation is reported as anywhere from 25% to 70%
(Baird et al., 2000; Chakrabarti and Fombonne, 2001;
Honda et al., 1996; Kielinen et al., 2000). The difficulty of assessing autistic intelligence is also illustrated via a speed of processing task known to be correlated with intelligence: autistics assumed to be
high- or low-functioning perform equally well, and as
well as non-autistics with Weschler IQs more than
two or three standard deviations higher, respectively
(Scheuffgen et al., 2000). Similarly, autistics’ performance on Raven’s Progressive Matrices, the preeminent measure of fluid intelligence, may significantly exceed their performance on Wechsler scales,
suggesting that the high- versus low-functioning division is of questionable validity (Dawson et al., in
press).
Autism has no known etiology in the majority of
cases, but in a minority of cases, an associated syndrome can be identified (e.g., tuberous sclerosis,
West syndrome). In research, such syndromes are
frequently cited as exclusion criteria or possible confounds, and the distinction between etiological autism
(associated with such syndromes) and idiopathic
autism (not associated with such syndromes) has
been important in ascertaining whether epilepsy is associated with autism or with other conditions associated with autism. Indeed, evidence points to epilepsy
not being associated with idiopathic autism (Pavone
et al., 2004; Battaglia and Carey, 2006).
Another division is often drawn between savant
autistics, whose uneven profile of abilities encompasses exceptional expertise in one or more charac-
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teristic areas (e.g., calendar calculation, drawing in
perspective), and non-savant autistics, whose uneven
profile of abilities has not progressed to that level of
atypical expertise. Savant abilities are far more
prevalent in the autistic than in the non-autistic population (1 in 10 versus 1 in 2000; Hill, 1977; Rimland,
1978), and are consistently linked with autistic traits
(Heaton and Wallace, 2004). Savant abilities and
their significance for the study of autistic learning
will be explored in later sections.
Few aspects of neurology have not been proposed as being atypical in autism. For example, regions of reported neurofunctional atypicalities range
from the brainstem to the inferior frontal gyrus, while
reported neuroanatomical atypicalities range from increased white and gray matter volume (e.g., Hazlett
et al., 2005) to more densely packed cells and increased numbers of cortical minicolumns (Casanova
et al., 2002). Neurofunctional connectivity has been
suggested to be atypical (e.g., Just et al., 2004), and
neural resources may be atypically allocated or rededicated (e.g., Koshino et al., 2005; Turkeltaub et
al., 2004). Virtually every fundamental human cognitive and affective process, singly or as part of an
overarching model, has been proposed to be dysfunctional or absent in autism, while persistent findings of
superior performances by autistics are often interpreted as evidence of neurological and cognitive pathology (e.g., Beversdorf et al., 2000; Chawarska et
al., 2003; Heaton et al., 1998; Just et al., 2004;
Langdell, 1978; Ropar and Mitchell, 2002; Shah and
Frith, 1983, 1993; Toichi et al., 2002; for analysis
and perspective, see Baron-Cohen, 2005; Gernsbacher et al., 2006; Mottron et al., 2006; Mottron et
al., in press). Thus, autism has been prolifically studied but remains poorly understood.
2.39.3. History and Background: Accounts of Autistic Learning
Accounts of recognizably autistic learning date
back more than a century and precede the establishment of autism as a diagnosis. There are reports of
individuals with an incongruous repertoire of abilities: apparently general cognitive impairment coupled
with outstanding performance in specific areas, such
as music, drawing, calculation, and memory (see
Treffert, 1988, for a review). The branding of these
individuals as “idiot savants,” a practice that endured
until recently, is evidence of how autistic learning has
been and may still be conceptualized.
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Kanner (1943) first proposed autism as a distinct
condition. His landmark description of 11 autistic
children included observations about their unusual
pattern of learning, evident from early development.
The children precociously acquired quantities of specific information, from the names of objects, people,
and presidents; to numbers and the alphabet; to fine
discriminations between musical compositions; to the
texts of psalms, poems, and nursery rhymes (sometimes in several languages); to lists of plants and animals as well as “long and unusual words”; to the
contents of encyclopedias. Kanner characterized
much of this learning, particularly in 2- and 3-year
old children, as a “valueless” obstacle to genuine
communication, but also reported excellent abilities
in reading, spelling, and vocabulary. There were no
difficulties with plurals, tenses, and grammar; an
early reversal of pronouns (e.g., using you for I) became less evident over time. The children were characterized as having strong and independent interests;
one child “displayed astounding purposefulness in
the pursuit of self-selected goals.”
Kanner observed that mute autistic children, a
minority in his original sample, had “astounded their
parents by uttering well-formed sentences in emergency situations”; he concluded that mute autistic
children may demonstrate that they have, while apparently silent, accumulated a “considerable store” of
information about language (Kanner, 1949). In a later
paper, Kanner observed that autistic children were
extremely difficult to teach in conventional ways:
they “learn while they resist being taught.” For example, they remained unimpressed with persistent attempts to prompt them to walk, then spontaneously
walked when this was “least expected.” One autistic
boy’s parents undertook strenuous efforts, involving
many hours per day, to teach and exhort him to
speak. These efforts failed, but “at about 2 ½ years of
age, he spoke up and said ‘Overalls,’ a word which
was decidedly not part of the teaching repertoire”
(Kanner, 1951).
Independently of Kanner, Asperger (1944, translated 1991) also proposed autism as a distinct condition. In his seminal paper, Asperger recorded observations about autistic learning that were strikingly
similar to Kanner’s. Autistic children, some of whom
were described as learning to read “particularly easily,” were “almost impossible” to teach and could not
learn from adults in “conventional ways” or “assimilate the ready-made knowledge and skill that others
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present.” These children were poor in what Asperger
called “mechanical learning,” or learning to do as
others do automatically. However, they excelled in a
kind of original thinking that Asperger called “autistic intelligence.” Asperger described an autistic child
who spontaneously learned basic principles of geometry by age three, and cubic roots shortly thereafter, but “learnt or did not learn as the whim took
him,” with unfortunate results in school.
Both Kanner’s and Asperger’s accounts resonate
with earlier reports of “idiot savants.” In 1945,
Scheerer and colleagues discussed Kanner’s observations (1943) within an extensive descriptive and empirical account of a child, L., who today would be
considered an autistic savant. Alongside apparently
comprehensive limitations in behavior and intelligence, L. had excellent abilities in calendar calculation and music, as well as in learning and recall of
words, events, facts, and numbers. Interest in these
areas first appeared when L. was three years old. L.
was reported to be incapable of learning by instruction; he had “an inherent difficulty in learning by following instructions and explanations in a systematic
way” and “never absorbed or learned in a normal
fashion.” He had absolute pitch and enjoyed playing
the piano “for hours without being taught.” His unusual range of abilities was hypothesized to arise
from impaired abstraction, which resulted in “abnormal concreteness” and a facility in acquiring and manipulating information that typical individuals would
judge as “senseless or peripheral or irrelevant”
(Scheerer et al., 1945).
Kanner considered that the atypical strengths and
not the obvious difficulties of autistic children reflected their true potential, but Kanner provided limited empirical evidence to support his position, which
has accumulated opposition over the years. For example, Klin et al. (1997) contended that autistics’
“splinter skills” overestimated their true abilities, had
little relevance to real life, and existed against a context of pervasive deficiency (see also DeMyer et al.,
1974; Prior, 1979; Volkmar and Klin, 2005). Similarly, focused abilities and interests have been characterized primarily as interfering with learning in
autism and Asperger syndrome, rather than representing it (Klin et al., 2005; Volkmar and Klin, 2000).
Distinctly autistic learning and intelligence have thus
been considered pathological, misleading, and uninformative, if not mythical (e.g., Epstein et al., 1985;
Green, 1999; Shah and Frith, 1993). This judgment
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leaves no plausible explanation for the conspicuous
success of some autistics (e.g., a child who “did phenomenally well in mathematics, was sent to an accelerated school, and is now finishing the eleventh grade
with top marks,” Kanner and Eisenberg, 1956).
Specific traits investigated in follow-up studies
(e.g., speech fluency or measured intelligence) have
not been consistently predictive of outcomes
(Howlin, 2005) or explanatory of why some autistics
have done notably well (Asperger, 1944; Kanner,
1973; Szatmari et al., 1989). Indeed, both Kanner
(1973) and Szatmari et al. (1989) reported that fortunate outcomes were unexpected; they could not have
been predicted from early presentation or development. The success in university, including one MBA,
of half of Szatmari et al.’s sample (less than 70% of
whom had useful speech before age 5) was achieved
by individuals who, like the successful autistics reported by Kanner, grew up before the era of early intervention programs. Similarly, an individual who
Asperger (1944) followed for 30 years was “grossly
autistic” throughout his life, with “impossible behaviors,” failure and ineptness in multiple areas (language, daily life, social behavior). This individual
pursued his early interest in mathematics and rapidly
became a successful, if unusual, academic. Like Asperger, Kanner (1973) underlined the importance of
focused interests and abilities through development
as the means by which autistics could participate in
and contribute to society.
Less fortunate autistics were placed in institutions, denied education, subject to useless and harmful treatments (e.g., “tranquilizers… pushed to the
point of toxicity,” Kanner, 1971), and were found to
have poor outcomes (Kanner, 1971, 1973; Lockyer
and Rutter, 1969; Rutter et al., 1967). In Rutter’s
(1966, 1970) sample, 56% of the 63 children had
fewer than two years of school, and many had none at
all, regardless of their measured abilities. More than
half were institutionalized, and many endured deleterious or spurious treatments (e.g., E.C.T., insulin
coma, prefrontal lobotomy, “prolonged” psychoanalysis; Rutter et al., 1967). Against this hazardous
backdrop, many in Rutter’s sample acquired reading
abilities, several were employed, and some had academic achievements (e.g., in the areas of music and
computers). DeMyer et al. (1973) observed in their
sample, 44% of whom were institutionalized, that a
decrease over time in the performance IQs of pooroutcome autistics was related to an observed loss of
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their “splinter skills.”
Descriptive and empirical accounts of autistics
learning in unusual and successful ways have sporadically appeared and remained unexplained
throughout the history of autism research. Autistics
are no longer routinely institutionalized and are entitled to public education, but there continues to be a
dearth of data linking early autism interventions to
adult outcomes. Instead, there are data indicating that
currently popular interventions may be unrelated to
child outcomes (Eaves and Ho, 2004; Gernsbacher,
2003; Lord et al., 2006). The educational and psychosocial intervention literature in autism, despite undeniable quantity and prominence, has failed to produce
“a clear direct relationship between any particular intervention and children’s progress” (NRC, 2001).
2.39.4. Learning in the Autism Intervention Research
Comprehensive early intervention programs in
autism have borrowed extensively from each other
and have become progressively more similar (Dawson and Osterling, 1997; Kasari, 2006; NRC, 2001).
A typical curriculum may, at the outset, involve series of trials for training eye contact (“look at me”),
commands (“sit down,” “stand up,” “come here,”
“turn around”), motor imitation (“do this …”), followed by commands to point (“point to the …”),
match, verbally imitate, and verbally label (Maurice
et al., 1996). Comprehensive programs vary in their
use of settings and structure (e.g., highly structured
trials versus more naturalistic approaches), in their
use of procedures and techniques (e.g., prompting, reinforcement), in their incorporation of developmental
and other theoretical considerations, and in other
ways (Rogers and Ozonoff, 2006). Apart from their
intensity (usually, more than 20 hours per week) and
their ideal of intervening as early as possible, they
share the premise that autism represents a harmful
deviation from (or multiple deviations from) typical
development. They also share the goal of achieving,
to the greatest extent possible, a typical developmental trajectory encompassing typical social, communicative, and adaptive behaviors. Failing to address
presumed deviations or delays in early development
is believed to result in autistics falling farther and farther behind, as autistic traits and abilities, which are
seen as inadequate, inappropriate, or maladaptive,
become entrenched obstacles to achieving the ideal
typical trajectory. The promise that very early intervention will interrupt, reverse, prevent, and stop
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autism “in its tracks” is avidly pursued (Cecil, 2004).
The effectiveness of comprehensive early intervention programs is judged against autism’s presumed poor prognosis, and according to the extent to
which typical skills have successfully been acquired
and atypical autistic behaviors have successfully been
extinguished (Handleman and Harris, 2001; Smith,
1999). The possibility that a typical developmental
trajectory and repertoire of behaviors may not be
adaptive for autistics or beneficial for autistic learning has not yet been considered. Researchers have
“studied the effectiveness of programs, not the appropriateness of various goals” (NRC, 2001), while
as yet providing no empirical foundation for the
popular contention that intensive early interventions
result in successful, independent typical adults. The
best adult outcomes in the peer-reviewed literature
belong to autistics whose early development predates
the availability of these interventions and was in no
way typical (e.g., Kanner et al., 1972). Indeed, in
Szatmari et al. (1989), all children retrospectively
judged as only “probable” for a diagnosis of autism
had poor outcomes as adults, while many children
whose diagnosis—according to the strictest criteria
for autism ever devised—was not in doubt went on to
considerable achievement: “severity of early autistic
behavior was a poor predictor of outcome.”
Early interventions have been widely speculated
both to prevent atypical brain activity in autism and
to promote desirable typical activity (e.g., Howard et
al., 2005; Lovaas and Smith, 1989; Mundy and
Crowson, 1997; Perry et al., 1995; Smith and Lovaas,
1998). This speculation is as yet unsupported by studies involving measures of neural activity. The promotion of very early interventions to exploit neural plasticity in the developing brain (Dawson and Zanolli,
2003) appears to be supported solely by a report of a
very early (starting at 14 months) applied behavior
analysis-based intervention involving a child considered “at risk” for autism (Green et al., 2002). However, such a young age (2 years) has been cited as an
explanation for why other autistic participants failed,
rather than succeeded, in another intervention study
and why such young participants could not continue
in an optimal applied behavior analysis-based intervention (Howard et al., 2005). Thus, promises that
autistic brain activity and development can be altered
by early interventions in controlled and predictable
ways appear to be highly premature.
Training programs that involve older autistics
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(school-aged children, adolescents, and adults) and
that target what are presumed to be core deficits in
autism have also been speculated to correct faulty
autistic neural mechanisms (Tanaka et al., 2005).
However, the only empirical investigation to date
found that autistics acquired the specific trained behaviors (labeling pictures expressing facial affect),
but did so without producing the desired neurofunctional changes (increased task-related activity in the
fusiform gyrus, Bölte et al., 2006). Demonstrations
that untrained autistics display this desired brain activity when previous oversights in experimental design are addressed (e.g., Hadjikhani et al., 2004;
Pierce et al., 2004) raise questions about the foundations of interventions that target core deficits and exploit task-related brain activity as outcomes.
A common finding arising from both targeted
and comprehensive intervention studies is that autistics, when explicitly taught typical skills, fail to generalize those skills across contexts or to related typical skills (e.g., Hwang and Hughes, 2000; Lovaas et
al., 1973; Lovaas and Smith, 1989; Ozonoff and
Miller, 1995). This failure to generalize is widely regarded as an autistic learning deficit, but such a failure cannot always be attributed to specifically autistic
limitations. Young “feminine boys” who underwent
early intensive behavioral interventions to impose
stereotypically male behaviors also demonstrated a
failure to generalize (Rekers and Lovaas, 1974;
Rekers et al., 1974). Thus, the explicit teaching of
typical behaviors may result in a failure to generalize
in atypical individuals. Accordingly, autistics who
fully understand typical, expected social behaviors
(e.g., behaviors associated with pretend play or joint
attention) may not spontaneously display these behaviors, which are adaptive for non-autistics but may
not necessarily be adaptive for autistics (e.g.,
Boucher, 1989; Klin et al., 2002). Regulation of
atypical autistic visual and auditory perception (Mottron et al., 2006; Samson et al., 2006) is currently the
most plausible explanation for characteristic autistic
behaviors (e.g., in the areas of eye contact, Gernsbacher & Frymiare, 2006; joint attention, Gernsbacher et al., in press; and orienting to stimuli, Mottron et al., 2007); therefore, attempts to train typical
but less adaptive behaviors may not easily generalize.
Further, Szatmari (2004) has argued that autistics’
enhanced perception results in independent, spontaneous learning of which non-autistics are incapable.
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2.39.5. Applied Behavior Analysis and Autistic
Learning
The first reports of operant conditioning in
autism in the early 1960s (e.g., Ferster and DeMyer,
1961) are considered by behavior analysts as the first
demonstrations that autistics could learn (Schreibman
and Ingersoll, 2005). Behavior analysts henceforth
characterized autistics as being governed by the same
laws of learning as all other organisms, while being
distinguished by failing to learn from the typical,
every-day environment (e.g., Lovaas, 1987; Green,
1996; Smith and Lovaas, 1998; Lovaas and Smith,
2003; Koegel et al., 2001). Applied behavior analysis
(ABA), summarized by Green (1996) as employing
procedures derived from the principles of behavior to
“build socially useful repertoires” of observable behaviors and reduce or extinguish socially “problematic ones,” has become the basis for an extensive
autism intervention literature and service industry.
The behavior analytic literature in autism presents
autistics as having an extremely restricted behavioral
repertoire that is not recognizably human, as lacking
in human experience to the point of being tabula
rasa, as requiring the explicit teaching of virtually
every human behavior, and therefore as being an
ideal proving ground for interventions based on
learning theory (Lovaas et al., 1967; Lovaas, 1977;
Lovaas and Newsom, 1976; Lovaas and Smith, 1989;
Lovaas, 1993; Smith, 1999; Lovaas, 2003; Schreibman, 2005).
Stimulus over-selectivity, wherein autistics “respond to only part of a relevant cue or even to a minor often irrelevant feature of the environment,” has
been identified by behavior analysts as underlying
autistics’ failure to learn and generalize (Lovaas et
al., 1979; see also Schreibman, 1996). However,
demonstrations of over-selectivity in autistics (e.g.,
Lovaas et al., 1971a; Lovaas and Schreibman, 1971)
exist alongside findings showing over-selectivity in
non-autistics, as well as the absence of overselectivity in autistics (e.g., Koegel and Wilhelm,
1973; Schover and Newsom, 1976; Litrownick et al.,
1978; Gersten, 1983). An apparent failure of autistics
to attend to and therefore learn from relevant social
information using dolls as stimuli (Schreibman and
Lovaas, 1973) contrasts with the empirical finding
that autistic children (IQ ~60) perform better than
age-matched typical controls in recognizing their
classmates’ faces (Langdell, 1978). Moreover, Lovaas et al.’s (1971, 1979) over-selectivity based pre-
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diction that classical conditioning would be impaired
in autism, with a consequent failure to acquire conditioned reinforcers, was found to be incorrect. In a
classical eye-blink conditioning paradigm, autistics
more rapidly learned an association between multimodal contiguous stimuli than did non-autistics
(Sears et al., 1994). Regardless, over-selectivity’s enduring theoretical influence is demonstrated in the
behavior analytic practice of breaking all skills down
into small steps with each step being explicitly taught
through repetition, and of minimizing and simplifying the information in an autistic’s environment when
teaching basic skills (Maurice et al., 1996; Leaf and
McEachin, 1999; Lovaas, 2003).
The need to suppress the high prevalence of socalled “self-stimulatory” behaviors in autistics (e.g.,
rocking the torso, smelling objects) is a consistent
theme across the behavior analytic literature. While it
is believed that self-stimulatory behaviors interfere
with learning explicitly taught behaviors (e.g., Lovaas et al., 1971b; Koegel and Covert, 1971; Lovaas
et al., 1987), that is not always the case (e.g., Klier
and Harris, 1977; Chock and Glahn, 1983; Dyer,
1987), and self-stimulatory interests (e.g., maps, calendars, movies) have also been used productively as
reinforcement (e.g., Charlop et al., 1990). Selfstimulatory behaviors have not been consistently defined by behavior analysts; for example, immediate
echolalia (repeating back what another person just
said) was classified as self-stimulatory in one model
(Epstein et al., 1985; Lovaas, 2003) but not in another (Gardenier et al., 2004; MacDonald et al.,
2007).
Self-stimulatory behaviors are often defined as
serving no “obvious” or “apparent” function (Gardenier et al., 2004; MacDonald et al., 2007), but in
one extensive behavior analysis of the origin of selfstimulatory “ear covering that was reported by the
[autistic] child’s teachers to serve no identifiable
function … the results of a descriptive analysis revealed a correlation between ear covering and another child’s screaming. An analogue functional
analysis showed that ear covering was emitted only
when the screaming was present” (Tang et al., 2002,
p. 95).
While self-stimulation has been defined as a
subclass of stereotypy, characterized by its autonomy
from social reinforcement (Lovaas et al., 1987), it has
also been found to be socially mediated (Durand and
Carr, 1987). Self-stimulation and stereotypy are
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sometimes regarded as interchangeable (e.g., Charlop-Christy and Haymes, 1996, in which “stereotypy,” “aberrant behaviors,” “obsessions,” and “selfstimulation” are equivalent terms), and selfstimulatory behaviors have been expanded to encompass all autistic focused interests and abilities. Absolute pitch, calendar calculation, hyperlexia, expertise
in prime numbers, “accurate drawing,” and the like
have been classified as self-stimulatory (Epstein et
al., 1985; Lovaas, 2003); autistics’ spontaneous, untrained learning (in the absence of either teaching or
reinforcement) has been classified as “generative
self-stimulatory behavior” (Lovaas et al., 1987). Epstein et al. (1985) described a 5-year old autistic boy
in an intensive ABA program who “suddenly
emerged” with excellent calendar calculation skills;
this and other spontaneous “genius” behaviors were
then discouraged and suppressed.
Indeed, exceptional and savant abilities are listed
by behavior analysts as among autistics’ abnormal
behavioral deficits and excesses (e.g., Koegel and
Koegel, 1996). Exceptional abilities in children who
exhibit high levels of self-stimulatory behaviors,
which are considered by behavior analysts to prevent
autistics from learning, remain unexplained. For example, there is no explanation for how a 3-year-old
autistic who “engaged in lengthy periods of selfstimulatory behavior such as lying down and sifting
sand through his hands” learned to read at a grade
one level (Koegel et al., 1997), or how a 4-year-old
autistic, with no basal score on standardized language
measures and “high levels” of “stereotypic hand flapping, finger manipulation, body rocking and noise
making” learned how to “decode written words” and
“discriminate numerous varieties of automobiles”
(Mason et al., 1989). The behavior analytic observation that autistics have spontaneously learned various
skills that they do not demonstrate on demand (e.g.,
Taylor and MacDonough, 1996) also remains unexplained, though the possibility that autistics’ inconsistent responding in some situations results from
“boredom” has been raised (Dunlap and Koegel,
1980).
In attempting to address autistics’ failure to
learn, behavior analysts have created environments of
extreme food deprivation (Lovaas et al., 1967); electric shock (Lichstein and Schreibman, 1976) or other
contingent aversives (Lovaas, 1987; Lovaas et al.,
1987); and extreme repetition (e.g., 90,000 discrete
trials to teach an autistic boy one verbal discrimina-
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tion; Lovaas, 1977). One autistic child underwent
more than 24,000 discrete trials and failed to learn
any receptive language (Eikeseth and Jahr, 2001).
The same child acquired language skills in fewer than
100 trials when provided with text, rather than speech
or signs, but environments created by behavior analysts to train some autistics (now deemed to be “visual learners”) with text have produced very limited
results (Lovaas and Eikeseth, 2003). Although physical punishment within behavioral interventions became illegal in many jurisdictions and was replaced
by other methods (but see Foxx, 2005), a nonrandomized controlled trial that depended on contingent aversives (Lovaas, 1987; McEachin et al., 1993)
continues to be cited as the primary evidence that
ABA-based interventions are effective. The only randomized controlled trial of an early comprehensive
ABA program reported poor short-term results
(Smith et al., 2000, 2001). When unmatched variables in a non-randomized trial were accounted for,
differences in outcome measures between the experimental and control groups (with the exception of
classroom placement) were not significant (Cohen et
al., 2006). Further, none of the few existing smallsample controlled trials, in a vast literature dominated
by single subject designs, has reported a correlation
between increased amount or intensity of treatment
and better short-term outcome measures. Instead,
data from an uncontrolled trial show that neither intensity nor quality of early ABA programs is related
to short-term outcomes (Sallows and Graupner,
2005).
2.39.6. Autistic Learning in the Cognitive and Savant
Literatures
The cognitive literature in autism provides few
empirical findings directly related to learning, despite
speculative claims about autistic learning impairments and “learning style” (see Volkmar et al. 2004,
for a review). Among empirical findings, autistics
have demonstrated enhanced discrimination of novel
highly-similar stimuli but an absence of a typical perceptual learning effect (Plaisted et al., 1998); and
non-autistics, but not autistics, showed a training effect when copying drawings of objects and nonobjects, although overall performance of the two
groups was equal (Mottron et al., 1999). In both cases
(perception and procedural memory), procedures
(e.g., repeated performance of tasks) that reliably resulted in learning in non-autistics appeared not to do
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so in autistics, while autistics appeared to learn in
ways (e.g., apparently passive exposure to materials)
that did not necessarily benefit non-autistics.
In the area of language, echolalia is common in
typical development (e.g., a mother asks, “Do you
want a cookie?” and a child responds, “a cookie?”),
but echolalia occupies an atypical role in language
acquisition in autism. Echolalia, which serves numerous functions (Prizant and Duchan, 1981; Prizant,
1983; Prizant and Rydell, 1984), is one example of
how autistics atypically access the meaning of language by first learning its complex structure, the reverse of the typical pattern (Dunn and Sebastian,
2000). For example, an autistic child, quite fond of
the Telletubbies show on Public Broadcasting Service, initially repeated the scripted sentence, “One day
in Teletubbie land, all of the Teletubbies were very
busy when suddenly a big rain cloud appeared,” and
weeks later, using mitigated echolalia, stated, “One
day in Bud's house, Mama and Bud were very busy
when suddenly Daddy appeared” to express the construct of his father returning home. Initially, when
this child wanted to play ball, he would approach his
mother or father and say, “Quick, Dipsy. Help Laa
Laa catch the ball.” As his spoken language developed, the syntactic structure of echolalic sentences
remained intact, but he replaced the nouns (e.g.,
“Quick, Daddy. Help Bud catch the ball”), and he
eventually isolated single words and morphemes and
began generating original two-word phrases (e.g.,
“Daddy ball?” and “Dad, wanna play ball?”; MomNOS, 2006).
Hyperlexia (Silverberg and Silverberg, 1967), a
spontaneous (uninstructed), precocious, interestdriven ability to decode written words is also strongly
associated with autism (Grigorenko et al., 2002). Atkin and Lorch (2006) extensively tested Paul, a 4
year old autistic boy who intensively studied newspapers before age 2 and recited the alphabet and read
printed words aloud by age 3. Paul’s mental age was
placed at 1;5, and his comprehension of language was
markedly delayed (though not absent), but he tested
as having “extremely advanced decoding skills,” including a reading vocabulary exceeding that of typical 9 year olds. The authors concluded that these results “suggest the possibility of an atypical route to
language acquisition” and that “existing cognitive accounts are inadequate to account for the development
of literacy in this child.”
With respect to the role of categories in learning,
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autistics may not necessarily use concepts to organize
information (Hermelin and O’Connor, 1970; Bowler,
2007, for a review), but are able to do so, including
the use of basic level and more abstract superordinate
categories as well as prototypes (e.g., TagerFlusberg, 1985a, b; Ungerer and Sigman, 1987). In a
test of novel category learning, Klinger and Dawson
(2001) found that autistics categorized using both explicit and implicit rules, but when answering an ambiguous question, failed to show the same response to
prototypes as non-autistics. Molesworth et al. (2005),
who instead used a false recognition procedure,
found typical learning of novel categories in autistics,
including typical prototype formation. At the level of
perceptual categorization, autistics demonstrated
typical category formation in a categorization task,
but contrary to typical controls, autistics showed no
influence of categories in a discrimination task. The
influence of categories may therefore be optional in
autistics, while being mandatory in non-autistics
(Soulières et al., 2007).
Klinger et al. (2006) have proposed a fundamental implicit learning (Reber, 1967, 1993; Frensch,
1998; Frensch and Rünger, 2003) impairment in
autism based on the prototype paradigm in Klinger
and Dawson (2001), and on preliminary data from
two artificial grammar learning experiments. Their
first study found equivalent autistic and non-autistic
above-chance performance in the implicit learning of
artificial grammars, while in their second study autistics with lower IQs than their non-autistic controls
performed far above chance, but the non-autistic
group performed significantly better. Reber (1967)
reported a similar discrepancy between typical undergraduates and typical high-school students performing well above chance, without the latter being
deemed impaired in implicit learning. Using a serial
reaction time task (Nissen and Bullemer, 1987) involving a sequence of lighted circles, Mostofsky et
al. (2000) found no evidence of implicit learning in
autistics. However, using the same kind of task,
Smith (2003) found robust implicit learning of a sequence of geometric figures in autistics, with response accuracy superior to typical controls. Results
from Smith’s (2003) second experiment using a sequence of emotional face images suggest that the
presence of social information may demand more attentional resources from autistics than non-autistics,
therefore disproportionately interfering with autistics’
implicit learning of non-social material (in this case,
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a sequence).
Associative learning has been reported as intact
in autism (e.g., Boucher and Warrington, 1976; Williams et al., 2006), but autistics were also found to
associate paired stimuli more rapidly than nonautistics (Sears et al., 1994). Reviewing a wide range
of evidence, Baron-Cohen (2003) posited systemizing, a form of intrinsically-reinforced associative
learning, as being a strength in autism, “a condition
where unusual talents abound.” Systemizing requires
an “exact mind” and is motivated not by extrinsic
reinforcement but by a drive to understand systems.
Baron-Cohen (2003) describes an autistic five-year
old boy whose mother accidentally discovered that,
by walking down the same street every day, he had
correctly associated hundreds of houses with their
occupants’ hundreds of cars (parked on the street),
along with the expiration dates and serial numbers of
the cars’ parking stickers.
In contrast, Tomasello et al (1993; 2005; see also
Tomasello, 2001) posited a form of social learning —
cultural learning — as the defining achievement of
uniquely human cognitive abilities, which he deemed
autistics, along with apes, to lack. However, despite
claims that the essential uniquely human ability is the
learning of intentionality, which according to
Tomasello autistics lack (Tomasello et al., 1993;
Tomasello, 2001), empirical studies have demonstrated robust understanding of intentions in autistic
children (Aldridge et al., 2000; Carpenter et al., 2001;
Russell & Hill, 2001) and adults (Sebanz et al.,
2005). The current model of cultural learning and
cognition (Tomasello et al., 2005) is now founded not
on the learning but the sharing of intentionality,
which Tomasello has argued is absent in autistics and
apes. The defining of humanity according to attributes that autistics are judged to lack is a hallmark of
normocentrism (Mottron et al., in press).
After a long history of reductive explanations for
savant abilities (e.g., photographic or phonographic
memory), the savant literature largely recognizes that
these abilities represent both spontaneous learning
and creative manipulation of the structures and regularities underlying complex information (e.g., music,
numbers, written language, visual proportions and
perspective). Experimental studies of savants have
concentrated on whether and how learned information and abilities are recalled, applied, modified,
transformed, or transferred (Miller, 1999; Heaton and
Wallace, 2004). Therefore, while savant abilities in
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autistics can be considered the equivalent of expertise
in non-autistics (Mottron et al., 2006), there is only
indirect evidence as to how this expertise is acquired.
Overtraining with specific materials may (Howe et
al., 1998) or may not (e.g., Selfe, 1977; Epstein et al.,
1985) be observed prior to the full manifestation of
exceptional abilities, which may also be discovered
by accident (Sacks, 1985).
Thioux et al. (2006) proposed that savant abilities are driven by autistic focused interests, but depend on spared areas of typical learning abilities; in
this model, as in Klinger et al. (2006), savant abilities
are explicitly learned, with no role for implicit learning. However, implicit learning is widely considered
to play an essential role in savant abilities (e.g., Hermelin and O’Connor, 1986; O’Connor, 1989; Miller,
1989, 1999; Spitz, 1995; Heaton and Wallace, 2004;
Pring, 2005; Mottron et al., 2006). Miller (1999) has
related the “sophistication” found in savant abilities
to both enhanced processing at the perceptual level
and the implicit learning of regularities, while suggesting that extensive exposure to materials may, for
savants, be more effective than typical forms of
teaching or rehearsal, which in turn may impede
learning in savants. He concluded that “savants may
provide a special perspective on the mixture of implicit and explicit learning that produces noteworthy
performance.”
Treffert (2000) has argued that savant abilities
should be encouraged and nurtured; this results in a
broadening of focused abilities and the flourishing of
previously limited social abilities. For example,
Miller (1989) denied that a young musical savant
could be autistic, regardless of the individual fitting
the relevant criteria, on the grounds that by age five,
he “showed obvious pleasure in social interaction.”
However, prior to the availability of a piano, the
same boy was described as “not very responsive,”
“for a very long time, nonverbal and withdrawn” and
“spending hour after hour gazing out the window.”
Further, autism does not preclude pleasure in social
interaction, which for example is observed in autistics spontaneously sharing the same interest with
each other (LeGoff, 2004).
Savant and non-savant autistics are best considered as belonging to the same group, based on multiple behavioral and cognitive similarities. The performance of savants predicts the performance of nonsavant autistics in multiple areas. For example, savant
musicians invariably have absolute pitch, while abso-
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lute pitch (Brown et al., 2003) and superior pitch labeling, pitch memory (Heaton et al., 1998; Heaton,
2003), and pitch discrimination and categorization
(Bonnel et al., 2003) characterize non-savant autistics. In a music imitation task, non-savant autistic
youths (mean IQ <70) with no musical experience
performed as well as or better than age-matched controls who had considerable musical training (Applebaum et al., 1979), echoing the superior musical imitation found in savant autistics (e.g., Slodoba et al.,
1985; Young and Nettlebeck, 1995). A savant
draftsman (Mottron and Belleville, 1993) and nonsavant autistics (Mottron et al., 1999) shared a facility in copying impossible figures and a recognizable,
locally oriented drawing strategy. Savant (Park,
1984; Steel et al., 1984; Hermelin and O’Connor,
1990; Young and Nettlebeck, 1995; Anderson et al.,
1999) and non-savant (Scheuffgen, 2000; Dawson et
al., in press) autistics may present with exceptional
performance in tests of processing speed and/or highlevel abstract reasoning. Many other empirically
documented similarities are available, but it is also
true that regardless of being extensively studied, both
autism and savant syndrome remain unexplained, as
does the overlapping relationship between the two,
and the learning processes underlying both.
2.39.7. Summary: Characterizing Autistic Learning
Learning in autism is characterized both by spontaneous—sometimes exceptional—mastering of
complex material and an apparent resistance to learning in conventional ways. Learning that appears to be
implicit seems to be important in autism, but autistics’ implicit learning may not map directly onto nonautistics’ implicit learning or be governed by the
same constraints. An understanding of autistic learning, of how and why autistics learn well and learn
poorly, may therefore require a non-normocentric approach, and an investigation of the possibility that
autistic and non-autistic cognition may be complementary in learning and advancing different aspects
of knowledge.

References
Aldridge, M.A., Stone, K.R., Sweeney, M.H., Bower, T.G.R., 2000.
Preverbal children with autism understand the intentions of others.
Dev. Sci. 3, 294-301.
American Psychiatric Association, 1994. Diagnostic and Statistical
Manual of Mental Disorders, 4th ed. APA, Washington, DC.
Anderson, M., O'Connor, N., Hermelin, B., 1999. A specific
calculating ability. Intelligence, 26, 383-403.
Applebaum, E., Egel, A.L., Koegel, R.L., Imhoff, B., 1979. Measuring
musical abilities of autistic children. J. Autism Dev. Disord. 9,

768

279-285.
Asperger, H., 1944/1991. 'Autistic psychopathology' in childhood
(Frith, U., Trans.). In: Frith, U. (Ed.), Autism and Asperger Syndrome. Cambridge University Press, Cambridge, UK, pp. 37-92.
Atkin, K., Lorch, M., 2006. Reading without speech: Hyperlexia in a 4
year old boy with autistic spectrum disorder. J. Neurolinguistics ,
19, 253-269.
Baird, G., Charman, T., Baron-Cohen, S., Cox, A., Swettenham, J., et
al., 2000. A screening instrument for autism at 18 months of age:
A 6-year follow-up study. J. Am. Acad. Child. Adolesc. Psychiatry
39, 694-702.
Baron-Cohen, S., 2003. The Essential Difference: Male and Female
Brains and the Truth about Autism. Basic, New York.
Baron-Cohen, S., 2005. Enhanced attention to detail and hypersystemizing in autism. Commentary on Milne, E., Swettenham, J.,
Campbell, R. Motion perception in autism: A review. Current
Psychol. Cogn. 23, 59-64.
Battaglia, A., Carey, J.C., 2006. Etiologic yield of autistic spectrum
disorders: A prospective study. Am. J. Med. Genet. C Semin. Med.
Genet. 142, 3-7.
Beversdorf, D.Q., Smith, B.W., Crucian, G.P., Anderson, J.M., Keillor,
J.M., et al., 2000. Increased discrimination of “false memories” in
autism spectrum disorder. Proc. Natl. Acad. Sci. USA 97, 87348737.
Bölte, S., Hubl, D., Feineis-Matthews, S., Prvulovic, D., Dierks, T., et
al., 2006. Facial affect recognition training in autism: Can we
animate the fusiform gyrus? Behav. Neurosci. 120, 211–216.
Bonnel, A., Mottron, L., Peretz, I., Trudel, M., Gallun, E., et al., 2003.
Enhanced pitch sensitivity in individuals with autism: A signal detection analysis. J. Cogn. Neurosci. 15, 226-235.
Boucher, J., 1989. The theory of mind hypothesis of autism: Explanation, evidence and assessment. Br. J. Disord. Commun. 24,181198.
Boucher, J., Warrington, E.K., 1976. Memory deficits in early infantile
autism: Some similarities to the amnesic syndrome. Br. J. Psychol.
67, 73-87.
Bowler, D., 2007. Autism Spectrum Disorders: Psychological Theory
and Research. Wiley, West Sussex, UK.
Brown, W.A., Cammuso, K., Sachs, H., Winklosky, B., Mullane, J., et
al., 2003. Autism-related language, personality, and cognition in
people with absolute pitch: Results of a preliminary study. J.
Autism Dev. Disord. 33, 163-167.
Carpenter, M., Pennington, B.F., Rogers, S.J., 2001. Understanding of
others’ intentions in children with autism. J. Autism Dev. Disord.
31, 589-599.
Casanova, M.F., Buxhoeveden, D.P., Switala, A.E., Roy, E., 2002.
Minicolumnar pathology in autism. Neurology 58, 428-432.
Cecil, S., 2004. Autism interrupted? Baby sibs study holds hope for reversing behaviors before they become embedded. CAIRN Review,
1 (2), 2.
Chakrabarti, S., Fombonne, E., 2001. Pervasive developmental disorders in preschool children. JAMA 285, 3093-3099.
Chakrabarti, S., Fombonne, E., 2005. Pervasive developmental disorders in preschool children: Confirmation of high prevalence. Am.
J. Psychiatry 162, 1133-1141.
Charlop-Christy, M.H., Haymes, L.K., 1996. Using obsessions as reinforcers with and without mild reductive procedures to decrease inappropriate behaviors of children with autism. J. Autism Dev. Disord. 26, 527-546.
Charlop, M.H., Kurtz, P.F., Casey, F.G., 1990. Using aberrant behaviors as reinforcers for autistic children. J. Appl. Behav. Anal. 23,
163-181.
Chawarska, K., Klin, A., Volkmar, F., 2003. Automatic attention cueing through eye movement in 2-year-old children with autism.
Child Dev. 74, 1108-1122.
Chock, P.N., Glahn, T.J., 1983. Learning and self-stimulation in mute

Learning in Autism
and echolalic autistic children. J. Autism Dev. Disord. 13, 365381.
Cohen, H., Amerine-Dickins, M., Smith, T., 2006. Early intensive behavioral treatment: Replication of the UCLA model in a community setting. J. Dev. Behav. Pediatr. 27, S145-S155.
Dawson, M., Soulières, I., Gernsbacher, M. A., Mottron, L. in press.
The level and nature of autistic intelligence. Psychological Science.
Dawson, G., Osterling, J., 1997. Early intervention in autism: Effectiveness and common elements of current approaches. In: Guralnick, M.J. (Ed.), The Effectiveness of Early Intervention: Second
Generation Research. Brookes, Baltimore, pp. 307-326.
Dawson, G., Zanolli, K., 2003. Early intervention and brain plasticity in
autism. In: Bock, G., Goode, J. (Eds.), Autism: Neural Bases and
Treatment Possibilities. John Wiley & Sons Ltd., Chichester, UK,
pp. 266-280.
DeMyer, M.K., Barton, S., DeMyer, W.E., Norton, J.A., Allen, J., et
al., 1973. Prognosis in autism: A follow-up study. J. Autism Child.
Schizophr. 3, 199-246.
DeMyer, M.K., Barton, S., Alpern, G.D., Kimberlin, C., Allen, J., et
al., 1974. The measured intelligence of autistic children. J. Autism
Child. Schizophr. 4, 42-60.
Dunlap, G., Koegel, R.L., 1980. Motivating autistic children through
stimulus variation. J. Appl. Behav. Anal. 13, 619-627.
Dunn, M., Sebastian, M., 2000. A neuropsychological approach to language intervention in autistic children. In: Accardo, P.J., Magnusen, C., Capute, A.J. (Eds.), Autism: Clinical and Research Issues. York Press, Baltimore, MD, pp.57-75.
Durand, V.M., Carr, E.G., 1987. Social influences on “selfstimulatory” behavior: Analysis and treatment application. J. Appl.
Behav. Anal. 20, 119–132.
Dyer, K., 1987. The competition of autistic stereotyped behavior with
usual and specially assessed reinforcers. Res. Dev. Disabil. 8,
607-626.
Eaves, L.C., Ho, H.H., 2004. The very early identification of autism:
Outcome to age 4 1/2-5. J. Autism Dev. Disord. 34, 367-378.
Eikeseth, S., Jahr, E., 2001. The UCLA reading and writing program:
An evaluation of the beginning stages. Res. Dev. Disabil. 22, 289307.
Epstein, L.J., Taubman, M.T., Lovaas, O.I., 1985. Changes in selfstimulatory behaviors with treatment. J. Abnorm. Child Psychol.
13, 281-293.
Ferster, C.B., DeMyer, M.K., 1961. The development of performances
in children with autism in an automatically controlled environment. J. Chronic Dis. 13, 312-315.
Foxx, R.M., 2005. Severe aggressive and self-destructive behavior: The
myth of non-aversive treatment of severe behavior. In: Jacobson,
J.W., Foxx, R.M., Mulick, J.A. (Eds.), Controversial Therapies for
Developmental Disabilities. Lawrence Erlbaum Associates,
Mahwah, NJ, pp. 295-310.
Frensch, P.A., 1998. One concept, multiple meanings: On how to
define the concept of implicit learing. In: Stadler, M.A., Frensch,
P.A. (Eds.), Handbook of Implicit Learning, Sage, Thousand
Oaks, CA, pp 47-104.
Frensch, P.A., Rünger, D., 2003. Implicit learning. Curr. Dir. Psychol.
Sci. 12, 13-18.
Gardenier, N.C., MacDonald, R., Green, G., 2004. Comparison of direct observational methods for measuring stereotypic behavior in
children with autism spectrum disorders. Res. Dev. Disabil. 25,
99-118.
Gernsbacher, M.A., 2003. Is one style of early behavioral treatment for
autism ‘scientifically proven?’. J. Dev. Learning Disord. 7, 19-25.
Gernsbacher, M.A., 2004. Language without speech: A case study. J.
Dev. Learning Disord. 8, 123-138.
Gernsbacher, M.A., Frymiare, J.L., 2005. Does the autistic brain lack
core modules? J. Dev. Learning Disord. 9, 3-16.

769

Gernsbacher, M.A., Dawson, M., Mottron, L., 2006. Autism: Common,
heritable, but not harmful. Behav. Brain. Sci., 29, 413-414.
Gernsbacher, M.A., Stevenson, J.L., Khandakar, S., Goldsmith, H.H. in
press. Why is joint attention atypical in autism? Child Development Perspectives.
Gersten, R., 1983. Stimulus overselectivity in autistic, trainable mentally retarded, and non-handicapped children: Comparative research controlling chronological (rather than mental) age. J. Abnorm. Child Psychol. 11, 61-75.
Green, G., 1996. Early behavioral intervention for autism: What does
the research tell us? In: Maurice, C., Green, G., Luce, S.C. (Eds.),
Behavioral Interventions for Young Children with Autism: A
Manual for Parents and Professionals. Pro-Ed, Austin, TX, pp. 2944.
Green, G., 1999. Science and ethics in early intervention for autism. In:
Ghezzi, P.M., Williams, W.L., Carr, J.E. (Eds.), Autism: Behavior
Analytic Perspectives. Context Press, Reno, NV, pp. 11-28.
Green, G., Brennan, L.C., Fein, D., 2002. Intensive behavioral treatment for a toddler at high risk for autism. Behav. Modif. 26, 69102.
Grigorenko, E.L., Klin, A., Pauls, D.L., Senft., R. Hooper, C. et al.,
2002. A descriptive study of hyperlexia in a clinically referred
sample of children with developmental delays. J. Autism Dev.
Disord., 32, 3-12.
Hadjikhani, N., Joseph, R.M., Snyder, J., Christopher, F.C., Clark, J., et
al., 2004. Activation of the fusiform gyrus when individuals with
autism spectrum disorder view faces. Neuroimage 22, 1141 –
1150.
Handleman, J.S., Harris, S.L. (Eds.), 2001. Preschool Education Programs for Children with Autism. Pro-Ed, Austin, TX.
Hazlett, H.C., Poe, M., Gerig, G., Smith, R.G., Provenzale, J., et al.,
2005. Magnetic resonance imaging and head circumference study
of brain size in autism: birth through age 2 years. Arch. Gen. Psychiatry, 62, 1366-76.
Heaton, P., 2003. Pitch memory, labeling and disembedding in autism.
J. Child Psychol. Psychiatry, 44, 543-51.
Heaton, P., Hermelin, B., Pring, L., 1998. Autism and pitch processing:
A precursor for savant musical ability? Music Percept. 15, 291305.
Heaton, P., Wallace, G.L., 2004. Annotation: The savant syndrome. J.
Child Psychol. Psychiatry 45, 899-911.
Hermelin, B., O'Connor, N., 1970. Psychological Experiments with
Autistic Children. Pergamon Press, Oxford, New York.
Hermelin, B., O'Connor, N., 1986. Idiot savant calendrical calculators:
Rules and regularities. Psychol. Med. 16, 1-9.
Hermelin, B., O'Connor, N., 1990. Factors and primes: A specific
numerical ability. Psychol. Med., 20, 163-169.
Hill, A., 1977. Idiot savants: Rate of incidence. Percept. Mot. Skills 44,
161-162.
Honda, H., Shimizu, Y., Misumi, K., Niimi, M., Ohashi, Y., 1996. Cumulative incidence and prevalence of childhood autism in Japan.
Br. J. Psychiatry 169, 671-672.
Howard, J.S., Sparkman, C.R., Cohen, H.G., Green, G., Stanislaw, H.,
2005. A comparison of intensive behavior analytic and eclectic
treatments for young children with autism. Res. Dev. Disabil. 26,
359-383.
Howe, M.J.A., Davidson, J.W., Sloboda, J.A., 1998. Innate talents: Reality or myth? Behav. Brain Sci. 21, 399-414.
Howlin, P., 2005. Outcomes in autism spectrum disorders. In: Volkmar, F.R., Paul, R., Klin, A., Cohen, D. (Eds.), Handbook of
Autism and Pervasive Developmental Disorders. Wiley, Hoboken,
NJ, pp. 201-220.
Hwang, B., Hughes, C., 2000. The effect of social interactive training
on early social communicative skills of children with autism. J.
Autism Dev.Dis., 30, 331-343.
Just, M.A., Cherkassky, V.L., Keller, T.A., Minshew, N.J., 2004. Cor-

Learning in Autism
tical activation and synchronization during sentence comprehension in high-functioning autism: Evidence of underconnectivity.
Brain, 127, 1811-1821.
Kanner, L., 1943. Autistic disturbances of affective contact. Nerv.
Child 2, 217-250.
Kanner, L., 1949. Problems of nosology and psychodynamics in early
infantile autism. Am. J. Orthopsychiatry 19, 416-426.
Kanner, L., 1951. The conception of wholes and parts in early infantile
autism. Am. J. Psychiatry 108, 23-26.
Kanner, L., 1971. Follow-up study of eleven autistic children originally
reported in 1943. J. Autism Child. Schizophr. 1, 119-145.
Kanner, L., 1973. Childhood Psychosis: Initial Studies and New Insights. Winston\Wiley, New York.
Kanner, L., Eisenberg, L., 1956/1973. Notes on the follow-up studies
of autistic children. In Kanner, L., Childhood Psychosis: Initial
Studies and New Insights. Winston\Wiley, New York, pp. 77-89.
Kanner, L., Rodriguez, A., Ashenden, B., 1972. How far can autistic
children go in matters of social adaptation? J. Autism Child.
Schizophr. 2, 9-33.
Kasari, C., 2006, June. What are the active ingredients of interventions? International Meeting for Autism Research. Montreal, Canada.
Kielinen, M., Linna, S.L., Moilanen, I.., 2000. Autism in Northern Finland. Eur. Child Adolesc. Psychiatry 9, 162-167.
Klier, J., Harris, S.L., 1977. Self-stimulation and learning in autistic
children: Physical or functional incompatibility? J. Appl. Behav.
Anal. 10, 311.
Klin, A, Carter, A., Sparrow, S. 1997. Developmentally-based assessments: Psychological assessment. In: Cohen, D.J., Volkmar, F.R.
(Eds.), Handbook of Autism and Pervasive Developmental Disorders. Wiley, New York, pp 418-427.
Klin, A., Jones, W., Schultz, R., Volkmar, F., Cohen, D., 2002. Defining and quantifying the social phenotype in autism. Am. J. Psychiatry, 159, 895–908.
Klinger, L.G., Dawson, G., 2001. Prototype formation in autism. Dev.
Psychopathol. 13, 111-124.
Klinger, L.G., Klinger, M.R., Pohlig, R., 2006. Implicit learning impairments in autism spectrum disorders: Implications for treatment. In: Perez, J.M., Gonzalez, P.M., Comi, M.L., Nieto, C.
(Eds.), New Developments in Autism: The Future is Today. Jessica Kingsley, London, pp 75-102.
Koegel, L.K., Koegel, R.L., 1976. Motivating communication in children with autism. In: Schopler, E., Mesibov, G.B. (Eds.), Learning and Cognition in Autism. Plenum, New York, pp 73-87.
Koegel, R.L., Covert, A., 1972. The relationship of self-stimulation to
learning in autistic children. J. Appl. Behav. Anal. 5, 381-388.
Koegel, R.L., Koegel, L.K., McNerney, E.K., 2001. Pivotal areas in intervention for autism. J. Clin. Child Psychol. 30, 19-32
Koegel, L.K, Koegel, R.L, Smith, A., 1997. Variables related to differences in standardized test outcomes for children with autism. J.
Autism Dev. Disord. 27, 233-43.
Koegel, R.L., Wilhelm, H., 1973. Selective responding to the components of multiple visual cues by autistic children. J. Exp. Child
Psychol. 15, 442-453.
Koshino, H., Carpenter, P.A., Minshew, N.J., Cherkassky, V.L., Keller,
T.A., 2005. Functional connectivity in an fMRI working memory
task in high-functioning autism. Neuroimage 24, 810-821.
Langdell, T., 1978. Recognition of faces: An approach to the study of
autism. J. Child Psychol. Psychiatry 19, 255-268.
Leaf, R.B., McEachin, J., 1999. A Work in Progress: Behavior Management Strategies and a Curriculum for Intensive Behavioral
Treatment of Autism. DRL Books, New York.
LeGoff, D.B., 2004. Use of LEGO© as a therapeutic medium for improving social competence. J. Autism Dev. Disord. 34, 557-571.
Lichstein, K.L., Schreibman, L., 1976. Employing electric shock with
autistic children. J. Autism Dev. Disord. 6, 163-173.

770

Litrownik, A.J., McInnis, E.T., Wetzel-Pritchard, A.M., Filipelli, D.L.,
1978. Restricted stimulus control and inferred attentional deficits
in autistic and retarded children. J. Abnorm. Psychol. 87, 554-562.
Lockyer, L., Rutter, M., 1969. A five- to fifteen-year follow-up study
of infantile psychosis. Br. J. Psychiatry 115, 865-882.
Lord, C., Risi, S., DiLavore, P.S., Shulman, C., Thurm, A., et al., 2006.
Autism from 2 to 9 years of age. Arch. Gen. Psychiatry, 63, 694701.
Lovaas, N.W., Eikeseth, S., 2003. Reading and writing: A brief introduction. In Lovaas, O.I., Teaching Individuals with Developmental Delays: Basic Intervention Techniques. Pro-Ed, Austin, TX,
pp271-288.
Lovaas, O.I., 1977. The Autistic Child: Language Development
through Behavior Modification. Irvington Publishers Inc., New
York.
Lovaas, O.I., 1987. Behavioral treatment and normal educational and
intellectual functioning in young autistic children. J. Consult. Clin.
Psychol. 55, 3-9.
Lovaas, O.I., 1993. The development of a treatment-research project
for developmentally disabled and autistic children. J. Appl. Behav.
Anal. 26, 617-630.
Lovaas, O.I., 2003. Teaching Individuals with Developmental Delays:
Basic Intervention Techniques. Pro-Ed, Austin, TX.
Lovaas, O.I., Freitas, L., Nelson, K., Whalen, C., 1967. The establishment of imitation and its use for the development of complex behavior in schizophrenic children. Behav. Res. Ther. 5, 171-181.
Lovaas, O.I., Koegel, R.L., Schreibman, S. 1979. Stimulus overselectivity in autism: A review of research. Psychol. Bull., 86, 1236-54.
Lovaas, O.I., Koegel, R., Simmons, J.Q., Long, J.S., 1973. Some generalization and follow-up measures on autistic children in behavior
therapy. J. Appl. Behav. Anal. 6, 131-166.
Lovaas, O.I., Newsom, C.D., 1976. Behavior modification with psychotic children. In: Leiteberg, H. (Ed.), Handbook of Behavior
Modification and Behavior Therapy. Prentice-Hall, Englewoood
Cliffs, NJ, pp. 303-360.
Lovaas, I., Newsom, C., Hickman, C., 1987. Self-stimulatory behavior
and perceptual reinforcement. J. Appl. Behav. Anal. 20, 45-68.
Lovaas, O.I., Schreibman, L., 1971. Stimulus overselectivity of autistic
children in a two stimulus situation. Behav. Res. Ther. 9, 305-310.
Lovaas, O.I., Schreibman, L., Koegel, R., Rehm, R., 1971a. Selective
responding by autistic children to multiple sensory input. J. Abnorm. Psychol. 77, 211-222.
Lovaas O.I., Litrownik, A., Mann, R., 1971b. Response latencies to
auditory stimuli in autistic children engaged in self-stimulatory
behavior. Behav. Res. Ther. 9, 39-49.
Lovaas, O.I., Smith, T., 1989. A comprehensive behavior theory of
autistic children: Paradigm for research and treatment. J. Behav.
Ther. Exp. Psychiatry 20, 17-29.
Lovaas, O.I., Smith, T., 2003. Early and intensive behavioral intervention in autism. In: Kazdin, A.E., Weisz, J.R. (Eds.), Evidencebased Psychotherapies for Children and Adolescents. Guilford,
New York, pp. 325-340.
Macdonald, R., Green, G., Mansfield, R., Geckeler, A., Gardenier, N.,
et al., 2007. Stereotypy in young children with autism and typically developing children. Res. Dev. Disabil. 28, 266-277.
Mason, S.A., McGee, G.G., Farmer-Dougan, V., Risley, T.R., 1989. A
practical strategy for ongoing reinforcer assessment. J. Appl. Behav. Anal., 22, 171-177.
Maurice, C. Green, G., Luce, S. (Eds.), 1996. Behavioral Intervention
for Young Children with Autism: A Manual for Parents and Professionals. Pro-Ed, Austin, TX.
McEachin, J.J., Smith, T., Lovaas, O.I., 1993. Long-term outcome for
children with autism who received early intensive behavioural
treatment. Am. J. Ment. Retard. 97, 359-372.
Miller, L., 1989. Musical Savants: Exceptional Skill in the Mentally
Retarded. Erlbaum, Hillsdale, NJ.

Learning in Autism
Miller, L.K., 1999. The savant syndrome: Intellectual impairment and
exceptional skill. Psychol. Bull. 125, 31-46.
Mom-NOS. 2006. Dr. Strangetalk or: How I Learned to Stop Worrying
and Love Echolalia. March 20, 2006. MOM - Not Otherwise
Specified
[online].
[June
7,
2007].
<http://momnos.blogspot.com/2006/03/dr-strangetalk-or-how-ileto.html>
Molesworth, C.J., Bowler, D.M., Hampton, J.A., 2005. The prototype
effect in recognition memory: Intact in autism? J. Child Psychol.
Psychiatry 46, 661- 672.
Mostofsky, S.H., Goldberg, M.C., Landa, R.J., Denckla, M.B., 2000.
Evidence for a deficit in procedural learning in children and adolescents with autism: Implications for cerebellar contribution. J.
Int. Neuropsychol. Soc. 6, 752-759.
Mottron, L., 2004. Matching strategies in cognitive research with individuals with high-functioning autism: Current practices, instrument biases, and recommendations. J. Autism Dev. Disord. 34, 1927.
Mottron, L., Belleville, S., 1993. A study of perceptual analysis in a
high-level autistic subject with exceptional graphic abilities. Brain
Cogn., 23, 279–309.
Mottron, L., Belleville, S., Menard, E., 1999. Local bias in autistic subjects as evidenced by graphic tasks: perceptual hierarchization or
working memory deficit? J. Child Psychol. Psychiatry 40, 743-55.
Mottron, L., Dawson, M., Soulieres, I., in press. Another memory:
About using distinctions built for non-autistics in describing autistic memory. In: J. Boucher, D. Bowler (Eds.), Memory in Autism.
Cambridge University Press.
Mottron, L., Dawson, M., Soulieres, I., Hubert, B., Burack, J., 2006.
Enhanced perceptual functioning in autism: An update, and eight
principles of autistic perception. J. Autism Dev. Disord. 36, 27-43.
Mottron, L., Mineau, S., Martel, S., St-Charles Bernier, C., Berthiaume,
C., et al., 2007. Lateral glances toward moving stimuli among
young children with autism: Early regulation of locally-oriented
perception? Dev. Psychopathol. 19, 23-36.
Mundy, P., Crowson, M., 1997. Joint attention and early social communication: Implications for research on intervention with autism.
J. Autism Dev. Disord. 27, 653-676.
National Research Council, 2001. Educating children with autism.
Committee on Educational Interventions for Children with
Autism. Division of Behavioral and Social Sciences and Education. National Academy Press, Washington, DC.
Nissen, M.J., Bullemer, P., 1987. Attention requirements of learning:
Evidence from performance measures. Cognit. Psychol. 19, 1-32.
O'Connor, N., 1989. The performance of the 'idiot-savant': Implicit and
explicit. Br. J. Disord. Commun. 24, 1-20.
Ozonoff, S., Miller, J.N., 1995. Teaching theory of mind: A new approach to social skills training for individuals with autism. J.
Autism Dev. Disord., 25, 415-433.
Park, C.C., 1986. Social growth in autism: A parent’s perspective. In:
Schopler, E., Mesibov, G.B. (Eds.), Social Behavior in Autism.
Plenum, New York, pp 81-99.
Pavone, P., Incorpora, G., Fiumara, A., Parano, E., Trifiletti, R.R., et
al., 2004. Epilepsy is not a prominent feature of primary autism.
Neuropediatrics 35, 207-210.
Perry, R., Cohen, I., DeCarlo, R., 1995. Case study: Deterioration,
autism, and recovery in two siblings. J. Am. Acad. Child Adolesc.
Psychiatry 34, 232-237.
Pierce, K., Haist, F., Sedaghat, F., Courchesne, E., 2004. The brain response to personally familiar faces in autism: Findings of fusiform
activity and beyond. Brain, 127, 2703-2716.
Plaisted, K., O’Riordan, M., Baron-Cohen, S., 1998. Enhanced discrimination of novel, highly similar stimuli by adults with autism
during a perceptual learning task. J. Child Psychol. Psychiatry 39,
765-775.
Pring, L., 2005. Savant Syndrome (invited Annotation). Dev. Med.

771

Child Neurol. 47, 500-503.
Prior, M.R. 1979. Cognitive abilities and disabilities in infantile autism:
A review. J. Abnorm. Child Psychol. 7, 357-380.
Prizant, B.M., 1983. Language acquisition and communicative behavior in autism: Toward an understanding of the “whole” of it. J.
Speech. Hear. Disord. 48, 296-307.
Prizant, B.M., Duchan, J., 1981. The functions of immediate echolalia
in autistic children. J. Speech. Hear. Disord. 46, 241-249.
Prizant, B.M., Rydell, P.J., 1984. Analysis of functions of delayed
echolalia in autistic children. J. Speech Hear. Res. 27, 183-192.
Reber, A.S., 1967. Implicit learning of artificial grammars. J. Verbal.
Learn. Verbal Behav. 6, 855-863.
Reber, A.S., 1993. Implicit Learning and Tacit Knowledge: An Essay
on the Cognitive Unconscious. Oxford University Press, New
York.
Rekers, G.A., Lovaas, O.I., 1974. Behavioral treatment of deviant sexrole behaviors in a male child. J. Appl. Behav. Anal. 7, 173-190.
Rekers, G.A., Lovaas, O.I., Low, B., 1974. The behavioral treatment of
a “transsexual” preadolescent boy. J. Abnorm. Child Psychol. 2,
99-116.
Rimland, B., 1978. Savant capabilities of autistic children and their
cognitive implications. In: Serban, G. (Ed.), Cognitive Defects in
the Development of Mental Illness. Bruner/Mazel, New York, pp.
42-65.
Rogers, S.J., Ozonoff, S., 2006. Behavioral, educational and developmental treatments for autism. In: Moldin, S.O., Rubenstein, J.L.R.
(Eds.), Understanding Autism: From Basic Neuroscience to
Treatment, Taylor & Francis, Boca Raton, FL, pp. 443-473.
Ropar, D., Mitchell, P., 2002. Shape constancy in autism: The role of
prior knowledge and perspective cues. J. Child Psychol. Psychiatry 43, 647-653.
Russell, J., & Hill, E. 2001. Action-monitoring and intention reporting
in children with autism. Journal of Child Psychology and Psychiatry, 42, 1105-1113.
Rutter, M., 1966. Behavioural and cognitive characteristics of a series
of psychotic children. In: Wing, J. (Ed.), Early Childhood Autism.
Pergamon, Oxford, pp. 51-81.
Rutter, M, Greenfeld, D., Lockyer, L., 1967. A five to fifteen year follow-up study of infantile psychosis. II. Social and behavioural outcome. Br. J. Psychiatry 113, 1183-1199.
Rutter, M., 1970. Autistic children: Infancy to adulthood. Semin. Psychiatry 2, 435-450.
Sacks, O., 1985, February 28. The twins. New York Review of Books,
32, 16-20.
Sallows, G.O., Graupner, T.D., 2005. Intensive behavioral treatment for
children with autism: Four-year outcome and predictors. Am J.
Ment. Retard. 110, 417-438.
Samson, F., Mottron, L., Jemel, B., Belin, P., Ciocca, V., 2006. Can
spectro-temporal complexity explain the autistic pattern of performance on auditory tasks? J. Autism Dev. Disord. 36, 65-76.
Scheerer, M., Rothmann, E., Goldstein, K., 1945. A case of “idiotsavant”: An experimental study of personality organization. Psychol. Monogr. 58, 1-63.
Scheuffgen, K., Happé, F., Anderson, M., Frith, U., 2000. High “intelligence,” low “IQ?” Speed of processing and measured IQ in children with autism. Dev. Psychopathol. 12, 83–90.
Schover, L.R., Newsom, C.D., 1976. Overselectivity, developmental
level, and overtraining in autistic and normal children. J. Abnorm.
Child Psychol. 4, 289-298.
Schreibman, L., 1996. Brief report: The case for social and behavioral
intervention research. J. Autism Dev. Disord. 26, 247-250.
Schreibman, L., 2005. The Science and Fiction of Autism. Harvard
University Press, Cambridge, MA.
Schreibman, L., Lovaas, I., 1973. Overselective response to social
stimuli by autistic children. J. Abnormal Ch. Psychol., 1, 152-168.
Sears, L.L., Finn, P.R., Steinmetz, J.E., 1994. Abnormal classical eye-

Learning in Autism
blink conditioning in autism. J. Autism Dev. Disord. 24, 737-751.
Sebanz, N., Knoblich, G., Stumpf, L., & Prinz, W. 2005. Far from action-blind: Representation of others’ actions in individuals with
autism. Cognitive Neuropsychology, 22, 433-454.
Selfe, L., 1977. Nadia: A Case of Extraordinary Drawing Ability in an
Autistic Child. Academic Press, New York.
Schreibman, L., Ingersoll, B., 2005. Behavioral interventions to promote learning in individuals with autism. In: Volkmar, F., Klin,
A., Paul, R., Cohen, D. (Eds.), Handbook of Autism and Pervasive
Developmental Disorders. Wiley, Hoboken, NJ, pp. 882-896.
Schreibman, L., Lovaas, O.I., 1973. Overselective response to social
stimuli by autistic children. J. Abnorm. Child Psychol. 1, 152-168.
Shah, A., Frith, U., 1983. An islet of ability in autistic children: A research note. J. Child Psychol. Psychiatry 24, 613-620.
Shah, A., Frith, U., 1993. Why do autistic individuals show superior
performance on the block design task? J. Child Psychol. Psychiatry 34, 1351-1364.
Silverberg, N.E., Silverberg, M.C., 1967. Hyperlexia—Specific word
recognition skills in young children. Except. Child. 34, 41-42.
Sloboda, J., Hermelin, B., O’Connor, N., 1985. An exceptional musical
memory. Music Percept., 3, 155–170.
Smith, C.J., 2003. A method for testing implicit learning in individuals
with an autism spectrum disorder. Unpublished doctoral dissertation. City University of New York, NY.
Smith, T., 1999. Outcome of early intervention for children with
autism. Clin. Psychol. Sci. Prac. 6, 33-49.
Smith, T., Lovaas, O.I., 1998. Intensive and early behavioral
intervention in autism: The UCLA young autism project. Infants
and Young Children, 10, 67-78.
Smith, T., Groen, A.D., Wynn, J.W., 2000, 2001. Randomized trial of
intensive early intervention for children with pervasive developmental disorder. Am. J. Ment. Retard. 105, 269-285. Erratum in
Am. J. Ment. Retard. 105, 508. Erratum in Am. J. Ment. Retard.
106, 208.
Soulières, I., Mottron, L., Saumier, D., Larochelle, S., 2007. Atypical
categorical perception in autism: Autonomy of discrimination? J.
Autism Dev. Dis. 37, 481-90.
Spitz, H., 1995. Calendar calculating idiots savants and the smart unconscious. New Ideas Psychol. 13, 167-192.
Steel, J.G., Gorman, R., Flexman, J.E., 1984. Neuropsychiatric testing
in an autistic mathematical idiot-savant: Evidence for nonverbal
abstract capacity. J. Am. Acad. Child Psychiatry, 23, 704–707.
Szatmari, P., 2004. A Mind Apart: Understanding Children With
Autism and Asperger Syndrome. Guilford Press, New York.
Szatmari, P., Bartolucci, G., Bremner, R., Bond, S., Rich, S., 1989. A
follow-up of high-functioning autistic children. J. Autism Dev. Disord. 19, 213-225.
Szatmari, P., Bryson, S.E., Streiner, D.L., Wilson, F., Archer, L., et al.,
2000. Two year outcome of children with autism or Asperger’s
syndrome. Am. J. Psychiatry, 157, 1980–1987.
Tager-Flusberg, H., 1985a. Basic level and superordinate level categorization in autistic, mentally retarded and normal children. J. Exp.
Child Psychol. 40, 450-469.
Tager–Flusberg, H., 1985b. The conceptual basis for referential word
meaning in children with autism. Child Dev. 56, 1167-1178.
Tanaka, J., Klaiman, C., Koenig, K., Schultz, R.T., 2005, May. Plasticity of the neural mechanisms underlying face processing in children with ASD: Behavioral improvements following perceptual
training on faces. International Meeting for Autism Research, Boston, MA.
Tang, J., Kennedy, C.H., Koppekin, A., Caruso, M., 2002. Functional
analysis of stereotypical ear covering in a child with autism. J.
Appl. Behav. Anal. 35, 95-98.
Taylor, B.A., McDonough, K.A., 1996. Selecting teaching programs. In
Maurice, C., Green, G., Luce, S. (Eds.), Behavioral Intervention
for Young Children with Autism: A Manual for Parents and Pro-

772

fessionals. Pro-Ed, Austin, TX, pp. 63-177.
Thioux, M., Stark, D.E., Klaiman, C., Schultz, R.T., 2006. The day of
the week when you were born in 700 ms: Calendar computation in
an autistic savant. J. Exp. Psychol. Hum. Percept. Perform. 32,
1155-1168.
Toichi, M., Kamio, Y., Okada, T., Sakihama, M., Youngstrom, E. A.,
et al., (2002). A lack of self-consciousness in autism. Am. J.
Psychiatry 159, 1422-1424.
Tomasello, M., 2001. The cultural origins of human cognition. Harvard
University Press, Cambridge, MA.
Tomasello, M., Carpenter, M., Call, J., Behne, T., Moll, H., 2005. Understanding and sharing intentions: The origins of cultural cognition. Behav. Brain Sci. 28, 675-691.
Tomasello, M., Kruger, A.C., Ratner, H.H., 1993. Cultural Learning.
Behav. Brain Sci. 16, 495-552.
Treffert, D.A., 1988. The idiot savant: A review of the syndrome. Am.
J. Psychiatry 145, 563-572.
Treffert, D.A., 2000. The savant syndrome in autism. In: Accardo, P.J.,
Magnusen, C., Capute, A.J. (Eds.), Autism: Clinical and Research
Issues. York Press, Baltimore, MD, pp 193-214.
Turkeltaub, P.E., Flowers, D.L., Verbalis, A., Miranda, M., Gareau, L.,
et al., 2004. The neural basis of hyperlexic reading: An fMRI case
study. Neuron 41, 11-25.
Ungerer, J., Sigman, M., 1987. Categorization skills and receptive language development in autistic children. J. Autism Dev. Disord. 17,
3-16.
Volkmar, F.R., Klin, A., 2000. Diagnostic issues in Asperger syndrome. In: Klin, A., Volkmar, F.R., Sparrow, S. (Eds.), Asperger
Syndrome. Guilford, New York, pp 25-71.
Volkmar, F.R., Klin, A., 2005. Issues in the classification of autism and
related conditions. In: Volkmar, F.R., Paul, R., Klin, A., Cohen,
D. (Eds.), Handbook of Autism and Pervasive Developmental
Disorders. Wiley, Hoboken, NJ, pp 5-43.
Volkmar, F.R., Lord, C., Bailey, A., Schultz, R., Klin, A., 2004.
Autism and pervasive developmental disorders. J. Child Psychol.
Psychiatry 45, 135-170.
Williams, D.L., Goldstein, G., Minshew, N.J., 2006. Neuropsychologic
functioning in children with autism: Further evidence for disordered complex information-processing. Child Neuropsychol. 12,
279-298.
Young, R.L., Nettlebeck, T., 1995. The abilities of a musical savant and
his family. J. Autism Dev. Disord. 25, 231-248.

