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ABSTRACT Autism, also known as Autism Spectrum Disorder (ASD) or Asperger’s syndrome, has an
impact on cognition, social relationships, and behavior. Based on these characteristics and their learning
interests, e-learning (Electronic Learning) recommendation systems attempt to provide personalized recom-
mendations. This may enhance the learning ability of individuals with ASD. However, some technological
challenges limit the ability of the population to use support scenarios and prevent efficient learning. This
study tries to review e-learning recommender systems for individuals with ASD. The main identified
aspects are 1) lack of design principles while building customized e-learning platforms for those with ASD;
2) technological limitations to developing recommender systems for e-learning, and 3) suggestions that
reduce field limitations. The studies additionally discovered that social communication and psychological
abilities had the greatest focus of study. A small number of studies mentioned the participant’s ASD level, the
majority of the articles highlighted the beneficial effects of designing a content-based recommender system
specifically for those with ASD.

INDEX TERMS Applied behavior analysis (ABA), assistive technology (AT), autism spectrum disorder
(ASD), content recommender system, collaborative filtering recommender system, electronic learning
(E-learning), hybrid recommender system, information and communication system (ICT).

I. INTRODUCTION
The World Health Organization (WHO) estimates that there
are nearly one billion disabled people in the world. One such
disability is Autism spectrum disorder (ASD) a neurobiolog-
ical disease impacting social relationships, interactions, and
behavior [1]. If it is not diagnosed in early childhood it affects
later in future, and its prevalence is higher in boys [2], [3],
[4]. Certain individuals with ASD can live independently,
whereas others require lifelong care. Common characteristics
include sensory hypersensitivity, lack of interest in activities,
and repetitive behaviors [5]. These factors significantly affect
learning as shown in FIGURE 1. However, autistic people can
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progress in their development and lead meaningful lives with
appropriate support [1].

In an E-learning system, adaptability is the most essen-
tial feature. Therefore, online learning can be customized
to meet unique requirements and preferences like learning
interests, profiles of users, and prior experience, these factors
will influence the system more [6]. Therefore, adaptability
promotes accessible education, particularly for individuals
with specific schooling needs who strive to enhance their
functional capabilities [7]. For comprehensive support of
specially-abled people, the assistive technology (AT) concept
is integrated with the Information and Communication Sys-
tem (ICT) that leads to linking between devices and services,
incorporating adaptability and assistive technology into the
education system leads to the best solution [8]. Individuals
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with disabilities encounter challenges in terms of academic
achievement, employment prospects, and poverty rate. Infor-
mation and Communication Technology (ICT), particularly
the Internet, has become essential for supporting inclusion
and providing access to knowledge [9]. Educational technolo-
gies improve academic performance, develop social skills,
address everyday challenges, and enhance workforce inclu-
sion for individuals with disabilities [10]. For individuals
with Autism, computer-human interaction offers a safe and
focused environment for targeted development. Technolo-
gies such as specialized input devices, systems powered by
AI, arcade games, extended reality, and robot machineries
have shown positive outcomes in supporting individuals with
ASD [11], [12]. Designing e-learning systems requires an
understanding of the interactions of individuals with disabil-
ities within the learning environment to identify areas for
improvement. Careful consideration of the clinical context
for individuals with ASD is essential in designing effective
recommendation systems [13], [14].

FIGURE 1. Characteristics of autism spectrum disorder.

This paper provides an overview of various models of
recommendations utilized as an educational tool in the online
learning domain and evaluates the pros and cons of current
recommendation models, mainly for persons with disabilities
such as autism. The specific objectives of this review are as
follows:

Conducting an analysis and synthesis of research work
in e-learning content recommendation systems for people
with autism. Identifying the various recommendation tech-
niques employed, the parameters and attributes utilized as
input for suggestion model, the procedures employed during

each recommending stage, similarity measurements utilized,
and assessment criteria used in content recommendation
model for online learning, specially designed for Autism.
Identifying the various characteristics of individuals with
ASD should be considered while designing an e-learning
recommendation system.

II. RESEARCH METHOD
In the following section, the authors aim to convey the funda-
mentals of recommendation system and different approaches
for implementing recommendation system and an associated
systematic study of autism-friendly e-learning recommender
system, data source details and inclusion and exclusion crite-
ria for paper selection for this review.

A. RECOMMENDATION SYSTEMS
E-learning systems have seen massive growth over the past
decade. E-learning platforms have curated an immense col-
lection of learning resources encompassing a wide variety
of formats and media types. These resources are extensively
diverse and offer learners a rich and varied learning expe-
rience [15]. The overwhelming amount of information in
online learning environments has created a demand for per-
sonalization. Several recommendation strategies have been
used in studies to deal with information saturation. These
techniques are designed to filter out unnecessary information
from learning resources and offer customized content specifi-
cally tailored to their unique needs and preferences of learners
[16]. The learning method is impacted by the unique require-
ments, objectives, and preferences of each learners, and learn-
ers exhibit distinct features, such as background information,
history of learning, competency stage, learning approach, and
activities [17], which further complicates the task of recom-
mending ideal learning resources for each learner. A major
challenge in these systems is the dynamic nature of the user
interests, preferences, and needs, which evolve over time.
Consequently, in e-learning environments, recommendation
systems should focus on addressing the specific requirements
and characteristics of learners themselves. Additionally, these
recommendation systems assist educators while designing
the learning process by taking into account of desires and
individual needs of the learners [18]. A recommendation sys-
tem’s fundamental goal is to assist users and discover relevant
items.

B. CONTENT-BASED RECOMMENDATION APPROACH
This kind of recommendation system makes us of content
analysis to examine documents, resources, and other items
that users have already assessed. Through this analysis, a rec-
ommendation model was constructed by considering diverse
interests of users, and then they assigned an attribute value to
the keyword depending on frequency of occurrences in that
resource. Recommendations are then generated by referenc-
ing the profiles of individual users and suggesting different
items with similar attributes [19].
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C. COLLABORATIVE FILTERING-BASED
RECOMMENDATION APPROACH
This type of recommendation approach has been widely
adopted in numerous fields, highlighting its broad usage. In
collaborative filtering-based recommendation systems, con-
siders the correlation between resources and users, sugges-
tions are recommended, where feedback of other learners
with the same interests is considered while making sugges-
tions. Feedback may be implicit and explicitly obtained from
the system users to generate personalized recommendations
[20], [21].

D. HYBRID RECOMMENDATION APPROACH
Hybrid approaches in recommendation systems aim to
combine the strengths of various approaches while miti-
gating their limitations. The best-known hybrid approach
involves integrating content-based and collaborative filter-
ing approaches. However, other kind of hybrid approaches
incorporate different aspects. The primary objective is
to simultaneously integrate or combine multiple tech-
niques to implement a hybrid system capable of provid-
ing more comprehensive and improved recommendations
[22], [23].

FIGURE 2. Recommendation system types.

E. KNOWLEDGE-BASED RECOMMENDATION APPROACH
Several recommender systems utilize semantics or knowl-
edge driven recommendation systems for online education.
These systems encompass both context and ontology-based
approaches. By leveraging ontology, these knowledge-based
systems structure and organize details regarding the content
and participants involved in the e-recommendation (Elec-
tronic recommendation) process. Concerning, these systems
effectively map learning resources relevant to individual
learners by leveraging relational knowledge [23]. These

different types of recommender systems are presented in
FIGURE 2.

F. DATA SOURCE
To conduct this study an exhaustive search was made across
digital databases including Science Direct, Springer IEEE-
Xplore, and Scopus. The researchers carefully examined
and extracted key elements from the identified studies,
including abstract, summary, and key phrases from various
documents, including articles from journals conference pub-
lications. Through this process, the authors were able to
identify the most crucial topics that needed to be addressed
to provide answers to the research issues guiding their
study.

G. STUDY SELECTION
To identify recent research in personalized recommendations
for Autistic people in the field of e-learning, the researchers
conducted an online database search from 2007 to 2023.
The terms ‘‘e-learning recommendation system’’, ‘‘Autism’’,
‘‘recommender system for people with disability’’, ‘‘adaptive
e-learning’’ and ‘‘e-learning recommender system for people
with Autism’’ are used to identify the papers. FIGURE 3
block diagram shows article selection, and number of arti-
cles excluded form study, there are total of 112 papers
selected initially, from this collection finally 26 articles
were chosen for further analysis according to selection
specification:

• Articles include techniques for making recommendation
to individuals with Autism

• Articles that include the special characteristics of per-
sons with Autism

• Articles proposing E-learning
• Articles explaining the detailed methodology of design
• Articles which are published in recent years.

After retrieving these papers for study, the authors exam-
ined them. Initially, they assessed each paper’s title, abstrac-
tion, summary, and key terms for identifyingmost appropriate
scientific articles for review. In subsequent stage, optimally
recognized papers were used for a more comprehensive
analysis. The authors have thoroughly examined the entire
content of these papers. Articles that satisfied the require-
ments were the only ones picked for an in-depth review and
further examination.

FIGURE 4 reveals an increasing trend in the number of
publications related to personalized recommendation tech-
nologies for people with ASD in e-learning environments
between the year 2018 to 2022. Furthermore, there was a sig-
nificant leap in publication numbers during this period, indi-
cating substantial progress in research output in the domain of
e-learning recommendation systems for people with Autistic
disorder. Moreover, technological advancements are making
it possible for anyone, regardless of their disability, to obtain
e-learning.
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FIGURE 3. Flow of data source selection.

FIGURE 4. Distribution of articles by year of publications.

III. RESULTS AND DISCUSSION
E-learning recommender systems are trending technologies
in education systems, where the application mainly focuses
on the learner’s interest and prioritizes the available resources
such that it fulfils user needs with irrespective of disability.
TABLE 1 represents the analysis result of the primary study
of the review, it exhibits that there are several researches
done for providing the e-education (Electronic education)
systems for individuals with disability by incorporating sev-
eral modern techniques in recent years, and also explains the

main contribution of each work, this table shows that there
are variety of applications and equipment’s are designed for
providing the personalized e-learning facility for learner with
disabilities like autism spectrum disorder.

E-learning systems should incorporate an assessment of
the visual engagement of individuals with Autistic disorder
because of their challenges in maintaining visual contact. It
is necessary to evaluate the percentage of time and dura-
tion that individuals with ASD remain visually connected to
technological tools while using them. By monitoring visual
engagement during e-learning activities, valuable insights can
be gained regarding attention and engagement levels. These
details can be utilized to customize the e-learning experi-
ence, providing appropriate support, and for enhancing the
system’s design to better cater to the unique needs of learners.

The selected studies encompassed a broad category of
topics as shown in FIGURE 5, but several skills emerged as
the central focus of research, TABLE 2 summarizes the skills
that are analyzed, for persons with autism spectrum disorder.
To a lesser extent, other abilities were investigated as well,
including those linked to the profession, physical capabilities,
behavioral abilities, and using public transportation. It is
essential to remember that the information provided is the
outcome of skills and their frequency.

FIGURE 5. Autism skills targeted in publications.

The review identifies recent trends in designing e-learning
recommender systems that fulfill the independent needs of
individuals with Asperger’s syndrome. An autistic person’s
social environment is important factors that strongly influ-
ence the learning process while implementing an e-learning
system, as well as scientific, pedagogical, and psychological
infrastructure that influences individuals with ASD.
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TABLE 1. Year of publication, technology implemented main contribution summary of 26 articles of primary study.
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TABLE 1. (Continued.) Year of publication, technology implemented main contribution summary of 26 articles of primary study.
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TABLE 1. (Continued.) Year of publication, technology implemented main contribution summary of 26 articles of primary study.
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TABLE 2. Distribution of articles according to autism skills targeted in
publications.

IV. CONCLUSION
The principal goal of the current work is, assisting the formu-
lation of effective e-learning strategies for Autistic individual.
These traits make it difficult for a people to communicat-
ing, concentrating, managing emotions, and interacting with
others. These factors directly influence the learning pro-
cess. Recognizing these challenges, to address the specific
requirements of individuals with ASD and enhance their
learning experiences within the context of e-learning. The
consensus among experts from different fields underscores
the importance of early detection in mitigating these deficien-
cies. Furthermore, emphasized the importance of learning
technologies in this context and tried to recognizing the
significance of early intervention, and also highlighted that
utilizing learning technologies is vital for providing effective
support to individuals with ASD. By leveraging appropriate
e-learning technologies, interventions can be implemented
early, facilitating positive outcomes and addressing the chal-
lenges faced by individuals with ASD.

Another factor affecting the implementation of e-learning
systems is the absence of design guidelines that are particu-
larly concerned with the educational requirements of those
having Autism. Therefore, study attempted to determine
appropriate information required for establishing e-learning
recommender systems for people with autism. The conclu-
sions drawn from studying the developments in educational
technology shows that there is little scope for correcting
application-specific skill gaps and inadequacies. However,
these drawbacks can be reduced by adopting a wider per-
spective that covers the essential elements present in such
a system. Recognizing these areas for development provides
an opportunity to improve the applications and create a more
thorough strategy.

While implementing teaching and learning activities, using
a recommendation approach enables greater comprehen-
sion of whether Autistic individual participate with vari-
ous aspects of their environments. This study recognizes
unresolved issues in the development of online education
communities. The work emphasizes the significance of the
best available technological tools so that people with ASD
can be effectively involved in society and have better daily
functioning. In addition, owing to the complexity of ASD,
researchers have emphasized the significance of establishing
guidelines when developing online learning platforms and

modifying them according to their requirements. For future
work, the authors identified suggestions that can be imple-
mented in virtual educational recommendation domain for
people with autism. Another significant discovery is that the
bulk of research endeavors have been allocated to improving
one’s social abilities, with relatively little attention paid to
how individuals with Autistic nature identify and regulate
their emotions. The author identifies the below mentioned
suggestions that can be incorporated into the online educa-
tional recommendation platform for individuals with autism.

• Participants: Most studies do not consider the age
of children while designing recommendation system,
so it is suggested that recommendations must include
age-appropriate content for children with autism.

• Level of Severity: Most of the authors did not con-
sider the severity level of children with autism, so it
is recommended to consider the level of severity while
implementing a recommendation system.

• Personalized Recommendation: The implementation
system should be personalized and customized in accor-
dance with the unique requirements and health condi-
tions of individuals with ASD.

• Cold-Start Problem: Studies have not discussed new
user cold-start issue therefore, it is suggested that while
designing the recommendation system, it is essential to
consider the user profile and feedback while generating
recommendations.
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