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A failure to develop language is one of the earliest signs of autism. The ability to identify the neural 
signature of this deficit in very young children has become increasingly important, given that the presence 
of speech before five years of age is the strongest predictor for better outcomes in autism. This review 
consolidates what is known about verbal and preverbal precursors of language development as a 
framework for examining behavioral and brain anomalies related to speech and language in autism 
spectrum disorders. Relating the disruptions in the speech network to the social deficits observed will 
provide promising targets for behavioral and pharmacological interventions in ASD. 
[N A J Med Sci. 2012;5(3):157-161.] 
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INTRODUCTION 
When it was first observed independently by Leo Kanner1 
and Hans Asperger,2 autism was viewed as a psychiatric 
condition with mental retardation as a characteristic feature 
of the disorder, often accompanied by social awkwardness. 
The last couple of decades have witnessed an explosion of 
research in this area, leading to detailed characterization of 
the behavioral features, and paving the way for the 
identification of phenotypes of the disorder.3,4 Included under 
autism spectrum disorders (ASD) in the Diagnostic and 
Statistical Manual of Mental Disorders (fourth edition, text 
revision; DSM-IV TR) are autistic disorder, Asperger’s 
syndrome and pervasive developmental disorder, not 
otherwise specified (PDD-NOS). Whereas under the new 
DSM-V, Asperger’s syndrome will no longer constitute a 
separate diagnostic category, the research reported here will 
respect the use of this label in citing study findings that 
incorporate it. However, we will focus on the core symptoms 
across the spectrum and their neurological basis, 
acknowledging that while there still is a controversy 
regarding the boundaries between diagnostic categories, there 
is consensus that the different types of autism spectrum 
disorders fall along a continuum, but vary in overall severity 
of the core symptoms as well as in IQ and linguistic skill.5,6   

 
Autism spectrum disorders encompass a range of 
presentations which may be traced to a triad of symptoms: a. 
impaired reciprocal social interaction, b. disordered verbal 
and nonverbal communication, c. restricted, repetitive 
behavior or circumscribed interests. An increasingly common 
neurodevelopmental disorder, prevalence rates place it at   
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1:88 individuals, affecting boys more than girls (4:1) 
(Centers for Disease Control, 2009). Autism is also known to 
have a high heritability of 0.07, with an expected 
concordance of 70-90% in monozygotic twins vs. 10-25% in 
dizygotic twins. Recent cytogenetic work has shown that 
certain copy number variations (CNVs) on chromosome 16p, 
15q, 22q, 2q, 5p, or 17p may account for 6-7% of the cases. 
More than 20 genes related to nervous system development 
have already been identified and hold great promise for 
constructing a genetic model that will account for phenotype 
heterogeneity and offers interventional opportunities.7 
However, the broad range of symptoms that constitute the 
autism spectrum has resulted in characteristics varying 
dramatically across the different diagnoses and within a 
single diagnostic category. Thus, while a failure to meet 
language development milestones is one of the earliest red 
flags for autism, speech and language impairments in 
individuals with autism are far from consistent, making 
intervention and prognosis a challenge. Recent neuroimaging 
studies using exciting new approaches are beginning to 
reveal important differences in the functional wiring of the 
young autistic brain compared to typically developing 
controls using language tasks. Our goal is to provide an 
overview of some of these findings and resulting new 
insights into the disorder. First, however, a review of 
behavioral studies of speech and language in autism relative 
to typically developing children appears warranted.  
 
LANGUAGE CHARACTERISTICS OF AUTISM 
SPECTRUM DISORDERS 
As mentioned earlier, impairments in language and social 
communication are included in the primary diagnostic criteria 
for ASD. Variable characteristics like sensory processing and 
attention issues that go beyond the core symptoms, however, 
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frequently interact with the core symptoms, adding to the 
heterogeneity of the disorder and the manifestations of the 
symptoms. As such, language abilities may range from being 
nonverbal to highly idiosyncratic language with echolalia and 
unusual prosody (tone or inflection). At least half of all 
children who have autism have intellectual disabilities; those 
who are in normal IQ range are considered high functioning 
even though they may have significant language and 
communication deficits. Asperger’s syndrome, which until 
recently was considered a distinct clinical disorder from 
autism, appears to have the characteristic difficulty with 
social communication, though without any early language 
delay and with intellectual abilities in the average and even 
superior range. Some language skills including articulation, 
vocabulary, and grammar appear to be relatively preserved. 
In contrast, the difficulties in prosody and abstract use of 
language are clearly evident.  
 
For the most part, children with ASD have receptive and 
expressive language impairments. However, the profile of 
language impairment varies with age and developmental 
level. For example, deficits in joint attention and receptive 
language and reduced vocal output are evident as early as in 
the first two years of life. Thus, very young children with 
ASD must be evaluated for language and social 
communication. This is because infants as young as 12 
months understand single words and gestures in the context 
of play, and are already producing their first words. Between 
1.5 to 2 years of age, children exhibit a rapid spurt in 
vocabulary and knowledge of the rules of conversational 
exchange.  In fact, the two-year-old toddler has hundreds of 
words which he or she uses in diverse contexts and puts 
together in simple “sentences” or “phrases”. For the child 
with ASD, these developmental processes appear to be 
hijacked taking the form of impaired or delayed language 
abilities at a very early age.8,9 
 
The typically developing child uses language for social 
reasons to initiate conversational interactions.10 In contrast, 
the child with ASD typically uses words to regulate his or her 
environment (e.g., to demand, protest). Some children who 
have ASD may have apraxia or oral-motor impairment 
impacting their ability to communicate. However, it is the 
“absence of communicative intent” due to social deficits that 
often disguises itself as an expressive language impairment.11 
It is easy to conceive that a reduced social drive to talk may 
manifest as delayed or impaired language development. 
Thus, social deficits and communication difficulties often go 
hand-in-hand and may be mutually reinforcing in autism. It is 
important to note that when social withdrawal is found to 
accompany language regression in children with ASD, 
typically between 12-18 months of age, it should be 
considered a significant red flag in prognostic terms and 
warrants immediate attention.  
 
In autism, receptive language is often seen to lag behind 
expressive language. However, this, too, may be related to a 
lack of social reciprocity12 as parents of a child on the 
spectrum often remark how their children appear to tune out 

of conversational exchanges. In fact, children with ASD tend 
to ignore voices around them though they do respond to other 
non-vocal stimuli, reflecting their disengagement from the 
social world.13 That children on the spectrum frequently have 
attention issues as well, also makes it difficult to elicit 
reliable responses on auditory language tasks. It thus makes 
sense that children who have superior spoken language 
comprehension tend to be the ones who display more 
advanced play and are better at  conversational turn-taking.14 
Children on the autism spectrum also present with echolalia 
early in language acquisition, though this diminishes with 
time. It takes the form of repetition of a sentence or final 
word of the speaker and may be immediate or delayed and 
for the most part is vocal stereotypy; occasionally, it may be 
used to make requests or gain time in order to process the 
repeated utterance for meaning.15 Qualitative differences in 
communication between ASD and typically developing 
children are evident even in the preverbal stage. Specifically, 
children with ASD do not use symbolic gestures like showing 
or pointing out objects of interest (included in DSM criteria 
for autism) to compensate for lack of or delayed speech, 
rather they use physical cues such as pushing or directing 
another’s hand to an object of interest. Consequently, 
impairment in joint-attention may result in a cascade of 
missed learning opportunities as part of the normal 
development process for building vocabulary through object-
word associations.  
 
In summary, individuals with ASD tend to have very limited 
language, with progress depending on IQ, comprehension 
and attention skills.16 In general verbal children on the 
spectrum do not have difficulty with speech sound 
articulation 17, though their speech can be quite perseverative 
18, with an unusual vocal quality (e.g., monotonic, nasal, 
atypical stress). The core difficulty, however, is one of 
language pragmatics: children who have ASD show limited 
use of language in social context (e.g., rarely to comment or 
request information), once again pointing to a strong link 
between language and social skills in autism.  Of late, there 
has been a growing interest in examining potential 
correspondences between genetic and biological findings and 
endophenotypes along the spectrum19  given that the most 
striking differences between individuals on the autism 
spectrum are related to IQ (low- vs. high-functioning) and 
speech and language. In one such study, Alarcon and 
colleagues20 examined a potential association between 
language development (age at first word) in autism and the 
Contactin Associated Protein-like 2 (CNTNAP 2) gene. An 
interesting finding in several of the studies is the  
significantly elevated rate of documented histories of 
language delay and language-based deficits among family 
members of children with autism.21,22 The strong outcome 
predictor value of the presence of speech before 5 years of 
age in autism23 provides an impetus for developing early 
speech and language intervention programs for children on 
the spectrum. However, given the heterogeneity of the 
condition, we turn to neuroimaging studies for a better 
understanding of the nature of the speech disruption in 
autism. 
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NEUROIMAGING STUDIES OF LANGUAGE IN 
AUTISM 
The number of neuroimaging studies of young children with 
autism or of those that are low functioning is relatively 
limited. This is primarily due to difficulties with subject 
compliance during scanning; specifically, the ability to stay 
still, which is crucial for quality data acquisition, is a 
challenge for this population. However, recent improvements 
in hardware (multi-channel array coils in order to speed up 
acquisition) and software (e.g., data acquisition protocols 
incorporating online motion correction) developments, 
combined with creative data acquisition paradigms (e.g., 
recording brain responses to speech while subject is 
sleeping), have dramatically increased our capabilities to 
scan children and different clinical populations, including 
individuals with ASD.  
 
Before reviewing the neuroimaging literature it is important 
to note that there are many conflicting findings that have yet 
to be reconciled. Differences in subject characteristics 
including age, gender, handedness, IQ, language level, 
attentional factors and other comorbid conditions have 
contributed to the differences across studies. Behavioral 
compliance issues also make it challenging to elicit reliable 
and consistent responses, leading to fewer functional than 
structural neuroimaging studies with this population.  
 
Brain Structure Findings 
The presence of enlarged overall brain volume in individuals 
with autism is one of the most replicated anatomical findings 
in the disorder. A meta-analysis of cross-sectional studies of 
different aged cohorts with autism suggests a rapid increase 
in brain volume over the first two years of life, though this 
appears not to be maintained in later years.24 Interestingly, 
the observed increase in overall brain volume is attributed to 
greater white-matter volume.25-27 The structural differences in 
the brain between individuals with autism and age- and 
gender-matched control subjects appear not to be generalized 
but rather in specific regions, including language areas. 
Using voxel-based morphometry, Abell and colleagues28 
found decreased gray-matter volume in the left inferior 
frontal gyrus (IFG) in adults with ASD compared to controls. 
Reversed asymmetry of this region (viz., Broca’s area) has 
been reported in boys with ASD.26,29 Interestingly, though, 
only boys with language impairment but not those without 
language impairment in this sample revealed a rightward 
asymmetry of the pars opercularis and pars triangularis,29 
thereby linking structural difference to language function in 
ASD. Thus, absolute differences in morphometry between 
autistic and typically developing subjects, although 
informative, do not provide a full neurobiological 
explanation for the cognitive differences in autism. An 
increase in the number of functional neuroimaging studies 
with ASD has made it possible to relate performance 
measures and/or brain activation patterns during specific 
tasks of interest to brain structure in order to infer structure-
function relationships. Using the superior temporal gyrus 
(STG) as a window into language function, Bigler et al.30 
found a positive correlation between STG volume and 
receptive language scores (assessed with CELF-3) in control 

subjects, but not in ASD. In fact, morphometric measures in 
Asperger’s syndrome and autism seem to be related to 
performance and verbal IQ differences that define their 
respective clinical diagnoses.31,32 
 
That individuals with autism typically present with uneven 
IQ profiles is evident in the peaks and valleys that 
characterize their performance on a visuospatial task like the 
Block Design test compared with  that on the comprehension 
test of the WISC.11 Anatomically, local patterns of brain 
overconnectivity together with disrupted long-range 
frontotemporal connections (which affect integration of 
information) may account for these uneven cognitive 
profiles.33 The view of autism as a disorder of connectivity 
has focused interest on white matter changes in autism.34,35 
Recent studies have attempted to use new diffusion tensor 
imaging techniques (DTI) to investigate the intactness of 
white matter connections in autism.36,37 They have found that 
compared with IQ-matched controls, children with autism 
presented with lower fractional anisotropy (FA), a measure of 
white matter integrity in the brain, in several areas including 
anterior cingulate and the temporoparietal junction; however, 
the functional significance of these findings in ASD is not 
clear.  
 
Relating Structure and Function in the Autistic Brain: The 
Language Puzzle 
Recently, in a series of studies, Sahyoun and colleagues38-40 
used  functional magnetic resonance imaging (fMRI) and 
DTI in conjunction with a novel behavioral paradigm to look 
for neurobiological evidence of an apparent  discrepancy 
between visual and language processing abilities that has 
long been observed in individuals with autism. Specifically, 
the authors used a picture-based problem solving task that 
equated cognitive complexity across three conditions while 
manipulating the availability of linguistic vs. visuospatial 
information for solving the problems. The three pictorial 
conditions were: semantics (S) requiring access to concepts 
illustrated by the pictures and drawing relationships between 
them, visuospatial (V) requiring visuospatial manipulation of 
meaningless geometric forms, and visuospatial + semantic 
(V+S), a hybrid condition requiring visuospatial 
manipulation of easily recognizable items (i.e., with common 
verbal labels) while allowing for verbal mediation. The 
authors examined within and between group (high-
functioning autism and age- and IQ-matched controls) 
differences in cortical activation as a function of task 
condition, white matter integrity of pathways between 
functionally-implicated nodes of activation and correlation 
between tract integrity and processing efficiency (i.e., 
reaction times)  in each condition. This comprehensive 
approach allowed the emergence of the structure-function 
relationship underlying the hypothesized visuospatial-verbal 
distinction in autistic cognition.  
 
The results were quite striking. Children with high-
functioning autism who were selected on the basis of a 
history of language delay were slowest on the semantic (S) 
condition and fastest on the two visually-mediated conditions 
(V and V+S). They also showed a correlation between 
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accuracy on the V+S condition and their performance IQ, 
suggestive of their use of a non-verbal problem solving 
approach.38 The finding suggests an increased reliance by 
these children on visuospatial strategies and reduced 
engagement of language mediation.41 This view is consistent 
with intact posterior occipitoparietal circuits and reduced 
activation in frontal language areas in high functioning 
autism compared to controls.42-44 Additionally, the lower 
white matter integrity between ventral temporal and inferior 
frontal regions found in the tractography analyses may be 
related to the decreased frontal activation that was observed 
and thus suggests an underlying role for ventral temporal area 
in the superior visual processing abilities in autism.39 Support 
for this interpretation comes from the correlation between 
processing speed on the V and V+S conditions and fractional 
anisotropy values in the ventral temporoparietal areas in the 
group with autism. In contrast, the control group showed 
increased correlation between processing speed on the S-
condition and FA in the superior longitudinal fasciculus 
connecting frontal and temporal regions indicative of their 
strength in the verbal domain and consequent reliance on 
frontotemporal language areas.40  
 
Sahyoun and colleagues are among the first to show 
neurobiological evidence of a visuospatial processing bias in 
autism.45 It is important to note, though, that the results do 
not shed light on the directionality of these effects between 
connectivity patterns, language, and visuospatial bias. As 
such, the brain-behavior events leading to this pattern remain 
to be elucidated. Further complicating the situation is the fact 
that neurodevelopmental disorders such as autism often result 
in systemic reorganization of the brain. Hence, rather than 
focusing on localized abnormalities, an examination of 
network alterations and modifications of functions seems 
called for.46  
 
Pushing the Boundary: Neuroimaging language in very 
young children with autism 
More recently, creative paradigms and methodological 
advances in neuroimaging have demonstrated that it is 
possible to obtain functional MRI data in response to 
language stimuli in very young children during natural sleep, 
thus eliminating the requirement for the child participant to 
stay still;47 this will pave the way for the identification of a 
neural marker of the core language deficit in the very early 
stages of autism. An additional advantage of this method is 
that it can be used with subjects at all functioning levels, 
including the large number of children with autism who 
remain minimally verbal despite years of intervention.48  
 
Using sleep fMRI, Eyler and colleagues presented three types 
of stimuli in 20-ms blocks to toddlers ranging in age from 12-
48 months: complex forward speech consisting of a 
children’s story written at a comprehension level over 48 
months; simple forward speech, where the toddlers heard 
stories written at a comprehension level between 12 and 36 
months; backward speech, where the simple story was played 
backwards. The authors found significantly less activation in 
response to speech in the left STS (Brodmann’s area 22) in 
the group with autism than with the typical group. The 

toddlers with autism also exhibited reduced or reversed 
laterality patterns. Importantly, they displayed stronger 
activation on the right than on the left in the anterior STG, an 
area know to be responsive to speech sounds in normal 
controls.49 The abnormal lateralization is consistent with 
studies of older autistic children and adults.50-52 Eyler and 
colleagues hypothesized that this left hemisphere failure for 
language specialization in autism and the corresponding 
rightward functional asymmetry may also impair the 
development of social language behaviors like prosody by 
crowding it out from its rightful place in the right 
hemisphere.49 The findings and interpretation further 
reinforce the strong link between language and social 
development, and the consequent deficits in both these 
domains in autism. 
 
In summary, there is considerable neuroimaging evidence for 
an impaired language system in autism. Studies have reported 
bilateral hypoperfusion of the temporal lobe in autism, 
possibly related to language deficits or avoidance of verbal 
mediation observed behaviorally.53 In addition, the IFG 
appears to show reduced activation difference between 
semantic and perceptual (letter-case judgment) processing in 
autism compared with controls.54 Participants with autism 
also showed decreased IFG activity in a sentence 
comprehension task.44 Taken together, the structural and 
functional neuroimaging studies of autism point to decreased 
use of frontal areas and increased reliance on right 
hemisphere language homologues, as well as posterior 
ventral temporal regions of the brain during language 
processing. 
  
CONCLUSION 
The difficulty in identifying a behavioral or cognitive 
etiology of autism stems from the neurodevelopmental aspect 
of the disorder. Current mechanistic models describing 
abnormal distribution of connectivity patterns provide a 
reasonable, though yet to be ascertained account of autistic 
symptomatology, and may be consistent with evidence of 
glial inflammation or minicolumnopathy55 as altered 
minicolumns would affect the geometry of gyral windows, 
thereby favoring shorter connections. In the face of the 
tremendous heterogeneity in ASD, focusing on the 
development of well-defined neurophenotypes will be critical 
for understanding autism and helping those with the disorder 
by providing targets for behavioral and pharmacological 
interventions.  
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