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Abstract: This is an overview of diagnostic tools implemented worldwide for Autism Spectrum Disorder (ASD).
In this analysis, the benefits and disadvantages of each autism spectrum disorder diagnosis diagnostic technique are
discussed. Pediatrists and psychiatric professionals who are focused on linguistic delay, brain function, or
behavioural problems such as aggression, tantrum, etc. have currently noted the extent of impairments. The defects
are assessed using multiple diagnostic tools. This review contrasts the seven forms of testing devices, including the
Autism Diagnostic Observation Schedule (ADOS), Autism Diagnostic Interview-Revised (ADI-R), Childhood
Autism Rating Scale (CARS), Gillian Autism Rating Scale (GARS), Diagnostic Interview for Social and
Communication Disorder (DISCO), Developmental, Dimensional & Diagnostic Interview (3DI), and Diagnostic
and Statistical Manual of Mental Disorder (DSM). The advantages and limitations of each tool are discussed in
detail.
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1. Introduction

In these recent years, the issue of Autism Spectrum Disorder (ASD) has become widespread. The cumulative
prevalence of ASD is 1 in 68 girls, with a prevalence ratio of about four boys per 1 girl diagnosed, based on the Clinical
Practice guidelines Management in Malaysia [1]. Anomaly is the precise cause of autism, although it is related to
hereditary, environmental, and biological. ASD is a disorder of psychiatric diagnosis. It is characterized by social
contact impairments, communication, and minimal or repeated patterns of behaviour. Diagnosis is based on existing
methods of classification. Children have been diagnosed with ASD in recent years, rather than sub-classifications of
those five primary fields comprising of discrepancies - not otherwise defined - that are Autism Condition, Asperger
Syndrome, Rett Conditions, Childhood Disintegrative Disorders, and Pervasive Developmental Disorders. As for ASD
diagnosis, using parent interviews, child behaviour evaluation, or a combination of both, all kinds of tests have been
created. With the introduction of a diagnostic tool in the early twentieth century, ASD became an official diagnostic
classification. By the diagnoses on different medical classifications, the word 'ASD' was in general use over a decade
earlier.

The impairment was measured in three central domains: speech, social contact, and the existence of limited,
repeated activities and interests. It is considered that a person with ASD has complicated neurobehavioral disorders that
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impair social contact and communication skills. It may also impact an infant's actions, with features such as minimal,
repeated habits, interests, hobbies, and possible sensory sensitivities and challenging behaviours such as tantrums. The
percentage of children with ASD to have intellectual disabilities are quite high. The word 'spectrum' in ASD reflects the
vast variance in appearance, including co-morbidities, contributing to heterogeneity in the profile of problems and
strengths in each person with autism. As the children had been diagnosed with ASD, the more readily identifiable
symptoms frequently occur between 2 and 3 years of age. It can be diagnosed much sooner, in some examples. Failure
to meet developmental goals will include immediate referral by the paediatrician of the infant or other health providers
for developmental and behavioural evaluation. After a positive screening test, diagnostic tools are used to assess the
existence or lack of autistic traits in a child when they show signs of this disorder. During a multidisciplinary
examination, qualified clinicians typically prescribe them. They are more informative but often more time-consuming,
and greater clinical knowledge is needed for their use.

2. Information of Each Diagnostic Tool

There are seven diagnostic tools are used to diagnose individuals who may be autistic. These include Autism
Diagnostic Observation Schedule (ADOS), Autism Diagnostic Interview-Revised (ADI-R), Childhood Autism Rating
Scale (CARS), Gillian Autism Rating Scale (GARS), Interview for Social and Communication Disorder (DISCO),
Developmental, Dimensional & Diagnostic Interview (3di) and Diagnostic and Statistical Manual of Mental Disorder
(DSM). The related information of each diagnostic tool is discussed in this section.

2.1 Autism Diagnostic Observation Schedule (ADOS)

ADOS is published in 2000 by Western Psychological Services [28]. It was developed to examine social
interaction, activity, and the use of imaginative minds. ADOS is an observation measure that can aid in the planning of
education [2]. The ADOS was initially planned to be included in the combination by Autism Diagnosis Interview
(ADI). It has become one of the standard assessment methods used by educational institutions and independent
practitioners for intellectual disorder screening. ADOS is not commonly used to diagnose autism.

Nevertheless, it will provide a comprehensive and structured approach for recognizing children with ASD. The
procedure involves making direct findings under regulated circumstances that other practitioners can imitate. Qualified
clinicians should only administer ADOS medical screening, so it removes any of the conflicts of opinion that otherwise
would be inevitable if two separate physicians give a diagnosis without meeting standard guidelines.

There are four different modules in ADOS. Each of these modules has been developed to provide an individual
with a test at a particular age or functional level:

1.Module One — for those whose verbal communication skills are not sufficient. Utilizes fully non-verbal scoring
situations.

2.Module Two — for those whose verbal communication skills are limited. This could involve young Kids at age-
appropriate levels of ability; most scenarios include wandering around the room and communicating with objects.

3.Module Three — for anyone who can interact with age-appropriate toys and are socially proficient. It may
primarily be carried out on a desk or a table.

4.Module Four — for those who are articulate verbally but past the age of playing with toys. It contains some
features of Module Three but also more conversational features related to daily life practices.

Each module has a set of standardized situations in which the tester investigates the subject. For instance, the
presenter shows a picture that gives the child a template to position the blocks. The child is not deliberately presented
with sufficient blocks to complete the task, but the tester shows that it has enough.

Do the kids inquire about the additional blocks? Pointing and shouting? Do not want to carry on? The examiner
observed how the child approaches the problem, and each child's response brought the scoring actions to be measured
by the examiner. Structured conversations or social scenarios, such as birthdays or sweets, are other elements. There are
plenty of these that have small challenges, such as keeping the bricks and see how the child managed to cope with
them.

To have responses, the examiner can use a hierarchy of systems called pressures. In general, in the preliminary
evaluation stage, the patient must display effort without additional stimulation; if this does not happen, the interviewer
may perform more and more complex activities to ensure a convincing function. This can make it difficult to track the
exam, especially for parents. Many inspectors strongly forbid parents to be in the room during their child’s evaluation
because parents can distract the diagnostic procedure.

The completion of each module in an ADOS takes about 30-45 minutes [32]. However, not all modules are usually
included, and they are geared to specific kinds of topics for various behavioural and cognitive disorders. However, after
discovering that the first one did not fit your child's practical ability closely enough to obtain an accurate result, the
examinee can decide to use another module. The procedure is usually captured on camera for a team to review the test
and diagnose it. This aims to remove subjective assumptions that are implicit in the practice of every single clinician.
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The test subject's actions shall be between 0 and 3, and the usual conduct of a neurotypical individual doing the test
shall be measured. Zero reflects normal behaviour, while 3 displays an irregular pattern. The average score on the
evaluation module is the sum of the individual behaviour evaluations. Depending on the module and the age level,
threshold levels can differ. For example, for an 8-year-old, a 13 scoring on Module 3 is perfectly natural but suggests
an unsuccessful ASD for a 19-year-old.

Particularly after an ADOS test scoring is acquired, it is normal to seek out second opinions. It is important to
remember that ADOS alone cannot be the primary criterion for developing a diagnosis that it cannot compensate for
both stereotypes, interests, and development delay history. ADOS is also continually optimized and researched to make
it more detailed and valuable. The test is being updated for the second time, and further experiments are underway.

2.2 Autism Diagnostic Interview-Revised (ADI-R)

Autism Diagnostic Interview-Revised (ADI-R) [3] is a half-structured assessment designed to evaluate the three
main aspects of ASD: psychological, communication, and restricted behaviours or interests. The ADI-R is intended for
people aged 18 months and older [29] and can be used for recovery and educational preparation, regardless of whether
an ASD diagnosis is received. ADI-R is a standardized diagnostic tool used to evaluate autism, organize care, and
discern from other mental disorder. This detailed interview has been used in decades of study that offers a thorough
evaluation of persons suspected of getting ASD. It is proved to be very useful for both formal diagnosis and care and
educational preparation. In the ADI-R, experienced clinical subjects will be interviewed with parents who are aware of
the child's developing background and current actions. The interview will be utilized to analyze the child if their mental
age is up to 2 years. The ADI-R consists of 93 items [30] and analyzed in three functional domains:
language/communication, mutual social interaction and confined repetitive actions, and stereotyping.

Following highly detailed protocols, the interviewer records and codes the informant's response. Questions to the
interview cover eight subject areas as follows:

1. History of the subject, including family, learning process, previous diagnosis, and medication.
2. Overview of the actions of the subject

3. Early growth and progressive milestones

4. Language learning and loss of language or other skills

5. Present functioning in terms of language and contact

6. Social growth and playing

7. Interests and actions

8. Clinically related actions such as aggression, self-injury, and suspected epileptic characteristics

Usually, ADI-R management and scoring require approximately 1.5 to 2.5 hours [33]. The results can now be
recorded and only using a single form. The ADI-R consists of algorithms called Diagnostic Algorithms and Current
Behaviour Algorithms. The Systematic Algorithm allows the estimation and analysis of each of the five age-specific
ADI-R algorithms; two Developmental Background Diagnostic Algorithms and the Structured Diagnostic Algorithms,
and three Current Behaviour Algorithms based on current functioning and used for care and educational preparation.

Since ADI-R is an interview session, it offers categorical outcomes rather than scales or criteria. The results can
support the diagnosis of autism or assess the clinical needs of ASD prediction. ADI-R helps to differentiate and
determine autism conditions, defining new subgroups, and quantifying autistic symptomatology. The widespread usage
of ADI-R in the international research community has shown clear evidence of its categorical findings' reliability and
validity.

2.3 Childhood Autism Rating Scale (Cars)

CARS [4] is an observation tool intended to classify children with autism relative to other developmental disorders
and to assess the severity of symptoms. It was designed by Eric Schopler, Robert Reichler, and Barbara Rochen Renner
[31]. CARS are developed to help diagnose autism in children over two years of age [34]. Items for CARS have been
derived from five separate theoretical viewpoints on autism. It is still not possible to specifically discern Asperger's
disorder or pervasive developmental conditions. However, as the researcher [5] points out, CARS was developed
before the definition of the autism spectrum.

A wide range of tests performed is used to help diagnose autism. The distinction between CARS and other
behavioural rating instruments is whether the child has autism or other developmental delay conditions such as mental
retardation. It helps health professionals, educators, and parents to recognize and classify children with autism. CARS
works by assessing the child's behaviour, attributes, and abilities against a typical child's predicted developmental
growth. As specified in the CARS, the characteristics to be evaluated are as follows:

Relationship with person
Imitation

Emotional reaction
Usage of the body

Use entity

agrwbdE
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Adaptation for transition

Visual reply

Listening to the answer

9. Taste-smell-touch reaction and use

10. Fear and anxiety

11. Verbal interaction

12. Non-verbal contact

13. Level of activity

14. Intellectual response level and accuracy
15. Overall imitations

o N

The evaluation is accomplished by a health care worker, a teacher, or a parent by rating the child's actions from 1
to 4. In the CARS evaluation form, rating 1 is normal, rating 2 is slightly abnormal, rating 3 is moderately abnormal
and rating 4 is extremely abnormal. Total scores range from 15 to 60, with 30 being the cut-off point can diagnose
autism. Mild to moderate is indicate between scores 30-37, while scores between 38 and 60 indicate extreme autism.
Although the CARS type can be easily downloaded or accessed from the Internet, it is not recommended to use it to test
the child on our own. It is also best to seek clinical assistance in understanding the outcome of the CARS of the infant.
Continuously and intense observation of the child is necessary throughout completing the CARS. The parent or teacher,
or medical practitioner should have a clear understanding of the requirements so those correct outcomes can also be
achieved. CARS is typically used for children 2 years of age or older.

It is crucial to highlight that CARS is not a standardized test and does not score independently of the clinical
judgment, which is an essential component of the CARS score and affects the outcome score.

2.4 Gillian Autism Rating Scale (Gars)

The Gilliam Autism Rating Scale (GARS) [6] is a 42-item standard-referenced screening tool used for persons
aged 3 years and older who have severe behavioural issues that may suggest autism. GARS is designed to help
clinicians recognize the Autism Spectrum Disorder in a person and help educational teams decide whether a child can
meet the educational requirements for obtaining special education services in the ASD group. It is necessary to clarify
that this is not a medical diagnosis but rather a category for the provision of special education services. GARS collects
information on characteristics, usually in the three areas of Stereotyping Activity, Communication, and Social
Interaction, and contains a history of development. It was utterly standardized for people diagnosed as autistic.
Standard ratings and percentages are given, and the probability of autism can be assessed.

GARS-2 is a modification of the widely used Gilliam Autism Rating Scale (GARS). It was developed to help
counsellors, teachers, parents, and physicians recognize and diagnose autism in people between the ages of 3 and 22
years and to estimate the seriousness of the condition. GARS-2 can be administered individually in 5 to 10 minutes and
consists of 42 items illustrating the typical behaviour of people with autism. Items are classified into three subscales
based on two descriptions of autism, one from the Autism Society of America and the other from the diagnostic criteria
for autistic disorder published in the DSM-IV-TR, Stereotyping Activity, Communication, and Social Interaction. The
subscale standard scores are summed up to generate the Autism Index (mean = 100, SD = 15). Higher quality scores
and Autism scores are predictive of more troublesome behaviour. The rating also involves the Likelihood of Autism
Classification of Very Likely, Probably, and Avoidably.

2.5 Diagnostic Interview For Social And Communication Disorder (DISCO)

The Diagnostic Interview for Social and Communication Disorder (DISCO) was developed and tested to help
identify individuals with ASD at all ages, from childhood to old age and at all stages of ability. It is a half-structured
interview designed by Dr. Lorna Wing and Dr. Judith [7] to portray the whole person from early years to the present
day. The primary goal is to promote the comprehension of the pattern of social activity and communication over time
and the abilities and impairments that underlie an individual's overt behaviour. In this way, it is possible to classify all
aspects of the autism spectrum from the most apparent to the subtler.

DISCO uses a dimensional approach to evaluation rather than arbitrary cut-off points and putting people in
different groups. This dimensional approach to clinical explanation is far more useful for recognizing needs. DISCO's
special benefit is that it helps to gather knowledge about all facets of everyone’s abilities and behaviour, not just the
symptoms of autism spectrum disorder.

Detailed information is collected to represent both the evolution of the person over time and the current picture.
However, when there is no informant available to provide an early past, it is possible to complete the schedule items for
existing skills and actions based on the current presentation. This is advantageous over certain other diagnostic
schedules as it allows for more flexible use of the DISCO diagnostic system. It also offers information on other
possible developmental, psychological, or psychiatric conditions.
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2.6 Developmental, Dimensional & Diagnostic Interview (3di)

Researchers [8] created a parental autism interview called Developmental Diagnostic Dimensional Interview (3DI)
that could be administered to non-selected clinical and general population populations that measure both symptom
severity and comorbidity across the broad range of the autistic spectrum. 3DI offers a short, structured parenting
interview for the diagnosis of ASD. This is a ground-breaking, computer-based interview for the diagnosis of autism
and associated disorders in children [9]. The main features of the 3DI include compute the severity of features
associated with a diagnosis of autism

1.Computes levels of behavioural change

2.Establishes comorbidity through a wide range of child psychiatric conditions

3.Allows an assessment for autism in as little as 45 minutes

4.Creates a detailed report that is sufficient for parents and referrers

5.Like from parents

6.Excellent reliability and validity of the criteria defined concerning the ADI-R

7.No double-entry: all data can be exported to SPSS for analysis purposes

8.Provides an audit trail that is indispensable for medical authority

3DI is a well-validated, accurate ASD diagnostic tool. Also, it is vital to carry out a dimensional and rapid
evaluation of the difficulties of social contact in the group and clinical sample for research purposes.

2.7 Diagnostic And Statistical Manual Of Mental Disorder (DSM)

The DSM stands for the Diagnostic and Statistical Manual of Mental Illness. It is written by the American
Psychiatric Association and encompasses all kinds of mental health issues [10]. For clinical diagnosis, treatment
guidelines and assurance purposes, DSM is widely used in the United States and performed by physicians and
psychologists. The DSM focuses predominantly on explaining the symptoms and the most severely affected gender by
the mental disorder, the average age of onset, the results of treatment, and rehabilitation methods.

1.The DSM-IV [11] has been published in 1994 and contained more than 250 mental illnesses. The revised edition,
DSM-IV-TR, was released in 2000, including slight changes in the definitions of each disorder. The medical
professional utilized the manual as a method for assessment and diagnosis. The multiaxial use five different dimensions
to define disorders. This approach was designed to help physicians and psychologists carry out systematic assessments
of the child's functioning level since mental illness frequently affects many different aspects of life.

2.Axis I: Clinical Syndromes
- Medical symptoms that cause severe disability have been identified. Disorders have been classified into various
groups, such as mood disorders.

3.Axis Il: Personality and Mental Retardation
- Identified long-term functional issues that were not known to be discreet Axis I disorder. Personality conditions cause
significant issues with responding to the environment, antisocial personality disorder and histrionic personality
disorder. Mental retardation is marked by intellectual disability and deficiencies in areas such as self-care and
interpersonal skills.

4.Axis I11: Medical Conditions
- Includes physical and medical problems that cause or exacerbate Axis 1 and Axis |1 disorders such as HIVV/AIDS and
damage to the brain.

5.Axis 1V: Psychosocial and Environmental Problems
- Any social or environmental issues that may influence Axis | or Axis Il disorders. The example topics like
unemployment, relocation, and divorce.

6.Axis V: Global Assessment of Functioning
- Enabled the clinician to rate the overall level of functioning of the client. Based on this evaluation, doctors could
better understand how the other four axes worked and the effects on the individual's existence.

In 2013, the current version known as the DSM-5 was released; it lays out the criteria for making an autism
spectrum diagnosis that any psychologist or therapist can use whatever methods they deem to be successful. The DSM-
5 incorporates a variety of significant improvements from the previous DSM-IV. The most immediate change is the
transition from Roman numerals to Arabic numerals. Maybe most importantly, the DSM-5 abolished the axis system
instead of listing types of disorders along with a variety of associated disorders. Examples of categories used in the
DSM-5 include anxiety disorders, psychotic and related disorders, depressive disorders, eating and eating disorders,
obsessive-compulsive and related disorders, and personality disorders. Other improvements to the DSM-5 include the
following:

1.Asperger's condition has been excluded and merged into the autism spectrum disorders classification.

2.Disruptive mood disorder has been introduced, in part to minimize over-diagnosis of childhood bipolar disorders.
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3.Several diagnostics were formally added to the manual, including binge eating disorder, hoarding disorder, and
premenstrual dysphoric disorder.

While DSM is an effective tool, only those who have undergone advanced training and have adequate expertise are
eligible to diagnose and treat mental illness. Mental health practitioners often use DSM to categorize patients for billing
purposes. As with most medical conditions, the government and several insurance providers need a clear diagnosis to
accept treatment payment.

The two parameters accessed and used in DSM - 5 are social contact and constrained repetitive behaviours and
interests. Inconsistent use of ASD-related diagnostic classification terminology has created uncertainty in clinical care
and access to resources. It has complicated both the execution of research studies and the implementation of research
results. 'Dimensional elements' are now used (DSM-5) to diagnose any ASD that shows how much someone's disease
affects them across a wide spectrum of domains. This helps to determine how much support a person needs. ASD is a
behaviourally specified category of disorders that is heterogeneous in both cause and manifestation. The NICE
Guidelines include guidance for identifying, referral, and diagnosing ASD in England, Wales, and Northern Ireland.
This is given in Scotland by the SIGN Guidelines.

3. Comparison of Each Diagnostic Tool

The majority of the diagnostic tools have communication and social conditions questionnaires containing from 10
to 70 items. Furthermore, most of the tools are not publicly accessed on the internet. Table 1 below shows the
advantages and disadvantages of autism diagnostic tools. Meanwhile, in Table 2 shows the summary studies of ASD
diagnostic tools.

Table 1 - Advantages and Disadvantages of Autism Diagnostic Tools

No Tool Advantages Disadvantages

1 Autism Diagnostic e  Use to assist in educational e Not used as a stand-alone
Observation Schedule (ADOS planning diagnostic measure.
1)) e To depend on self-report

during the in-person
evaluation.

2 Autism Diagnostic Interview-
Revised (ADI-R)

3 Childhood Autism Rating
Scale (CARS)

Can be used as treatment and
educational planning

Adds some objectivity,
standardization, and continuity to

the  clinical  decision-making
process.

Offers a standardized format to
ensure all relevant forms of
historical information are
recorded, organized, and
explained.

An interview allows parents to
have a better understanding of the
factors being examined.

Related to DSM-IV diagnostic
criteria and current understanding
of autism among children 3-5
years of age.

A homogeneous scoring
algorithm.
Necessary sensitivity and

accuracy when administered by
highly skilled individuals.

Adds a certain degree of e

objectivity, standardization, and
continuity to the clinical decision-
making process.

Provides a structured format
for gathering and recording

The results of false
positive and false negative
tests can be false

Not been examined in the
diagnosis of autism in
children under the age of
three.

ADI-R undergo rigorous
and costly training in the
administration.

Test administration takes
a lot of time for both
experts and parents.

Test results may be

false positive and false
negative

Not identify some
children with milder

presentations of autism.
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information. o Incorrectly  identify
. Useful for children as young autism in children
as two years of age. . Sensitivity and
. Sensitivity and accuracy to accuracy have not been
assess the severity of autism demonstrated in the absence
symptoms when performed by of highly qualified rates.
highly qualified individuals. . Does not completely
. Instructional materials  for reflect existing information
administration and interpretation on the cognitive and social
are readily accessible. growth of young children.

Table 1 - (Continued)

No Tool e Advantages o Disadvantages
4 Gillian Autism Rating Scale e Suitable for 3to 22 yearsold ASD e  Only a small sample taken
(GARS) patients. from age 16 to 22 years
e 2nd version of GARS displays old, which may come with
high sensitivity, accuracy, and difficulties for the older age
positive predictive value to classify groups. [24]
people with autism. ¢ Did not include a further
e GARS-2 had been updated from clarification such as history
GARS with updated standardized of language development
set and 1Q progress.
e The tool is quite simpletouse and e  Need extra caution if the
taking short time to complete. informant cannot give
e Can be conducted without complete information.

examiners, the ratings can be
completed by anyone who knows
the individuals well.

5 Diagnostic Interview for Social e  Suitable for all ages, e Need expert clinician to
and Communication Disorder communication skills, and mental conduct the diagnosis
(DISCO) ages. e The studies based on this

e For adult case, even there are no tool does not include
information on his/her early age, adolescents and adults as a
the diagnosis still can be sample.
completed based on untypical e Based on Wing and
behaviour and current social skills. Leekham et al., [7], no

e Provide the individual current validation occurred whether
skills, disabilities, and it is one interviewer with
rehabilitation planning. the two different

informants concerning the
same child or vice versa.

6 Developmental, Dimensional e  The reliability is quite high e  The studies are limited to
& Diagnostic Interview (3di) especially taken from ASD several sample of mental
individual with normal range 1Q. disorders and only using
e The assessment uses informal style mild autistic case.

Advised to combine the 3di
with other independent
assessment such as ADOS

that reduce total interviewing time.

and ADI-R.

7 Diagnostic and Statistical e The specificity of DSM-5 was high ¢  The DSM-5 methods are
Manual of Mental Disorder compared to DSM-IV disorganized that cause the
(DSM-5) e The assessment can detect the proceedings were

severity level of the ASD, and undoubtful, secretive, and
types of rehabilitation needed. unopened to the other
e Have additional assessment for influences.

other genetic mental disorder such The DSM-5 has appalling

335



W.Z Wan Azamudin et al., Int. J. of Integrated Engineering Vol. 14 No. 6 (2022) p. 329 - 345

as Rett syndrome.

Include new social communication
diagnosis for individuals without

repetitive behaviour.

writing mistakes because it
writes by unexperienced
person in writing
diagnosing criteria.

Table 2 - Summary studies of ASD diagnostic tools

References Sample  Age Findings

size

(ASD: Sensitivity  Specificity =~ AreaUnder Correct

non- Curve Classificatio
Risi etal., 2006 ADOS 227;43 <36 86% 84% NR NR
[35] months
Risi et al., 2006 57; 10 36-112 96% 20% NR 80%
[35] months
Ventola et al., 36; 9 16-31 97% 67% NR NR
2006 [36] months
Mazefsky et al., 56; 19 22 93% 84% NR NR
2006 [37] months —

8 years
Klein Tasman 52; 22 22+ 87% 78% NR 82%
etal., 2007 [38] months
Table 2 - (Continued)

References Sample  Age Findings

ZIBZ\ED' Sensitivit ~ Specificity ~ Area Under  Correct

’ y Curve Classificatio

ZOS”D') (AUC) n (cc)
Kleiman et al., 46; 10 22+ 88% 80% NR 84%
2008 [39] months
Gray et al., 139;56  20-55 76% 94% NR NR
2008 [40] months
Le Couteur et 77; 24 24-49 83% 100% NR NR
al., 2008 [41] months
Gotham et al., 912; 349 22+ 74% 74% NR 74%
2007 [42] months
Wiggins et al., 73; 69 16-37 96% 65% NR 65%
2008 [43] months
Papanikolaou 77 22+ 87% 84% NR 86%
etal., 2009 [44] sample months
Oosterling et 143;65  20-40 7% 83% NR NR
al., 2010 [45] months
Kim and Lord 123; 28 21-47 98% 64% NR NR
2012 [46] months
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Kim and Lord 69; 41 21-47 97% 68% NR NR
2012 [46] months
Corsello et al., 98; 20 24-36 97% 85% NR NR
2013 [47] months
Hus et al., 2014 437,90  9-55 91% 82% NR NR
[48] years
De Bildt et al., 38; 21 18-66 61% NR 66% NR
2016 [49] years
Pugliese et al., 253;68  11-61 85% 71% NR NR
2015 [50] years
Langmann et 165;191 12-68 86.8% 80.1% NR NR
al., 2017 [51] years
Fusar-Poli et 78; 35 18-55 85.9% 82.9% 84% 85%
al., 2017 [52] years
Maddox et al., 6; 69 >18 years  100% 74% NR NR
2017 [53]
Kamp Becker 189 <6 years NR NR 78.1% NR
etal., 2018 [54]
Randall et al., 44; 52 <6 years 94% 80% NR NR
2018 [55]
Ventola et al., ADI-R 36; 9 16-31 53% 67% NR NR
2006 [36] months
Gray et al., 143;66  20-55 73% 7% NR NR
2007 [40] months
Wiggins et al., 73; 69 16-37 33% 94% NR NR
2008 [43] months
* NR: Not Reported
Table 2 - (Continued)
References Tools Sample  Age Findings
size
(ASD; Sensitivity ~ Specificity ~ Area Under Correct
non- Curve Classificatio
ASD) (AUC) n (cc)
Oosterling et 143;65  20-40 75% 63% NR NR
al., 2010 [45] months
Christiansz et 126; 59 20-55 95% 36% NR NR
al., 2016 [56] months
Randall 2018 et 355;42 <6 years 52% 84% NR NR
al., 2018 [55]
Fusar-Poli et 78; 35 18-55 43% 95% 69% NR
al., 2017 [52] years
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Ventola et al., CARS 36; 9 16-31 89% 100% NR NR
2006 [36] months
Wiggins et al., 73; 69 16-37 71% 93% NR NR
2008 [43] months
Chlebowski et 236; 118 26 66% 96% NR NR
al., 2010 [57] months
Russell et al., 86; 14 61 87% 21% 81% 82.52%
2010 [58] months
Randall et al., 148;31 <6 years 80% 88% NR NR
2018 [55]
South et al., GARS 119 3-10.5 48% NR NR NR
2002 [59] ASD years
Lecavalier 284 3-21 38% NR NR NR
2005 [60] ASD years
Mazefsky and 59; 19 22 39% 61% NR NR
Osward 2006 months- 8
[37] years
R. C. Eaves et 111;23  3-26 79% 68% NR NR
al., 2006 [61] years
Sikora et al., 79; 50 17-71 53% 54% NR NR
2008 [62] months
Hampton et al., 652;92 15-5 49% 60% NR NR
2015 [63] years
Leekam et al., DISCO 33ASD 35 98% 57% 78% NR
2002 [64] months-
140
months
Wing et al., 22 ASD  80-133 NR NR NR NR
2002 [65] months
Nygren et al., 91 ASD 2.8-40 NR NR NR NR
2009 [66] years
Kent, 36; 46 34-140 100% 67% 84% NR
Carrington et months
al., 2013 [67]
S. J. Carrington 36; 46 34-140 100% 71% 86% NR
etal., 2014 [68] months
S. Carrington et 82; 31 34-140 97% 87% 92% NR
al., 2015 [69] months
* NR: Not Reported
Table 2 - (Continued)

References Tools Sample  Age Findings

size

(ASD; Sensitivity ~ Specificity =~ Area Under  Correct

non- ’ Curve Classificatio
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ASD) (AUC) n (cc)
Skuse et al., 3di 60; 60 2-21 100% 97% NR 99%
2004 [70] years
Santosh et al., 244;196 2-21 100% 98% NR 99%
2009 [71] years
Chuthapisith et 63; 67 5-6 years  76.2% 80.9% 89% NR
al., 2012 [72]
Lai etal., 2015 44; 25 6-12 95% 77% NR NR
[73] years
Duvekot et al., 134 4-10 85% 83% NR NR
2015 [74] ASD years
Slappendel et 51; 42 2.5-6 84% 54% NR NR
al.,2016 [75] years
Mandy et al., 39; 29 18-59 95% 92% NR NR
2018 [76] years

* NR: Not Reported

4. ASD Research Using Supervised Machine Learning

Classification algorithms designed to classify a correct diagnosis for autism are part of the supervised learning
research discussed in this article. All the research mentioned in this study has implemented various supervised learning
approaches, with several outstanding output models arising from the research. A related machine learning algorithm
results in reporting success of different models, such as support vector machine (SVM) algorithms, alternating decision
tree (ADTree), random forest, and logistic regression. In conjunction, each of these approaches will be discussed.

4.1 Support Vector Machine (Svm)

SVM also well-known as maximum margin classifier is a supervised learning algorithm, suitable for the ideal
hyperplane in n-dimensional space, to use the independent variables in the data set to correctly identify the class
[22][23]. Maximum margin classifier [26] means that it can effectively maximize the difference between n data sets in
a high-dimensional space. In this research, the SVM algorithm is used to identify people based on a standardized
assessment, genetics, neuroimaging, and other measurement methods.

Through ASD research, machine learning algorithms such as SVM had been used to optimize screening and
diagnostic classification. Bone et al. [12] apply the SVM classifier with cross-validation based on two standardized
assessments, which are ADI-R and the Social Responsiveness Scale (SRS). The sample contained of 1,264 people with
ASD and 462 people with a non-ASD mental disorder. Participants were separated into two categories: participants
above ten years old and people below ten years old. The specificity results for participants above 10 years old and
under ten years old are 89.2 % and 86.7 %, respectively. An accuracy of 59 % was registered for participants above ten
years old and 53.4 % under 10 years old. These results indicate that machine learning should be implemented to
enhance the precision of ASD diagnosis.

4.2 Alternating Decision Tree (Adtree)

ADTree models merge a variety of decision trees [27] to represent one decision node for binary classification. One
of the key advantages of Decision Tree is each element can be processed regarding its effectiveness. In the ASD
literature review, ADTree models have been used to improve diagnostic and screening procedures.

Wall et al. [13] defined some ADI-R elements that could accelerate the ASD diagnosis. The test from the dataset
contains 891 participants with ASD and 75 participants with non-ASD. An ADTree classifier gains an accuracy of 99.9
% using seven out of the 93 ADI-R elements only. Then, the seven-item classifier was further investigated with 1654
ASD cases and 322 non-ASD cases. Based on all the samples, the classifier achieved almost 100 % of precision. In a
related analysis, Wall et al. apply ADOS element that could significantly be reliable in diagnosing ASD. Module one of
ADOS containing 612 ASD individuals and 15 ASD non-ASD individuals was imbued in the first study. An ADTree
classifier achieve superior results with a classification accuracy of 100% using only eight of the 29 elements in module
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one of ADOS. Using extra samples of 110 ASD, 366 non-ASD, and 1000 artificial controls, the eight-item classifier
was further validated. The eight-item classifier has been shown to have a sensitivity of 100 % in all ASD samples. A
specificity of 94 % was revealed using the simulated control information. Wall and colleagues' results from these two
experiments indicate the potential of machine learning methods to substantially reduce the tool evaluation items
required to predict ASD.

4.3 Random Forest

Random Forest (RF) is a form of supervised learning that utilizes several regression and classification approaches.
The classification is occurred based the tree's projections. The built-in bootstrapping is an advantageous function of
using an RF, leading to the algorithm being qualified and tested with less inherent bias in the analysis. By changing the
number of inputs for each tree split and the number of trees, the algorithm can reach its optimal tuning parameters. The
combined preparation and evaluation implicit in the algorithm would also have a beneficial impact on minimizing the
overfitting risk.

Abbas et al. [14] perform two different algorithms and merged into one classifier to construct an ASD
classification system focused on the parental evaluation forms and the home videos' activities. For children aged 18 to
84 months, ADI-R and ADOS scores were built from various libraries and used to train RFs for parental survey
questions and RF video classifiers, respectively. ADI-R interviews were conducted to an arbitrary group of low-risk
ASD children to help balance the results. As language acquisition also influences the ASD cases, the classifiers have
been performed independently on children below or above 4 years old. The parental classifier was implemented in 2299
children with ASD, 100 children with TD and 287 children with other conditions. The video classifier was trained on
3310 children with ASD, 585 children with TD and 364 children with the different disorder.

4.4 Logistic Regression

Logistic regression is a mathematical model using a logistic function in its simple form to model a binary
dependent variable. The variables may be in discrete or continuous form and are utilized to estimate the probabilities of
a given binary value being taken from the target score.

Kosmicki et al. [15] assigned out to evaluate whether ASD could be reliably identified and measured by the ADOS
modules two and three parts. The dataset contained ADOS scores of 4540 users. Module two of the ADOS was
completed by 1451 people with ASD and 348 non-ASD, and module three was completed by a further 2434 people
with ASD and 307 non-ASD. A ridge regression performed better in correctly classifying ASDs with a precision of
98.27 %, 98.81 % sensitivity and 89.39 % specificity, using nine of the 28 behaviours assessed within module two.

Table 3 below summarized all the findings that imply machine learning to the behavioural datasets.

Table 3 - Summary of ASD research using machine learning

Reference Dataset type Sample size Method Prediction Accuracy (%)
classes
2867 ASD; 92
non-ASD; 1000
Wall et al., e ASD and non-
2012a [16] ADI-R artificial ADTree ASD 100
controls
1058 ASD; 15
Wall et al., non-ASD; 1000 ASD and non-
2012b [13] ADOS artificial ADTree ASD -
controls
Jiao et al., 2012 ASD Svmptoms
[17] CARSandSNP 118 ASD Decision tree ymp 67
severity
Duda et al.
' 2333 ASD; 283 ASD and non-
2014 [18] ADOS non-ASD ADTree ASD 97
?gfg [eltza]' ADI-Rand 3392 ASD; 474 oo ASD and non- )
ADOS non-ASD ASD
Kosmicki et al., ADOS-2 3885 ASD; 665 ADTree; SVM;  ASD and non- 98
2015 [15] non-ASD ridge regression ASD
Duda et al., ADI-R 891 ASD; 75 ADTree ASD and non- -
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2016a [18] non-ASD ASD

Table 3 - (Continued)

Reference Dataset type Sample size Method Prediction Accuracy (%)
classes
Duda et al., SRS 2798 ASD; 170  LASSO; SVM; ASD and 97
2016b [19] ADHD ridge ADHD
regression;
linear
discriminant
analysis
Moradi et al., ADOS 156 ASD ENet; SVR ASD symptoms -
2017 [20] severity
Duda et al., SRS 3023 ASD; 324 LASSO; SVM; ASD and 90
2017 [21] ADHD ridge ADHD
regression;
linear
discriminant
analysis
Abbas et al., ADI-R; ADOS 3310 ASD; 585 Random forest;  ASD and non- -
2018 [14] TD; 364 other logistic ASD
DD regression

5. Discussion

Autism spectrum disorder (ASD) diagnosis is difficult due to the condition's broad range and dependence on
behavioral symptoms and indicators. Instead of using diagnostic tests alone, current recommended diagnostic practice
requires that information from clinical assessment, child care, or educational settings, as well as standardised
instruments (especially for developmental or intellectual ability), be included, with diagnostic assessment tests for
autism as optional additions. A systematic review had been conducted to compare the advantages and disadvantages of
Autism Diagnostic Observation Schedule (ADOS), Autism Diagnostic Interview-Revised (ADI-R), Childhood Autism
Rating Scale (CARS), Gillian Autism Rating Scale (GARS), Interview for Social and Communication Disorder
(DISCO), Developmental, Dimensional & Diagnostic Interview (3di) and Diagnostic and Statistical Manual of Mental
Disorder (DSM).

Recent research in 2018 [54, 55] shows that ADOS in a child who does not have ASD is better for not losing
children with ASD and is like CARS and ADI-R in not misdiagnosing ASD. In populations with a high ASD
occurrence, ADOS has acceptable accuracy. Over evaluation, however, is possible if the technique is used in societies
with a lower ASD prevalence. This result supports the current recommended protocol to be used as part of a
multidisciplinary test rather than as stand-alone testing methods for ASD diagnostic tools.

The popular supervised machine learning algorithms in the previous ASD research studies were SVM [12] and
ADtree [13]. In this research, supervised machine learning algorithms were used to indicate binary predictions (often
based on diagnosis) for ASD. The results discussed in this article suggest that in ASD research, there is considerable
importance in and functional implementations of supervised machine learning. Through ASD research, the data
collection instruments accessibility has eased access to machine learning application. An escalating number of
supervised academic studies on machine learning has arisen in the field of ASD in the last decade.

6. Conclusion

Diagnosing the autism spectrum disorder (ASD) is not straightforward owing to the wide spectrum of the condition
and reliance on behavioural symptoms and signs. Current recommended diagnostic practice requires that information
from clinical assessment, childcare, educational settings, and standardized instruments (especially rather than
diagnostic tests alone. This assessment requires a multidisciplinary team consisting of several health professionals and
often is time-consuming with limited availability of resources. However, accurate diagnosis is critical. If the diagnosis
is inaccurate, young children who have ASD and who are not given the diagnosis will fail to receive early interventions
that may provide them and their families with valuable strategies to facilitate their development and manage their
behaviours. Besides, an inaccurate diagnosis may result in children who do not have ASD receiving an ASD diagnosis,
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which could have an unfavourable effect for the child and the family and may result in misallocation of limited-service
resources.

Acknowledgement

The authors would like to thank Universiti Teknikal Malaysia Melaka (UTeM), Fakulti Kejuruteraan Elektronik
dan Kejuruteraan Komputer (FKEKK), and Ministry of Higher Education for supporting this research under
FRGS/2018/FKEKK-CERIA/F00363.

References

[1] KKM, “Clinical Practice guidelines Management of Autism Spectrum Disorder In Children And Adolescents,”
2015.

[2] C. Lord et al.,, “The Autism Diagnostic Observation Schedule—Generic: A Standard Measure of Social and
Communication Deficits Associated with the Spectrum of Autism,” J. Autism Dev. Disord., vol. 30, no. 3, pp.
205-221, 2000.

[3] A. Lord, C., Rutter, M., & Le Couteur, “Autism Diagnostic Interview-Revised: A Revised Version of a
Diagnostic Interview for Caregivers of Individuals with Possible Pervasive Developmental Disorders,” J. Autism
Dev. Disord., vol. 24, no. 5, pp. 1-27, 1994,

[4] E. Schopler, R. J. Reichler, R. F. DeVellis, and K. Daly, “Toward objective classification of childhood autism:
Childhood Autism Rating Scale (CARS),” J. Autism Dev. Disord., vol. 10, no. 1, pp. 91-103, 1980.

[5] E. Rellini, D. Tortolani, S. Trillo, S. Carbone, and F. Montecchi, “Childhood Autism Rating Scale (CARS) and
Autism Behavior Checklist (ABC) correspondence and conflicts with DSM-IV criteria in diagnosis of autism,” J.
Autism Dev. Disord., vol. 34, no. 6, pp. 703-708, 2004.

[6] E. A. Alsaggaf and S. S. Baaisharah, “Directions of autism diagnosis by electroencephalogram based brain
computer interface: A review,” Life Sci. J., vol. 11, no. 6, pp. 298-304, 2014.

[71 L. Wing, S. R. Leekam, S. J. Libby, J. Gould, and M. Larcombe, “The Diagnostic Interview for Social and
Communication Disorders: Background, inter-rater reliability and clinical use,” J. Child Psychol. Psychiatry
Allied Discip., vol. 43, no. 3, pp. 307-325, 2002.

[8] D. Skuse et al., “The developmental, dimensional and diagnostic interview (3di): A novel computerized
assessment for autism spectrum disorders,” J. Am. Acad. Child Adolesc. Psychiatry, vol. 43, no. 5, pp. 548-558,
2004.

[9] P.J. Santosh, W. P. L. Mandy, K. Puura, M. Kaartinen, R. Warrington, and D. H. Skuse, “The construction and
validation of a short form of the developmental, diagnostic and dimensional interview,” Eur. Child Adolesc.
Psychiatry, vol. 18, no. 8, pp. 521-524, 2009.

[10] T.J. Trull, A. Vergés, P. K. Wood, S. Jahng, and K. J. Sher, “The structure of Diagnostic and Statistical Manual
of Mental Disorders (4th edition, text revision) personality disorder symptoms in a large national sample,”
Personal. Disord. Theory, Res. Treat., vol. 3, no. 4, pp. 355-369, 2012.

[11] Raising Children Network, “DSM-IV diagnostic criteria : autistic disorder DSM-IV diagnostic criteria : autistic
disorder,” Children, no. C. 2009.

[12] Bone, D., Goodwin, M.S., Black, M.P., Lee, C.C., Audhkhasi, K. and Narayanan, S., 2015. Applying machine
learning to facilitate autism diagnostics: pitfalls and promises. Journal of autism and developmental disorders,
45(5), pp.1121-1136.

[13] Wall, D.P., Kosmicki, J., Deluca, T.F., Harstad, E. and Fusaro, V.A., 2012. Use of machine learning to shorten
observation-based screening and diagnosis of autism. Translational psychiatry, 2(4), pp.e100-e100.

[14] Abbas, H., Garberson, F., Glover, E. and Wall, D.P., 2018. Machine learning approach for early detection of
autism by combining questionnaire and home video screening. Journal of the American Medical Informatics
Association, 25(8), pp.1000-1007.

[15] Kosmicki, J.A., Sochat, V., Duda, M. and Wall, D.P., 2015. Searching for a minimal set of behaviors for autism
detection through feature selection-based machine learning. Translational psychiatry, 5(2), pp.e514-e514.

[16] Wall, D.P., Dally, R., Luyster, R., Jung, J.Y. and DeLuca, T.F., 2012. Use of artificial intelligence to shorten the
behavioral diagnosis of autism. PloS one, 7(8), p.e43855.

[17] Jiao, Y., Chen, R., Ke, X., Cheng, L., Chu, K., Lu, Z. and Herskovits, E.H., 2012. Single nucleotide
polymorphisms predict symptom severity of autism spectrum disorder. Journal of autism and developmental
disorders, 42(6), pp.971-983.

[18] Duda, M., Kosmicki, J.A. and Wall, D.P., 2015. Testing the accuracy of an observation-based classifier for rapid
detection of autism risk. Translational psychiatry, 5(4), pp.e556-e556.

[19] Duda, M., Ma, R., Haber, N. and Wall, D.P., 2016. Use of machine learning for behavioral distinction of autism
and ADHD. Translational psychiatry, 6(2), pp.e732-e732.

[20] Moradi, E., Khundrakpam, B., Lewis, J.D., Evans, A.C. and Tohka, J., 2017. Predicting symptom severity in

342



[21]
[22]
[23]
[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

W.Z Wan Azamudin et al., Int. J. of Integrated Engineering VVol. 14 No. 6 (2022) p. 329 - 345

autism spectrum disorder based on cortical thickness measures in agglomerative data. Neuroimage, 144, pp.128-
141,

Duda, M., Haber, N., Daniels, J. and Wall, D.P., 2017. Crowdsourced validation of a machine-learning
classification system for autism and ADHD. Translational psychiatry, 7(5), pp.e1133-e1133.

Pisner, D.A. and Schnyer, D.M., 2020. Support vector machine. In Machine Learning (pp. 101-121). Academic
Press.

de Mello, R.F. and Ponti, M.A., 2018. Introduction to support vector machines. In Machine Learning (pp. 163-
226). Springer, Cham.

Montgomery, J.M., Newton, B. and Smith, C., 2008. Test review: Gilliam, J.(2006). GARS-2: Gilliam autism
rating scale—second edition. Austin, TX: PRO-ED. Journal of Psychoeducational Assessment, 26(4), pp.395-401.
Rief, W., Wittchen, H.U. and Frances, A., 2013. DSM-5 pros and cons. Verhaltenstherapie, 23, pp.280-285.
Parikh, K.S. and Shah, T.P., 2016. Support vector machine—a large margin classifier to diagnose skin illnesses.
Procedia Technology, 23, pp.369-375.

Zhang, Y.X. and Zhao, Y.H., 2007. A comparison of BBN, ADTree and MLP in separating quasars from large
survey catalogues. Chinese Journal of Astronomy and Astrophysics, 7(2), p.289.

Rynkiewicz, A., Schuller, B., Marchi, E., Piana, S., Camurri, A., Lassalle, A. and Baron-Cohen, S., 2016. An
investigation of the ‘female camouflage effect’in autism using a computerized ADOS-2 and a test of sex/gender
differences. Molecular autism, 7(1), pp.1-8.

De Bildt, A., Sytema, S., Ketelaars, C., Kraijer, D., Mulder, E., Volkmar, F. and Minderaa, R., 2004.
Interrelationship between autism diagnostic observation schedule-generic (ADOS-G), autism diagnostic
interview-revised (ADI-R), and the diagnostic and statistical manual of mental disorders (DSM-1V-TR)
classification in children and adolescents with mental retardation. Journal of autism and developmental disorders,
34(2), pp.129-137.

Kim, S.H., Thurm, A., Shumway, S. and Lord, C., 2013. Multisite study of new autism diagnostic interview-
revised (ADI-R) algorithms for toddlers and young preschoolers. Journal of autism and developmental disorders,
43(7), pp.1527-1538.

Schopler, E., Reichler, R.J., DeVellis, R.F. and Daly, K., 1980. Toward objective classification of childhood
autism: Childhood Autism Rating Scale (CARS). Journal of autism and developmental disorders, 10(1), pp.91-
103.

Kasari, C., Kaiser, A., Goods, K., Nietfeld, J., Mathy, P., Landa, R., Murphy, S. and Almirall, D., 2014.
Communication interventions for minimally verbal children with autism: A sequential multiple assignment
randomized trial. Journal of the American Academy of Child & Adolescent Psychiatry, 53(6), pp.635-646.

De Bildt, A., Sytema, S., Ketelaars, C., Kraijer, D., Mulder, E., Volkmar, F. and Minderaa, R., 2004.
Interrelationship between autism diagnostic observation schedule-generic (ADOS-G), autism diagnostic
interview-revised (ADI-R), and the diagnostic and statistical manual of mental disorders (DSM-1V-TR)
classification in children and adolescents with mental retardation. Journal of autism and developmental disorders,
34(2), pp.129-137.

Rutter, M., Le Couteur, A. and Lord, C., 2003. Autism diagnostic interview-revised. Los Angeles, CA: Western
Psychological Services, 29(2003), p.30.

Risi, S., Lord, C., Gotham, K., Corsello, C., Chrysler, C., Szatmari, P., ... & Pickles, A. (2006). Combining
information from multiple sources in the diagnosis of autism spectrum disorders. Journal of the American
Academy of Child & Adolescent Psychiatry, 45(9), 1094-1103.

Ventola, P. E., Kleinman, J., Pandey, J., Barton, M., Allen, S., Green, J., ... & Fein, D. (2006). Agreement among
four diagnostic instruments for autism spectrum disorders in toddlers. Journal of autism and developmental
disorders, 36(7), 839-847.

Mazefsky, C. A., & Oswald, D. P. (2006). The discriminative ability and diagnostic utility of the ADOS-G, ADI-
R, and GARS for children in a clinical setting. Autism, 10(6), 533-549.

Klein-Tasman, B. P., Risi, S., & Lord, C. E. (2007). Effect of language and task demands on the diagnostic
effectiveness of the autism diagnostic observation schedule: The impact of module choice. Journal of Autism and
Developmental Disorders, 37(7), 1224-1234.

Kleinman, J. M., Ventola, P. E., Pandey, J., Verbalis, A. D., Barton, M., Hodgson, S., ... & Fein, D. (2008).
Diagnostic stability in very young children with autism spectrum disorders. Journal of autism and developmental
disorders, 38(4), 606-615.

Gray, K. M., Tonge, B. J., & Sweeney, D. J. (2008). Using the Autism Diagnostic Interview-Revised and the
Autism Diagnostic Observation Schedule with young children with developmental delay: evaluating diagnostic
validity. Journal of autism and developmental disorders, 38(4), 657-667.

Le Couteur, A., Haden, G., Hammal, D., & McConachie, H. (2008). Diagnosing autism spectrum disorders in pre-
school children using two standardized assessment instruments: the ADI-R and the ADOS. Journal of autism and
developmental disorders, 38(2), 362-372.

Gotham, K., Risi, S., Pickles, A., & Lord, C. (2007). The Autism Diagnostic Observation Schedule: revised

343



W.Z Wan Azamudin et al., Int. J. of Integrated Engineering Vol. 14 No. 6 (2022) p. 329 - 345

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

344

algorithms for improved diagnostic validity. Journal of autism and developmental disorders, 37(4), 613-627.
Wiggins, L. D., & Robins, D. L. (2008). Brief report: Excluding the ADI-R behavioral domain improves
diagnostic agreement in toddlers. Journal of autism and developmental disorders, 38(5), 972-976.

Papanikolaou, K., Paliokosta, E., Houliaras, G., Vgenopoulou, S., Giouroukou, E., Pehlivanidis, A., ... & Tsiantis,
I. (2009). Using the Autism Diagnostic Interview-Revised and the Autism Diagnostic Observation Schedule-
Generic for the diagnosis of autism spectrum disorders in a Greek sample with a wide range of intellectual
abilities. Journal of autism and developmental disorders, 39(3), 414-420.

Oosterling, 1., Rommelse, N., De Jonge, M., Van Der Gaag, R. J., Swinkels, S., Roos, S., ... & Buitelaar, J.
(2010). How useful is the Social Communication Questionnaire in toddlers at risk of autism spectrum disorder?.
Journal of Child Psychology and Psychiatry, 51(11), 1260-1268.

Kim, S. H., & Lord, C. (2012). Combining information from multiple sources for the diagnosis of autism
spectrum disorders for toddlers and young preschoolers from 12 to 47 months of age. Journal of Child Psychology
and Psychiatry, 53(2), 143-151.

Corsello, C. M., Akshoomoff, N., & Stahmer, A. C. (2013). Diagnosis of autism spectrum disorders in
2-year-olds: a study of community practice. Journal of Child Psychology and Psychiatry, 54(2), 178-185.

Hus, V., & Lord, C. (2014). The autism diagnostic observation schedule, module 4: revised algorithm and
standardized severity scores. Journal of autism and developmental disorders, 44(8), 1996-2012.

de Bildt, A., Sytema, S., Meffert, H., & Bastiaansen, J. A. (2016). The Autism Diagnostic Observation Schedule,
Module 4: Application of the revised algorithms in an independent, well-defined, Dutch sample (n= 93). Journal
of Autism and Developmental Disorders, 46(1), 21-30.

Pugliese, C. E., Kenworthy, L., Bal, V. H., Wallace, G. L., Yerys, B. E., Maddox, B. B., ... & Anthony, L. G.
(2015). Replication and comparison of the newly proposed ADOS-2, module 4 algorithm in ASD without ID: A
multi-site study. Journal of Autism and Developmental Disorders, 45(12), 3919-3931.

Langmann, A., Becker, J., Poustka, L., Becker, K., & Kamp-Becker, 1. (2017). Diagnostic utility of the autism
diagnostic observation schedule in a clinical sample of adolescents and adults. Research in Autism Spectrum
Disorders, 34, 34-43.

Fusar-Poli, L., Brondino, N., Rocchetti, M., Panisi, C., Provenzani, U., Damiani, S., & Politi, P. (2017).
Diagnosing ASD in adults without ID: accuracy of the ADOS-2 and the ADI-R. Journal of autism and
developmental disorders, 47(11), 3370-3379.

Maddox, B. B., Brodkin, E. S., Calkins, M. E., Shea, K., Mullan, K., Hostager, J., ... & Miller, J. S. (2017). The
accuracy of the ADOS-2 in identifying autism among adults with complex psychiatric conditions. Journal of
autism and developmental disorders, 47(9), 2703-2709.

Kamp-Becker, 1., Albertowski, K., Becker, J., Ghahreman, M., Langmann, A., Mingebach, T., ... & Stroth, S.
(2018). Diagnostic accuracy of the ADOS and ADOS-2 in clinical practice. European child & adolescent
psychiatry, 27(9), 1193-1207.

Randall, M., Egberts, K. J., Samtani, A., Scholten, R. J., Hooft, L., Livingstone, N., ... & Williams, K. (2018).
Diagnostic tests for autism spectrum disorder (ASD) in preschool children. Cochrane Database of Systematic
Reviews, (7).

Christiansz, J. A., Gray, K. M., Taffe, J., & Tonge, B. J. (2016). Autism spectrum disorder in the DSM-5:
Diagnostic sensitivity and specificity in early childhood. Journal of Autism and Developmental Disorders, 46(6),
2054-2063.

Chlebowski, C., Green, J. A., Barton, M. L., & Fein, D. (2010). Using the childhood autism rating scale to
diagnose autism spectrum disorders. Journal of autism and developmental disorders, 40(7), 787-799.

Russell, P. S., Daniel, A., Russell, S., Mammen, P., Abel, J. S., Raj, L. E., ... & Thomas, N. (2010). Diagnostic
accuracy, reliability and validity of Childhood Autism Rating Scale in India. World Journal of Pediatrics, 6(2),
141-147.

South, M., Williams, B. J., McMahon, W. M., Owley, T., Filipek, P. A., Shernoff, E., ... & Ozonoff, S. (2002).
Utility of the Gilliam Autism Rating Scale in research and clinical populations. Journal of autism and
developmental disorders, 32(6), 593-599.

Lecavalier, L. (2005). An evaluation of the Gilliam autism rating scale. Journal of autism and developmental
disorders, 35(6), 795-805.

Eaves, R. C., Williams Jr, T. O., Woods-Groves, S., & Fall, A. M. (2006). Reliability and validity of the pervasive
developmental disorders rating scale and the gilliam autism rating scale. Education and Training in
Developmental Disabilities, 300-3009.

Sikora, D. M., Hall, T. A., Hartley, S. L., Gerrard-Morris, A. E., & Cagle, S. (2008). Does parent report of
behavior differ across ADOS-G classifications: Analysis of scores from the CBCL and GARS. Journal of autism
and developmental disorders, 38(3), 440-448.

Hampton, J., & Strand, P. S. (2015). A review of level 2 parent-report instruments used to screen children aged
1.5-5 for autism: A meta-analytic update. Journal of autism and developmental disorders, 45(8), 2519-2530.
Leekam, S. R., Libby, S. J., Wing, L., Gould, J., & Taylor, C. (2002). The Diagnostic Interview for Social and



[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

W.Z Wan Azamudin et al., Int. J. of Integrated Engineering VVol. 14 No. 6 (2022) p. 329 - 345

Communication Disorders: algorithms for ICD-10 childhood autism and Wing and Gould autistic spectrum
disorder. Journal of Child Psychology and Psychiatry, 43(3), 327-342.

Wing, L., Leekam, S. R., Libby, S. J., Gould, J., & Larcombe, M. (2002). The diagnostic interview for social and
communication disorders: Background, inter-rater reliability and clinical use. Journal of child psychology and
psychiatry, 43(3), 307-325.

Nygren, G., Hagberg, B., Billstedt, E., Skoglund, A., Gillberg, C., & Johansson, M. (2009). The Swedish version
of the diagnostic interview for social and communication disorders (DISCO-10). Psychometric properties. Journal
of autism and developmental disorders, 39(5), 730-741.

G. Kent, R., J. Carrington, S., Le Couteur, A., Gould, J., Wing, L., Maljaars, J., ... & R. Leekam, S. (2013).
Diagnosing Autism Spectrum Disorder: who will get a DSM-5 diagnosis?. Journal of Child Psychology and
Psychiatry, 54(11), 1242-1250.

Carrington, S. J., Kent, R. G., Maljaars, J., Le Couteur, A., Gould, J., Wing, L., ... & Leekam, S. R. (2014). DSM-
5 autism spectrum disorder: In search of essential behaviours for diagnosis. Research in Autism Spectrum
Disorders, 8(6), 701-715.

Carrington, S., Leekam, S., Kent, R., Maljaars, J., Gould, J., Wing, L., ... & Noens, 1. (2015). Signposting for
diagnosis of autism spectrum disorder using the diagnostic interview for social and communication disorders
(DISCO). Research in Autism Spectrum Disorders, 9, 45-52.

Skuse, D., Warrington, R., Bishop, D., Chowdhury, U., Lau, J., Mandy, W., & Place, M. (2004). The
developmental, dimensional and diagnostic interview (3di): a novel computerized assessment for autism spectrum
disorders. Journal of the American Academy of Child & Adolescent Psychiatry, 43(5), 548-558.

Santosh, P. J., Mandy, W. P., Puura, K., Kaartinen, M., Warrington, R., & Skuse, D. H. (2009). The construction
and validation of a short form of the developmental, diagnostic and dimensional interview. European child &
adolescent psychiatry, 18(8), 521-524.

Chuthapisith, J., Taycharpipranai, P., Ruangdaraganon, N., Warrington, R., & Skuse, D. (2012). Translation and
validation of the developmental, dimensional and diagnostic interview (3Di) for diagnosis of autism spectrum
disorder in Thai children. Autism, 16(4), 350-356.

Lai, K. Y., Leung, P. W., Mo, F. Y., Lee, M. M., Shea, C. K., Chan, G. F., ... & Skuse, D. (2015). Validation of
the Developmental, Dimensional and Diagnostic Interview (3Di) among Chinese children in a child psychiatry
clinic in Hong Kong. Journal of autism and developmental disorders, 45(5), 1230-1237.

Duvekot, J., van der Ende, J., Verhulst, F. C., & Greaves-Lord, K. (2015). The screening accuracy of the parent
and teacher-reported Social Responsiveness Scale (SRS): Comparison with the 3Di and ADOS. Journal of autism
and developmental disorders, 45(6), 1658-1672.

Slappendel, G., Mandy, W., van der Ende, J., Verhulst, F. C., van der Sijde, A., Duvekot, J., ... & Greaves-Lord,
K. (2016). Utility of the 3Di short version for the diagnostic assessment of autism spectrum disorder and
compatibility with DSM-5. Journal of autism and developmental disorders, 46(5), 1834-1846.

Mandy, W., Clarke, K., McKenner, M., Strydom, A., Crabtree, J., Lai, M. C,, ... & Skuse, D. (2018). Assessing
autism in adults: An evaluation of the developmental, dimensional and diagnostic interview—Adult version (3Di-
Adult). Journal of autism and developmental disorders, 48(2), 549-560.

345



