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How has Al improved the COVID-19-facilitated transition to virtual healthcare in the
context of diagnosing and treating patients with ASD?
Savir Potru

Abstract:

The global outbreak of COVID-19 has significantly affected various aspects of healthcare,
including the management of children with Autism Spectrum Disorder. "' For example,
disruptions in healthcare services, including reduced access to in-person interventions, have
resulted in changes in diagnosis and treatment. Telehealth and remote interventions have
emerged as viable alternatives, enabling the continuation of therapy while ensuring the safety of
the patients involved. Al-based technologies have shown promising potential in assisting with
this transition to virtual care for individuals with ASD, and have improved the early detection,
diagnosis, and treatment of autism. ' This review highlights some of the key findings related to
the application of Al in autism management and its potential for enhancing the delivery of care
during the COVID-19 pandemic.

Introduction:

The global outbreak of COVID-19 has brought unprecedented challenges to healthcare
systems worldwide. In fact, in 2020 alone, COVID-19 was responsible for at least 1.8 million
deaths worldwide. * The need to minimize in-person interactions and ensure the safety of
patients and healthcare providers has led to a transition to virtual healthcare. Up to an estimated
$250 billion of healthcare spending in the U.S. alone was shifted to virtual care.® This transition
has been especially important for individuals with Autism Spectrum Disorder, who require
consistent and specialized care for accurate diagnosis and effective treatment. This is because
individuals with Autism Spectrum Disorder have been more vulnerable as a result of the
COVID-19 pandemic due to their communication, socialization, and executive functioning
differences.” They may have difficulty processing information and expressing their pain,
symptoms, or emotional distress. Additionally, genetic and physiological factors also increase
the vulnerability of individuals with ASD to COVID-19. They may have higher levels of
pro-inflammatory cytokines, making them more susceptible to severe symptoms. Individuals
with ASD also have a greater risk of overall poor health, sensory impairments, physical
disabilities, and type 2 diabetes, which are emerging risk factors for poor recovery from
COVID-19.# As a result, they may rely on their families, caregivers, or staff for communication
and observation. In this context, Artificial Intelligence has emerged as a powerful tool with the
potential to improve the COVID-19-facilitated transition to virtual healthcare for individuals with
ASD.

The significance of Al in healthcare has been well recognized, and its application in ASD
diagnosis and treatment holds immense promise. Al technologies, such as machine learning,
traditional algorithms, and natural language processing, have the ability to analyze vast amounts
of data, identify patterns, and assist in decision-making.?” By taking advantage of these
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technologies, virtual healthcare systems can improve the accuracy, efficiency, and accessibility
of care for individuals with ASD, even in the midst of the COVID-19 pandemic.

This literature review aims to explore and examine how Al has improved the
COVID-19-facilitated transition to virtual healthcare in the specific context of screening,
diagnosing, and treating patients with ASD. By examining the role of Al in the
COVID-19-facilitated transition to virtual healthcare for individuals with ASD, this research aims
to contribute to the ongoing efforts to improve the quality and accessibility of care in the face of
unprecedented challenges. The findings of this review have the potential to inform healthcare
professionals, policymakers, and researchers on the benefits and limitations of Al in supporting
individuals with ASD, thereby paving the way for more effective and tailored interventions and
diagnostic strategies.

Methods:

In order to investigate how Al helped enable the transition to virtual healthcare and the
improved diagnosis and treatment of ASD, a comprehensive literature review was performed. To
begin the literature review, an extensive search strategy was devised to identify suitable studies.
Databases such as the National Library of Medicine and Google Scholar were utilized. The
search terms used were a combination of keywords related to "COVID-19," "virtual healthcare,"
"telehealth," "Artificial Intelligence," "Al," "Autism Spectrum Disorder," "diagnosis," and
"treatment."

The literature selection process involves multiple stages of assessment. Initially, duplicate
articles are removed, and the remaining studies are evaluated based on their titles and
abstracts to determine their relevance. Full-text articles are obtained for potentially relevant
studies identified during the initial screening. This literature review results in 38 studies, all of
which were observational in nature.

The data extraction process involves capturing essential information from each selected
study, such as the Al technologies or applications utilized and the key findings related to the
COVID-19-facilitated transition to virtual healthcare for ASD. The data collected from the
selected studies is organized and synthesized to facilitate a comprehensive analysis. The
synthesis involves identifying common themes, trends, and patterns in the application of Al in
virtual healthcare for ASD diagnosis and treatment during the COVID-19 pandemic.

Results:

Through my literature review, I've found that multiple different forms of Al have been used
to improve the screening, diagnosis, and treatment of those with ASD. For the purpose of this
paper, we will focus on the following forms: machine learning and traditional algorithms, as well
as introduce some other forms more briefly.
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Machine Learning

Machine learning, a groundbreaking field in the world of artificial intelligence, has
garnered substantial attention for its potential to affect various aspects of healthcare. This
includes its impact on the screening, diagnosis, and treatment of Autism Spectrum Disorder.
Machine learning refers to the use of computer systems, such as computational models, that
allow computers to learn from and make decisions based on data.® This shift from traditional
programming to self-driven learning has given a rise to a variety of opportunities to enhance
healthcare, including ASD.

Machine Learning Impact on Screening for ASD

The application of machine learning to the screening for Autism Spectrum Disorder has
demonstrated promising results. Researchers have utilized machine learning techniques such
as ensemble learning, decision trees, and support vector machines to develop more objective
and data-driven methods for identifying individuals at risk of ASD. Ensemble learning is a
technique that combines multiple models to make better predictions. It's like asking many
people for their opinion and then combining their answers to make a final decision. Decision
trees are a way to make decisions based on a set of rules. It's like following a flowchart to make
a decision. Decision trees can be used to predict outcomes based on different factors. Support
Vector machines (SVM) are a technique used to classify data into different categories. It's like
drawing a line between different groups of data points to separate them. SVM can be used to
classify data even when there are many different factors to consider.>

These methods use traditional algorithms that can analyze complex patterns and
interactions within behavioral data, enabling a comprehensive assessment that goes beyond
human observation alone.

One approach involves using machine learning models to analyze behavioral
observations and identify patterns that are indicative of ASD. This approach has shown
promising results in accurately predicting ASD in young children and those with intellectual
disabilities. For instance, facial expression and eye-tracking measurements have been
employed to evaluate the effectiveness of machine learning models in accurately classifying
individuals with and without ASD. By training these models using large sets of data, they can
learn to recognize patterns in facial expressions and eye movements that may be a sign of
ASD.%

Studies have demonstrated the potential for machine learning models to accurately
predict ASD based on these behavioral observations. For example, a study by Wenbo Liu and
others showed that machine learning models could effectively identify children with ASD by
using face processing to detect facial abnormalities.?® Another study focused on gaze-based
classification of ASD, using eye gaze patterns as input to machine learning models, and
achieved reliable classification results.®
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The integration of machine learning holds promise for improving the efficiency and
accuracy of ASD screening. Machine learning models can handle large datasets and identify
predictive features that may not be easily discernible by human observers. ’

Machine Learning Impact on Diagnosis for ASD

Machine learning has shown considerable promise in the diagnosis of Autism Spectrum
Disorder. Researchers have utilized various machine learning algorithms and techniques to
analyze different types of data, such as health claims data, neuroimaging data, and structural
magnetic resonance imaging data for ASD diagnosis.

One study demonstrated the feasibility of using machine learning models and health
claims data to identify children with ASD at a very young age. The models accurately predicted
an ASD diagnosis based on an individual's medical record, and the resulting prediction models
were clinically interpretable, identifying key predictors in line with known risk factors and
symptoms among ASD children. The key predictors identified by the models included maternal
mental health disorders, developmental delays, and gastrointestinal disorders. 8

Another area of research involves the use of machine learning classifiers on
neuroimaging data, such as resting-state functional magnetic resonance imaging (rs-fMRI) data,
for ASD diagnosis. These classifiers have been applied to neuroimaging data to diagnose
psychiatric disorders, including ASD, and have the potential to speed up the diagnostic process.
By analyzing rs-fMRI data, machine learning models can identify patterns and differences in
brain activity that are indicative of ASD.?>%

Machine learning methods have also been applied to structural MRI data for ASD
diagnosis. These methods involve analyzing structural brain images to identify biomarkers and
patterns associated with ASD. sMRI data has been shown to contain quantifiable biomarkers
and features, such as early circumference enlargement and volume overgrowth of the brain, that
can be used as input to machine learning models for the detection of brain disorders.?

Machine Learning Impact on Treatment for ASD

Machine learning has the potential to revolutionize the treatment of Autism Spectrum
Disorder by providing more personalized and effective interventions. Although research in this
area is still in its early stages, promising developments suggest that machine learning-based
interventions may significantly impact ASD treatment.

One area where machine learning has been applied in ASD treatment is the development
of personalized interventions based on individual characteristics and needs. For example,
machine learning models have been used to analyze behavioral and physiological data to
predict treatment outcomes and identify behavioral patterns, genetic patterns, physiological
patterns, and more. By using machine learning algorithms, personalized treatment plans can be
created that are tailored to the specific needs and characteristics of individuals with ASD. These



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

models can analyze a wide range of data, including behavioral observations, physiological
measurements, and genetic information, in order to identify patterns and make predictions about
the most effective interventions for each individual.’

Another avenue of research focuses on the use of machine learning to develop assistive
technologies for individuals with ASD. For instance, machine learning models have been utilized
to analyze speech patterns and develop speech recognition systems that can aid individuals
with ASD in communication. Similarly, wearable devices using machine learning have been
designed to monitor physiological signals and provide real-time feedback to individuals with
ASD. These devices can track physiological indicators such as heart rate and respiratory
patterns, which can provide valuable insights into the emotional and physiological states of
individuals with ASD. By analyzing these signals in real-time, machine learning models can
provide feedback to help individuals with ASD regulate their emotions, manage stress, and
improve their overall well-being.'

Traditional Algorithms

Traditional algorithms, similar to machine learning databases, have significantly reshaped
the screening, diagnosis, and treatment of Autism Spectrum Disorder. Traditional algorithms are
programs that follow step-by-step instructions in order to perform specific tasks with data. In
contrast, machine learning algorithms can learn from data and improve over time, unlike
traditional algorithms. In the context of screening, traditional algorithms streamline assessment
by identifying key predictive items within tools like the Social Responsiveness Scale, which
expedites evaluation while maintaining accuracy. These innovations enhance traditional
algorithms' role in efficient, early detection, and timely intervention for those with ASD.?'

Traditional Algorithms Impact on Screening and Diagnosing of ASD

The integration of artificial intelligence and traditional algorithms in screening for Autism
Spectrum Disorder has demonstrated promising results. Researchers have utilized traditional Al
algorithms to identify items in assessment instruments that are most predictive of ASD, creating
a smaller subset and reducing the lengthy evaluation process. This approach has streamlined
the screening process and improved the efficiency of identifying individuals at risk of ASD. By
using machine learning, studies have tested the efficiency of identifying individuals with ASD
from those without it by analyzing specific behavioral characteristics and markers that aid in the
diagnosis of ASD, including social communication and interaction skills, repetitive behaviors and
restricted interests, sensory processing and sensitivity, and emotional regulation and
expression. Some of the assessment instruments used in these studies include the Autism
Diagnostic Observation Schedule, the Social Responsiveness Scale, and the Childhood Autism
Rating Scale. By identifying the most predictive items within these assessment instruments,
traditional algorithms can streamline the screening process and improve the efficiency of
identifying individuals at risk of ASD.*’
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Furthermore, medical device software based on Al has been developed to support
healthcare providers in diagnosing or ruling out ASD in children aged 18 to 72 months with
concerns for developmental delay. The implementation of Al algorithms in the screening process
has shown the potential to improve accuracy and streamline the evaluation process, ultimately
enhancing the early detection and diagnosis of ASD. For example, a study by Megerian et al.
evaluated an Al-based medical device for the diagnosis of autism spectrum disorder (ASD) in
children with developmental delays. The device's outputs were compared to diagnostic
agreement by independent specialists, and it demonstrated a high level of agreement with the
specialists’ diagnoses.?® Another study assessed the feasibility and impact of integrating an
Al-based ASD diagnosis aid into an existing diagnostic model. The primary endpoint of the
study was the time from initial clinician concern to ASD diagnosis, and the integration of the
Al-based diagnosis aid showed promising results in reducing the time to diagnosis by 30% in
comparison to traditional diagnostic methods.*°8

Additionally, Al-based traditional algorithms can assist in decision-making regarding ASD
diagnosis. By analyzing questionnaires and video reports, these algorithms can be used to help
healthcare providers determine whether a child has ASD or if the evaluation is inconclusive.
Furthermore, traditional Al algorithms have been utilized in conjunction with neuroimaging
technologies, such as MRI, to improve the accuracy of ASD diagnosis. By analyzing MRI data
and applying traditional machine learning algorithms, researchers have identified biomarkers
and patterns associated with ASD, providing objective and data-driven insights into the
diagnosis of ASD. These biomarkers and patterns provide objective and data-driven insights
into the diagnosis of ASD. Some of the biomarkers and patterns that have been identified
include Structural MRI Biomarkers, Functional MRI Biomarkers, and Maternal Autoantibody
Patterns.>?

Traditional Algorithms Impact on Treatment for ASD

Al algorithms have the potential to revolutionize the treatment of Autism Spectrum
Disorder (ASD) by providing more personalized and effective interventions. One notable area of
research involves the development of personalized interventions based on individual
characteristics and needs. Al's traditional algorithms analyze behavioral and physiological data
to identify patterns and predict treatment outcomes, leading to more effective and personalized
interventions for individuals with ASD."3

Moreover, similar to machine learning, Al algorithms have been applied to develop
assistive technologies for individuals with ASD. However, they both have been used in different
ways. Often, machine learning uses computational methods to learn from data without relying
on a predetermined model. In contrast, traditional algorithms analyze data and rely on a
predetermined model. For example, traditional Al algorithms analyze speech patterns to develop
speech recognition systems that can assist individuals with ASD in communication. Additionally,
Traditional Al algorithms have been used to develop wearable devices that monitor physiological
signals and provide real-time feedback to individuals with ASD. These devices can track
physiological indicators such as heart rate and respiratory patterns, which can provide valuable
insights into the emotional and physiological states of individuals with ASD. By analyzing these
signals in real-time, machine learning models can provide feedback and interventions to help
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individuals with ASD regulate their emotions, manage stress, and improve their overall
well-being.™

The addition of traditional algorithms into ASD treatment demonstrates potential for
optimizing outcomes and tailoring interventions to the specific requirements of each individual.
By employing these traditional algorithms, researchers aim to prepare personalized treatment
plans that support the distinctive needs and characteristics of individuals with ASD. These
models can analyze various datasets such as behavioral observations, physiological
measurements, and genetic information in order to determine patterns and predict the most
effective interventions for each individual 3"

Other Al technology

In addition to machine learning and traditional algorithms, several other Al technologies
have made noteworthy contributions to the COVID-19-facilitated transition to virtual healthcare
for diagnosing and treating patients with Autism Spectrum Disorder. These technologies have
shown promise in improving the screening, diagnosis, and treatment of individuals with ASD
who were impacted by COVID-19.

Natural Language Processing Impact on Screening for ASD

Natural language processing is a field of artificial intelligence that focuses on enabling
computers to understand and process human language. It involves using computational
techniques to analyze and interpret natural language data, such as text and speech. NLP allows
machines to "comprehend, generate, and manipulate words and sentences in order to
understand the context and meaning behind human language. NLP has been applied to Autism
Spectrum Disorder research and care, including identifying criteria for ASD within free text in
electronic health records, analyzing narrative performance in individuals with ASD, and
extracting and analyzing textual data from various sources to detect complex associations and
patterns related to mental health, including ASD.>*'

Natural Language Processing has the potential to have a significant impact on the
screening for Autism Spectrum Disorder. By applying NLP techniques to various sources of
textual data, such as electronic health records, social media posts, interviews, and clinical
notes, researchers can more easily detect individuals with ASD.3"2*

One application of NLP in ASD screening involves the identification of criteria for ASD
within free text in electronic health records. By applying traditional algorithms to analyze this
text, NLP can help identify specific language patterns and markers associated with ASD, leading
to earlier detection and treatment as well as facilitating research with large-scale data.*

NLP techniques have also been used to analyze narrative performance in individuals with
ASD. By quantitatively characterizing narrative performance using sentiment analysis and
language abstraction analysis, researchers gain insights into the pragmatic (social) language
impairments seen in individuals with ASD. This approach allows for a more objective and
data-driven assessment of language skills in individuals with ASD.®



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

Furthermore, NLP has been applied to mental illness detection, including ASD. By
extracting and analyzing textual data using NLP methods, researchers can detect complex
associations and patterns related to mental health, including ASD, from various sources such as
social media posts and clinical notes.®”

Computer Vision Technology Impact on Screening for ASD

Computer Vision technology has the potential to have a significant impact on screening
for Autism Spectrum Disorder. By using CV techniques, researchers can analyze facial features
and other visual cues to aid in the detection and diagnosis of ASD.™

One application of CV in ASD screening involves the analysis of facial features. Studies
have shown that individuals with ASD may exhibit distinct facial characteristics that can be used
as potential markers for screening. CV models can be trained to detect these unique facial
features and correlate them with ASD severity, providing a preliminary screening tool. This
approach offers a non-invasive and cost-effective method for early detection and screening of
ASD.?

Additionally, CV technology can be used to analyze other visual cues, such as eye gaze
patterns and body movements, which are known to be different in individuals with ASD. By
applying CV algorithms to video recordings or live observations, researchers can extract and
analyze these behavioral patterns, providing valuable insights for ASD screening and
diagnosis.°

Furthermore, CV technology can be integrated with other neuroimaging techniques, such
as Magnetic Resonance Imaging (MRI), to enhance the accuracy of ASD screening. By
combining CV analysis of facial features with structural and functional MRI data, researchers
can gain a more comprehensive understanding of the neurobiological underpinnings of ASD.%

Virtual Reality Technology Impact on Diagnosis for ASD

Virtual Reality technology can significantly impact the diagnosis of Autism Spectrum
Disorder by providing immersive and personalized interventions. VR-based training has shown
promise in improving cognitive and social communication outcomes for individuals with ASD.
Studies have revealed that VR-based interventions can enhance conventional therapy
outcomes and have been applied in psychology and developmental medical therapies.3 2!

In the context of ASD diagnosis, VR technology can be used to enhance social skills and
communication. VR environments can simulate real-world social situations, allowing individuals
with ASD to practice and improve their social interaction abilities. VR-based training can also
target cognitive skills, imitation, gross motor skills, emotional expression, and language
understanding in children with ASD.383

Moreover, VR technology can be combined with cognitive training to improve the typical
symptoms of children with ASD. By engaging individuals in interactive and immersive
experiences, VR-based cognitive training can enhance clinical rating scales and address core
impairments associated with ASD.383¢
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Additionally, VR technology can be used as an educational and interventional platform for
individuals with ASD, offering gamified approaches to increase motivation, attention, and focus.
VR technology has shown promise in the treatment of ASD, and several studies have been
conducted to investigate its potential in the treatment of ASD.%¢:3°

Data fusion techniques Impact on Diagnosis for ASD

Data fusion techniques are used to combine information from multiple sources to improve
accuracy and reliability in the diagnosis of Autism Spectrum Disorder (ASD). One application of
data fusion techniques in ASD diagnosis involves combining neuroimaging modalities. By
combining information from multiple neuroimaging modalities, such as Magnetic Resonance
Imaging (MRI) and functional MRI (fMRI), researchers gain a more comprehensive
understanding of the neurobiological underpinnings of ASD, leading to more accurate
diagnoses. Machine learning traditional algorithms can be applied to analyze data from multiple
sources, such as behavioral and physiological data, to identify patterns and predict treatment
outcomes.?? By integrating machine learning traditional algorithms with data fusion techniques,
researchers can develop more personalized and effective interventions for individuals with ASD.
Additionally, data fusion techniques can be used to establish reliable biomarkers using sMRI in
order to correctly diagnose and treat patients with ASD. 2 Furthermore, data fusion techniques
can be integrated by analyzing behavioral data to enhance the accuracy of ASD diagnosis.
Studies have attempted to incorporate artificial intelligence technologies to combine information
from multiple sources, such as assessment instruments and behavioral observations, to improve
the accuracy of outcomes. °

Al virtual assistants and chatbots Impact on Treatment for ASD

Al virtual assistants and chatbots have the potential to significantly impact the treatment
of Autism Spectrum Disorder (ASD). One study found that virtual voice assistant applications
had positive effects on the speech and social interaction skills of children with ASD. The study
examined the effects of using a voice assistant in children with ASD on two outcomes: speech
skills and social interaction skills. The results showed that the virtual voice assistant had positive
effects on the speech and social interaction skills of children with ASD. "

Moreover, Al chatbots can be used to teach emotional coping mechanisms and provide
support for individuals with communication difficulties. These chatbots offer personalized
interventions based on individual characteristics and needs, leading to more targeted and
effective treatments for individuals with ASD. Incorporating Al chatbots into avatar therapy,
which involves computer-generated images of faces as the basis of therapy, can provide
personalized interventions for individuals with ASD.?"'8

Discussion:

Benefits to screening

The integration of Al in the screening process for Autism Spectrum Disorder has
introduced significant advancements with extensive benefits. Al has revolutionized ASD
screening by enhancing accuracy, efficiency, and accessibility. Traditional screening heavily



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

relies on human observation, which could lead to variations and inaccuracies. However, Al
traditional algorithms have demonstrated the ability to analyze complex patterns within
behavioral data, facial expressions, and eye-tracking measurements, resulting in more objective
and data-driven evaluations. This not only ensures more accurate identification of individuals at
risk of ASD but also expedites the screening process, facilitating earlier interventions and
support.®!

Furthermore, the COVID-19 pandemic emphasized the value of Al in screening, enabling
steady assessment during times of restricted in-person interactions. By leveraging Al
technologies, healthcare providers were able to transition seamlessly to virtual platforms,
ensuring that individuals, including those with limited access to traditional healthcare facilities,
could still receive timely and accurate ASD screenings. The Al-enhanced screening's
adaptability to remote settings has not only ensured continuous healthcare delivery but has also
widened the reach of ASD assessments, ultimately leading to enhanced public health
outcomes.®'

Benefits to diagnosis

The impact of Al on the diagnosis of Autism Spectrum Disorder (ASD) has brought forth a
multitude of benefits that extend beyond traditional diagnostic methods. Al, particularly machine
learning and traditional algorithms, has showcased its potential to revolutionize ASD diagnosis
through enhanced accuracy, efficiency, and the discovery of novel diagnostic markers. By
integrating machine learning traditional algorithms with various data sources, including health
claims and neuroimaging data such as structural magnetic resonance imaging (sMRI) data,
researchers have achieved accurate and data-driven ASD diagnoses. These traditional
algorithms can identify subtle patterns and relationships within complex datasets that might
elude human observers, leading to more precise identification of ASD cases.'®

In particular, Al-driven diagnosis has substantially reduced the time-to-diagnosis for
individuals with ASD. As evidenced by the study published in the npj Digital Medicine, the 30%
reduction in time from initial clinician concern to ASD diagnosis when Al-based diagnostic aids
are incorporated proves that Al-driven diagnosis can be superior in efficiency in comparison to
clinician-based diagnoses. % This reduction not only expedites access to essential interventions
but also alleviates the burden on healthcare systems and families. Moreover, the application of
Al traditional algorithms has enabled clinicians to make informed decisions by combining the
power of machine learning models with neuroimaging techniques, uncovering biomarkers and
patterns that contribute to more objective and reliable diagnoses. Ultimately, Al's ability to
streamline and enhance the diagnostic process stands as a pivotal advancement in improving
outcomes for individuals with ASD."®

Benefits to treatment

The implementation of Al in the treatment of Autism Spectrum Disorder (ASD)
transformed therapeutic approaches into more personalized, effective, and accessible
interventions. Machine learning and traditional Al algorithms have shown their potential in
tailoring treatment plans to individual characteristics and needs by leveraging diverse datasets
including behavioral observations, physiological measurements, and genetic information. This
personalized approach has the potential to optimize treatment outcomes by identifying patterns

10
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that are often intricate and multifaceted, ensuring interventions align closely with the unique
requirements of each individual with ASD. Furthermore, Al's ability to process and analyze vast
amounts of data in real-time enables it to offer timely feedback and interventions that support
emotional regulation, stress management, and overall well-being.'®

Al-driven technologies have emerged as innovative tools in the realm of ASD treatment.
These technologies harness Al's capabilities to interpret and respond to individuals'
physiological signals, speech patterns, and cognitive performance. Virtual reality immerses
individuals in controlled environments that simulate real-world scenarios, allowing them to
practice social interactions, improve cognitive skills, and manage emotional responses.
Moreover, Al-driven virtual assistants and chatbots provide tailored support and training,
enabling the development of emotional coping mechanisms and enhancing communication
skills. During the COVID-19 pandemic, virtual bots/chat GPTs provided opportunities for people
with ASD to experience more social interaction during a time when this was so difficult to get. By
extending the reach of therapeutic interventions and creating customized treatment
experiences, Al has the potential to empower individuals with ASD to navigate their challenges
more effectively. Additionally, data fusion techniques have been used to combine information
from multiple sources, such as assessment instruments and behavioral observations, to improve
the accuracy of outcomes.®' Al traditional algorithms can identify items in assessment
instruments that are most predictive of ASD, reducing the lengthy evaluation process and
improving the efficiency of identifying individuals with ASD."®

Limitations

While the integration of Al technologies presents substantial benefits in the screening,
diagnosis, and treatment of Autism Spectrum Disorder (ASD), several limitations warrant
consideration. One primary concern revolves around data quality and availability. Al models
heavily depend on robust and diverse datasets for accurate predictions and analyses. In the
context of ASD, accessing comprehensive and well-annotated datasets can be challenging,
potentially leading to biased or limited outcomes. Furthermore, the ethical use of personal and
sensitive data remains a critical issue. Safeguarding the privacy and consent of individuals with
ASD and their families is paramount, and striking a balance between data-driven insights and
ethical considerations is an ongoing challenge.®

Another limitation lies in the interpretability of Al-driven solutions. As machine learning
models and traditional algorithms become more complex, understanding how they arrive at
specific conclusions can be intricate. This lack of interpretability raises concerns, particularly in
medical contexts, where clear explanations for diagnostic or treatment decisions are crucial for
clinicians and families. Moreover, while Al technologies hold promise in improving accessibility,
their widespread adoption can inadvertently exacerbate existing health disparities. Access to
advanced technologies may be limited by socioeconomic factors, leaving marginalized
communities with unequal access to the benefits of Al-based interventions. Addressing these
limitations requires a multidisciplinary approach that involves collaboration between clinicians,
researchers, ethicists, and policy-makers to ensure responsible and equitable deployment of Al
technologies in the realm of ASD care."®

11
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Looking ahead, the integration of Al technologies into the landscape of Autism Spectrum
Disorder care holds promising avenues for exploration and advancement. Continued research
and development are essential to address the current limitations and capitalize on the potential
benefits. Refining the accuracy and reliability of Al-driven models and traditional algorithms
remains a priority. Advancements in machine learning techniques, such as deep learning and
reinforcement learning, can lead to more robust predictive and diagnostic capabilities,
enhancing the overall quality of ASD screening, diagnosis, and treatment."®

Furthermore, the combination of Al technologies with other innovative approaches offers
an exciting path forward. Collaborations between Al and fields like genetics, neuroscience, and
digital therapeutics can provide a holistic understanding of ASD and its multifaceted nature.®
Integrating Al with wearable devices, such as biosensors and smart wearables, has the potential
to capture real-time physiological and behavioral data, enabling continuous monitoring and
personalized interventions. Making this more standard could have a more extensive influence,
potentially helping individuals in rural areas who lack access to healthcare by providing them
with a wearable device as an alternative to long hours of driving in order to visit a doctor.
Moreover, the ongoing exploration of Al's potential in virtual reality therapy and natural language
processing for qualitative data analysis could lead to further breakthroughs in improving
communication skills, enhancing qualitative insights, and refining diagnostic accuracy."” As Al
technologies continue to evolve, embracing these interdisciplinary collaborations and pushing
the boundaries of innovation will contribute to a more comprehensive and impactful approach to
ASD care. ®

Conclusion:

In conclusion, this literature review highlights the immense potential of various Al
technologies in reshaping healthcare for individuals with Autism Spectrum Disorder. Machine
learning, traditional algorithms, Natural Language Processing, Computer Vision, Virtual Reality,
data fusion techniques, and Al virtual assistants offer promising avenues for enhancing ASD
screening, diagnosis, and treatment. Overall, Al integration in ASD healthcare presents an
exciting opportunity to boost the efficiency and accuracy of screening, diagnosis, and
personalization in treatment. Future research should focus on refining and validating these
Al-based approaches to maximize their impact on individuals with ASD and their families.

12



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

13



S .
A szs‘eqrch Archive of . Where bright minds share their learnings
Rising Scholars (preprint)

Bibliography

'A;, S. M. S. B. (2021, September 20). Virtual voice assistant applications improved expressive
verbal abilities and social interactions in children with autism spectrum disorder: A
single-subject experimental study. International journal of developmental disabilities.
https://pubmed.ncbi.nim.nih.gov/37346256/

2Ahmed, Z. A. T., Aldhyani, T. H. H., Jadhav, M. E., Alzahrani, M. Y., Alzahrani, M. E., Althobaiti,
M. M., Alassery, F., Alshaflut, A., Alzahrani, N. M., & Al-Madani, A. M. (2022, April 4).
Facial features detection system to identify children with autism spectrum disorder: Deep
learning models. Computational and mathematical methods in medicine.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC9001065/

®Bahathiq, R. A., Banjar, H., Bamaga, A. K., & Jarraya, S. K. (2022, September 28). Machine
learning for autism spectrum disorder diagnosis using structural magnetic resonance
imaging: Promising but challenging. Frontiers in neuroinformatics.
https://www.ncbi.nim.nih.gov/pmc/articles/PMC9554556/

“Barry, P. M. (2023). A Phenomenological Study of Parents Accessing and Receiving
Professional Care for their Child with Autism Spectrum Disorder (ASD) during the
COVID-19 Outbreak in Washington State.
https://digitalcommons.liberty.edu/cgi/viewcontent.cgi?article=5324&context=doctoral

*Baygin, M., Iserson, K. V., Salman, O. H., Albahri, A. S., Bager, N. S., Sanders, S. J., Zhao, Y.,
Heinsfeld, A. S., Dawood, K. A., Hadi, E., Zanakis, S. H., Chen, T.-Y., Shyur, H.-J., Zhu,
G.-N., Alsalem, M. A,, Salih, M. M., Al-Samarraay, M. S., Aloumi, M., Antovski, A., ...
Choueiri, R. (2022, May 9). Triage and priority-based healthcare diagnosis using artificial
intelligence for autism spectrum disorder and gene contribution: A systematic review.
Computers in Biology and Medicine.
https://www.sciencedirect.com/science/article/abs/pii/S0010482522003456

®Bestsennyy, O., Gilbert, G., Harris, A., & Rost, J. (2021, July 9). Telehealth: A
quarter-trillion-dollar post-covid-19 reality?. McKinsey & Company.
https://www.mckinsey.com/industries/healthcare/our-insights/telehealth-a-quarter-trillion-d
ollar-post-covid-19-reality

"Bone, D., Goodwin, M. S., Black, M. P, Lee, C.-C., Audhkhasi, K., & Narayanan, S. (2016, May
1). Applying machine learning to facilitate autism diagnostics: Pitfalls and promises.
Journal of autism and developmental disorders.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390409/

14



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

8Chen, Y.-H., Chen, Q., Kong, L., & Liu, G. (2022, September). Early detection of autism
spectrum disorder in young children with ...
https://www.researchgate.net/publication/363882636_Early detection_of autism_spectru
m_disorder_in_young_children_with_machine_learning_using_medical_claims_data/fullt
ext/63333¢c9923ead926115ce925/Early-detection-of-autism-spectrum-disorder-in-young-c
hildren-with-machine-learning-using-medical-claims-data.pdf

°Chojnicka, I., & Wawer, A. (2020, March 6). Social language in autism spectrum disorder: A
computational analysis of sentiment and linguistic abstraction. PLOS ONE.
https://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0229985

'°de Belen, R. A. J., Bednarz, T., Sowmya, A., & Del Favero, D. (2020, September 30).
Computer vision in autism spectrum disorder research: A systematic review of Published
Studies from 2009 to 2019. Translational psychiatry.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7528087/

"Dekker, L., Hooijman, L., Louwerse, A., Visser, K., Bastiaansen, D., Hoopen, L. T., Nijs, P. D,
Dieleman, G., Ester, W.,, Rijen, S. V., Truijens, F., & Hallen, R. V. der. (2022, January 1).
Impact of the COVID-19 pandemic on children and adolescents with autism spectrum
disorder and their families: A mixed-methods study protocol. BMJ Open.
https://bmjopen.bmj.com/content/12/1/e049336

2Diehl, J. J., Schmitt, L. M., Villano, M., & Crowell, C. R. (2012, January). The clinical use of
robots for individuals with autism spectrum disorders: A critical review. Research in
autism spectrum disorders. https://www.ncbi.nim.nih.gov/pmc/articles/PMC3223958/

BEllison, K. S., Guidry, J., Picou, P., Adenuga, P., & Davis, T. E. (2021a, June 10). Telehealth
and autism prior to and in the age of covid-19: A systematic and critical review of the last
decade - Clinical Child and Family Psychology Review. SpringerLink.
https://link.springer.com/article/10.1007/s10567-021-00358-0

“Erden, Y. J., Hummerstone, H., & Rainey, S. (2020, December 16). Automating autism
assessment: What Al can bring ... - Wiley Online Library.
https://onlinelibrary.wiley.com/doi/10.1111/jep.13527

“Furar, E., Wang, F., Durocher, J. S., Ahn, Y. A,, Memis, |., Cavalcante, L., Klahr, L., Samson, A.
C., Van Herwegen, J., Dukes, D., Alessandri, M., Mittal, R., & Eshraghi, A. A. (20223,
August 17). The impact of COVID-19 on individuals with ASD in the US: Parent
perspectives on social and support concerns. PloS one.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9384980/

15



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

®Helmy, E., Elnakib, A., EINakieb, Y., Khudri, M., Abdelrahim, M., Yousaf, J., Ghazal, M.,
Contractor, S., Barnes, G. N., & El-Baz, A. (2023, June 29). Role of artificial intelligence
for autism diagnosis using DTl and fmri: A survey. MDPI.
https://www.mdpi.com/2227-9059/11/7/1858

lenca, M., & Ignatiadis, K. (2020, April). Artificial Intelligence in clinical neuroscience:
Methodological and ...
https://www.researchgate.net/profile/Marcello-lenca/publication/340328590 _Artificial_Intel
ligence_in_Clinical_Neuroscience Methodological_and_Ethical _Challenges/links/5ecec6
3d299bf1c67d23a991/Artificial-Intelligence-in-Clinical-Neuroscience-Methodological-and-
Ethical-Challenges.pdf

®Kandalaft, M. R., Didehbani, N., Krawczyk, D. C., Allen, T. T., & Chapman, S. B. (2012, May 9).
Virtual reality social cognition training for young adults with high-functioning autism -
Journal of autism and developmental disorders. SpringerLink.
https://link.springer.com/article/10.1007/s10803-012-1544-6

YKarampasi, A. S., Savva, A. D., Korfiatis, V. Ch., Kakkos, I., & Matsopoulos, G. K. (2021, July
5). Informative biomarkers for autism spectrum disorder diagnosis in functional magnetic
resonance imaging data on the Default Mode Network. MDPI.
https://www.mdpi.com/2076-3417/11/13/6216

Khadem-Reza, Z. K., & Zare, H. (2022, July 19). Automatic detection of autism spectrum
disorder (ASD) in children using structural magnetic resonance imaging with Machine
Vision System - Middle East Current Psychiatry. SpringerOpen.
https://mecp.springeropen.com/articles/10.1186/s43045-022-00220-1

Z'Kourtesis, P., Kouklari, E.-C., Roussos, P., Mantas, V., Papanikolaou, K., Skaloumbakas, C., &
Pehlivanidis, A. (2023, April 17). Virtual reality training of social skills in adults with autism
spectrum disorder: An examination of acceptability, usability, user experience, social
Skills, and executive functions. Behavioral sciences (Basel, Switzerland).
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10136366/

22Kulvicius, T., Roessner, V., Stroth, S., & Sculte-Rither, M. (2021, October). Using machine
learning to improve diagnostic assessment of ASD in the ...
https://www.researchgate.net/publication/355746475 Using_machine_learning_to_impro
ve_diagnostic_assessment_of ASD in_the_light_of specific_differential_diagnosis

ZKipper C;Stroth S;Wolff N;Hauck F;Kliewer N;Schad-Hansjosten T;Kamp-Becker |;Poustka
L;Roessner V;Schultebraucks K;Roepke S; (2020, March 18). Identifying predictive
features of autism spectrum disorders in a clinical sample of adolescents and adults
using machine learning. Scientific reports. https://pubmed.ncbi.nim.nih.gov/32188882/

16



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

2 eroy, G. (n.d.). Using natural language processing to improve autism spectrum disorder
research and care. Using Natural Language Processing to Improve Autism Spectrum
Disorder Research and Care | Digital Healthcare Research.
https://digital.ahrq.gov/2020-year-review/research-summary/using-natural-language-proc
essing-improve-autism-spectrum-disorder-research-and-care

ZLiu, W, Li, M., & Yi, L. (n.d.). Identifying children with autism spectrum disorder based on their
face ...
https://sites.duke.edu/dkusmiip/files/2022/11/Identifying-Children-with-Autism-Spectrum-
Disorder-Based-on-Their-Face-Processing-Abnormality-A-Machine-Learning-Framework.
pdf

*Megerian JT;Dey S;Melmed RD;Coury DL;Lerner M;Nicholls CJ;Sohl K;Rouhbakhsh
R;Narasimhan A;Romain J;Golla S;Shareef S;Ostrovsky A;Shannon J;Kraft C;Liu-Mayo
S;Abbas H;Gal-Szabo DE;Wall DP;Taraman S; (2022, May). Evaluation of an artificial
intelligence-based medical device for diagnosis of autism spectrum disorder. NPJ digital
medicine. https://pubmed.ncbi.nlm.nih.gov/35513550/

2’Rehman, I. U., Sobnath, D., Nasralla, M. M., Winnett, M., Anwar, A., Asif, W., & Sherazi, H. H.
R. (2021, October 17). Features of mobile apps for people with autism in a post covid-19
scenario: Current status and recommendations for apps using Al. Diagnostics (Basel,
Switzerland). https://www.ncbi.nim.nih.gov/pmc/articles/PMC8535154/

#Rodrigues, I., Carvalho, E. A., Santana, C. P., & Bastos, G. S. (2022, June). Machine learning
and RS-fmri to identify potential brain regions ...
https://www.researchgate.net/publication/361212648 Machine_Learning_and_rs-fMRI_to
_Identify_Potential_Brain_Regions_Associated_with_Autism_Severity

¥Santana, C. P, de Carvalho, E. A., Rodrigues, I. D., Bastos, G. S., de Souza, A. D., & de Brito,
L. L. (2022, April 11). RS-fmri and machine learning for ASD diagnosis: A systematic
review and meta-analysis. Nature News.
https://www.nature.com/articles/s41598-022-09821-6

%Sonl, K., Kilian, R., Brewer Curran, A., Mahurin, M., Nanclares-Nogués, V., Liu-Mayo, S.,
Salomon, C., Shannon, J., & Taraman, S. (2022, July 19). Feasibility and impact of
integrating an artificial intelligence-based diagnosis aid for autism into the extension for
Community Health Outcomes Autism Primary Care Model: Protocol for a prospective
observational study. JMIR research protocols.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9346562/

¥Song, D.-Y., Kim, S. Y., Bong, G., Kim, J. M., & Yoo, H. J. (2019, October 1). The use of
artificial intelligence in screening and diagnosis of autism spectrum disorder: A literature

17


https://pubmed.ncbi.nlm.nih.gov/35513550/

Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

review. Soa--ch’ongsonyon chongsin uihak = Journal of child & adolescent psychiatry.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7298904/

%Using machine learning to improve diagnostic assessment of ASD in the ... (n.d.).
https://www.researchgate.net/publication/355746475_Using_machine_learning_to_impro
ve_diagnostic_assessment_of ASD in_the_light_of specific_differential_diagnosis

$Vakadkar, K., Purkayastha, D., & Krishnan, D. (2021, July 22). Detection of autism spectrum
disorder in children using machine learning techniques - SN computer science.
SpringerLink. https://link.springer.com/article/10.1007/s42979-021-00776-5

3World Health Organization. (2021, May 20). The impact of COVID-19 on global health goals.
World Health Organization.
https://www.who.int/news-room/spotlight/the-impact-of-covid-19-on-global-health-goals

®Yuan, S.N. V,, & Ip, H. H. S. (2018, June 7). Using virtual reality to train emotional and social
SKills in children with autism spectrum disorder. London journal of primary care.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6074644/

¥%Zhang, M., Ding, H., Naumceska, M., & Zhang, Y. (2022, May 10). Virtual Reality Technology
as an Educational and Intervention Tool for Children with Autism Spectrum Disorder:
Current Perspectives and Future Directions. MDPI.
https://www.mdpi.com/2076-328X/12/5/138

$Zhang, T., Schoene, A. M., Ji, S., & Ananiadou, S. (2022, April 8). Natural language
processing applied to Mental lliness Detection: A Narrative Review. Nature News.
https://www.nature.com/articles/s41746-022-00589-7

¥Zhao, J., Zhang, X., Lu, Y., Wu, X., Zhou, F,, Yang, S., Wang, L., Wu, X., & Fei, F. (2022,
October 6). Virtual reality technology enhances the cognitive and Social Communication
of children with autism spectrum disorder. Frontiers in public health.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9582941/

¥Paialunga, P. (2022, February 14). Ensemble learning with support vector machines and
decision trees. Medium.
https://towardsdatascience.com/ensemble-learning-with-support-vector-machines-and-de
cision-trees-88f8a1b5f84b

18



