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Abstract - Children’s mental health should be given utmost importance to prevent psychological issues
in future. Recent study reveals children with sleeping disorder at young age will likely to get affected by
mental disorders during adolescent. Further shocking reports prevails in medical field, creating a kind
of panic among parents. One such serious developmental disorder among children is Autism Spectrum
Disorder, which impairs the child’s communication and interaction. Autism is a neurological disorder,
which has lifelong effect on child’s development. The aim of this paper is to provide a complete
overview of autism disorder and its underlying facts. This paper also explores and intervene the diverse
research topics like neural networks, image processing, data mining and other advancements applied to
early intervention of ASD in children.
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I. INTRODUCTION

Children disorder can be classified into mental disorder, developmental disorder, learning disorder,
behavior disorder, conduct disorder and even eating disorder is included in the extending list. Recently
World Health Organization (WHO) appends Gaming disorder to its international classification of diseases.
Along with the growing list, a number of remedy measures and therapy techniques were also emerging
with proper assistance of medical practitioners. In this paper we primarily focus on Autism Spectrum
Disorder (ASD), a developmental disorder which is commonly found in children at young age. WHO
estimates that worldwide one in 160 children are affected by Autism and the number of cases has
increased in recent years [18]. Recently the percentage of affected children is increasing in spite of
ethnicity and economic background [17].
Autism is considered as neurological disorder that affects children behaviorally, socially, and cognitively
[9]. The children with ASD are likely to get affected by various issues such as lack of eye contact,
attention deficit, social interaction/communication and stereotyped patterns of behavior. It is referred as
spectrum disorder because the symptom might range from mild to severe. Researches also affirmed that
autism disorder prevails more in boys than in girls.
II. CAUSES AND RISK

The major cause and etiology of the autism disorder is still unknown [8] [16]. It is generally accepted that
genetics or environmental factors are the reasons of Autism Spectrum Disorder [11]. But all the results
given are inconclusive and there is no scientific evidence to prove it. Landrigan PJ et al. [1] describe the
environmental factors such as toxic chemicals cause injury in the development of human brain that results
in Autism and other neurodevelopment disabilities. Arthur L. [2] provides suggestive evidence that brain
deficiency of carnitine and other micro nutrients may cause ASD. The author also state valuable
information that child which looks normal at birth may show symptoms at the time of 6 month to 3 years
of age. This risk is mainly due to change in the dietary pattern of the kid during 6 to 18 months.
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Uta Frith et al. [3] defines that autism appears to be a genetic inheritance and even the siblings of those
who have autism has 50% higher risk of ASD. Autism risk of reappearance in siblings is 2 – 10% [16].
III. RIGHT TIME TO DIAGNOSE ASD

When the child has not attained the developmental milestone at a particular age or period then we classify
it as a disorder. Disorders are initially noted by parent or caretaker when the child displays an uneven
behavior. But early detection of autism disorder will prevent the severity therefore proper therapy
techniques can be initiated at the right time that helps the child to have a normal independent life like
others. Right time to diagnosis ASD is at the age of 23 – 210 months [7] [12] [17]. Therefore age of
diagnosing is an important factor in ASD, where in few cases it is not detected until older ages.
Early diagnosis of autism spectrum disorder will provide opportunity to reduce the progression of disease
[14] [15]. Autism Spectrum Disorder can be diagnosed only by a trained physician. Laboratory reports
like blood test and urine test will not be helpful in any way to diagnose the disorder [16]. The physician
needs to examine the behavioral attributes of the child like attention deficit, eye contact, response etc.,
which is a time-consuming process. This is one of the main reasons why ASD diagnosis is not performed
in pediatric primary care [21]. Due to insufficient time and unfamiliar with the screening methods, ASD is
not suggested in pediatric care. Another conventional strategy applied is answering a list of questionnaire
by parents/guardian/care-takers that results in scoring functions to determine the developmental disorder
in children.
IV. ASD DIAGNOSIS METHODS

As the autism spectrum condition is steadily increasing, the researchers focus on improving the results by
developing new tools and techniques in diagnosing the results. Few of them are enlisted in Table I.
ASD is a heterogeneous disorder, where it is still inconclusive to determine the exact cause [11]. But it is
found that it certainly affects the brain functions therefore resulting in very complex diagnosis [10]. There
is a difficulty in determining real time dataset for diagnosing autism disorder and only limited data
available for public access. Due to scarcity of autism datasets, researchers focus on different set of
parameters such as behavioral attributes, voice processing, Magnetic Resonance Image (MRI) of brain and
video analysis are taken as input.
TABLE I: ASD DIAGNOSIS METHODS
S.
No.
1.

Author

Methodology

Deng et
al., 2017
[6]

Speech based analysis for autism detection
by applying Generative adversarial
networks (GANs) from the field of Deep
Learning
Integrates both anatomical and functional
information of brain images. Anatomical
features from 47 subjects are extracted and
supplied to multi-level deep network for
further diagnosis.
Suggested
multi
level
high-order
functional connectivity and interaction
between multiple brain images. 54 ASD
patients under the age of 15 were analyzed

2. Dekhil et
al., 2017
[7]

3.

Feng et
al., 2018
[10]

4. Jinting et
al. 2016
[11]

A novel method called aberrant gene
expression analysis. The method applied is
to search a unique combination of genes
using greedy algorithm.

Input
Parameter
Acoustic
features

sMRI and f
MRI

rs-fMRI

104 brain
tissue
samples

Outcome
Provides
promising results
to continue further
study
94.7% of
classification
accuracy

Provides
distinctive
information for
diagnosis and the
performance is
quite better.
> 70% accuracy
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et al.,
2019 [15]

6.

Ngo et
al., 2018
[17]

7.

Seyed et
al., 2020
[19]

8. Anurag S
et al.,
2018 [20]

Volume 7, Issue 11, 2020

Proposed machine learning methods to
300 natural
predict Autism in children. Experimented
images
an image based approach, were 300
different images are displayed to the
children for three seconds each. The eye
tracker captures the scanpath data for
analysis. This analysis is performed
because ASD and non ASD children will
have different behaviors when they view
the same image.
Combined approach between artificial Questionnaire
neural network and fuzzy logic. The study
is carried out with a temporary dataset
generated from Childhood Autism Rating
Scale (CARS).

Applies Convolutional Neural Network Questionnaire
(CNN) classification method trained with
– Mobile
historical autism cases. Here the author Application
predicts the outcome by learning the cases
via AI, instead of focusing on scoring
results of questionnaire.
Designed a new tool by applying
25 input
hierarchical fuzzy system for fast and
variables –
accurate diagnosis. One change compared
GUI
to conventional method is, the prediction is
measured under severity level such as
normal, mild, moderate and severe and
also highlights the highly impaired area to
concentrate further.

65.41% of
accuracy

The proposed
approach confirms
accuracy and
suggested to apply
the model for
diagnosis of
similar
disabilities.
Delivers high
predictive
accuracy

99% accuracy.

V. EARLY INTERVENTION

Autism is generally diagnosed at the age of 2 – 3 years, when the child initiates social communication.
Robert et al. [12] and his team develop an early intervention approach to predict ASD at 24 months of age
for 6-month old infants. The results were astounding i.e., 9 of 11 infants correctly predicted as ASD at 24
months and 48 infants were non ASD with the prediction value of 96%. 59 Kids with high heredity risk
are used in this study. Philip et al. [13] suggests even much earlier detection of ASD at the age of 4- 6
months or sometimes even in a new born. The authors proposed that movements of infants can be used to
diagnose ASD even in the first few months of birth. Lying position, turning direction, sideways-upward
pattern, rotation of head and pelvis, falling position, baby crawling pose and many other parameters were
carefully studied and analyzed from the videos of infants to predict ASD.
VI. SCREENING TOOLS FOR ASD

Many tools available in research to screen developmental disorders but ASD diagnosis is recommended to
carried out by an experienced and trained professional to obtain reliable result. Few tools available in
online however to obtain conclusive evidence, clinical assessment is recommended. Commonly used
screening and diagnosis tools are shown in Table II.
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TABLE II: SCREENING TOOLS
S.No.

Tool

Developed by

1.

The Social Communication
Questionnaire (SCQ) [22]

2.

Autism Diagnostic
Interview, Revised (ADIR)
[23]
The Modiﬁed Checklist for
Autism in Toddlers, Revised
(M-CHAT-R) [24]
Communication and
Symbolic Behavior Scales
(CSBS) [25]
The Childhood Autism
Rating Scale (CARS) [17]

Michael Rutter,
Anthony Bailey and
Catherine Lord
Michael Rutter, Ann Le
Couteur, and Catherine
Lord
Diana Robins

3.
4.

5.

Age
Range
More
than 4
years
> 2 years
16 – 30
months

Criteria Focused
Social interaction,
language and
communication
Language, social
interaction, Stereotyped
behaviors
Behavioral attributes

Wetherby and Prizant
2001

6 – 24
months

Communication, eye
contact, use of objects

Eric Schopler, Robert
Reichier and Barbara
Rochen Renner

> 2 years

Relationship with
people, body use,
listening, visual and
emotional response

VII. REASONS OF ASD: PARENTS PERSPECTIVE

Apart from clinical examination Leanne Mercer et al. [4] the authors did a survey on ASD from parent
perspectives. Parents were instructed to reply a questionnaire through which the following responses are
considered to be the most significant factors for the prevalence of ASD: genetic inﬂuence more than 90%,
diet nearly 51%, prenatal factors close to 44% and vaccines 40%. Virginia Chaidez et al. [5] also tried to
analyze the beliefs and attitudes of parents for the underlying cause of their child’s autism. [4] [5]
Perspective of family members is not a valuable information and even it is not clinically proven. But the
study helps to understand the awareness and perceptions of them for the better family communication and
counseling. Even though the above strategies haven’t produced any clinical evidence for the cause of
ASD, however the results guide the researchers to travel in a pointed direction.
CONCLUSION
There is no cure for autism. But early diagnosis and continuous therapies will assist children to lead an
independent life. Recent technologies and advancements in science will enhance to predict early
intervention of ASD in near future. This paper is highly focused to interpret the diagnosis methods and
research essentials for Autism disorder. Parents view and screening aids are added as an inclusion. These
fundaments understanding is considered to be the initial step in our research work. We aim to work on
prediction algorithms, machine learning concepts and barriers in implementation, which will be included
in further study.
VIII.

REFERENCES
1. Landrigan PJ, Lambertini L, Birnbaum LS. A research strategy to discover the environmental causes
of autism and neurodevelopmental disabilities. Environ Health Perspect. 2012;120(7):a258-a260.
doi:10.1289/ehp.1104285
2. (2017). Brain carnitine deficiency causes nonsyndromic autism with an extreme male bias: A
hypothesis. BioEssays : news and reviews in molecular, cellular and developmental biology. 39.
10.1002/bies.201700012.
3. Uta Frith, Francesca Happe. Autism Spectrum Disorder. 2005 Oct 11;15(19):R786-90.doi:
10.1016/j.cub.2005.09.033.
4. Mercer, Leanne & Creighton, Susan & Holden, J & Lewis, M. E. Suzanne. (2006). Parental
Perspectives on the Causes of an Autism Spectrum Disorder in their Children. Journal of genetic
counseling. 15. 41-50. 10.1007/s10897-005-9002-7.
1596

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260

Volume 7, Issue 11, 2020

5. Chaidez V, Fernandez Y Garcia E, Wang LW, et al. Comparison of maternal beliefs about causes of
autism spectrum disorder and association with utilization of services and treatments. Child Care
Health Dev. 2018;44(6):916-925. doi:10.1111/cch.12612
6. Deng, Jun & Cummins, Nicholas & Schmitt, Maximilian & Qian, Kun & Ringeval, Fabien &
Schuller, Björn. (2017). Speech-based Diagnosis of Autism Spectrum Condition by Generative
Adversarial Network Representations. 10.1145/3079452.3079492.
7. Dekhil, Omar & Ismail, Marwa & Shalaby, Ahmed & Switala, Andrew & Elmaghraby, Adel &
Keynton, Robert & Gimel’farb, Georgy & Barnes, Gregory & El-Baz, Ayman. (2017). A novel CAD
system for autism diagnosis
using structural
and functional MRI. 995-998.
10.1109/ISBI.2017.7950683.
8. Grecucci, Alessandro & Siugzdaite, Roma & Job, Remo. (2017). Editorial: Advanced Neuroimaging
Methods for Studying Autism Disorder. Frontiers in Neuroscience. 11. 533.
10.3389/fnins.2017.00533.
9. Khodatars, Marjane & Shoeibi, Afshin & Ghassemi, Navid & Jafari, Mahboobeh & Khadem, Ali &
Sadeghi, Delaram & Moridian, Parisa & Hussain, Sadiq & Alizadehsani, Roohallah & Zare, A. &
Nahavandi, Saeid & Acharya, U Rajendra & Berk, Michael & Srinivasan, Dipti. (2020). Deep
Learning for Neuroimaging-based Diagnosis and Rehabilitation of Autism Spectrum Disorder: A
Review.
10. Zhao, Feng & Zhang, Han & Rekik, Islem & An, Zhiyong. (2018). Diagnosis of Autism Spectrum
Disorders Using Multi-Level High-Order Functional Networks Derived From Resting-State
Functional MRI. Frontiers in Human Neuroscience. 12. 10.3389/fnhum.2018.00184.
11. Guan J, Yang E, Yang J, Zeng Y, Ji G, Cai JJ. Exploiting aberrant mRNA expression in autism for
gene discovery and diagnosis. Hum Genet. 2016;135(7):797-811. doi:10.1007/s00439-016-1673-7
12. Emerson, Robert & Adams, Chloe & Nishino, Tomoyuki & Cody, Heather & Wolff, Jason &
Zwaigenbaum, Lonnie & Constantino, John & Shen, Mark & Swanson, Meghan & Elison, Jed &
Kandala, Sridhar & Estes, Annette & Botteron, Kelly & Collins, Louis & Dager, Stephen & Evans,
Alan & Gerig, Guido & Gu, Hongbin & Mckinstry, Robert & Piven, Joseph. (2017). Functional
neuroimaging of high-risk 6-month-old infants predicts a diagnosis of autism at 24 months of age.
Science Translational Medicine. 9. 10.1126/scitranslmed.aag2882.
13. Teitelbaum P, Teitelbaum O, Nye J, Fryman J, Maurer RG. Movement analysis in infancy may be
useful for early diagnosis of autism. Proc Natl Acad Sci U S A. 1998;95(23):13982-13987.
doi:10.1073/pnas.95.23.13982
14. Wu, Chongruo & Liaqat, Sidrah & Cheung, Sen-ching & Chuah, Chen-Nee & Ozonoff, Sally. (2019).
Predicting Autism Diagnosis using Image with Fixations and Synthetic Saccade Patterns. 647-650.
10.1109/ICMEW.2019.00125.
15. Wu, Chongruo & Liaqat, Sidrah & Cheung, Sen-ching & Chuah, Chen-Nee & Ozonoff, Sally. (2019).
Predicting Autism Diagnosis using Image with Fixations and Synthetic Saccade Patterns. 647-650.
10.1109/ICMEW.2019.00125.
16. Scassellati, Brian. (2005). Quantitative metrics of social response for autism diagnosis. Proceedings IEEE International Workshop on Robot and Human Interactive Communication. 2005. 585 - 590.
10.1109/ROMAN.2005.1513843.
17. Hieu, Nguyen & Le Huy Hien, Ngo. (2018). Artificial Neural Network and Fuzzy Logic Approach to
diagnose Autism Spectrum Disorder. International Journal of Engineering and Technology. 5.
18. https://www.who.int/news-room/fact-sheets/detail/autism-spectrum-disorders
1597

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260

Volume 7, Issue 11, 2020

19. Shahamiri, Seyed Reza & Thabtah, Fadi. (2020). Autism AI: a New Autism Screening System Based
on Artificial Intelligence. Cognitive Computation. 10.1007/s12559-020-09743-3.
20. Sharma, Anurag & Khosla, Arun & Khosla, Mamta & Rao, Yogeswara. (2018). Fast and Accurate
Diagnosis of Autism (FADA): a novel hierarchical fuzzy system based autism detection tool.
Australasian Physical & Engineering Sciences in Medicine. 41. 10.1007/s13246-018-0666-3.
21. Dosreis, Susan & Weiner, Courtney & Johnson, Lakeshia & Newschaffer, Craig. (2006). Autism
Spectrum Disorder Screening and Management Practices Among General Pediatric Providers. Journal
of developmental and behavioral pediatrics : JDBP. 27. S88-94. 10.1097/00004703-20060400200006.
22. Witwer AN, Lecavalier L. Autism screening tools: an evaluation of the Social Communication
Questionnaire and the Developmental Behaviour Checklist-Autism Screening Algorithm. J Intellect
Dev Disabil. 2007;32(3):179-187. doi:10.1080/13668250701604776
23. Hirota T, So R, Kim YS, Leventhal B, Epstein RA. A systematic review of screening tools in nonyoung children and adults for autism spectrum disorder. Res Dev Disabil. 2018;80:1-12.
doi:10.1016/j.ridd.2018.05.017
24. https://www.autismspeaks.org/screen-your-child
25. Levy SE, Wolfe A, Coury D, et al. Screening Tools for Autism Spectrum Disorder in Primary Care: A
Systematic Evidence Review. Pediatrics. 2020;145(Suppl 1):S47-S59. doi:10.1542/peds.2019-1895H

1598

