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ABSTRACT

Objective: To map the scientific production and create a bibliographic portfolio on
developing educational and assistive technologies for children with autism spectrum
disorder. Method: Bibliometric study and application of the Methodi Ordinatio for
creating a bibliographic portfolio. Articles were searched in databases from 2004 to
2023. The VOSViewer Software and JabRef were used for the bibliometric analysis, and
the RanKIn spreadsheet was used for the calculation of the InOrdinatio. Results: 120
references were found, of which 81 were included in the bibliometric analysis and 56
in the Methodi Ordinatio. The largest number of publications occurred in 2022 (15%),
and the article with the highest InOrdinatio was published in 2019. The journal Journal
of Autism and Developmental Disorders stood out. The most used terms were Autistic
Disorder, Child, Child Development Disorders Pervasive, Only Child, and Autism
Spectrum Disorder. Conclusion: More national research is needed to enhance the
capabilities of autistic children.

DESCRIPTORS: Autism spectrum disorder; Child; Technology; Social inclusion; Disabled Children.

HOW TO REFERENCE THIS ARTICLE:

Batista DM, Oliveira ARP de, Santos PF, Valois RC, Ferreira MGS. Assistive and educational technologies for
children with autism spectrum disorder: a bibliometric study. Cogitare Enferm. [Internet]. 2024 [cited “insert year,
month and day”]; 29. Available from: https://doi.org/10.1590/ce.v29i0.96914.

"Universidade do Estado do Par4, Centro de Ciéncias Bioldgicas e da Saude, Programa de Pés-Graduagdo em Enfermagem, Santarém, PA, Brasil.
2Universidade do Estado do Para, Centro de Ciéncias Bioldgicas e da Satide, Programa de Pés-Graduacdo em Enfermagem, Belém, PA, Brasil.


https://doi.org/10.1590/ce.v29i0.96914
https://doi.org/10.1590/ce.v29i0.96914
https://orcid.org/0009-0004-9136-0753
https://orcid.org/0000-0001-9120-7741
https://orcid.org/0009-0003-4536-3411
https://orcid.org/0009-0007-1408-1357
https://orcid.org/0000-0003-0809-5625
https://orcid.org/0000-0002-9594-9475

Cogitare Enferm. 2024, v29:€96914

INTRODUCTION

Autism spectrum disorder (ASD) arises in early childhood development, therefore, it
is considered a neurodevelopmental disorder, which can lead to deficits in various aspects
of a person’s life. The characteristics of ASD include difficulties in communication and
social interaction, in establishing social reciprocity, in the ability to understand non-verbal
behaviors, and in cultivating, interpreting, and maintaining relationships, in addition to
the presence of repetitive and restrictive patterns of behaviors, interests, or activities’.

Due to the characteristics arising from autism, children with ASD will have specific
educational and daily needs. Therefore, it is of utmost importance to produce tools that
assist them in developing their daily activities, seeking to promote their autonomy. From
this perspective, researchers have been seeking to develop the most varied types of
technologies to minimize the difficulties of children with ASD?3. Technologies emerge
through processes carried out in daily experience and research, with the aim of building
scientifically based products or processes with potential intervention in a given reality*.

Among the most varied classifications of technologies, there are educational and
assistive ones. In the context of ASD, both have been designed to enhance children’s
abilities, promote sensory stimulation and autonomy in daily activities, improve
communication and social interaction, and support school learning>¢’. These tools are
used according to the needs of each child, considering the broad spectrum of autism.
Therefore, it is considered of utmost importance to produce and disseminate studies
that address this topic, to provide improvement in the quality of life and well-being by
reducing emerging difficulties in the daily life of children with ASD.

Thus, a bibliometric study is needed to obtain a national and international overview
of scientific production on the development of educational and assistive technologies
for children with ASD.

Given the above, the objective of this study was to map the scientific production
and create a bibliographic portfolio on the development of educational and assistive
technologies for children with autism spectrum disorder.

METHOD

This is a bibliometric, descriptive study with a quantitative approach, supported by
the application of the Methodi Ordinatio for the creation of a bibliographic portfolio.
Bibliometrics is a technique that uses statistical methods to measure the indices of
production and dissemination of scientific knowledge, applying three main bibliometric
laws to measure the productivity of researchers on a given topic (Lotka’s Law), the
journals that publish the most on the subject (Bradford’s Law), and the frequency of
words in the text of documents (Zipf's Law)®.

In this way, bibliometric studies present themselves as relevant instruments for
evaluating the production of scientific knowledge on the subject one wishes to know.
They also function as an important indicator of the advancement of information science,
which has influenced the growth of knowledge production®.
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This study followed six steps: formulation of the research question, selection of
descriptors, search in databases, export to Rayyan® Software, application of bibliometric
laws, and application of the Methodi Ordinatio.

The first step consisted of formulating the research question, according to the
PICo strategy (P: population; I: phenomenon of interest; Co: Context), giving rise to the
following question: How is the scientific production on the development of technologies
presented educational and assistive for children with autism spectrum disorder? In which
the P: children, the I: assistive technologies, and the Co: autism spectrum disorder.

For the selection of descriptors, step two, those already registered on the
Health Sciences Descriptors platform (Decs) were used, which were combined with the
boolean operators AN[B)and OR, arriving at the following search strategy: “Criang¢a” OR
“Child” OR " Children” AND " Tecnologia Educativa” OR "Educational Technology” OR
“tecnologia assistiva” OR “Self-Help Devices” AND “Transtorno do espectro autismo”
OR “Autism Spectrum Disorder”. The articles indexed in the selected Portuguese,
English, and Spanish databases that addressed the topic under study were considered.

The search, the third stage, was conducted from October to November 2023 in
different databases, which are: Medical Literature Analysis and Retrieval System Online
(MedLine), Latin American and Caribbean Health Sciences Literature (LILACS), Nursin
Database (BDENF), all three integrated into the Virtual Health Library (BVS), in PubMed, We
of Science and Scopus, with the last two accessed through the institutional access of the
State University of Para to the Capes journal portal, with the time interval from 2004 to 2023.

The studies found were exported in RIS format to the Rayyan® Software during
stage four, where duplicates were removed, and a paired analysis of the title and abstract
was performed to select the works that would make u&the portfolio. After removing
duplicates, the studies were exported in CSV format to Microsoft Excel® 2019 software
to apply bibliometric laws corresponding to step five. The word clouds were produced
using the online tool Word Art. The export in BibTeX format was carried out from the
Rayyan® Software to the VOSViewer® Software to generate visualization graphs of
bibliometric networks.

Aiming at the portfolio’s construction, in the last stage, the articles included were
exported from the Rayyan® Software in RefMan format and imported into the JabRef®
Software. With the data in Rayyan® Software in RefMan format and imported into JabRef®
Software. The data in the JabRef® Software were exported to a blank spreadsheet in
Microsoft Excel® 2019 software, where the information in the table was formatted. After
this phase, the table was copied into the RanKin spreadsheet and filled with values from
0 to 10 in the delta letters (A- impact factor), lambda (A- year of publication), and omega
(Q- number of citations), reaching the calculation of the InOrdinatio™.

Due to the nature of the study in question, there is no need to submit it for review
by the Ethics Committee, according to Resolution No. 466/2012 of the National Health
Council of the Ministry of Health.

RESULTS

One hundred twenty documents were identified, distributed in the databases: 31
(26%), MEDLINE; seven (6%), LILACS; one (1%), BRISA/REDTESA; one (1%), WPRIM; 50
(41%), Scopus; five (4%), Web of Science; and 25 (21%), PUBMED; of which were exported
to the Rayyan® software. Of these, 39 duplicate studies were excluded, leaving 81
references for bibliometric analysis. After reading the title and abstract, 56 (69%) papers
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were selected for the aC?FEJhcatlon of the Methodi Ordinatio, with 19 (34%) studies from

BVS, 25 (45%) from SCOPUS, three (5%) from the Web of Science and nine (16%) studies
from PUBMED, totaling 81 pubhcatlons.

As for the quantitative distribution of these publications over the years, the
following values were observed: 2023 with seven (8.5%); 2022 with twelve (15%); 2021
with five (6%); 2020 with ten (12%); 2019 with ten (12%); 2018 with four (5%), 2017 with
nine (11%); 2016 with eight (10%); 2015 with five (6%); 2014 with four (5%); 2013 with
one (1.3%), 2012 with one (1.3%); 2011 with one (1.3%); 2010 with three (4%) and 2004
with one (1.3%). These publications are distributed across 64 journals.

The Bradford Law enables the measurementand determination of journals’ relevance
to the field of study. It uses the technique of dividing the production conveyed in each
journal, particularly those classified in Quadrant 1. The categorization was outlined in
four quadrants, each encompassing 16 journals™.

Quadrant 1 stands out by encompassing 33 publications, corresponding to 40% of
the total set of productions. On the other hand, Quadrants 2, 3, and 4 contributed 16
publications each, making up a 20% share of the productions for each quadrant. Table
1 presents the 16 most prominent journals (Quadrant 1), which comprise 40% (33) of
the total publications (n=81).

Table 1 - Number of publications of journals in Quadrant 1. Santarém, Para, Brazil, 2024

No. of

AL Publications i
Journal of Autism and Developmental Disorders 8 10
J Appl Behav Anal 2 2.5
Disability and rehabilitation: Assistive technology 2 2.5
Lecture Notes in Computer Science 2 2.5
Audiology Communication Research 2 2.5
International Journal of Child-Computer Interaction 2 2.5
Autism: the international journal of research and practice 2 2.5
Sensors (Basel) 2 2.5
Autism Res 2 2.5
CEUR Workshop Proceedings 2 2.5
J Med Internet Res 2 2.5
Medicina (B.Aires) 1 1.3
Journal of communication disorders 1 1.3
Rev Neurol 1 1.3
Computers in Human Behavior 1 1.3
Lang Speech Hear Serv Sch 1 1.3

Source: The authors (2024).

Lotka’s Law investigates authors’ scientific production to identify those located in

the central, intermediate, and peripheral areas. ﬁ is based on the premise that a small

Fortlon of authors is respon5|b|e for the majority of publications, while the majority have
mited productions'*'3.
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According to these principles, the relationship between the number of authors was
examined, and 380 authors were identified. Of this total, 76 (20%) of the authors were
responsible for 98 publications, which is equivalent to 24.4% of the total publications.
The distribution of the documents, according to the number of publications, did not
reveal the presence of a prominently distinguished author. Of the most notable authors,
22 (5.5%) contributed with two publications each, resulting in 44 (11%) documents. The
other authors, in turn, were responsible for one publication each. Figure 1 presents the
authors who stood out the most.

Figure 1 - Word cloud of the most relevant authors. Santarém, Par4, Brazil, 2024
Source: The authors (2024).

The analysis of co-authorship networks was carried out. This analysis aims to discern
the collaboration characteristics among the most relevant authors™. It is possible to
identify the connections between researchers, research institutions, or countries based
on the number of studies conducted and published collaboratively.

To identify the connections between the authors, the Vosviewer® software was
used, enabling the analysis of creation, publication, and co-authorship relationships
in the studies, as shown in Figure 2. The filter of at least two occurrences of authors
in the documents was used, generating a cluster with seven items and 21 connections
between the authors.

Assistive and educational technologies for children with autism spectrum disorder: a bibliometric study
Batista DM, Oliveira ARP de, Santos PF, Valois RC, Ferreira MGS.



Cogitare Enferm. 2024, v29:€96914

Figure 2 - Co-authorship connection network. Santarém, Pard, Brazil, 2024

Source: The authors (2024).

Two hundred twenty-nine keywords were counted and used for indexing the
materials, totaling 528 citations. When applying Zipf's Law and examining the tabulation
of words arranged in descending order according to frequency of occurrence, it was
impossible to establish the Trivial Zone, Interesting Zone, and Noise Zone due to the
low frequency of the words. However, a co-occurrence analysis of the words in the
documents was performed using the Vosviewer® software, and out of a total of 229
words provided, 22 reached the threshold of three occurrences and were allocated into
five clusters, with 108 connections between them (Figure 3).

Figure 3 - Co-occurrence analysis of keywords. Santarém, Para, Brazil, 2024
Source: The authors (2024).
All the words presented in the figure above are in English, and the following terms and

their respective occurrences stood out: Autistic Disorder (53), Child (35), Child Development
Disorders Pervasive (34), Only Child (31), and Autism Spectrum Disorder (23).
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Eighty-one publications were analyzed by reading their titles and abstracts and then
exporting them to the JabRef software for organizational purposes. Then, the data
was transferred to Microsoft Excel to calculate the index InOrdinatio. A portfolio was
developed to highlight the relevance of journals by applying the Methodi Ordinatio to
evaluate scientific productions by considering the bibliometric factors intrinsic to
the contemporary research area. These factors include the citation index, reflecting
the contribution of the work in the specific area; the impact factor, indicative of the
importance of the journals; and, finally, the reference to the year of the research,
denoting the contemporaneity of the data'.

The selection of articles to integrate the bibliographic portfolio resulted in five
chosen articles, of which only one is from the Virtual Health Library (BVS), while the
other four are from the Scopus database. The five works are configured as scientific
articles, predominantly published in English.

The profile of these publications was organized as follows: study title, author(s),
publication journal, journal impact factor (IF), number of citations (Cl), and year of
publication. The calculation of the InOrdinatio index was performed using the following
formula: (FI/1000) + (a* (10 - (Anopesqg — Anopub))) + (Cl), where the resulting values
were organized and ranked in descending order. It is important to note that the value
assigned to the constant a was set as five, according to Table 1.

Table 1 - Articles selected to compose the research portfolio. Santarém, Pard, Brazil, 2024

o . . In
N Title Authors Newspaper |Year |FI |Ci | . ..
1 Effect of Wearable Digital VOSS, C. et al. | JAMA Pediatr 2019 |23,2 | 145 | 258,3684
Intervention for Improving
Socialization in Children With
Autism Spectrum Disorder: A
Randomized Clinical Trial
2 A review of technology- Knight, V., Journal of 2013 |6,6 |327 |175,0574
based interventions to teach | McKissick, B., | Autism and
academic skills to students Saunders, A. Developmental
with autism spectrum disorder Disorders
3 Applying technology to SHANE, H. et al. | Journal of 2012 6,6 |303 [152,0132
visually support language and Autism and
communication in individuals Developmental
with autism spectrum disorders Disorders
4 Evaluating the effectiveness of | Shukla-Mehta, | Focus on 20101(3,9 |392|150,9474
video instruction on social and |S., Miller, T., Autism
communication skills training | Callahan, K. and Other
for children with autism Developmental
spectrum disorders: A review
of the literature
5 Designing computer-based Constantin, A. | Computers 2017 | 14,9 |96 |139,1241
rewards with and for children et al. in Human
with Autism Spectrum Disorder Behavior
and/or Intellectual Disability

Source: The authors (2024).
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DISCUSSION

In this study, the progression in publications related to the theme was observed,
showing a significant increase from 2014, coinciding with the most comprehensive
study conducted until then on the causes of autism. Such research has revealed that
environmental factors a le as crucial as genetic factors in the development of the disorder.

There was a decline in 2020, possibly associated with the impacts of the COVID-19
pandemic on research processes. However, the year 2022 stands out, characterized by
the highest number of publications (n=12), coinciding with the implementation of the
latest version of the International Classification of Diseases (ICD-11), which began to
consider all diagnoses within Global Developmental Disorders (GDD) under the Autism
Spectrum Disorder™.

Regarding the exploration of scientific journals and/or publication sources, analyzed
through the application of Bradford’s Law, among the journals included in quadrant
1, the Journal of Autism and Developmental Disorders” stands out. This reinforces
the findings of a study published in 2020, which indicated that this journal received a
considerable number of submissions’®.

Regarding Lotka’s Law, it is highlighted that 20% of the authors were responsible for
98 publications, the highest percentage of publications, 24.4% of the total, compared
to the other quadrants.

Regarding the relationships between authors, there was no standout researcher, as
the use of the Vosviewer® software showed a dispersion in production, not revealing
the existence of a specific niche of authors dedicated to the approach of the theme in
question. This demonstrates the need for more researchers focused on studying and
producing technologies that can assist the needs of children with ASD.

The analysis of the co-occurrence of keywords conducted in the Vosviewer software
notes that the most used word was Autism between 2017 and 2018. However, from the
year 2021, the term Autism Spectrum Disorder began to emerge, being the most current
nomenclature of the disorder contained in the ICD-11, in accordance with the DSM-5".

Regarding the bibliographic portfolio, the five studies with the highest InOrdinatio
were published in the years 2019, 2013, 2012, 2010, and 2017, with indices 258.3684;
175.0574;152.0132; 150.9474, and 139.1241, respectively, based on the direct correlation
with the accumulation of citations over the publication period in journals that currently
have a higher impact factor’. It was also possible to note that among the five journals
with the highest InOrdinatio is the “Journal of Autism and Developmental Disorders”, a
journal that stood out with the highest number of publications on the subject under study.

Regarding the limitations found in this studly, it is noteworthy that it is a quantitative
analysis. In this way, the analysis cannot be conducted comprehensively with a large
amount of data. This was the case in the application of the third bibliometric law,
known as Zipf's Law. Due to the reduced number of keywords, applying the law through
the traditional calculations established by bibliometrics was impossible. Thus, only a
representation of the keywords was possible through the VOSviewer® software.

Another limitation concerns the reduced number of articles considered in this study,
which is directly related to the specific use of descriptors and boolean operators. These
elements determine the search algorithm and, consequently, affect the studies’ results.
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CONCLUSION

Through this research, it can be observed that there are few productions on the
development of technologies for children with ASD, with a late start in 2004, considering
that discoveries about the disorder began in 1943. There is a time-lapse between 2004,
when the first publication on the subject occurred, and 2010 when the publications
began again, but they gradually increased in 2014.

Furthermore, the number of studies found has minimal Brazilian representation,
highlighting the need to encourage researchers to develop technologies that enhance
the capabilities of children with ASD, increase their autonomy, and reduce the barriers
they face daily. This study aims to bring this need to light and thus foster the production
of more studies that focus on children with ASD and their development.

In this sense, this bibliometric study significantly contributes to the nursing
field. Firstly, by identifying the main trends and emerging themes in research on these
technologies, the study allows nursing professionals to stay updated.

Another important contribution is the identification of knowledge gaps. The
study can highlight underexplored areas in the literature, indicating the need for
further investigations and directing researchers’ efforts toward these emerging issues.
Furthermore, analyzing the quantity and quality of publications allows for evaluating
which journals and articles are most influential and reliable, assisting professionals in
selecting high-quality information sources to support their practices.
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