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Abstract 
Currently, in the educational field, the so-called traditional methods are being replaced by other teaching 
and learning processes as the inclusion of Information and Communication Technologies (ICT). It is true 
that most educational institutions include new methodologies in order to improve the academic 
performance of students and in this sense, the inclusion of new technologies is responding to the 
demands of education. One of these emerging technologies that are impacting the educational context 
is the Augmented Reality, also known as AR. It is one of the newest trends in technology which has 
experienced a huge boom during the last decades. This role is increasingly relevant in different areas 
of knowledge since it shows the great usefulness and adaptability of this new technological tool. The 
AR is an interactive system whose purpose is to access information about the reality of the world and 
make digital data available to society in real time. In short, it means creating a fictitious image, a 3D 
model, texts or other type of information generated from a processor. Focusing the theme in the 
educational field, and more specifically in the classroom context of therapeutic pedagogy and in students 
with special educational needs due to disability, the use of ICT began with great force because of the 
emergence of some very effective materials like the digital board. However, after a few years, new 
emerging technologies appear in order to be used as learning tools. In this sense, the AR is an essential 
tool in the classroom since it supports two of the key pillars in education: motivation and learning. The 
inclusion of these emerging tools as enhancers of accessibility in the participation of students with 
disabilities, specifically with students with Autism Spectrum Disorder (ASD), will allow the adaptation to 
the heterogeneity of learning styles of these students and provide support in the improvement of his 
difficulties in social skills and executive functions. Therefore, the objective of this study is to perform a 
bibliometric analysis of the state of scientific production on Augmented Reality in the intervention of 
students with ASD. To achieve this goal, we have worked with the Web of Science (WOS) obtaining a 
significant sample of articles that have been analyzed based on a series of bibliometric indicators 
(number of publications per year, number of citations per year, authors, educational levels, topics 
addressed, immediacy index). The results obtained have shown an increase in significant production 
(Price Law), being the period of highest production and scientific citation between 2015 and 2018. This 
fact shows the commitment to the benefits of the use of the AR in students with ASD and it may indicate 
the need for inclusion as a support tool in the educational intervention of these students.  
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1 INTRODUCTION 
The introduction of Information and Communication Technologies (ICT) in teaching and learning 
processes in education is leaving aside the so-called traditional method. It is true that today most 
educational institutions include new teaching methods with the aim of improving the academic 
performance of students and in this line, the inclusion of new technologies is responding to the demands 
of education ([1], [2]). 

Augmented Reality, also known as AR, is one of the novel trends in technology that has acquired a 
great boom in recent years [3]. This protagonism is increasingly relevant in different areas of knowledge, 
showing the usefulness and adaptability of this new technological tool. 

The best known meaning of AR is the one defined by Milagram, Takemura, Utsumi and Kishino [4] 
where it is explained that augmented reality is situated between the real context and the pure virtual 
context where the so-called mixed reality is located. This mixed reality is in turn structured in two terms: 
augmented reality and augmented virtuality. The difference between the two is elucidated in the 
proximity to true reality or pure virtuality respectively [5]. 
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In short, AR can be defined as an interactive system whose purpose is to access information on the 
world's reality and superimpose digital data on society in real time [6]. This involves creating a fictitious 
image, a 3D model, texts or any other type of information generated from a computer [7]. 

Specifically, in the educational field, and more specifically in the context of the classroom of therapeutic 
pedagogy, the use of ICT began with great force due to the emergence of some very powerful materials 
such as the digital whiteboard. As it is expressed [8], after some years, it appears new Information and 
Communication Technologies whose didactics increase teaching. There is no doubt that AR is an 
essential tool in the classroom since it supports two of the key pillars in education: motivation and 
learning.  

All of this is what Aparici [9] calls endocomunicación, the purpose of which is to break with pedagogical 
traditionalism in order to build new learning networks in the educational community. The real change is 
located in the current school, which converts itself by giving it characteristics such as efficiency, 
innovation, creativity and inclusion [10]. 

On the other hand, it has to be contextualized that it is the Autism Spectrum Disorder (ASD) because 
today there is still a lot of ignorance about this specific educational support need despite the fact that 
one out of every 100 children has ASD [11]. More recent results from the Centers for Disease Control 
and Prevention (CDC) in the USA find that ASD has a prevalence of 2.24% in 2014. This increased 
identification coincides with a change of questionnaire to make it more sensitive to case diagnosis [12]. 

Taking as a reference the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
V), it is defined as a neurodevelopmental disorder that manifests itself from infancy [13] that affects two 
fundamental areas, the area of communication and social interaction and the area of restrictive, 
repeated and stereotyped patterns of behaviour, interest or activity [14]. This disorder is divided into 
three levels of diagnosis according to the degree of severity: mild, moderate and severe [15]. ASD is 
highly heterogeneous, both in etiological issues and in the manifestations and evolution of symptoms in 
the different phases of development, expression and presentation according to sex, age or comorbidities 
present. 

There is a great variety of people with this specific educational support need and, therefore, a notorious 
difficulty to succeed in educational interventions because it is complicated to define which is the most 
appropriate method. As Mercedes and Castillo [16] indicate, an appropriate method will be one that 
strengthens social skills, communication and sensorimotor development. 

In this sense, numerous studies ([17], [18], [19], [20]) demonstrate that the use of Augmented Reality is 
a fundamental tool to improve the understanding of academic interaction with ASD students and 
provides a new opportunity to address situations of specific educational support needs that contribute 
to improving learning conditions. However, it should be noted that many of the studies that confirm the 
importance of AR for students with Autism Spectrum Disorder are qualitative in nature [21] and, 
therefore, the results cannot be generalized. 

In conclusion, this study aims to show the current state of AR as an educational tool in intervention with 
students with ASD. In order to obtain this main purpose, the following research questions have been 
established: 

• What are the years of greatest scientific production and number of articles? 
• Are the years of greatest scientific production those that generate the greatest number of 

citations? 

• Which countries produce the most documentaries?   

• What type of document is the most developed in this field? 
• What type of trend (ascending or descending) does AR show in the bibliometric field? 

2 METHODOLOGY 
According to the classification of Montero y León [22], this research is based on an ex post facto 
bibliometric retrospective study in which the results of a bibliometric analysis are presented. To do so, 
the following steps were followed: first, search and selection of the documents according to the 
information; then, classification according to the descriptors of the documents found; and finally, analysis 
of the documents [23]. 
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2.1 Participants 
The sample consists of 14 articles published between 2015 and 2018 in the Web of Science database. 
This period of time has been selected due to the fact that, previously, an analysis was carried out in 
which a notable increase was observed in the publication of articles related to the scope of Augmented 
Reality in the chosen range. The search study, as well as the selection and analysis of data took place 
between January 2019 and March of the same year. The units of analysis have been documents in 
English with the purpose of using Augmented Reality as learning strategies for intervention with students 
with Autism Spectrum Disorder (ASD). 

2.2 Design and process 
In order to carry out the process of searching for information, the following phases have been followed. 

1st Phase. For the selection of the items included in the sample, the following code lines were used in 
a first phase: TS=("autism" AND "augmented reality") OR TI=("autism" AND "augmented reality") OR 
TS = ("autism" AND "augmented reality" AND "Education") OR TI = ("autism" AND "augmented reality" 
AND "Education") OR TS=("autism" AND "emotions" AND "augmented reality") OR TI=("autism" AND 
"emotions" AND "augmented reality") OR TS=("autism" AND "social skills" AND " augmented reality") 
OR TI=("autism" AND "social skills" AND "augmented reality") OR TS=("autism spectrum disorder" AND 
"AR") OR TI=("autism spectrum disorder" AND "AR") OR TS= ("case study" AND "autism spectrum 
disorder" AND "AR") OR TI= ("case study" AND "autism spectrum disorder" AND "AR"). Likewise, 
English has been the chosen language since, as Lorenzo, Lledó, Pomares and Roig [24] express, it is 
the most used language to deal with this subject. On the other hand, the period 2015-2018 has been 
chosen due to the abundant research carried out in the last three years, as stated by Akçayır and Akçayır 
[25]. Finally, all indices were selected (SCI-EXPANDED, SSCI, A & HCI, CPCI-S, CPCI-SSH, BKCI-S, 
BKCI-SSH, ESCI, CCR-EXPANDED, IC). The search results were 48 articles. 

2nd Phase. Next, for the second phase it was refined using 2 categories from the Web of Science. 
These categories are directly related to the research objective: education educational research (10 
papers) and education special (4 papers). From these selected archives there are two types of 
documents: proceedings papers (3) and articles (11). A sample of 14 was obtained. 

Thus, in Fig. 1 the developed phases can be observed. 

 
Figure 1. Phases of the procedure. 

3 RESULTS 
The results show 14 investigations. The first research carried out in this time period was by authors 
Chen, Lee and Lin [26] in 2015, followed by Lin and Chang [27] and McMahon, Cihak and Wright [28] 
in the same year. In 2016 there are four investigations ([29], [30], [31], [32]). Then, in 2017, there is a 
decrease in the number of publications on augmented reality with only two ([33], [34]). Then there is an 
increase in research output ([35], [36], [37], [38] and [39]) in 2018. 

The temporal evolution of the number of citations with respect to the year of publication is shown in Fig 
2. The results reflect an increase in the number of citations since 2015, being more notable from 2017 
(21 citations) and reaching the peak in 2018 with a total of 26 citations. 

1st Phase 

48 searches identified through the 
Web of Science based on the following 
search criteria: title, subject, language, 
period, and index. 

2nd Phase 

14 searches identified through Web 
of Science based on the following 
search criteria: categories and types 
of documents. 
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Figure 2. Number of citations per year from WOS. 

Based on the study of the number of citations, it is necessary to reference those articles that have 
received the greatest number of citations and their year of publication. 

Table 1. The four most cited articles. 

References Citations 

C. Chen, I. Lee and L. Lin, “Augmented reality-based self-facial modeling to promote the 
emotional expression and social skills of adolescents with autism spectrum disorders”, 
Research in developmental disabilities, vol. 36, pp. 396-403, 2015. 

24 

D. McMahon, D. Cihak and R. Wright, “Augmented reality as a navigation tool to 
employment opportunities for postsecondary education students with intellectual 
disabilities and autism”, Journal of Research on Technology in Education, vol. 47, no. 3, 
pp. 157-172, 2015. 

13 

C. Lin and Y. Chang, “Interactive augmented reality using Scratch 2.0 to improve 
physical activities for children with developmental disabilities”, Research in 
developmental disabilities, vol. 37, pp. 1-8, 2015. 

10 

D. McMahon, D. Cihak, R. Wright and S. Bell, “Augmented reality for teaching science 
vocabulary to postsecondary education students with intellectual disabilities and autism” 
Journal of Research on Technology in Education, vol. 48, no. 1, pp. 38-56, 2016. 

8 

Specifically, the articles with the greatest number of citations correspond to Chen, Lee and Lin [26], with 
a total of 24, followed by McMahon, Cihak and Wright [28] with 13 citations. Likewise, the third article 
with the highest citation corresponds to Lin and Chang [27] with 10 citations. 

The results show that a wide range of countries focus their attention on the subject of Augmented 
Reality, being the most productive country United States with a total of 7 publications, followed by 
Taiwan with a total of 3 publications. 

Different types of documents have been found in the subject matter: the articles that make up 78.57% 
of the sample (11) and the proceedings papers that make up 21.43% (3). Among the articles, two of the 
documents ([26], [27]) have been presented in the journal Research In Developmental Disabilities in 
which researches that have a direct relationship with the understanding or remedy of problems 
associated with developmental disabilities are collected. In addition, the articles ([28], [30]) were 
published in the Journal of Research on Technology in Education and two other articles ([29], [33]) have 
been published by the Journal of Special Education Technology (JSET) which presents information, 
opinions, research, policies and practices related to Augmented Reality in the field of special education. 
On the other hand, the proceedings papers ([32], [38]) have been published in the INTED (International 
technology Education and Development) conferences in the tenth and twelfth editions respectively. 
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As for the authors related to the subject matter of the study, Cihak and Wright are the authors who have 
published more on the AR with a total of four papers each. McMahon follows with three publications, as 
well as Chen and Lee with two archives.   

Table 2. Overview of researchers that use the Augmented Reality as a tool. 

References Year of 
publication 

Nº of 
citations Country Type of 

document Types of sources 

[26] 2015 24 Taiwan Article Research In 
Developmental 

Disabilities 

[27]  2015 10 Taiwan Article Research In 
Developmental 

Disabilities 

[28]  2015 13 USA Article Journal of Research on 
Technology in 

Education 
[29]  2016 1 USA Article Journal of Special 

Education Technology 
(JSET) 

[30]  2016 8 USA Article Journal of Research on 
Technology in 

Education 

[31]  2016 0 Spain P. Paper EDULEARN 

[32]  2016 1 USA P. Paper INTED 

[33] 2017 1 USA Article Journal of Special 
Education Technology 

(JSET) 

[34]  2017 3 Spain Article Bordón. Revista de 
pedagogía 

[35]  2018 0 USA Article IEEE Transactions on 
Learning Technologies 

[36] 2018 1 USA Article Education Sciences 
[37] 2018 1 Taiwan Article The Asia-Pacific 

Education Researcher 

[38] 2018 0 Italy P. Paper INTED 

[39] 2018 1 Netherlands Article Interactive Learning 
Environments 

4 CONCLUSIONS 
On the basis of the research questions proposed, they are replied to by way of conclusion: 

• Firstly, regarding the period of greatest scientific production in the field of Augmented Reality used 
as a tool in student intervention with ASD, it should be pointed out that it corresponds to the range 
of 2015-2018, with 2018 being the year of greatest scientific production.    

• On the other hand, with regard to the second research question, this range of years is also 
maintained when we talk about years with the greatest number of citations, since it is still the 
articles published during the period 2015-2018 that receive the greatest number of citations. 
Within the years with the highest scientific production, 2018 is the year with the highest number 
of citations with a total of 26. 

• With respect to the most productive countries and their level of diffusion abroad, we must 
determine that the United States leads the ranking of the most productive countries with a 
percentage of 50% of the total number of participating documents, followed by Taiwan with 
21.43% and Spain with 14.29%. 
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• In relation to the type of document more developed in this thematic, it has been observed that 
there are a greater number of articles (11) compared to the number of proceedings papers (3). 

• Finally, following the bibliometric analysis (2015-2018) on AR, there is an upward trend in the 
number of publications as the years go by. According to previous studies, it is shown that 
Augmented Reality is increasingly being used in intervention with children with ASD. Because of 
this, the productions have increased evidencing what the worked studies ([17], [18], [19], [20]) 
show, that the use of Augmented Reality is a fundamental tool to improve education. 
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