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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder
characterized by persistent impairments in communication, social
interaction, and behavior across the lifespan I, The wide spectrum
of symptoms, shaped by complex genetic and neurological factors,
creates challenges for developing consistent and inclusive
educational approaches. Difficulties in social communication often
limit the ability of students with ASD to build relationships with
teachers and peers, reducing the effectiveness of conventional
classroom methods. Cognitive differences may further contribute to
slower information processing and reduced comprehension 2/, These
challenges are compounded by gaps in educational policy,
insufficient teacher training, and limited public awareness, which
restrict access to high-quality learning opportunities and weaken
broader societal support *!. Furthermore, geographic disparities in
resources and services also mean that many students with ASD lack
structured, adequately supported educational environments *I.

At the same time, improvements in diagnostic technologies
and more accurate recognition of ASD have led to a marked increase
in reported prevalence /. In response, governments and public
institutions have placed greater emphasis on inclusive education and
social integration for children with ASD °/. Despite these efforts,
progress remains uneven, and outcomes are often less effective in
underserved regions.

This review seeks to examine the essential components of a
consistent and comprehensive educational framework for students
with ASD, with particular attention to the role of emerging
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technologies. By tracing the development of ASD education over the
past century, we aim to clarify intervention progress and apply these
insights toward building adaptable systems that prioritize
personalized learning. Such systems should enhance engagement
with educational content and support the meaningful participation of
individuals with ASD in society.

Prevalence and Future Projections

Current estimates indicate that approximately 1 in 31 children in the
United States, around the age of 8, has been diagnosed with Autism
Spectrum Disorder (ASD), representing a 15% increase in
prevalence within just two years ["!. Over a longer timeframe, the
trend is even more striking: between 2000 and 2022, prevalence
increased by nearly 381%, with the rate of growth accelerating after
2016 1. This upward trend is both statistically and socially
significant. If this trajectory continues, projections suggest that as
many as 1 in 20 children in the United States may be diagnosed with
ASD within the next 25 years (Figure 1). This rapid escalation
highlights an emerging public health concern, not only due to the
growing number of individuals affected but also because of the
increasing demands placed on educational, clinical, and social
support infrastructures. Consequently, there is an urgent need to
enhance public awareness and preparedness.

From a broader geographic perspective, prevalence
estimates consistently demonstrate notable disparities between
urban and rural areas. Urban regions report ASD prevalence rates
approximately 1.9 to 2.5 times higher than rural areas, with urban

407


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

location alone accounting for 53% of the variance in reported cases
I, This disparity underscores differences in service availability,
diagnostic resources, and community awareness across geographic
Expanding this analysis globally, reported ASD
prevalence varies across continents, with rates estimated at 0.4% in
Asia, 1.0% in the Americas, 0.5% in Europe, 1.0% in Africa, and
1.7% in Australia. These figures likely underestimate true
prevalence due to significant gaps in epidemiological research,
particularly in low- and middle-income countries, highlighting

locations.

persistent  disparities and resource allocation

worldwide!'".

in diagnosis

Overall, the observed rise in ASD prevalence is largely
attributed to improved diagnostic practices, expansion of diagnostic
criteria, and increased access to healthcare services /. This reflects
heightened social awareness and growing involvement from
professionals and communities dedicated to supporting individuals
with ASD. However, despite these positive developments, many
regions still lack the structured and specialized resources necessary
to provide consistent and personalized support.
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Figure 1: Autism prevalence among children around age 8: historical trends and current rates (-), and future projections (estimated
based on the current rate- -). The data used for figure generation were derived from reference 7.

Evolution of ASD management

ASD treatment has evolved significantly over the past several
decades, and can be broadly divided into 4 stages (Figure 2). Initial
approaches were rooted in behavioral psychology and highly
structured settings, forming the foundation for early intervention.
Over time, approaches became more holistic, developmentally

involvement, emotional regulation, and naturalistic learning. More
recently, treatment has shifted toward scalable, engaging, and
personalized interventions powered by emerging technologies such
as artificial intelligence (Al), virtual and augmented reality
(VR/AR), robotics, and neurofeedback (Table 1). These innovations
not only align with technological advances but also signal future
possibilities for more accessible, adaptive, and individualized ASD

informed, and socially embedded—emphasizing family support.
Stage 2: Developmental & Future: Al-Personalized
Ecological Models Adaptive Intervention System
(2000-2014)
Technology-aided o
ABA SCERTS MODEL interventions VR Eggly Present
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Figure 2: Evolution of autism educational interventions from 1987 to projected future developments, showing historical milestones,
current approaches, and anticipated trends. The proposed novel system integrates classic educational methods into a unified framework.
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Table 1: Chronological Overview of Autism Educational Interventions by Stage, Method, and Key Outcomes

Stage | Year | Suitable Method Emphasized Outcome Advantage Limitation
ASD Age Aspects
1 1987 | Children ABA with Operant IQ and functional | Effective early Time-, staff-, and
(early Discrete Trial conditioning, gains; many intervention cost-intensive;
childhood) Training (DTT) | repetition, and early | mainstreamed capitalizes on limited
intensive therapy neuroplasticity generalization
1990 | Children TEACCH Structured Improved task Lifelong support, Resource-intensive;
environments, completion, individualized, requires high
visual supports, independence, and | functional focus consistency and
functional skills cooperation staffing
2 2000 | Toddlers/Pre | Parent- Naturalistic Gains in Family-based,conte | Requires trained
-school Implemented teaching, parental spontaneous xt-rich, scalable, parents, variable for
Enhanced mediation, child-led | communication and generalizable severe expressive
Milieu Teaching | prompts and social across environments | delays
(EMT) interaction
2006 | Children SCERTS Model | Social Gains in joint Holistic, family- Less measurable;
communication, attention, centered, supports requires
emotional emotional control, | neurodiversity multidisciplinary
regulation, and and reduced teams
family involvement | parent stress
2010 | Toddlers Early Start Developmental Significant 1Q, Developmentally Resource- and
(1248 Denver Model play-based ABA, language, and appropriate; strong training-intensive;
months) (ESDM) parent coaching adaptive behavior | parent involvement | less standardized
gains; autism tracking
severity reduction
3 2015 | Adolescents Technology- Communication, Improved Scalable, flexible; Unequal access,
aided academic communication, reduces one-on-one | variable
interventions engagement, and motivation, and needs implementation,
behavior independence and limited
longitudinal data
2017 | Children Robot-assisted Social skills training | Comparable social | Scalable; reduces Early research;
therapy using robots skills gains to human resource broader
human therapy demands applicability
unknown
2020 | Children Immersive VR Sensory and Increased social Immersive, Small samples;
social visuospatial tailored | comfort and group | personalized social | experimental stage
environments social scenarios participation skill building
2021 | Adults VR-based User-centered Feasible and Accessible, cost- Equipment access
training design; adaptive relevant for effective, practical constraints; limited
(Virtuoso) skills training, teaching adaptive | tool adult studies
public transit skills
navigation
2023 | Children AR Real-time attention | Increased Interactive, Technical learning
neurofeedback and emotion attention, reduced | gamified, biometric | curve; risk of
(Eggly) regulation via AR + | frustration, high feedback overstimulation;
EEG engagement short study
2024 | Neurodiverse | Al-enhanced Creativity, Supports creative | Strengths-based, Accessibility,
learners digital mind- independence, and expression and empowering training, and
mapping inclusive education | lifelong learning sustained use
challenges

Stage 1: Foundational Interventions (1987-1999)

This initial stage of ASD treatment featured intensive, long-term
interventions conducted in structured, adult-directed settings.
Central to this period was the application of operant conditioning
principles, particularly reinforcement-based learning, to shape
observable behaviors. Treatments typically involved one-on-one
instruction with highly controlled and repetitive tasks designed to
increase desired behaviors and reduce maladaptive ones. Early
intervention critical

capitalized on neuroplasticity during

developmental periods to promote learning and behavioral change.
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A landmark study from this era was conducted by Lovaas in
1987 "l who implemented Applied Behavior Analysis (ABA) using
Discrete Trial Training (DTT). This method breaks complex skills
into small, manageable steps, each with a clear antecedent, a
prompted
reinforcement. Children in the experimental group received over 40

response, and a consequence—usually positive
hours per week of individualized therapy targeting imitation,
communication, academic readiness, and daily living skills. The
results were striking: 47% of participants achieved IQ scores above

85 and were placed in mainstream classrooms by first grade,
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compared to only 2% in the control group. This study provided
compelling evidence that early, intensive intervention could
significantly improve cognitive and functional outcomes in children
with ASD. However, it also highlighted limitations, such as high
demands on time, staffing, and financial resources, which restricted
broad implementation.

Another influential program was Treatment and Education
of Autistic and related Communication-handicapped Children
(TEACCH), developed by Schopler and colleagues. TEACCH
emphasized creating predictable, structured environments tailored to
individual strengths and needs. Core components included clearly
defined physical spaces, visual schedules using pictures or symbols,
and individualized work systems with step-by-step visual
instructions. Unlike ABA, TEACCH focused less on behavioral
normalization and more on developing functional skills, improving
communication, and promoting independence. Studies demonstrated
improvements in task completion, self-care, and classroom
cooperation. Importantly, the model recognizes autism as a lifelong
condition, aiming to support rather than “cure” individuals.
However, TEACCH’s implementation required significant staffing
and strict consistency, making it resource-intensive '/,

Although these early interventions yielded notable
improvements in specific skills, their highly structured and intensive
nature often limited generalization to everyday settings, restricting
lasting functional independence and social integration. Moreover,
the considerable time, staffing, and financial demands posed
significant barriers to widespread use. Nonetheless, these
foundational programs provided critical evidence supporting the
effectiveness of early, intensive intervention in ASD treatment.

Stage 2: Developmental & Ecological Models (2000-2014)

This stage marked a shift toward developmental psychology,
emphasizing a broader, more holistic understanding of autism
focused on social communication, emotional regulation, and
adaptive functioning. In contrast to the rigidity of Stage 1,
interventions during this phase became more naturalistic, embedded
in real-life contexts, and responsive to each child’s strengths,
interests, and developmental level.

A hallmark of this era is the SCERTS Model ¥l a
comprehensive, family-centered framework implemented in
everyday environments such as homes and inclusive classrooms.
SCERTS targets Social Communication, Emotional Regulation, and
Transactional Support—the three functional domains essential for
development.  Strategies  include  modeling  functional
communication, supporting co-regulation with visuals and sensory
approaches, and using structured visual aids like schedules and
individualized task systems. Children receiving SCERTS-based
intervention demonstrated gains in joint attention, symbolic
communication, and emotional regulation, while their parents
reported reduced problem behaviors and lower stress. Although
SCERTS outcomes are less quantifiable than those of ABA-based
programs and require well-trained multidisciplinary teams, the
model represents a pivotal move toward developmentally informed,
relationship-focused, and emotionally supportive interventions.

Another key development was Parent-Implemented
Enhanced Milieu Teaching (EMT), a naturalistic, conversation-
based approach that trains parents to embed language learning in
daily routines I'*. EMT focuses on responsive interaction, modeling,
and expanding child communication within meaningful contexts.
Studies found that parent-implemented EMT led to significant
improvements in children’s spontaneous utterances and vocabulary,
with gains maintained over time. Its strength lies in empowering
caregivers and increasing intervention dosage through everyday
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interactions, though it requires consistent coaching and may vary in
fidelity across families.

Another significant innovation from this period is the Early
Start Denver Model (ESDM), developed by Dawson et al.,!'sl,
ESDM integrates developmental science with ABA principles in a
play-based, relationship-driven format for toddlers aged 12 to 48
months. In a randomized trial, 48 children were assigned to either
receive 20 hours per week of therapist-led ESDM plus parent
coaching or standard community early intervention. After two years,
the ESDM group showed 2.5 times greater improvements in IQ,
language, adaptive behavior, and autism severity reduction. The
model’s strengths include developmental appropriateness, strong
parental  involvement, and  success  during critical
neurodevelopmental windows. However, ESDM is resource- and
training-intensive and may lack the standardized data tracking that
traditional ABA provided. Nevertheless, it provided robust evidence
supporting the blending of naturalistic developmental strategies with
structured interventions, reshaping best practices in early autism
care.

These programs emphasized family involvement and
embraced neurodiversity—the recognition of neurological
differences as natural variations—aiming not to ‘“normalize”
behavior but to promote functional growth, emotional well-being,
and social inclusion. By supporting naturalistic, child-led, and
flexible approaches, they encouraged individualized learning and
relationship-building. However, these benefits often came with
trade-offs: slower skill acquisition, less structured progress
monitoring, and reduced measurability compared to traditional
ABA, which could challenge consistent evaluation and broad
implementation.

Stage 3: Digital and Immersive Technologies (2015—Present)
This stage represents a major evolution in ASD intervention,
characterized by technology-driven, data-informed, and
personalized approaches. Starting with digital tools like video
modeling, speech-generating devices, and computer-assisted
instruction, the field has expanded to include immersive VR/AR
environments, robot-assisted therapy, neurofeedback, and Al-
enhanced learning. These innovations provide scalable, engaging,
and adaptable interventions that better align with individual learning
profiles, fostering self-directed development. Key advantages
include increased accessibility, motivation, and reduced dependence
on intensive human resources. However, challenges persist,
including unequal access to technology, technical complexity,
limited long-term data, and potential sensory overload. Despite these
issues, technology-augmented interventions hold great promise for
enhancing and broadening ASD support.

A comprehensive review exemplifies this stage
analyzing technology-aided interventions for adolescents with
autism. Tools such as video modeling, speech-generating devices,
and computer-assisted learning programs have shown significant
improvements in communication, academic engagement, and
behavior regulation. The review underscored the scalability and
flexibility of these interventions, enabling individualized learning
with less reliance on one-on-one instruction, while also increasing
motivation and independence. However, the authors noted barriers
including unequal access, implementation variability, and a need for
longitudinal studies to verify generalizability.

[16]
b

Further advances include robot-assisted behavioral
interventions, which emulate key components of human-led therapy.
Yun et al.,'”! conducted a randomized controlled trial assigning
children with autism to robot-assisted or traditional human-assisted
therapy groups. Both groups showed comparable improvements in
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social skills, suggesting robots can effectively deliver core social
skills training. This supports scalable, tech-driven therapy and
reflects a broader trend toward accessible, individualized
interventions that lessen reliance on human resources.

Since 2020, focus has shifted to immersive and
neuroadaptive tools. Wang et al. (2023)""®! introduced the Eggly
neurofeedback system, combining augmented reality gaming with a
wearable EEG headband to provide real-time neurofeedback on
attention and emotion regulation. Brainwave data translated into
visual cues within a gamified AR environment enabled children to
train focus and emotional control actively. Participants exhibited
increased sustained attention, reduced frustration, and high
engagement. Limitations include technical learning curves, potential
overstimulation, and short study duration. Nonetheless, Eggly
represents a pioneering integration of biometric feedback with
personalized, gamified intervention.

Additional advancements include immersive Virtual Reality
(IVR) interventions tailored to enhance social and adaptive skills in
individuals with autism. Zhang et al.,™!. developed VR social
environments customized to children’s sensory and visuospatial
strengths, which increased social comfort and group participation.
More recently, Schmidt et al.,/’! designed Virtuoso, a user-centered
VR program to teach adults with autism practical skills, such as
safely navigating public transit, demonstrating its potential as an
accessible and effective life skills training tool. These studies
highlight the expanding role in delivering engaging of VR, scalable
interventions across different age groups.

Building on this, Al-enhanced digital mind-mapping fosters
creativity and independence in neurodiverse learners 1!/, Rather than
targeting deficits, this strengths-based tool supports inclusive
education and creative expression, signaling a shift toward
empowering environments that encourage lifelong learning. While
challenges remain in accessibility, training, and sustained use, these
innovations collectively indicate a future where biometric,
immersive, and Al-powered systems reshape ASD intervention at
scale.

This stage represents a significant transformation in ASD
care through technology-driven, personalized, and scalable methods,
including VR, robotics, and Al. These tools boost engagement,
accessibility, and flexibility while reducing reliance on intensive
human support. However, many remain in experimental stages, with
limited real-world adoption and a lack of long-term evidence.
Despite barriers such as unequal access and technical complexity,
technology-augmented interventions show strong potential to
revolutionize future ASD treatment.

Future direction: AI-Personalized Adaptive
Intervention System

The field of ASD education and treatment has undergone rapid
development over the past few decades. While existing approaches
have demonstrated both strengths and limitations, they collectively
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pave the way for future systems that can achieve highly
individualized, efficient, and accurate interventions. One such
future-oriented model is the Al-Personalized Adaptive Intervention
System, which aims to integrate artificial intelligence with dynamic
intervention planning to deliver responsive, context-aware care—
ultimately reducing global disparities in ASD support (Figure 3).
This novel system is structured into four key steps.

The first step is for individualized data collection, which
involves analyzing prior clinical diagnoses and short-term, Al-
guided robotic interactions to generate a comprehensive profile of
each individual’s cognitive, behavioral, and sensory characteristics.

The second step is personalized multimodal intervention
planning, where the system selects from a diverse toolkit tailored to
the individual’s needs. Tools may include Al-enhanced digital mind-
mapping for cognitive scaffolding, AR-based neurofeedback for
emotion and attention regulation, VR platforms simulating real-life
scenarios for social and adaptive skill practice, and robot-assisted
therapy to enhance communication and imitation. Additional
modules may address sensory integration, pragmatic language
development via language-processing chatbots, and adaptive
scheduling to account for fatigue, overload, or comorbidities such as
anxiety or ADHD.

The third step, system-wide implementation, represents the
operational phase in which the designed framework is fully deployed
across educational, clinical, and home environments. This stage
integrates personalized interventions, assistive technologies, and
collaborative strategies into everyday routines, ensuring that
individuals with ASD receive consistent, structured, and responsive
support. Key to this step is ecological validity: interventions are
applied in real-world contexts, making them transferable and
sustainable beyond controlled settings. To maximize engagement,
the system incorporates user-friendly digital platforms, gamified
modules, and sensory-aware design, transforming abstract strategies
into concrete, accessible practices.

For the fourth continuous monitoring and adaptation step.
Intervention plans adapt over time through real-time data collection
via wearable sensors, user engagement metrics, and behavioral
feedback. Routine reassessment cycles allow the Al to modify
strategies based on progress, emerging challenges, or developmental
changes, ensuring the approach remains individualized and
effective. These interventions can be implemented across home,
school, or clinical settings, with gamified and sensory-friendly
designs promoting high user engagement. Metrics such as attention
span, emotional response, and task performance are continuously
tracked to guide refinements and optimize outcomes.

In conclusion, this closed-loop intervention system lays the
foundation for a scalable and neuroadaptive care ecosystem—one
that ensures continuity, accessibility, and equity in ASD
intervention. By combining multimodal tools with real-time
adaptation and cross-contextual deployment, the model holds
promise for advancing personalized care on a global scale.
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Figure 3: AlI-Personalized Adaptive Intervention System illustrates a promising and efficient educational framework for individuals with

ASD. The system operates in four stages: individual data collection, personalized multimodal intervention plan generation,

implementation and ongoing use, and reassessment with dynamic adjustments in a cyclical process to deliver the most effective,

individualized treatment.

Conclusion

Intervention strategies for ASD have progressed through distinct yet
interconnected phases. Early structured behavioral approaches, such
as ABA, established a strong evidence-based foundation but were
often limited by their rigidity and narrow focus on observable
behaviors. Developmental and ecological models emphasized
social-emotional growth, caregiver involvement, and holistic
development, as seen in frameworks like SCERTS, though
challenges remained in standardization and widespread
implementation. More recently, technology-driven systems—
including Al, virtual and augmented reality, robotics, and
neurofeedback—have introduced scalable, engaging, and
personalized interventions, yet issues of accessibility, equity, and
ethical oversight persist.

Collectively, these stages have shaped a more inclusive and
multidimensional approach to ASD support. The proposed Al-
Personalized Adaptive Intervention System builds on these
foundations by integrating real-time data, multimodal intervention
tools, and adaptive learning algorithms across clinical, educational,
and home environments. By offering gamified, sensory-sensitive,
and individualized experiences, this model seeks to overcome prior
limitations while promoting meaningful engagement.

The future of ASD intervention will depend on sustained
innovation, interdisciplinary collaboration, equitable access to
services, and strong policy frameworks. By combining evidence-
based practices from behavioral, developmental, and technological
approaches, and implementing them thoughtfully, ASD management
can continue to advance toward greater inclusion, independence, and
lifelong growth for individuals with ASD, their families, and their
communities.

Abbreviation

ABA: Applied Behavior Analysis
ADHD: Attention-Deficit/Hyperactivity Disorder
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Al: Artificial Intelligence

AR: Augmented Reality

ASD: Autism Spectrum Disorder

DTT: Discrete Trial Training

EEG: Electroencephalography

EMT: Enhanced Milieu Teaching

ESDM: Early Start Denver Model

IVR: Immersive Virtual Reality

SCERTS: Social Communication, Emotional Regulation, and
Transactional Support

TEACCH: Treatment and Education of Autistic and related
Communication-handicapped Children

VR: Virtual Reality
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