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ABSTRACT: Scoping Reviews (SR) are used in this study to investigate how Al can be used to diagnose and treat
autism spectrum disorder (ASD). By examining 55 papers released between 2020 and 2024, the study sheds light on
the field's developments, difficulties, and possible prospects. Al-based models, including Convolutional Neural
Networks (CNNs), ResNet-18, and hybrid approaches such as GoogleNet combined with Support Vector Machines
(SVM), demonstrate high diagnostic accuracy, effectively addressing limitations of traditional methods.
Additionally, multimodal frameworks integrating visual, auditory, and textual data show significant promise in
providing comprehensive insights into the complexities of ASD. The study also emphasizes the impact of Al in
personalized interventions through technologies like Virtual Reality (VR) platforms, telehealth systems, and loT-
based monitoring devices, which improve social skills, communication, and engagement among individuals with
ASD. However, notable challenges persist, such as limited access to Al technologies in resource-constrained regions,
ethical concerns related to data privacy and algorithm transparency, and a lack of research focusing on adult
populations with ASD. Furthermore, the absence of longitudinal studies limits the understanding of the sustained
impacts of Al-driven interventions over time. This review underscores Al's transformative potential in ASD care
while advocating for inclusive, ethical, and accessible solutions. Future research should focus on expanding
multimodal approaches, addressing underserved populations, and validating Al applications in diverse real-world
settings to enhance their impact and reach.

Keywords: Autism Spectrum Disorder, Artificial Intelligence, Diagnosis, Interventions, Systematic Literature
Review.

1. Introduction

Autism spectrum disorder (ASD) is a condition characterized by impairments in communication,
social interaction, repetitive behaviors, and restricted interests, which can impact the surrounding
environment (American Psychiatric Association, 2013; Khoirunnisa et al., 2023, 2024; Pandya et
al., 2024). ASD symptoms and cognitive abilities vary widely, ranging from high to low levels,
and it is often accompanied by other conditions such as ADHD, anxiety, depression, and epilepsy
(Lord et al., 2006; RISI et al., 2006). The term ASD was initially categorized under pervasive
developmental disorders (PDD) in DSM-III (1980) to describe a broader spectrum of social
communication deficits. However, it was later simplified in DSM-5 and ICD-11 with additional
clinical specifiers for clarity (Lord et al., 2020). ASD prevalence continues to rise, with
approximately 1 in 100 children diagnosed globally each year (Wankhede et al., 2024). While
initial symptoms are typically observed by 12 months of age, many cases are diagnosed between
48 and 60 months, delaying early intervention services (Manohar et al., 2019; Lord et al., 2020).
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Early diagnosis is crucial, as the high neuroplasticity of the brain during early childhood can
enhance a child’s IQ by 10-15 points. Therefore, diagnosing ASD before 36 months is strongly
recommended to improve long-term outcomes (Grzadzinski et al., 2021; Klintwall & Eikeseth,
2014). To facilitate early detection, diagnostic tools such as the Autism Diagnostic Observation
Schedule (ADOS-2) and the Autism Diagnostic Interview-Revised (ADI-R) have been developed
(Lord et al., 1994, 2000). The integration of artificial intelligence (Al) represents a
groundbreaking advancement in ASD diagnosis and management. Al enables the rapid and
accurate analysis of behavioral, neuroimaging, and genetic data, aiding psychologists and
psychiatrists in making more informed decisions (Pandya et al., 2024; Joudar et al., 2023). With
capabilities such as pattern recognition, decision-making, and data processing, Al offers
revolutionary solutions to improve the quality of life for individuals with ASD (Langer &
Landers, 2021; Zhang & Lu, 2021).

1.2 Research Gaps

Even though the amount of research on ASD is growing, there are still a lot of important gaps in
the area. Methodological flaws and a dependence on subjective evaluations frequently hinder
diagnostic procedures, creating variability that makes the development of standardized
intervention protocols more difficult (Okoye, 2023; Pardeshi, 2024). Furthermore, despite the
consensus that early intervention is crucial, there are not enough long-term studies assessing the
viability and efficacy of different strategies over time (Pizur-Barnekow et al., 2020;
"Transforming the future of nursing care,” 2024).

With little exploration into how it can be utilized in clinical and lacking in resources settings, the
integration artificial intelligence in autism research is still in its infancy (Bhatt, 2024; Sassu &
Volkmar, 2022). This disparity is more noticeable in areas with limited access to specialized care,
underscoring the need for creative, inclusive solutions that use artificial intelligence to improve
diagnosis and intervention techniques (Wieckowski et al., 2022; Sumita, 2022).

1.3 Objectives

By defining the key ideas, theories, and sources of evidence to direct and assess the
implementation of new techniques, scoping reviews are a descriptive technique that facilitates the
analysis of complex or diverse research initiatives. The results of scoping reviews can identify
gaps in the existing literature and indicate areas with limited evidence to merit additional studies
or a systematic review.

This study aims to answer the following questions: What are the potential benefits of artificial
intelligence (Al) for people with Autism Spectrum Disorder in the field of computer science?

2. Literature Review

A systematic review analyzing 55 scholarly articles published between 2020 and 2024
demonstrates a significant upward trend in research output regarding Autism Spectrum Disorder
(ASD) over the past five years. This surge reflects the increasing acknowledgment of ASD's
complexity and the pressing need for innovative solutions in diagnosis and intervention. The
majority of these studies were conducted in high-income countries such as the United States, the
United Kingdom, and Australia, revealing a notable disparity in global autism research. This
geographic concentration highlights potential gaps in funding and attention to ASD -related
challenges in low- and middle-income countries (Oliveira et al., 2022; Faraji et al., 2022).
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The literature review identified key focus areas, including advancements in diagnostic tools,
innovative intervention strategies, and the growing role of technology in addressing ASD -related
needs. Technological innovations are being increasingly explored to enhance diagnostic accuracy
and intervention effectiveness, contributing to improved outcomes for individuals with ASD
(Rattaz et al., 2022; Silva, 2024). This trend underscores a broader shift in healthcare towards
digital solutions to tackle complex health challenges, including neurodevelopmental disorders
such as ASD

2.1. Technological Advancements in Diagnosis

One of the most prominent themes in the reviewed literature is the transformative potential of
technological advancements, particularly artificial intelligence (Al), in diagnosing ASD. Al-
driven tools, including machine learning algorithms, have shown promise in identifying subtle
behavioral markers associated with ASD, enabling earlier and more accurate diagnoses. For
example, these tools can process extensive datasets to detect patterns that may elude human
observation, thereby streamlining the diagnostic process (Posar & Visconti, 2020; Hayes et al.,
2021). This innovation addresses a critical issue faced by many families—Ilengthy diagnostic
timelines—by facilitating timely interventions that can positively influence developmental
outcomes.

2.1.1. Personalized Interventions

Another significant theme is the advent of personalized interventions supported by technological
advancements. Tools such as telehealth platforms, mobile applications, and virtual therapies are
revolutionizing ASD care by offering tailored solutions that cater to individual needs. Telehealth,
for instance, has improved access to specialized care for families in remote or underserved
regions, allowing them to consult with experts who provide guidance and therapeutic support
(Rao, 2024; John, 2024). Moreover, mobile applications for behavior tracking and skill-building
empower caregivers and individuals with ASD to engage in self-paced therapeutic activities,
promoting autonomy and active participation in the intervention process. This focus on
personalization emphasizes the necessity of adapting interventions to address the diverse needs of
individuals on the autism spectrum.

2.1.2. Challenges in Accessibility

Despite technological advancements, the literature highlights ongoing challenges related to
accessibility and equity in ASD care. A significant concern is the limited availability and
affordability of technological solutions in low-resource settings, which can hinder their adoption.
The findings emphasize the need for equitable distribution of technological resources and
adequate training for practitioners to ensure these innovations benefit all individuals with ASD,
regardless of socioeconomic or geographic constraints (Azu, 2024; Jonkman et al., 2022).
Addressing these accessibility challenges is essential to preventing further disparities in
healthcare delivery and outcomes for underserved populations.

2.2. The integration of Al and digital tools into ASD

The integration of Al and digital tools into ASD research and care marks a paradigm shift that
could transform the field. However, this technological reliance introduces challenges such as
inequities in access, particularly for families in rural or low-income areas. The literature
underscores the importance of equitable implementation to ensure that the benefits of these
advancements are shared across diverse populations (Keller et al., 2020).

Additionally, ethical considerations, including data privacy and informed consent, emerge as
critical factors in the application of Al-driven solutions. The collection and analysis of sensitive
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data necessitate robust frameworks to protect the rights and privacy of individuals with ASD and
their families. Establishing these ethical safeguards is essential to building trust between families
and healthcare providers, which is crucial for the successful adoption of technological
innovations in ASD care.

In conclusion, the literature reveals a dynamic landscape in ASD research, characterized by
significant technological advancements and an increasing emphasis on personalized care.
Nonetheless, it highlights the need to address persistent challenges related to accessibility and
ethical considerations. Future research must prioritize developing inclusive and ethical solutions
that cater to the diverse needs of individuals with ASD and their families, ensuring that these
innovations deliver meaningful and equitable benefits.

3. Methods

This section describes the study’s selection criteria, search strategy, justification, data extraction,
and analysis. Data collection for this study uses a scoping review. According to Arksey and
O'Malley (2005), the scoping review method is used to identify all relevant literature. Scoping
reviews have the following tasks that must be completed in a limited amount of time: (1)
identifying research questions; (2) identifying relevant studies; (3) selecting studies; (4) creating
a chart; and (5) compiling, summarizing, and reporting (Arksey & O'Malley, 2005).

The Population, Concept and Context (PCC) method was used to guide the search strategy when
scoping. The database used was Scopus. The following search ranges were indicated in the title,
abstract and key of this study: “Artificial intelligence” OR ‘A’ AND ‘Autism Spectrum
Disorder’ OR ‘ASD’ OR ‘Autism’.

The justification string search is as follows:

(1) Population: Research related to “autism,” “ASD,” or “autism spectrum disorder” is the main
focus of the search.

(2) Concept: Finding research on “artificial intelligence” OR “Al” is the goal of the search.

(3) Context: This study provides a comprehensive framework to discuss various applications
and implementations of artificial intelligence for individuals with autism spectrum disorder.

3.1. Eligibility Criteria
The inclusion criteria in this study include:

(1) Journals published in 2020 - 2024.

(2) English language open access final article journals that are part of electronic databases such
as PUBMED, IEEE and SCOPUS.

(3) Journals that focus on the use or implications of Al on individuals with autism spectrum
disorder and are in the scope of computer science to focus on the use of Al as a technology
for people with autism spectrum disorder.

Exclusion criteria for this study were review and conference articles and articles that did not
utilize Al technology.

The review included peer-reviewed articles published in English, focusing on ASD diagnosis,
intervention, or the integration of Al in these processes. Studies lacking empirical data or those
unrelated to ASD were excluded. These criteria ensured the inclusion of high-quality, relevant
research (Baoum et al., 2022; Whiteley et al., 2021). Using a consistent framework, the data
charting method arranges pertinent information from chosen articles. This covers the study's
focus (e.g., diagnosis, rehabilitation), the particular disability it addresses, the kind of Al
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technology it employs, and its findings. This methodical technique makes it easier to compare
and synthesize results from many investigations.

3.2. Data Extraction and Analysis

A standardized template was used for data extraction, capturing essential details such as research
objectives, methodologies, results, and contributions. Thematic analysis was employed to identify
recurring themes and patterns, enabling a nuanced synthesis of the literature (Perochon, 2023;
Chaturavitwong, 2023).

Based on (Figure 1.) below, it is stated that 55 publications that meet the requirements were
found by screening 76 abstracts using inclusion and exclusion criteria. The authors conducted
literature searches, articles, literature reviews, and data collection. To resolve ambiguities or
conflicts, discussions were conducted. Using a consistent structure, the data charting technique
involved gathering relevant information from the selected articles. This included the purpose of
the study (e.g., diagnosis, rehabilitation), the specific disability targeted, the type of Al
technology used, and the outcome. This methodical technique makes it easy to compare and
synthesize results from different investigations.

Figure 1. Literature screening and shortlisting studies.

Articles identified through databases
[n =991}

Identification

o | Records remowed for other reasons
(n=22)

Records sereensd
(n =969)

. | Records excluded
{n = B93)
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Full text assessed for eligibility
(n=78)

Records excluded (n = 21)
Not study case [n = 5)
Ineligible population {n= 16)

b

Eligible articles from databases
{n=55]

Eligibility

A

Articles included in the review
(n=55)

Induded

The search process identified 991 articles in total. After removing 22 duplicates, 893 were
excluded for being unrelated to the scoping subject. Following this, the remaining 76 articles
were assessed for eligibility. After the full text screening, 21 articles were excluded. This led to a
final selection of 55 studies included in the analysis. 35 studies (64%) were dedicated to children,
16 studies (29%) were unreported, and 4 studies (7%) to the adults. The age distribution in Table
1 was determined by examining the age groups specified in each study. This information is
important, as it highlights the focus of current research and potential gaps in addressing the needs
of specific age group.
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4. Results and Discussions
This section answers the research questions and presents quality assessment results.

Table 1. Literature Review

SAuthor Conclutions Limitations
(Mut Limitations such as the robot's
awa It involved children aged three to six, where the | capacity for concurrent interactions,
ot al experimental group interacted with the NAO | language difficulties, battery life, and
' | robot, resulting in higher engagement and eye | internet ~ access  were  noted,
2023 i
) contact compared to the control group. emphasizing the need for future
research to address these challenges.
(Paru Standardized protocols for data
;I e Functional connectivity analysis via rs-fMRI for izglzllr;?c’)ry pcrcl)\rlsg?/ianEgogr}gtlr?géesszr;s
Y . o 0
2023 ASD diagnosis with 84.79% accuracy to ensure ethical usage of Al-driven
) ASD diagnostic tools
(Tab Mobile and wireless technologies, including Lack of standardized tools to
virtual reality, enhance learning for children, ; L ;
assu . . : - evaluate available applications in the
especially those with special needs, by providing o oot
m, ) . . . market limits the accessibility and
interactive, multisensory environments. s
2020 L : . reliability of technology for broad
Applications are adaptive to intellectual ranges, .
) L L educational purposes.
promoting inclusivity.
(Abd
el Proposed an Al-enabled loT system using heart- Limited scalability and reliance on
Ham | rate sensors to assess emotional states and . .
. . o . sensors may restrict widespread
eed behaviors in autistic children. Introduced 3D . . .
. . . | adoption. Effectiveness in real-world
et al., | visual models to improve eye contact and social : . .
S . scenarios requires further validation.
2022 | communication skills.
)
Limited sample size and context-
(Su Proposed an Al-driven system to enhance school | specific applicability may hinder
et al., | counseling in Taiwan. Utilized digital journaling | generalization. Long-term outcomes
2024 | for emotional reflection, resulting in improved | and integration with traditional
) social-emotional competencies. counseling methods require further
exploration.
(Mah | Developed an ML model using XGBoost to The “model ‘relied on retrospective
: : : : , data, and broader real-world
arjan | predict ABA treatment intensity (comprehensive L s
. - applications need validation.
et al., | vs. focused) with 89.5% accuracy. Key predictive : e .
. - . Misclassifications occurred, though
2023 | features were bathing ability, age, and prior ABA X
they leaned toward suggesting more
) hours. . S .
intensive interventions.
(Oztui | Integrated eye-tracking data and Bayley scales to | Focused on descriptive techniques,
rk et | linguistically summarize ASD developmental | requiring further exploration into
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al., assessments. Created user-friendly summaries to | predictive and diagnostic
2024 | differentiate  ASD from typically developing | applications. Real-world
) (TD) children. implementation challenges of
linguistic summarization were not
addressed.
EMOCASH is a virtual-agent-based multiplayer | Effectiveness in diverse cultural or
(El- | online serious game designed to improve money | socio-economic  backgrounds is
Satta | management and emotion recognition skills in | unclear. The study focused on
r, Egyptian children with ASD. Using a 3D virtual | usability but lacks longitudinal data
2023 | shop scenario and the Autism ASPECTSS | on real-world skill transfer and
) Design Index, it aims to transfer acquired skills to | sustained improvement in
real-world contexts. participants
(Mar
ijnw Developed a machine learning model using | Dataset size and diversity may limit
Py Support Vector Machines (SVM) for early | the generalizability of findings.
Selva detection of ASD v_vith 96% accuracy, utilizing Hyperparame_ter tuning_ and real-
rajan age, gender, and jaundice symptoms as key | world 'testlng require  further
202 4’ features. exploration.
)
(Kan | Proposed a unified framework integrating feature | Framework tested on resting-state
g et | selection, extraction, and explainability for | fMRI datasets (ABIDE, REST-meta-
al., neurological disorder diagnosis using functional | MDD) but may require validation on
2024 | connectivity. Achieved superior performance | broader and diverse datasets for real-
) using counter-condition analysis. world applications
E\lzz/lr?el:( Developed a framework using BERT and | Limited _data_set diversit_y sourced
o et ChatGPT to detect ASD symptoms from parents' | from social sites and online groups;
al dialog. Sentiment analysis identified early | real-world application and broader
2(')’23 warning signs, achieving 83% accuracy on | generalization require further
) curated datasets. validation.
ET'?;Z _Develor_)ed hybrid eye-tracking-based techniq_ues Focused on specific _deep learning
et al integrating CN_Ns and SVM for ASD _detectlo_n. mo_dels_ without extenswe_real-_world
2022" ResNet-18 achieved 97.6% accuracy, with hybrid | validations or dataset diversity to
) methods (GoogleNet+SVM) reaching 95.5%. assess broader applicability.
éGaret Developed a deep learning model using facial | Relied solely on facial image
al image data with explainable Al integration, | datasets, which may not represent the
26’22 achieving 98.9% accuracy, 99.9% AUC, and | diverse clinical manifestations of
) enhanced clinical interpretability. ASD across populations.
(Men | Developed the ASDC-OSAML model utilizing | Focused on specific optimization
gash | Owl Search Algorithm for feature selection and | techniques; real-world validation and
et al., | Beetle Swarm Antenna Search for parameter | applicability on diverse datasets
2023 | optimization. Achieved superior performance in | require further exploration.
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) ASD classification.
Proposed ML models integrating feature | Dataset diversity and real-world
(Bala : . e N .
ot al selection techniques for ASD_ classification app_llcatlon of models require broader
2022" across age groups. SVM achieved 99.61% | testing to ensure robustness and
) accuracy for child datasets and 97.82% for | adaptability in different clinical
toddler subsets. settings
(Hors - . ... | Relies on stakeholder interviews;
tman | Highlighted the importance of context-specific ; . .
S - U requires real-world testing with
n et | communication, adaptability, and customizability ; A .
) . . . children to validate communication
al., in robotic learning assistants. Proposed Al-based . . .
i L strategies and Al integration
2022 | engagement detection for motivation. -
) effectiveness.
(Tha
btah | Proposed machine learning models to predict | Limited generalizability due to
et al., | autism for children, adolescents, and adults | reliance on a specific dataset and
2022 | effectively. potentially small sample size.
)
g:f:r? Evaluated a gradient-boosted Al diagnostic tool | The device requires clinical judgment
ot al analyzing caregiver questionnaires, home videos, | for final diagnosis; limited to 18—72-
2022" and clinician input. Achieved 80.8% PPV and | month-old children and dependent on
) 98.3% NPV in primary care ASD diagnosis. input quality for determinate results.
(Jung Proposed the EAG-RS framework leveraging Focused solely on rs-fMRI data;
explainability-guided  high-order  functional 0 .
et al., L . ; broader validation on multimodal
connectivity (FC) to identify ASD-relevant .
2024 . ; : datasets and real-world clinical
) regions of interest (ROIs). Demonstrated superior scenarios remains untested
performance on the ABIDE dataset. '
(Che
ekaty
& Developed  convolutional deep  Gaussian | Focused on image classification (e.g.,
Mun | processes for image-based tasks, enabling | MNIST, CIFAR-10); no specific
eesw | enhanced feature extraction through | application to ASD datasets or
ari, convolutional kernels. classification challenges addressed
2024
) - - - -
(Pave Proposed Emo-Mirror, an intelligent system Prlmgrlly. fOCUSEd. on fl.ve .baS'C
z et| . X emotions; lacks validation in diverse
using convolutional neural networks (CNNSs) to . .
al., : e . | cultural settings and exploration of
support emotion recognition in children with h
2023 ASD by analyzing facial expressions in real-time complex emotions that are relevant to
) y yzing P " | ASD therapies.
(Ariv | ILAT integrates assistive technologies such as | Primarily conceptual; lacks large-
uselv | 10T, Al, and AR to screen and assess children | scale implementation or validation
an et | with ASD, enhancing social interaction, | studies. Focuses on developing
al., communication, and learning abilities. Provides | countries like India but may need
2022 | tools for caregivers and psychiatrists to monitor | adaptation for diverse cultural and
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) and manage aggression levels. socioeconomic contexts.
Developed Aawn, an Arabic mobile application | Limited to Arabic-speaking children;
(Wali | leveraging the Picture Exchange Communication | broader applications across diverse
et al., | System (PECS) to enhance communication, | linguistic and cultural contexts are
2023 | emotional, and organizational skills in Arab | not addressed.  Validation of
) autistic children. Augmented with graphical | effectiveness in real-world settings
features and designed with future Al integration. | remains to be explored.
Developed an optimized Neural Matrix | Focused on quantitative measures of
(Hao | Factorization (NeuMF) model integrated with K- | the recommendation system without
& means clustering to recommend physical | extensive real-world validation. The
Hu, | education (PE) activities for autistic children. | study does not explore the impact of
2022 | Achieved significant improvement in RMSE | recommended PE activities on
) (1.251) and MAE (0.625), enhancing | cognitive or emotional outcomes for
personalized curriculum recommendations. autistic children.
(Alha Proposed CNN-based facial emotion recognition
. | to assess engagement in children with ASD, | . . )
kbani . . Limited dataset scope; broader
demonstrating superior accuracy compared to validation in diverse demoaraphic
’ RF, SVM, and decision trees. Highlighted the . o mograp
2024 ST : . .+ | and clinical settings is required.
) application in improving learning and social
interaction.
(Lian Proposed a framework combining e_xplamable Limited by the availability of large
temporal coherency deep features with Layer- T
g et] . . annotated datasets; primarily focused
wise Relevance Propagation (LRP) for . .
al., e i LN . on  behavioral cues, without
classifying self-stimulatory behaviors in children | . . .
2021 . . . integrating multimodal data for
) with ASD. Achieved state-of-the-art results using comprehensive ASD diaanosis
unsupervised TCDN and supervised SVM. P g '

. Proposed hybrid deep learning models combining .
(Priy CNN-LSTM with Particle Swarm Optimization Focu_sed .on Qeep_ learning
adars . architectures;  validation  across
hini (PSO) and GRU-CNN to enhance autism | . .

ini, . : diverse populations and real-world
screening for toddlers and adults. Achieved | . . .
2023 . . clinical data is required for broader
superior performance compared to traditional N
) applicability.
models.
((alr:er(;t Virtual companions provide personalized | Evaluation focuses primarily on
al learning experiences to adolescents with ASD, | detection accuracy, with less
26’24 enabling them to recognize and respond to | emphasis on long-term behavioral
) cyberbullying effectively. outcomes.
(Rua Micro-expressions are rapid, involuntary facial
N et movements that may indicate emotional states. | Micro-expressions' validity as ASD
al However, the research paper indicates that it | biomarkers is unknown. ASD
20"24 remains unknown whether micro-expressions can | diagnosis is complex and variable.
) serve as a valid biomarker for diagnosing autism
spectrum disorder (ASD).
(Paol | Leveraged Al tools like Openface to analyze | imited to specific facial cues like
ucci | subtle micro-expressions from home videos of | smiles; broader interaction features
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et al., | infants. Found reduced frequency and intensity of | or multimodal data integration (e.qg.,
2023 | social smiles in infants with ASD, aiding early | voice or gestures) are not explored.
) detection.
(Had .
. Proposed an Al-driven contextual chatbot |, . . . )
n & ; ; . . Limited experimental data; lacks
designed to support young children with autism o .
Bour - ; . . longitudinal studies to measure the
by providing personalized dialogue, advice, and , .
amou . . . .| chatbot's real-world effectiveness and
recommendations. The chatbot aims to assist in . . :
l, . . . sustained impact on emotional health
understanding  emotions and  preventing . .
2023 q : and depression prevention.
) epression.
(Nag | Proposed a framework integrating convolutional | Limited validation on diverse
esh neural networks (CNNSs) with genetic algorithms | datasets. Real-world clinical
et al., | to optimize feature selection for ASD detection | applicability and integration into
2022 | using MRI data. Demonstrated improved | diagnostic workflows are yet to be
) accuracy over traditional methods tested.
(K"’f‘r Explored sleep monitoring - using infrared Limited sample size (14 individuals)
ashi | cameras for ASD individuals, showing a strong o . /
! SO . and specificity to the devices used;
et al., | link between prior night's sleep quality and next- A .
. 4 .| broader validation across diverse
2024 | day behavior. Achieved 74% accuracy in . e
. . populations and settings is needed.
). predicting adverse behaviors.
(Wan Proposz_ad the EmoAsst frameW(.)rk Ieveraglng Focused on benchmark datasets like
g & | text-guided transfer learning with pre-trained .
. MELD:; lacks real-world deployment
Yang | models (CLIP and wav2vec 2.0) for emotion L .0
L . . validation for broader applications,
: recognition, improving performance on audio and : : o :
. . . particularly in specific populations
2024 | video data. Achieved superior accuracy on the such as children with ASD
) MELD dataset compared to existing approaches. '
(Chis
tol & | Integrated ML and DL models like XGB, LSTM, | Reliant on publicly available text,
Danu | and BERTweet for analyzing 90,000 tweets. The | which may not reflect all aspects of
bianu | approach achieved high accuracy in identifying | ASD symptoms. Further studies
: ASD traits, highlighting the role of early | required to adapt the model to private
2024 | detection in social media-based diagnostics. or clinical data.
)
Achieved over 94% accuracy in gesture | Focused on specific hardware (NAO
(Erco o . . ) SN
lano recognition using a 2D Iowjre_so_lu_tlon_ camera robot); real-world generallz_ablll'gy
ot al embedded in a NAO robot, minimizing intrusion | across other platforms and settings is
2024’ in robot-led training for children with ASD. | not explored. Long-term impact on
) Explored using low-power GPU systems for real- | therapeutic ~ outcomes  remains
time analysis. untested.
(Kare Applied a 1D .CNN model ‘to multiple ASD Focused on public datasets; lacks
datasets for children, adults, and adolescents, N .
em et . . real-world clinical validation. Dataset
achieving accuracies of 99.45%, 98.66%, and | . . .
al., ) NN diversity, particularly cultural and
90% respectively. Demonstrated the suitability of : o .
2023 - . - demographic  variations, remains
) 1D CNNs for analyzing time-series data in ASD untested.

detection.
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(Mc | Investigated how autistic TikTok creators use F(.JCUSEd on a I'm'ted _dat_aset of 25
_ - TikTok  videos; findings are
Nally | ChatGPT as a digital coach and communication o I
; . . . qualitative and lack quantitative
et al., | assistant to navigate neurotypical environments. o RN
AN . S validation.  Broader implications
2024 | Highlighted benefits such as harm reduction, time .
. . across  different  platforms or
) savings, and emotional support. : :
demographics remain unexplored.
(Ulla Developed a body-worn loT platform using | Focused on sign language gestures;
N et multiple sensors to recognize gestures in ASD | applicability for broader gesture
al children with over 96% accuracy. Compared ML | types or real-world deployment
20"23 classifiers (DT, RF, ANN, KNN) for gesture | challenges, such as wearability or
) recognition and highlighted optimal sensor | comfort for children with ASD,
placement for accuracy. remains unexplored.
The paper discusses optimizing a de novo Al-
(Wall bas_ed medmal device for_ detecting pediatric High accuracy but limited definitive
et al., | autism using a predetermined change control results orovided
2023 | plan. It highlights improved decision thresholds, P '
) resulting in a 66.5% determinate output and
enhanced predictive values for autism detection.
gi_er:g The robot integrated successfully within the | Lack of personalization in robot
0 g ot school environment. It fostered 330 interactions | interactions noted by teachers.
al over 16 hours in three weeks. Positive impact on | Limited testing of robot in speech
202 4 children's well-being was observed and language therapy sessions
)
(Sch Utilized Al and machine learning to analyze 360- | Study findings are preliminary, and
midt degree spherical video-based virtual reality | larger sample sizes are needed for
ot al (SVVR) data. Found distinct engagement | generalizability. Additional
202?;’ patterns in autistic and neurotypical participants, | exploration of therapeutic
) revealing greater behavioral heterogeneity in the | implications for autistic individuals is
autistic group. required.
(Pan Applied the AlexNet architecture for edge i . )
& . . . . ) Focused on facial analysis only;
computing in diagnosing autism spectrum | . : . :
Foro . . . L : integration with multimodal data
.| disorders (ASD) via facial analysis in educational . )
ughi, . T . (e.g., audio or behavioral data) for
environments, highlighting cost-effective, fast, L . ;
2024 . . comprehensive diagnosis is lacking.
) and private solutions.

0 e robot demonstrated potential as a | Preliminary studies focus on small-
Pod | The NAO robot d d ial Prelimi dies f Il
peca | teaching tool for emotion recognition through | scale trials with limited sample sizes.
n, physical gestures and interactive games, aiding | Broader longitudinal studies and
2023 | children with autism in improving social and | cross-cultural validation are needed

emotional skills, to establish efficacy.
ional skill blish effi
(Pop | Introduced PandaSays, an Al-based mobile | Performance metrics indicate scope
escu | application integrated with the Alpha 1 Pro robot | for improvement in model accuracy.
et al., | for interpreting and responding to the affective | Real-world usability and long-term
2022 | states of children with autism. MobileNet CNN | engagement studies with diverse
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) achieved a classification accuracy of 56.25%, | ASD populations are needed for
outperforming ResNet50 and VGG16. comprehensive validation.
: . . —
(Jugu ggﬂlneiviseS%.lZA) accuracy, surpassing existing Potential biases in healthcare settings
nta et ques. - : .| are not examined.

Enhances interpretability and reduces diagnostic . .
al., subiectivit Future research should include multi-
2023 - 1. . . . . modal data for better understanding
) Aims to improve early diagnosis and intervention

for ASD
(Itani | Combined _anatomlcal _and functlopal brain Relies heavily on fMRI data, which
& networks using Graph Signal Processing (GSP) | . o

> . : S is costly and less accessible in many

Than | and decision trees for ASD diagnosis, achieving | .. s

. clinical contexts. Broader validation
ou, superior accuracy on the ABIDE dataset. | . . .

o with multimodal data and diverse
2021 | Identified the frontal and temporal lobes as S

. e populations is needed.

) critical for classification.
(Rabi
e & Achieved high accuracy (93%) and low error Evaluation metr_lcs_llke accuracy and
Saleh . ) ; : F1-score indicate strong

(7%) in ASD diagnosis, leveraging blood test
’ data and hybrid optimization techniques per_forman(_:e,_ . but real-world
2023 ' validation is limited.

)

(Yan Introduced 2D CAM, 3D CAM, and Grad-CAM Focu§ed on voxel values and spe_uflc
g et . . . ROIs; broader datasets and additional
for analyzing structural MRI data to identify | . ~ = " )
al., . . imaging modalities are required for

biomarkers such as the left amygdala and right 5 : ;
2021 | . - . A validation and enhanced diagnostic

hippocampus, aiding ASD diagnosis R
) applicability.

(Rubi

0- Explored BERT, XGB, and Bi-LSTM on social | Heavily reliant on social media data,
Marti | media text for ASD diagnosis with 88% | which may lack consistency and
n et | accuracy. Demonstrated the potential of NLP | clinical relevance. Real-world
al., tools in screening ASD traits from unstructured | clinical validation and testing in
2024 | data sources. diverse populations are needed

)

E:\Iaet Achieved 98.9% accuracy in ASD diagnosis | Requires additional validation in
al using facial image datasets with pre-processing | real-world clinical settings. Limited
2(')'23 and augmentation, integrating explainable Al for | testing on diverse demographic
) clinician-friendly insights. datasets.

(Ala | ResNet50V2 with face alignment preprocessing | Limited to a single face alignment
m et | achieved 93.97% accuracy and 96.33% AUC for | algorithm (MTCNN). Broader
al., ASD diagnosis, highlighting the importance of | exploration with different alignment
2024 | aligned training samples in improving deep | techniques and datasets is necessary
) learning model performance. to validate the findings.

(Pene | Demonstrated significant improvement in Social | Limited to controlled settings and
v et | Responsiveness Score-2 (SRS-2) after 4 weeks of | requires additional research for
al., consistent use. broader clinical application and

301




Q
LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENT -I Y-
ISSN:1581-5374 E-ISSN:1855-363X ]
VoL. 23, No. 10(2025) At

2021 longitudinal effects.
)

(Was
hingt | Demonstrated that crowd annotations, even with
on et | visual privacy transformations like pixelation or
al., blurring, align closely with clinical autism
2022 | impressions, achieving AUROC up to 90%.

)

Misdiagnosis rates increase with
privacy transformations; the method
requires further testing on diverse
datasets to ensure scalability and
generalizability.

(Zha | Proposed a framework using step distribution
ng et | curve-based feature selection and a pre-trained
al., VAE to improve ASD classification, achieving
2022 | 78.12% accuracy with high sensitivity and
). specificity.

Focused on rs-fMRI data only;
multimodal data integration remains
unexplored for enhanced diagnostic
utility.

Previous studies have broadly highlighted the significant potential of Al in enhancing the
accuracy, efficiency, and accessibility of services for individuals with Autism Spectrum Disorder
(ASD). Advanced techniques, such as Convolutional Neural Networks (CNNs), Support Vector
Machines (SVMs), and hybrid models, have demonstrated impressive accuracy rates of up to
99% in early ASD detection. Moreover, multimodal approaches that combine visual, auditory,
and textual data hold promise for offering a comprehensive understanding of ASD.
Al-powered technologies have also facilitated the development of intervention tools, including
educational robotics, mobile applications, and loT-based systems, aimed at improving social
skills, communication, and behavior management. However, existing research has identified
certain limitations, such as insufficient validation in real-world settings, a predominant focus on
pediatric populations, and limited accessibility in resource-constrained regions. Additionally,
there remains a pressing need for an ethical framework to address concerns related to data
privacy, algorithmic transparency, and obtaining informed consent.
4.1. Accuracy of Al-Based Diagnostics

Figure 2. Accuracy of Al-Based Diagnostics
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The figure 2 highlights several key insights: (1) Deep learning-based models, such as CNN and
ResNet-18, consistently achieve high accuracy, demonstrating significant potential for automated
diagnosis based on visual data. (2) Hybrid models, like GoogleNet combined with SVM, excel by
integrating the strengths of machine learning and deep learning, enhancing robustness and
accuracy. (3) Explainable Al (XAIl) is becoming increasingly critical to improve the
interpretability of diagnostic outcomes, thereby supporting its application in clinical settings.

Convolutional Neural Networks (CNNs) are specifically designed to process data with a grid-like
topology, making them ideal for image analysis tasks. Utilizing convolutional layers to
automatically extract features from images, followed by pooling layers to reduce dimensionality,
CNNs excel in capturing hierarchical feature representations from raw pixel data, offering a
significant advantage over traditional image processing techniques. Studies have demonstrated
their high accuracy in applications such as tumor detection and classification in radiology (Esteva
et al., 2019; Litjens et al., 2017). Building upon CNN architectures, ResNet-18, a deep residual
network, introduces skip connections that facilitate the effective flow of gradients during training.
This innovation enables ResNet-18 to outperform conventional CNNs, particularly in complex
medical imaging tasks where capturing nuanced patterns is critical (He et al., 2016). Additionally,
hybrid models that integrate deep learning and traditional machine learning approaches, such as
GoogleNet combined with Support Vector Machines (SVM), offer further advancements in
diagnostic accuracy and robustness. GoogleNet's inception modules enable multi-scale feature
extraction, addressing variations in size and shape commonly encountered in medical imaging
(Szegedy et al., 2015). When combined with SVM's strong classification capabilities, hybrid
models effectively enhance generalization, reduce overfitting, and achieve superior performance,
especially in scenarios with limited labeled data (Zhang et al., 2019). These integrated
approaches leverage the strengths of both methodologies, providing more reliable and accurate
diagnostic outcomes.

4.2. Research Distribution by Category

Table 2. Distribution of Research in 2020 - 2024 by Category

Category Number of Percentage
Studies (%)
Diagnosis 15 27.27%
Intervention 13 23.64%
loT & Sensors 10 18.18%
Emotional & 12 21.82%
Social
Multimodal 5 9.09%
55 100%
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The data indicates a diversified focus in research related to Artificial Intelligence (Al) for Autism
Spectrum Disorder (ASD), categorized into five primary domains. Below is a detailed analysis of
each category:

Diagnosis (27.27%)

Research efforts are predominantly concentrated on diagnostic applications of Al, reflecting
the critical need for accurate and early identification of ASD. Tools such as Convolutional
Neural Networks (CNNs) and ResNet-18 are widely used in this domain, achieving high
accuracy rates for identifying neurological markers associated with ASD (Ahmed et al.,
2022). These advancements address the limitations of traditional diagnostic methods, which
are often subjective and rely heavily on observational data. Studies have also explored
computer vision techniques and speech pattern analysis to detect early symptoms,
demonstrating significant reliability and reducing diagnostic variability (Krupa-Kotara,
2023).

Intervention (23.64%)

Intervention-focused studies investigate how Al can be leveraged to support therapy and skill
development in children with ASD. Technologies such as social robots (e.g., NAO) and
interactive learning platforms have been integrated with Al algorithms to improve social
interaction, communication, and emotional recognition skills (Mutawa et al., 2023). These
interventions are especially effective in enhancing engagement and retention in therapy
sessions.

10T & Sensors (18.18%)

Internet of Things (IoT) and sensor-based applications are gaining traction for real-time
monitoring and behavioral analysis. For example, wearable devices equipped with Al analyze
physiological data, such as heart rate variability, to assess emotional states and behavioral
patterns in individuals with ASD (Abdel Hameed et al., 2022). These tools offer continuous
monitoring, providing caregivers and clinicians with valuable insights into the individual's
condition.

Emotional & Social (21.82%)

Research in this category emphasizes the role of Al in enhancing emotional recognition and
social skills. Explainable Al (XAl) and emotion recognition systems have been employed to
identify and interpret facial expressions, voice tones, and body language, facilitating the
development of tailored interventions. For instance, the Emo-Mirror system uses Al to teach
children how to recognize and respond to emotions effectively (Wali et al., 2023).

Multimodal (9.09%)

Multimodal studies integrate diverse data types, such as visual, auditory, and textual inputs, to
provide a holistic understanding of ASD characteristics. Although this category accounts for
the smallest proportion of research, its potential is substantial. Integrated models like CNN-
LSTM and decision support frameworks have demonstrated significant improvements in
diagnostic accuracy by combining data from multiple modalities (Jung et al., 2024).

The distribution of research categories underscores the multi-faceted approach Al technologies
are taking to address ASD challenges. Diagnosis remains a priority, but the rise of intervention-
focused and loT-based studies demonstrates the potential of Al to impact not just detection but
also therapy and ongoing support. Future efforts should emphasize expanding multimodal

304



—

LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENT ] r\}wv‘
ISSN:1581-5374 E-ISSN:1855-363X ] T:;:-] 1<
VoL. 23, No. 10(2025) LOCALLS

applications and validating Al tools in diverse real-world settings to ensure their effectiveness
and inclusivity.

4.3. Discussions
RQ: What are the potential benefits of artificial intelligence (Al) for people with Autism
Spectrum Disorder in the field of computer science?

Figure 3. Deployment Flowchart Research
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These observations underscore the transformative potential of Al technologies in enhancing the
accuracy and timeliness of Autism Spectrum Disorder (ASD) diagnoses. Traditional diagnostic
methods are often subjective and prone to variability, while Al-driven approaches address these
limitations by analyzing extensive datasets to uncover behavioral and neurological markers that
might escape human observation. For instance, computer vision techniques have been
successfully applied to identify early signs of autism, significantly improving diagnostic
reliability (Krupa-Kotara, 2023). Moreover, integrated decision support systems (IDSS) have
demonstrated superior performance compared to conventional methods, providing a more
standardized and evidence-based framework for diagnosing Autism Spectrum Disorder (Alsaidi,
2024).

Artificial Intelligence (Al) plays a pivotal role in revolutionizing the design and delivery of
tailored interventions for individuals with Autism Spectrum Disorder (ASD). By leveraging Al's
ability to analyze and adapt to individual needs, interventions can be more personalized,
effective, and inclusive. One prominent example is the application of Virtual Reality (VR), which
creates immersive environments where individuals with Autism Spectrum Disorder can practice
social interactions, communication, and behavioral responses in a controlled and supportive
setting. This approach allows users to engage in realistic scenarios that simulate real-world
challenges while minimizing sensory overload, a common difficulty for many individuals with
ASD. Research by Malihi et al. (2020) highlights the effectiveness of VR-based interventions in
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fostering skill development and behavioral learning among children with Autism Spectrum
Disorder. These immersive experiences enable children to repeatedly practice specific behaviors,
such as making eye contact or initiating conversations, in a non-threatening environment. This
repetitive exposure helps reinforce positive behaviors and build confidence, which can be
transferred to real-world interactions. Moreover, Al-powered systems take these interventions a
step further by utilizing real-time progress data to continuously adapt the intervention strategies.
For example, if an individual demonstrates improvement in one area, the system may introduce
more complex scenarios to maintain engagement and challenge their skillset. Conversely, if
difficulties are observed, the system can adjust the complexity or focus on foundational skills,
ensuring the intervention remains effective and supportive (Lahiri et al., 2021). This adaptability
is especially important in meeting the varied needs and abilities of individuals within the Autism
Spectrum Disorder (ASD) community. Since each person with ASD is unique, Al's capacity to
customize interventions ensures that every individual benefits from a tailored approach that
aligns with their specific characteristics Additionally, such systems can provide caregivers and
therapists with actionable insights, offering data-driven feedback to refine and enhance the
intervention process (Abdel Hameed et al., 2022). Beyond VR, other Al applications, such as
robotic systems and gamified learning platforms, are also being employed to support skill
acquisition in Autism Spectrum Disorder. These tools often integrate interactive elements and Al-
driven analytics to create engaging learning experiences while tracking progress. By providing
consistent feedback and adapting to the user’s needs, these systems can sustain motivation and
facilitate long-term improvement (Mutawa et al., 2023). In summary, Al-driven interventions
represent a transformative approach to addressing the unique needs of individuals with Autism
Spectrum Disorder. Through immersive technologies like VR and adaptive systems powered by
real-time data analysis, these interventions not only promote skill development and behavioral
learning but also offer a scalable and personalized solution for diverse profiles. Future
advancements in Al and related technologies hold the potential to further enhance the inclusivity,
accessibility, and effectiveness of Autism Spectrum Disorder interventions (Krupa-Kotara, 2023).

Al-powered educational tools offer significant improvements in supporting students with ASD.
Applications that employ activity schedules, for instance, have been found to promote
appropriate behaviors and assist students in navigating daily routines (Genc-Tosun et al., 2023).
These tools often include visual aids and reminders, helping students maintain focus and
autonomy. Furthermore, Al can assist educators by identifying students' specific learning needs,
enabling the development of customized instructional strategies aligned with individual learning
preferences Al technologies, including social robots and interactive applications, have emerged
as valuable tools for enhancing social skills among individuals with ASD. These tools simulate
real-world social scenarios and provide real-time feedback, allowing users to practice
communication and social cues in a safe, low-stress environment. Studies have demonstrated the
potential of social robots to improve engagement and social interaction among children with
ASD, fostering essential skills in an accessible format (Hoogdalem et al., 2021). Al has the
potential to address significant accessibility challenges in ASD care, particularly for individuals
in underserved or remote areas. Telehealth platforms powered by Al offer scalable solutions that
connect families with ASD specialists regardless of geographic location. These platforms
democratize access to quality care and reduce the disparities in service availability that often
hinder timely interventions (Drahota et al., 2020). Such innovations hold promise for expanding
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the reach of ASD support services in low-resource settings. While the potential benefits of
Artificial Intelligence for ASD are substantial, ethical considerations must be addressed to ensure
equitable and responsible implementation. Issues such as data privacy, informed consent, and
algorithmic bias require careful management to uphold the rights and dignity of individuals with
ASD. Future research should focus on establishing ethical frameworks that guide the
development and deployment of Al technologies, ensuring that these innovations align with
principles of fairness and inclusivity.

5. Conclutions and Recommendation

5.1. Conclutions

This study reviewed 55 publications published between 2020 and 2024 using a scoping reviews

approach to find trends, contributions, and difficulties in the diagnosis and treatment of autism

spectrum disorder (ASD) using artificial intelligence (Al). According to the report, artificial

intelligence has a significant impact on improving healthcare for people with ASD. Some of its

main contributions include:

(1) Advances in Early Diagnosis
Al models such as Convolutional Neural Networks (CNNs), ResNet-18, and hybrid models
(GoogleNet + SVM) offer high accuracy in ASD diagnosis, overcoming the limitations of
subjectivity of traditional methods. These technologies enable early detection through
analysis of behavioral patterns, neuroimaging, and genetic data, providing opportunities for
faster intervention and better long-term outcomes.

(2) Personalization of Interventions
Al-based technologies support the development of solutions tailored to individual needs.
Platforms such as Virtual Reality (VR) and telehealth provide access to remote therapies that
can be customized based on real-time data, ensuring continued effectiveness of interventions.
This approach has improved engagement, social skill development, and communication
abilities of individuals with ASD.

(3) Multimodal and Holistic Approaches
Approaches that integrate visual, auditory and textual data are beginning to show great
potential in improving diagnostic accuracy and intervention relevance. Although still limited,
these approaches provide holistic insights that contribute to the development of evidence-
based methods to address the complexities of ASD.

(4) Accessibility and Ethical Challenges
The research highlighted gaps in access to Al-based technologies, especially in low-income
and remote areas. Lack of training for practitioners and technological infrastructure are major
barriers. In addition, issues of data privacy and transparency of Al algorithms need to be
addressed to ensure ethical and inclusive applications.

(5) Lack of Adult Research and Longitudinal Studies
Most existing research focuses on children, leaving significant gaps in the understanding of
the needs and solutions for adult individuals with ASD. In addition, the lack of long-term
studies limits the evaluation of the effectiveness of Artificial Intelligence based on
interventions in the context of time.

5.2. Research Implications

The findings of this study offer valuable insights into both the potential and challenges of

utilizing Artificial Intelligence (Al) for the diagnosis and intervention of Autism Spectrum
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Disorder (ASD). A significant implication is the urgent need to strengthen policies that facilitate
the adoption of Al-based technologies, particularly in regions with limited resources. Measures
such as subsidizing technological devices, providing training for healthcare professionals, and
improving infrastructure are crucial to ensure equitable access for all individuals. Furthermore,
multimodal approaches that combine visual, auditory, and textual data present a promising
avenue for enhancing diagnostic accuracy and tailoring interventions, thereby offering a more
comprehensive understanding of ASD’s complexities (Jung et al., 2024).

This study also underscores the necessity of establishing robust ethical and data privacy
frameworks. These frameworks should encompass transparent algorithms, secure handling of
sensitive data, and mechanisms for obtaining informed consent, all of which are essential for
fostering public trust in Al-driven technologies (Lundberg & Lee, 2017). Additionally, there is a
pressing need to focus research efforts on adults with ASD, a group often overlooked despite
their unique challenges, particularly in developing social skills and achieving independence
(Krupa-Kotara, 2023). Collaborative efforts involving computer scientists, medical professionals,
and policymakers are critical to designing Al solutions that are effective, holistic, and user-
centered (Mutawa et al., 2023). These findings and implications provide clear guidance for future
research and the development of more inclusive, sustainable, and impactful Al-based services for
individuals with ASD.

5.2. Limitations and Future Research

The study also highlights several limitations that warrant attention. A primary limitation is the
restricted access to Al-based technologies in resource-limited regions, where inadequate
technological infrastructure and the high cost of devices significantly hinder adoption.
Furthermore, the absence of a comprehensive ethical framework for regulating the collection and
use of sensitive data from individuals with ASD raises concerns about privacy and algorithm
transparency. Another notable limitation is the predominant focus of existing research on
children, leaving substantial gaps in understanding and addressing the needs of adults with ASD,
who also require tailored interventions, particularly in areas such as social skills and
independence. Additionally, the lack of longitudinal studies limits the ability to evaluate the long-
term effectiveness and sustainability of Al-based interventions. Most of the studies analyzed were
conducted in high-income countries, which poses challenges in generalizing findings to resource-
constrained regions, such as developing nations. Addressing these limitations will guide future
research toward becoming more inclusive, globally relevant, and responsive to the diverse needs
of the ASD population.
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