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Abstract
Aim: To describe autistic spectrum disorder (ASD), and to review the evidence for
associated visual dysfunction in the disorder.
Method: An initial literature search was performed using Web of Science with the
key words: autism and sensory; autism and vision; autism and visual; and autism and
oculomotor. Papers which reported investigation of basic vision in autism were
obtained, and any additional references listed in these articles that referred to other
relevant data but didn’t emerge from the original search were followed up.
Results: There is evidence that basic visual function may be affected in individuals
with ASD, however the mixed nature and limited number of empirical studies
conducted make it difficult to draw clear conclusions as to specific deficits and areas
of spared visual function in ASD.
Conclusion: It is likely that patients with ASD may present to the orthoptic
department. Specific vision screening of this population may be indicated, and further
study based on large well defined samples would be of significant value.
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Autistic spectrum disorder (ASD) is a pervasive developmental disorder defined and
characterised by qualitative impairments in communication, social interaction, and
imagination, accompanied by a restricted range of interest and often stereotyped,
repetitive behaviours and mannerisms. The exact cause and aetiology of ASD are still
unknown, although it is recognised to be a disorder of neurobiological origin. ASD
occurs more frequently in males than in females, approximately with a ratio of 4:1.1 It
is likely that more children than adults are currently diagnosed with ASD as
awareness of the disorder has grown in the last 20 years. The actual number of people
who have ASD is difficult to ascertain, the National Autistic Society suggests that at
least half a million families are affected by ASD in the UK alone. A meta-analysis of
32 international epidemiological surveys carried out between 1966 and 2001
estimated that it occurs in 27.5 out of 10,000 children2, although a recent study which
investigated a sample of 56,946 children in South London estimated that the
prevalence of ASD within this group of children was 116.1 out of 10,0003.
Within the spectrum of autism disorders there are three main classifications:
classic autism which is sometimes termed ‘pure autism’ or ‘Kanner’s autism’ (after
the physician Leo Kanner who first defined the disorder in 1943); Asperger’s
syndrome (independently identified by Hans Asperger in 1944); and Pervasive
Developmental Disorder Not Otherwise Specified (PDD-NOS). The benchmark for
diagnosis is a list of behavioural symptoms documented in the Diagnostic and
Statistical Manual (currently DSM-IV) published by the American Psychiatric
Association.4 Symptoms which indicate a diagnosis of classic autism include:
impairment in the use of non-verbal behaviour such as limited eye contact, reduced
facial expression and limited use of gestures; failure to develop peer relationships;
lack of joint attention (sharing interests with others); a delay in, or lack of,
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development of spoken language; inability to sustain conversations with others;
idiosyncrasies of language; lack of spontaneous or imaginative play; restricted and
stereotyped interests; and repetitive and stereotyped movements. Asperger’s
syndrome shares many of the symptoms of classic autism, but with no clinically
significant delay in either language or cognitive development. The diagnosis PDDNOS is given when many of the symptoms listed above are present and there is a
degree of impairment in all the triad features (social interaction, communication and
markedly restricted repertoire of activities and interests) but the range of impairments
is not sufficient to meet a diagnosis of either classic autism or Asperger’s syndrome.
In addition, the terms low- and high-functioning are sometimes used to differentiate
those children with ASD who also have learning difficulties and those who do not.
Throughout this review we will use the term ASD to refer to the spectrum of autistic
type diagnoses including classic autism, Asperger’s syndrome and PDD-NOS.
In addition to problems in social behaviour, communication and imagination,
many individuals with ASD report abnormal sensory processing5,6 and there is a range
of anecdotal and observational evidence of atypical responses to sensory stimuli in
ASD7-9. This can include either hyper- or hypo-sensitivity to sight, sound or touch. In
the visual domain, avoidance of eye contact, fixation on parts of objects, e.g. the
spinning wheels of a toy car, and hyper-sensitivity to flickering lights are typically
cited as evidence of unusual sensory profiles. Within the cognitive psychology
literature, people with ASD are said to have an unusual cognitive style
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example, individuals with ASD tend to focus more on small details within a scene and
are less able to integrate information in relevant context. Evidence for this occurs
across domains. In language for example, it has been demonstrated that children with
ASD display a very literal, pragmatic understanding of the spoken word and are less
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influenced by sentence context when understanding homographs (“there was a tear in
her eye” / “there was a tear in her dress”) than typically developing children13.
However much of the research on cognitive styles in ASD has focussed on the domain
of visuo-spatial perception. For example, it has been demonstrated that individuals
with ASD show superior performance on visual search tasks in which they are
required to identify a target stimulus, such as a red letter X from an array of
distractors, such as red letter Ts and green letter Xs14. Additionally, people with ASD
can detect a target figure embedded within a more complex figure more rapidly than
typically developing matched controls15. In contrast it has also been reported that
participants with ASD are less able than matched controls to detect coherent motion
amongst noise16 and are less posturally reactive to optic flow17. Recent research using
psychophysical threshold detection tasks suggests that participants with ASD are
more sensitive to simple visual stimuli, i.e. stimuli defined by first order
characteristics such as luminance, but less sensitive to complex visual stimuli, i.e.
stimuli defined by second order characteristics such as texture or contrast, than
matched controls18,19. Despite this array of interesting findings, the exact origins of
atypical perception in ASD remain unclear.
There has been an assumption in the field to date that basic aspects of
perception are unaffected in ASD and that deficits in higher-order, cortical systems,
such as those that underpin attention or perceptual integration, are the cause of the
unusual perceptual style said to characterise ASD. There are a small number of
published studies however, which indicate that aspects of low level vision are
compromised in ASD. Unfortunately, these papers generally consist of a limited
number of subjects who are not always clearly diagnosed. There is a more clearly
defined literature based around oculomotor control in ASD as the results of such
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studies provide insight into the functional integrity of multiple brain systems,
although this again is based on a small number of papers. The aim of this literature
review is to summarise the published research on visual function in ASD in an
attempt to raise awareness of the importance of empirical investigation of vision in
this population, and to consider whether any meaningful conclusions about vision in
ASD can be drawn from the data presented to date.

Clinical signs and symptoms
Two main types of study design have been used to investigate the incidence of
clinically relevant visual problems in people with ASD: retrospective surveys and
small screening studies. The screening studies are hampered by small sample sizes
whereas the surveys generally include data from many participants but lack detailed
investigation of either visual function or ASD symptomatology. For example, a
relatively large retrospective population based study of 152,732 Finnish children aged
3 to 18 years identified 187 with autistic disorder from hospital records. The number
of these children with visual problems was high, with 36 (19.3%) having impaired
vision, correctable to >0.1 logmar units (6/7.5 Sns equivalent), and 7 (3.7%) being
blind.20 While this suggests that the incidence of visual impairment in children with
ASD is greater than in typically developing children, no further details as to the type
of visual problems were given. Kaplan et al.21 reviewed questionnaire data held at an
independent American Autism Research Institute and reported that from a sample of
469 children whose parents reported symptoms commensurate with a diagnosis of
pure autism, 27% were reported to be cross-eyed which was interpreted by the authors
to reflect strabismus. Of 7,171 children whose reported symptoms were
commensurate with a diagnosis within the wider spectrum of autistic disorders 19.7%
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were defined as having strabismus. Given that the incidence of strabismus in the
normal population is reported as 2-5%

22-24

, these data suggest that the occurrence of

strabismus is greater in individuals with ASD than in the typical population. However,
in this study neither the diagnosis of the individuals nor the detection of strabismus
was achieved by standardised methods.
Screening studies which involve recruiting a selection of people who have
been diagnosed with ASD and examining their visual function are able to specifically
outline the visual status in people with ASD from clinical examination. This
technique can be empirically rigorous, but when only a small number of participants
are recruited and the selection criteria are not properly outlined, it can be difficult to
draw reliable conclusions from the data. Denis et al.25 carried out an ophthalmological
investigation on just 10 children who were diagnosed with ASD. The children were
aged between 1 and 14 years, the mean age was 8.5 years and only 2 children were
less than 8. This revealed a high incidence of hypermetropia (70%) and astigmatism
greater than 1 dioptre (60%). Strabismus was found in 6 cases (60%) of which 4 of
these were exotropic. In addition, pallor of the optic disc in 4 of the 10 children on
fundus examination was reported. It is unclear how the participants in this study were
diagnosed however, as it is very unusual for a child to have a confirmed diagnosis of
ASD at only one year of age. In addition, the selection criteria for this study were not
stated, and the participants were tested in an Ophthalmology department, therefore it
is possible that rather than being a representative sample, selection was biased by
participants who had already been referred to investigate visual problems.
Furthermore, it is difficult to draw reliable conclusions from a sample of ten
individuals given the degree of variation of refractive error in the normal population.
In a larger study, Scharre and Creedon26 studied 34 children who were diagnosed as
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having ASD based on DSM-III criteria with an age range of 2 to 11 years. In this
study, participants were recruited from a day school at a child development centre,
and participants with neurological conditions other than autism (e.g. seizures) were
excluded. Ocular motility and optokinetic responses were assessed with a hand-held
rotary drum. Voluntary smooth pursuit was elicited in only 5 of the 34 children. The
majority demonstrated a series of saccadic fixations in place of smooth pursuit
movements. Typical optokinetic nystagmus responses were obtained in only 3 of the
34 and complete absence of the response occurred in 3 children despite accurate
fixation of the drum. Binocular grating acuity was measured with Teller cards and
found to be in the range of 6/4.5 to 6/480. Monocular acuity was not assessed due to
difficulties with occlusion. A significant refractive error was found in 44% of
children: myopia ≥1.00DS 8.8%; hypermetropia ≥1.00DS 17.6%; astigmatism 17.6%;
anisometropia ≥1.00DS 5.8%. Strabismus was found in 21% of the children, the
majority of these (6/7) having intermittent exotropia. These data concur with the
finding from Kaplan et al.21 and suggest that, even in a well controlled sample,
strabismus is considerably more likely to occur in children with ASD. Combined with
the finding of a high incidence of refractive error, these reports suggest that this group
may be vulnerable to the development of amblyopia and hence particularly in need of
visual screening. However, in a further study which involved extensive medical
screening of 25 clearly diagnosed and randomly selected individuals with autism27
only two individuals with autism had abnormal ophthalmological examination and
one of these individuals had additional medical complications namely rubella
encephalopathia and cataract. The nature of the ophthalmological examination given
was not reported however.
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There is some evidence, published in the late 1980s, that individuals with ASD
may have abnormal retinal function. By recording electroretinograms (ERG) which
measure the amplitude of electrical activity produced by the retina following
stimulation with light flashes, Ritvo et al.28 demonstrated that out of 27 participants
with ASD 48% of the sample (13 individuals) had abnormally low b-wave amplitude,
suggesting abnormal rod function. Selection criteria for this study were based on
whether or not the individuals with ASD were considered to be able to be tested
without sedation, and the participants were screened for any medical or neurological
problems known to influence ERG. An additional study was published in 1989 which
reported that 11 out of 22 (50%) participants with ASD had subnormal b-wave
amplitudes,29 however this was reported by the same research group and it is unclear
whether or not this represents an independent study with a different sample of
participants.
In summary, although some of the data have clear limitations such as small
sample sizes and lack of information regarding the history, diagnosis and selection of
the participants, this small collection of studies suggests that the incidence of visual
disturbance may be greater in people with ASD than in the non-autistic population. In
particular, higher incidence of refractive error, strabismus, reduced smooth pursuit
and atypical OKN have been reported, and reduced rod function has been implicated.
We suggest that further study is needed in order to support or refute the prevalence of
such visual dysfunction in ASD. In order to collect reliable data in this area it is
necessary to ensure the co-operation of the participant which can be difficult when
testing children who may not enjoy the close personal contact, novel environment or
sustained attention required to accurately complete vision screening. In these
circumstances, pre-teaching and familiarisation with the personnel and instruments
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encountered during visual screening may help. This has been assessed empirically by
Bachman et al.30 who developed a pre-teaching session which allowed children to see,
touch and manipulate the instruments/ testing equipment to be used in vision
screening and gave the children demonstrations of what the different tests (monocular
and binocular acuity, cover testing, stereopsis, pupillary response, oculomotor skills,
retinoscopy and ophthalmoscopy) would involve. Following pre-teaching, 102 out of
105 children aged between 3 and 5 with developmental delay including Downs
syndrome, autism, physical handicap and cognitive impairment successfully
completed all screening procedures.

Oculomotor control in ASD and implications for brain circuitry.
In addition to evidence of abnormal visual function in ASD, there is also evidence for
abnormalities in oculomotor control and saccade generation, although reports vary as
to the exact nature of this abnormality. An initial investigation of oculomotor control
measuring corneo-retinal potentials during a saccade task, reported that from a sample
of 11 children with autism or autistic like symptoms, 6 (55%) displayed hypometric
saccades and 4 (36%) had reduced saccade velocity.31 These children were aged
between 9 & 16, and were selected from a pool of 54 children fulfilling DSM-III
criteria for autism selected on the basis of their ability to participate in oculomotor
testing.
In general, studies of eye movement in ASD have been carried out in order to
test hypotheses about particular brain circuitry which may be compromised in the
disorder. For example, dysfunctions of cerebellar systems (vermal lobules VI and VII)
and cortical systems have been proposed in ASD.32
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The vermal areas of the

cerebellum are largely involved with guiding the motor precision of saccades hence
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dysfunction would lead to abnormal saccade metrics whereas the dysfunction of
prefrontal cortex and associated areas would allow normal saccade metrics but would
give impaired saccadic tasks requiring higher cognitive control such as antisaccades
and oculomotor delayed-response tasks (memory-guided saccades). However, in
addition to providing information about the integrity of cortical systems in ASD, these
studies also provide information as to the integrity of the oculomotor system in ASD.
Minshew et al.34 used oculomotor paradigms to test the cerebellar and neocortical
systems in 26 high-functioning clearly diagnosed autistic adolescents, young adults
and matched controls. They found that saccade metrics were normal in the autistic
group, hence determining no disturbance of function from the cerebellar vermal
lobules VI and VII. Deficits were found in the autistic group for the antisaccade and
oculomotor delayed-response tasks however, indicating dysfunction in circuitry of
prefrontal cortex rather than in the perceptual system per se. This result contrasts with
the finding from Rosenhall et al.31 who reported hypometric saccades and reduced
saccade latency in ASD. However, it is generally consistent with a recent study of
saccade initiation in 11 high-functioning autistic adolescents,35 which reported
impairment in generating predictive saccades and inhibiting saccades when they were
not called for, despite no impairment in disengaging fixation and no differences in
saccade latency, amplitude or peak velocity.
In addition to abnormalities in high level saccade metrics, other data suggest
abnormal smooth pursuit in ASD. This has been interpreted to reflect reduced
functional connectivity, the co-ordinated activity of distributed but functionally
related brain regions, rather than abnormality in any single brain area. To evaluate the
integrity of brain areas involved in various aspects of smooth pursuit a detailed
analysis of pursuit in 60 high functioning autistic participants (mean age of 20 years)
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and 94 age and gender matched controls was presented by Takarae et al.36. They
tested both the initial 'open loop' period of pursuit and subsequent 'closed loop' stage,
which rely on different brain systems. The 'open-loop' stage consists of the first 80100ms after pursuit onset and is dependent on analysis of visual motion performed by
contralateral extrastriate cortex (V5/MT)37. The closed loop stage of sustained pursuit
follows this and relies upon memory for target velocity and predictions of target
motion, and feedback about performance, the processing for this thought to be
performed by the cortical eye fields and cerebellum. The ASD group were found to
have normal pursuit latency, however, open loop pursuit gain responses were reduced
when targets moved into the right visual field. Closed loop pursuit gain was reduced
for oscillating and ramp targets in both directions. This difference in closed loop
pursuit gain was more apparent in older participants (≥16 years) suggesting a reduced
maturational achievement of the pursuit system in ASD. Takarae et al.36 further
suggest that these findings may reflect reduced functional connectivity of the visual
pursuit system. This conclusion is echoed by Nowinski et al.38 who investigated the
frequency of square wave jerks (SWJs) during fixation as increased frequency of
SWJs is a known consequence of cerebellar pathology39. From a sample of 52 highfunctioning individuals with ASD (mean age 17 years, range from 8 – 46 years) and
an age-IQ matched control group Nowinski et al.38 found no increase in the rate of
SWJs in ASD, nor differences in the degree of foveopetal drift during fixations.
However the size of the first intrusive saccade in SWJs was increased, and the time
interval for a second saccade to correct the intrusive saccade was reduced. These
findings suggest grossly intact cerebellar control of motor function in ASD, and the
authors concluded that atypical metrics of SWJs in the participants with ASD may be
due to faulty functional connectivity in cortico-cerebellar networks.
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In summary, studies of oculomotor control in ASD have found that in general,
basic saccade generation is intact, although Rosenhall et al31. have reported abnormal
saccades. However, higher level aspects of oculomotor control such as saccadic
suppression are impaired34. In addition, there is no difference in the frequency of
SWJs in ASD38, however it has been reported that children with ASD make
significantly more saccades in between stimulus presentations than either typically
developing children, children with dyslexia, or children with ADHD40. Further, no
differences have been found in pursuit latency in ASD, but young adults with ASD
have been shown to have reduced open and closed loop pursuit gain36.

Functional imaging of visual cortical organisation
Typically, brain imaging studies, using techniques such as positron emission
topography (PET) and functional magnetic resonance imaging (fMRI) which measure
brain activity while the participant views certain stimuli or engages in a particular
cognitive task, have focussed on unravelling whether different patterns of brain
activity occur when participants with ASD engage in high level perceptual, or
cognitive tasks. For example there is evidence of reduced activation of brain areas
involved in the perception of faces in participants with ASD41, and evidence that the
occipital cortex is overactive and parietal cortex is under active during the detection
of embedded figures42. There has been limited investigation of activity in the socalled early visual areas, e.g. the striate cortex in ASD. However, one recent study
used the technique of fMRI to investigate the retinotopic organisation of the visual
cortex of adults with high-functioning autism43. The results showed that, in all 8
participants, the early visual areas were normally organised and showed a typical ratio
between central and peripheral field representation. The authors therefore suggest that
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any differences in the visual capacities of individuals with ASD are likely to arise
from higher-level areas such as the extra-striate cortex. In contrast to this conclusion,
Milne et al.44 recorded EEG while 18 children / adolescents with ASD (mean age 12
years) and 18 matched controls viewed Gabor patches presented at a range of spatial
frequencies. The visual evoked potentials (VEP) in the children with ASD reached a
peak more quickly in the children with ASD than in the control group suggesting
enhanced cortical perception, however the amplitude of the earliest part of the VEP
which peaks at around 90 ms, was reduced in most of the participants with ASD
suggesting abnormal neuronal activity in the striate cortex of participants with ASD.

Association between ASD and other medical syndromes.
There is no clear evidence of the timing and precise location of developmental
disturbance of the brain in ASD, however its associations with Möbius syndrome
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Goldenhar’s syndrome46 and thalidomide47 have suggested an early insult in
embryonic development (20-36 days after fertilisation)48. A Swedish study
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of 22

patients with Möbius syndrome notes that 7 (32%) had autistic disorder or autisticlike condition, suggesting a high degree of over-lap between ASD and other
developmental conditions which impact on the visual system. In addition, there is
evidence that children diagnosed with Fragile X syndrome (FXS) also have a higher
incidence of visual abnormalities than that reported in the typical population49. FXS is
a genetic condition which has cognitive and behavioural similarities to ASD. From a
group of 30 participants with FXS aged between 4 and 16 years, 30% showed
strabismus. Of those with strabismus 70% showed esotropia. In addition a high degree
of refractive error, usually hyperopia, was reported49.
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It has been suggested50 that impaired visual function could be a direct factor in
the development of autism symptoms. However given the paucity of empirical studies
and the inherent circularity in determining causality from correlation we suggest that
this interpretation is treated with caution. Even if direction of causality could be
established, the screening studies cited above suggest that visual problems are neither
necessary nor sufficient to give rise to a diagnosis of ASD. However, the increased
frequency of visual problems in ASD, and the overlap between ASD and other
conditions which impact the visual system suggest that atypical brain development in
a range of systems may characterise the aetiology of ASD. If the visual input that a
child with ASD receives is degraded or disrupted in some way, it is conceivable that
both their visual experience of the world around them and cortical organisation in
response to visual input may develop atypically, which may in turn give rise to other
ASD specific symptoms. Further consideration of this suggestion will require a dual
approach. From a clinical perspective it is necessary to screen for, and correct
wherever possible, reduced visual function in individuals with ASD. From a research
perspective it is necessary to establish whether there is a single, or multiple causes of
the overlap between visual dysfunction and ASD; whether reduced vision occurs in a
specific, homogeneous sub-group within ASD; and at what stage during development
visual dysfunction and ASD become intertwined.

Conclusions
There is some, limited, evidence of increased incidence of refractive error and
strabismus, abnormal pursuit gain and saccadic responses in individuals with ASD,
yet as a corpus of work these data are limited. In order to further understand the
nature of visual disturbance in ASD it is necessary to collect data from larger samples
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of participants using standardised techniques, and, where standardised data are not
available, to compare the performance of individuals with ASD with that of a well
matched control group. Familiarisation with visual screening instruments and
techniques may facilitate the collection of reliable data. It is also important to obtain
sufficient information, using standardised instruments, about the individuals with
ASD. It is possible that what is currently labelled “autism” or “ASD” is not a
homogeneous disorder and instead reflects a heterogeneous subset of independent
disorders with different aetiologies. In order to fully understand the role that atypical
vision plays in this spectrum of disorders and the role that ASD plays in the
development of the visual system, it is necessary to pay attention to the detail of the
diagnosis of participants involved in future studies. The data reviewed above,
although sparse, suggests that the visual system is implicated in ASD and that
individuals with ASD are significantly more likely to have visual problems than
individuals without ASD. We conclude that further research is warranted and that
screening for visual dysfunction should be a priority for individuals with ASD. This is
supported by current guidelines for vision screening in the UK which advocates that a
specialist eye examination should be offered to all children with a neurodevelopmental problem51. It is hoped that via future well controlled research studies a
better understanding of vision in ASD will lead to deeper understanding of the neural
correlates of the disorder, and importantly, to the development of targeted screening
which will help to reduce some of the problems caused by abnormal vision in this
population.
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