
SUMMARY
As the world moves towards the Fourth Industrial Revolution,
there is a need for formulations of neurophysiological bio-
markers that ensure the accuracy of the diagnosis of visual
perception dysfunction in individuals with Autism Spectrum
Disorder (ASD). Biomarkers of visual perception dysfunction
in ASD using EEG complements behavioral methods of diag -
nosis and allows for a more direct assessment of the dys-
function, identifying rapid, implicit neural processes that are
not revealed through behavioral measures alone. This paper
aims to review the neural biomarkers of the five domains of
visual perception dysfunction (visual discrimination (VD), visual
spatial relations (VSR), visual form constancy (VFC), visual
memory (VM) and visual closure (VC)) in individuals with
ASD. This paper shall help researchers gain new insight into
the current trends and progress in EEG methods in ASD and
discover gaps in the subject literature.
A systematic literature search on PubMed was conducted to
report findings of EEG studies that: 1) assessed the severity
levels in patients with ASD and 2) investigated the neural bio-
markers of visual perception dysfunction in ASD.
Spectral analysis, functional connectivity analysis and event-
related potential (ERP) are useful in modern medicine to
identify the biomarkers that distinguish the levels of the
severity of visual perception dysfunction in ASD.
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INTRODUCTION 
Autism is perceived as one of the fastest-growing disorders globally, with the

prevalence of 1 in every 59 children born with ASD [1]. Diagnosis for ASD maybe

delayed until pre-school and primary school [2–6], preventing early intervention

[7]. Assessing children with ASD behaviorally could be challenging because of their

decreased attention and engagement to a particular task and difficulty following

verbal instructions [2,8]. Inaccurate diagnosis may affect students’ passion for

learning, hence, affecting their future. Thus, there is a need for formulations of neu-

romarkers that allow for a more direct assessment of the dysfunction, ensuring the

accuracy of the diagnosis of visual perception dysfunction in children with Autism.

Visual perception is responsible for the reception and cognition of visual stim-

uli. It provides a vital input channel to academic, social and cognitive abilities,

such as reading, writing, spelling, and mathematical problem solving [9]. In indi-

viduals with ASD, Visual Perception Dysfunction may be influenced by the

higher-order dorsal-cognitive system at the frontal brain region [10]; however,

studies have also shown early visual perception dysfunction related to the pari-

etal and occipital brain regions [11]. Deficits in neural connectivity network of vi-

sual cortex in ASD have also been predicted by [12].

PROGRESS IN METHODOLOGY
Brain structure and EEG features are closely correlated to the severity of illness

[13]. Furthermore, EEG biomarkers could be used to diagnose various physiolog-

ical and pathological conditions, including ASD. Indubitably, EEG biomarkers have

the potential to be used not only for clinical diagnosis but also for predicting stages

or severity of ASD.The severity of ASD vary considerably [14]; however, most EEG

studies are restricted to only distinguishing individuals with ASD from healthy con-

trols without determining the severity levels of the autistic features [15,16]. 

To review the state-of-the-art EEG neuromarkers reported in ASD, and the asso-

ciation of these biomarkers with ASD severity, we conducted a systematic search on

PubMed for studies between 2011-2021 using three keywords with the Boolean ope -

rator “AND”. The first keyword was “severity”. The second keyword was “Autism” and

the third term was either “EEG” or “ERP”. The search process, last performed in Au-

gust 2021, yielded 182 records, including 56 duplicates. The original 126 publications

were screened to exclude 49 non ASD articles, 26 non-EEG studies, 26 ASD studies

without the inclusion of severity factor and 12 review articles. The remaining 13 eligible

articles, which evaluated Autism symptom severity, were summarized in Table 1.

Based on Table 1, out of the 13 studies in 2011 to 2021 that included assessment

of severity levels in ASD research, only three studies were related to visual process-

ing. All studies showed either significant correlation between EEG features in ASD

with symptom severity or distinct EEG features between several severity groups. 

The underlying cause of ASD has yet to be unveiled; thus, the identification

of EEG biomarkers that capture and quantifies brain processes, pathways and

connectivity, are highly sought upon. From Table 1, the identification of biomark-
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ers using EEG is based upon three different approaches [28]. A summary of the

state-of-the-art techniques of identification of EEG biomarkers in ASD research

is illustrated in Figure 1.

The spectral analysis approach analyses the spectral biomarkers [29] using

Fourier transform techniques. Time-frequency wavelet transform [30] and the

statistical auto-regressive moving average (ARMA) method also fall under this cate -
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gory [28]. EEG signals are decomposed into frequency bands that reflect rhythmic

activities related to behavioural significance in this approach. Visual studies such

as [31,32] established atypical EEG power distribution to individuals with ASD.

Functional connectivity and nonlinear analysis methods investigate underlying

neural interactions between regions of the brain. Techniques such as coherence

[33,34] and parameters such as entropy [35] and Lyaponov Exponent [36] have

been widely used as EEG biomarkers. In visual perception studies [31,32], al-

tered functional connectivity in individuals with ASD has been detected.

The third approach uses ERP for the extraction of mean EEG responses that

are time-locked to stimulus processing [37]. This is a well-established approach

that has been used to index biomarkers [38] of various mental illnesses and psy-

chological disorders such as PTSD [39], Vascular Dementia [40], Anxiety Disor-

ders [41,42] and ASD [43]. In studies such as [44-46], a typical ERP responses

in individuals with ASD were observed.

EEG NEUROMARKERS
Recent articles that identified EEG biomarkers of visual perception dysfunction

in ASD were determined according to a systematic search on PubMed for studies

between 2011-2021 using three keywords with the Boolean operator “AND”. The

first keyword was either “visual discrimination” or “visual spatial relations”, or “vi-

sual form constancy” or “visual memory” or “visual closure”.  The second keyword

was “Autism” and the third term was either “EEG” or “ERP”. The search process,

last performed in August 2021, yielded a total of 84 records, including 24 for visual

discrimination, 45 for visual memory, 15 for visual spatial relations, 0 for visual

form constancy and 0 for visual closure. There were 30 duplicate articles. The

original 54 publications were screened to exclude 19 non ASD articles, 14 non-

EEG  and 2 review papers. The remaining 19 eligible articles which investigated

the neuromarkers of the five domains of visual perception dysfunction; visual

discrimination, visual spatial relations, visual form constancy, visual memory and

visual closure in individuals with ASD, were summarized in Table 2.
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Figure 1. The three main analysis techniques to identify EEG biomarkers in Autism research
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Table 2 above summarizes the EEG biomarkers of VD, VSR, VFC, VM and

VC in ASD using various EEG analysis techniques. With the exception of one

study, all studies showed a typical ERP, connectivity and spectral EEG responses
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in individuals with ASD compared to matching controls. However, some studies

showed EEG effects that are not reflected in the behavioral tasks. This may be

due to the explicit nature of the behavioral tasks, allowing compensatory strate-

gies and the influence of other factors beyond what is measured [60,62].

The Test of Visual Perceptual Skills (Non-Motor) (TVPS) is a standardized

test commonly used to measure the five (and growing) domains of the visual

perceptual skills. The test has been used many times over to assess visual per-

ception dysfunction in individuals with ASD [3,63], Dyslexia [64], Cerebral Palsy

[65] and other disorders. However, none of the study in Table 2 investigated all

five domains of visual perception dysfunction in one study. We also observed

fewer research papers in the VSR and VFC, and none in the VC  domain of the

visual perception dysfunction in ASD. 
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GENERAL DISCUSSION
To the best of our knowledge, this is the first systematic literature search to

report findings of EEG studies that assessed severity levels in patients with ASD,

and EEG studies that investigated the neural biomarkers of the five domains of

visual perception dysfunction in ASD.The three main analysis techniques re-

ported here are ERP, spectral analysis and functional conectivity. It is interesting

to note that only 23% of the studies that evaluated Autism symptom severity

were related to visual processing, although extracted EEG features are strongly

related to the severity of illness.The findings here are in accordance with [15,16].

A possible explanation for this is the inability of some visual perception studies

to establish a link between the EEG features and Autism symptom severity. Fur-

thermore, certain limitations of visual perception studies are their inability to es-

tablish a link between behavioral reaction time and the atypical EEG feature sin

ASD. Recent findings [66,67] established the importance of assessing severity

of Autistic symptoms for early and impactful intervention. 

Although there is a need for formulations of neuromarkers that ensures the

accuracy of the diagnosis of the disorder, up to now, there are no standardized

neural biomarkers that distinguish the levels of severity of all five domains of vi-

sual perception dysfunction (VD, VSR, VFC, VM and VC) in individuals with ASD,

compared to standardized observational or behavioral measurements such as

the TVPS. A possible reason behind this may be that the study of EEG biomark-

ers in this area is still in a premature state. Identifying the biomarkers that distin-

guish the levels of severity of visual perception dysfunction in ASD may lead to

a complementary approach to diagnosing the dysfunction by medical profession-

als and assessment centres.

Future work should be designed to replicate the atypical ERPs, spectral EEG

and connectivity findings discussed in Table 2, and establish correlations between

the EEG features with the level of Autism severity. More studies of the VSR, VFC,

and VC domains should be conducted so that specific intervention and therapy

could be taken to improve these visual perception domains in individuals with

ASD. Future visual processing studies in ASD may also be labeled according to

the specific domains of the visual perception dysfunction to ease research and

development in this area of study [68]. The researchers anticipate that the results

achieved from these studies may spark increased interdisciplinary research in the

field of psychiatry, psychology, neuroscience, engineering, and medicine, aiming

to resolve visual perception dysfunction suffered by individuals with Autism.

CONCLUSION
In this paper, we discussed current literature of the neural biomarkers of the

five domains of visual perception dysfunction: visual discrimination (VD), visual

spatial relations (VSR), visual form constancy (VFC), visual memory (VM) and

visual closure (VC) in individuals with ASD. We discussed current EEG method-
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ologies and research trends and progress in visual perception dysfunction in

ASD, the gaps and limitations of the studies.

We anticipate that extensive research in the replication of results and more

studies that focuses on all domains of visual perception dysfunction may spark

increased interdisciplinary collaboration in the field of psychiatry, psychology,

neuroscience, engineering, and medicine, aiming to resolve visual perception

dysfunction suffered by individuals with ASD. By assisting educators, assess-

ment centers and medical professionals in the diagnosis of visual perception

dysfunction in individuals with Autism, the neuromarkers of visual perception dys-

function may lead to the increase of the quality of lives of children suffering from

Autism with early detection. Furthermore, these neuromarkers may provide 

a basis for designing new drug treatments for Autism that work directly in the

brain to decrease the severity of the dysfunction.
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