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ABSTRACT

The purpose of this study is to explore a variety of technologies used in Autism Spectrum Disorder (ASD)
education by examining published studies. A systematic literature review was conducted by using the Web of
Science database to collect related studies. In total, 100 studies were reviewed comprehensively to investigate the
trend regarding type and purpose of technology use, the kinds of technology commonly used for targeted skill
development and instructional delivery tool. The results revealed that 1) the trend of scholarly publications have
increased until 2016, 2) there are more studies targeted social skill rather than academic skills, 3) video, computer
software, and mobile applications are commonly used software/multimedia, and 4) computers, mobile devices, and
nondigital object are the most frequent used hardware for targeted skills.
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INTRODUCTION

We have a very large sample of diversity in our daily lives, and autism spectrum disorder (ASD) is just one of
them. ASD is not a disease, but a spectrum, a neurodevelopment disorder that affects general and social
communication features such as verbal and nonverbal. (IDEA, 2007). The prevalence of ASD has been
dramatically growing recently. According to the Centers for Disease Control and Prevention (CDC), the odds for
an ASD diagnosis in the USA was increased from 1 in 68 (2013) to 1 in 54 rapidly in 8 years (CDC, 2020).
Similarly, Baio et al. (2018) also discussed a significant increase, stating that the prevalence of ASD has risen
162.5% since 2002. Although the rates of diagnosis vary among continents, the CDC (2018) and Xu et al. (2018)
reported that various studies in different continents expressed a determined average prevalence rate of 2.47%.

People with ASD have some common characteristics such as repetitive behaviors, stereotyped movements,
constrained interests, resistance to routine changes, as well as unexpected responses to stimulus. Regardless of the
severity of the common signs, their daily activities are influenced by their unique characteristics (Schall &
McDonough, 2010). What is more, compared to their same-age peers, students with developmental disabilities,
including ASD, have more challenges with academic skills, which usually results in lower achievement (Lynch et
al., 2007). Thus, people with ASD may need extra supports in both social and academic skills. In a recent study,
Arslan and Inan (2019) analyzed the topics of ASD-related posts on social media and reported that the need for
special education strategies, challenges in a child’s daily life, and communication and interactions skills were the
three frequent topics among most discussed 10 topics.

Aligning with the increase in diagnosed cases of ASD, various non-digital and digital technologies have been
developed and used in the ASD field today. The numbers of software and hardware dedicated to individuals with
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ASD have accordingly increased (Bartemole & Zapirain, 2014). To assist people with ASD in developing social
and academic skills, various research has been conducted on the effectiveness of new technologies such as
computers, laptops, tablets, and various mobile devices, videos, toys, and a variety of software applications, in
various intervention settings (Cai et al., 2017; Cheng et al., 2018; Fage et al., 2019; Gallardo-Montes, Caurcel Cara,
& Rodriguez Fuentes, 2021; Ingersoll & Wainer, 2013; Murry, 2018; Panerai et al., 2018; Takeo, Toshitaka &
Daisuke, 2007). Technology also has a great potential to capture the attention of children with ASD more easily
than non-digital objects because it creates controllable and predictable environments as well as creates and offers
visual multisensory stimulation that helps with motivation and reinforcement (Takeo, Toshitaka & Daisuke, 2007).
Additionally, technology supports the education of students with ASD by maintaining children’s attention and
minimizing their frustration (Ingersoll & Wainer, 2013).

In these days, it is common to observe individuals with ASD engaging with computing devices more than in other
spare-time activities (Shane & Albert, 2008). These technologies could provide opportunities to meet the needs of
students with ASD, allowing family members and professionals to start interventions early. Early interventions
improve social, communication, and life skills with various benefits through the lifespan of individuals with ASD
(CDC, 2018; Lai et al., 2014). Recently published studies on technology-based intervention indicate that
technology has generally positive impacts on ASD education (Alzrayer & Banda, 2017; Carter & Hyde, 2015;
Carter, Williams, Hodgins, & Lehman, 2014; Hong, Gilbert, Abowd, & Arriaga, 2015; Kranak, Alber-Morgan, &
Sawyer, 2017; Love, 2018; Morgan, 2018; O'Malley, Lewis, Donehower, & Stone, 2014).

Despite the importance of technology used in ASD research for effective interventions and practices, there is a
lack of a systematic review of the literature to inform researchers, administrators, and practitioners about the
current state of technology use and the trend of educational technology in the education of people with ASD. In
this sense, the present systematic review is designed to explore a variety of technologies used in ASD education
by examining published studies. To do so, we categorized and limited our research to examine the trends with
regard to type (hardware vs. software) and purpose (social vs. academic) of technology use in publication. Lastly,
in order to provide effective research-based solutions for a specific target skill, we investigated the kinds of
technology commonly used for instructional delivery and specific target skills that were taught with technology.
Specifically, the research questions of the study are:

1. In scholarly publications, what is the trend in technology use in ASD education?

2. What are the common technologies used in ASD education?

3. What are the target skills taught in ASD education?

4, What kinds of technologies are used for developing social or academic learning skills in ASD education?
METHOD

For a systematic literature review, Petticrew and Roberts’s (2006) guideline and PRISMA framework (2009) were
followed in conducting the following steps to gain information about related literature with specific selection
criteria: (a) planning: review protocol to establish eligibility criteria; (b) conducting: database search and article
selection, followed by screening and data extraction; (c) reporting/dissemination of the results.

Review Protocol

Before conducting the review, a protocol was prepared to set eligibility criteria by identifying inclusion and
exclusion conditions to be able to search, locate, and evaluate articles for the review. Details about inclusion and
exclusion criteria are indicated in Table 1.

Table 1: Inclusion and Exclusion Criteria for Review

Criteria Inclusion Exclusion
Population/Participants Individuals with ASD Individuals who are not
under the age of 18 diagnosed with ASD

Intervention/Exposure/Treatment ~ Any technology (including NA
digital and non-digital)
that is used for teaching

and learning

Context/Settings Educational empirical Review articles,
studies targeting academic  Meta-analysis articles,
and/or social skills, Conceptual studies,
Peer-reviewed journal  Non-empirical studies,
articles Proceedings,

Copyright © The Turkish Online Journal of Educational Technology
46



TOJET: The Turkish Online Journal of Educational Technology — January 2022, volume 21 Issue 1

Books/Book chapters
Other Characteristics Studies  published in Non-English studies,
English, Studies published before

Studies published in the 1999
last 20 years (1999-2019)

Article Search and Selection

In order to execute article search and selection, the Web of Science Core Collection was used. We selected it as it
is one of the biggest collections that is comprehensive, contains numerous research areas including
multidisciplinary ones, and has over 74 million records. The relevant search keywords were set to be used in the
Boolean operation to collect studies. As presented in Table 2, different keyword sets were identified to address
pedagogical aspects; participants' characteristics; used technology format and features; and context of education.
After the search, inclusion and exclusion criteria were applied to select relevant articles.

Table 2: Used Keywords for Database Search
Boolean Operations

Keyword Sets

Keyword Set 1 ([Teach* OR Learn* OR Instruction*] AND [Behavior* OR
Communication* OR Social* OR Academic*])

Keyword Set 2 (ASD OR Autism)
Keyword Set 3 (Technology OR Tool OR Software OR Multimedia OR
Interaction OR Application OR Virtual Reality OR Augmented
Reality OR Game OR Robotics OR Mobile)

Keyword Set 4 (Special Education)

Search Combination ([Setl AND Set2 AND Set3] AND Set4).

Based on these keyword search combinations, 255 articles were located. Additionally, 12 studies identified through
other resources were added, and as a result, there were 277 articles yielded, in total. The flow diagram (Figure 1)
depicts the article search and selection process.

Records identified through database Additional records identified
searching through other sources

(n=255) (n=12)

Records after duplicates removed
(n=214)

¥

Records screened Records excluded
(n=214) (n="74)
Full-text art.ic.le.s assessed Full-text articles excluded

for eligibility (n=40)
(n=140)
Studies included
for review
(n=100)

Figure 1: PRISMA framework (2009) flow diagram for article search and selection.

Three main steps were taken to refine the articles. In the first step, duplicate resources were eliminated from 277
to 214 articles. In the second step, 214 articles were screened by using eligibility criteria and 74 of them were
excluded. Lastly, a comprehensive summary was conducted by creating summary tables for all 140 full-text articles.
During this process, 40 articles were excluded due to insufficient or irrelevant scope and content. After all,
procedures were carried out, 100 articles were retained for further analysis.
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Data Extraction

To address the research questions, summary tables were assessed carefully. The first data were revealed the trend
of scholarly publication. To create meaningful distinct data, as reviewed from the literature, and to understand and
explain technology use better, we categorized the data into two subgroups: (Subgroup 1) software/multimedia and
(Subgroup 1) hardware. As there are tremendous varieties of software/multimedia and hardware, specific ones
were categorized and grouped in general terms. In addition to used technology, targeted skills were also extracted
from the literature. These skills were linked with software/multimedia and hardware in the findings. In summary,
data were extracted and categorized into four fields: (a) year trends, (b) used software/multimedia, (c) used
hardware, and (d) target skills taught.

RESULTS

Trends of Technology Use in ASD Education in Scholarly Publication

The number of technology-related ASD publications per year increased rapidly between the years 2002 and 2016
and started to decrease dramatically till 2019 (see Figure 2). The number of articles was three in 2002, and the
highest number of published journal studies was 16 in 2016. There were only 4 and 5 publications in 2017 and
2018 respectively, while there is only one for 2019. Although there have been slight increases and decreases over
the years, the graph indicates an upward trend up to the year 2016. In the following years, there were tremendous
studies related to ASD, however, the studies did not target technology for ASD children specifically. Rather,
studies focus more on teaching methods, teacher training, and parents of ASD children.

Number of Publications
18
16
14

10

0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 2: Trend of annual publications for technology use in ASD education between 2002 and 2019.

Types of Technology Used in ASD Education

In terms of the type of technology usage in ASD education, first, specific software and multimedia applications
were grouped into relevant categories. The bar graph in Figure 3 gives a breakdown of the software/multimedia
used for ASD education. The results revealed that, although numerous software multimedia was being used in
studies, video and a variety of computer software were the most commonly observed applications with 25 studies
each. Mobile applications, virtual reality, and digital graphics were the other commonly used software/multimedia,
respectively. Comparing the left bar (highest) and right bar (lowest), there was a considerable difference in
technology use.

Software/Multimedia
30
25 25
25
20
20
15
10 2 8
5 3
1
0 1 o
Video Computer Mobile Virtual Digital  Digital Story  Digital
Software Application  Reality graphic Game

Figure 3: Technology used in ASD education.
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To understand the actual and potential relationships among hardware, software, and learning, similar hardware
was also grouped as in the software/multimedia case. As can be seen in Figure 4, the computer was the most
frequently used hardware within 35 studies while a mobile device ranked second, in 30 studies. An interesting
point is that these studies also reported the frequent use of non-digital objects. Wearable technologies and the video
camera were the other prominently adopted hardware that delivered educational content for learning.
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Figure 4: Hardware used for ASD education.

Targeted Skills Taught in ASD Education

After extracting the data for the software/multimedia and hardware used, target skills were also analyzed. Figure
5 illustrates the distribution of skills targeted with the software/multimedia used in ASD education. As can be seen
from Figure 4, the highest frequency of target skills was 61 social skills while only 30 academic skills were the
focus of studies. Within the social skills, general social skills were the most frequent set, within 44 studies.
Communication and vocation skills are the following target skills with eleven and six studies, respectively. On the
other hand, among the academic skills, language and arts were targeted the most—in 20 studies. The set of general
academic skills ranked second, within seven studies. Unexpectedly, there were only two and one studies in both
math and science during that period.
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Figure 5: Target skills areas within software/multimedia in ASD publications.

Figure 6 represents the distribution of skills targeted with hardware used in ASD education. Similar to the results
displayed in Figure 4, the skills most frequently targeted with hardware were social skills—in 91 studies. On the
other hand, the number of research studies that targeted academic skills with the use of hardware was 35. Likewise,
among all the skills, the most commonly targeted skills were general social and language arts, the focus of 71 and
20 studies, respectively. In terms of social skills, there were eleven studies on communication skills and nine
studies on vocation skills. Concerning the hardware used, there were eleven general academic skills targeted, while
there were only three studies for math skills and one study for science skills.
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Target Skills within Hardware
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Figure 6: Target skills areas within hardware in ASD publications.

Targeted Skill Specific Technologies in ASD Education

Technologies for Social Skills

To understand the skills targeted with the use of technology, we investigated in detail the software/multimedia and
hardware used in ASD publications. To begin with, software/multimedia and hardware used for social skills were
examined. Figure 7 depicts the patterns of social skills developed with software/multimedia used in ASD
education. The video was the most frequently used technology, as illustrated below, with 20 studies. The second
and the third most used software/multimedia were computer software, with 13 studies, and mobile application,

with 12 studies.
Used Software/Multimedia for Social Skills

Digital Game mli
Digital Story M

Digital Graphic 4 7
Virtual Reality 6 i i
Mobile Application 8 g |
Computer Software 9 I |
Video (representation) 15 - 4
0 5 10 15 20 25
Social General = Communication Vocation

Figure 7: Software/multimedia used for social skills.

In terms of hardware, the most frequently used device for social skills was the computer. As can be seen in Figure
8, the number of publications focused on computer usage was 24. In addition to this, the mobile device was noted

in 19 studies as the second most frequently used hardware, while non-digital objects came in third place with 18
publications.

Used Hardware for Social Skills

Eye Tracker mQmm

Digital Interactive Object S5z
Video Camera 5 2
Display 5 2
Wearable Technology 9
Non-Digital Object 14 i 2
Mobile Device 13 Emgam. 3
Computer 19 Ege— D
0 5 10 15 20 25 30
Social General mCommunication Vocation

Figure 8: Hardware used for social skills.
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Technologies for Academic Skills

Dissimilar to the results on social skills, the total number of software/multimedia used for academic skills was
lower and slightly different from those used for social skills. As presented in Figure 9, the variety of
software/multimedia depends on the subject to be taught. Among these, computer software and mobile applications
were the most often used software/multimedia, reported by 12 and eight publications, respectively. In other words,
software and application technology are more often used for enhancing the academic skills and achievements of
those with ASD. Unlike social skills, the video was not used as commonly for academic purposes, as the number
of studies on the use of video for academic skills was only five.

Used Software/Multimedia for Academic Skills

Virtual Reality 1
Digital Story ]
Digital graphic |EEE1
Video (representation) 2
Mobile Application ININNEEGEGG_—— 5
Computer Software | ININENNE 10
0 2 4 6 8 10 12 14
m Academic General mMath Science Language/Art

Figure 9: Software/multimedia used for academic skills.

Lastly, the hardware used for academic skills was investigated. Similar to the results of software/multimedia used,
hardware use also differs, depending on the academic subject (see Figure 10). As expected, the most frequently
used hardware was the mobile device and computer with 11 studies. non-digital objects and digital interactive
objects, such as clickers, tactile devices, followed the mobile device, similar to social skills, with six and three
publications, respectively. An interesting point is that mobile devices were used more like hardware than as
software/multimedia. Mobile devices enable ASD individuals to receive support anytime and anywhere across
topics.

Used Hardware for Academic Skills

Display

Wearable Technology
Eye Tracker
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Digital Interactive Object
Non-Digital Object
Mobile Device
Computer
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m Academic General mMath Science Language/Art
Figure 10: Hardware used for academic skills.

DISCUSSION

This systematic literature review was conducted to explore a variety of the currently available technologies and
associated skills. The goal was to build a knowledge base to inform technology-related solutions for nurturing
certain specific skills in ASD individuals. To do so, scholarly publications were examined, and findings were
articulated, according to publication trends, types of technology used, and skills targeted.

Examined in this study were 100 studies, published between 2002 and 2019, on the use of various types of
technology used in teaching learners with ASD. The number of similar publications has increased till 2016 and
decreased dramatically in the following years. Although there are tremendous studies related to ASD, the studies
did not target technology for ASD children specifically. Rather, studies focus more on teaching methods, teacher
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training, and parents of ASD children. Those findings can be interpreted as available tools and software have been
increasing, providing tremendous solutions to those with ASD. As articulated in other studies (Bernard-Opitz et
al., 2001; Goldsmith & LeBlanc, 2004; Shabani et al., 2002), it can be concluded that taking advantage of emerging
technologies, researchers focus on technological solutions for ASD education, especially to target specific skills.

There is a variety of software/multimedia used in ASD education. Video and computer software are the most
preferred tools and are followed by mobile applications. Transition is crucial and challenging for ASD individuals,
both in daily life and educational settings. Children with ASD usually struggle in situations involving a change in
the environment, and such difficulties related to environmental change may cause severe behavioral problems in
the process of transition (American Psychiatric Association, 2000; Cihak, Ayres, & Smith, 2010). In this regard,
video can be used to ease the transition process for individuals with ASD by using various techniques, such as
video modeling (Dowrick, 1999) which can be used to allow individuals with ASD to watch another person or
themselves perform and improve desired behaviors and skills. Combining a specific software/multimedia, if
utilized correctly, could influence the skill development of ASD individuals.

According to reviewed interventional studies, researchers have mostly used digitalized hardware, as expected, such
as computers, mobile devices, wearable technologies. This finding supports Shane and Albert (2008)’s argument
that people with ASD engage with technological devices more than in other spare-time activities. However, there
is a great number of research studies that include non-digital objects as well. Studies have shown that non-digital
objects also have had a positive impact on individuals with ASD for promoting desired behavior and skills. We
conclude that not only highly complex hardware but also non-digital objects, such as toys and papers, can be used
in ASD education with a proper educational method.

Another focus of this study was on the targeted skills. As illustrated in the findings, there were twice as many
social-skill-related studies as academic-skill-related ones. It could be inferred that improving the social skills of
children with ASD, to regulate their daily life routines, is of greater concern to educators than developing their
intellectual skills. In this regard, the priority, especially in early childhood, is to improve the basic social skills of
children with ASD. The targeted skills of selected publications are in line with Arslan and Inan (2019)’s study and
emphasize that the need for social skill development is more crucial. However, students with developmental
disabilities, including those with ASD, have more challenges in acquiring academic skills than do their same-age
peers, which results in lower achievement (Lynch et al., 2007). Therefore, it is also reasonable to focus on
developing their intellectual skills such as academic skills at an early age to promote easier school transition.

Although types of software/multimedia and hardware seem similar for both social and academic skill development,
slight discrepancies were found in terms of the way they were used. This may have resulted from the accessibility
or affordability of the related software/multimedia and hardware. For social skill development, for instance, the
predominant used software/multimedia types were video, computer software, mobile applications, and virtual
reality. The researchers used computers and mobile devices, as hardware, to deliver specific software/multimedia
during the intervention. As mentioned above, there were also non-digital objects used without any
software/multimedia. It is likely that those objects are used as a treatment strategy to address the target skill without
needing any computerized technology. Used technologies for academic skills have similar patterns with the social
skills but they had different frequencies. While computer software, applications, and video were used most
frequently, the researchers utilized mobile devices and computers as hardware. Since the size of electronic devices
has been decreasing rapidly, it is getting easier to demonstrate a variety of content and software via mobile devices,
which could create new opportunities to integrate these devices in ASD education.

CONCLUSION

The purpose of this study was to summarize technology tools that have been used to promote the skill development
of ASD individuals. These findings from our systematic literature review describe the recent use of
software/multimedia and hardware in terms of promoting social and academic skills for ASD education. Many
studies have been carried out to assess how different forms of technologies are used for ASD learners. . Those
findings provide social and academic guidelines for the use of technology as different means to support ASD
individuals’ education. As the effective implementation of technology has generally positive impacts and outcomes
in ASD education, this study can be used as a guideline by special education practitioners, school administrators,
and policymakers. To be effective, the use of technology should be matched with an individual’s needs. Adopting
any technology without a well-guided recipe could fail. Therefore, technology should be matched with the
characteristics of the student with ASD, and its use should be well-planned, customized, and individualized for
parents, teachers, and administrators. The scope of this study is limited to one database, namely Web of Science
Core Collection, to search keywords, and to publication dates 2002 — 2019.
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