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Abstract. This paper presents a systematic review (SR) about technologies for
educating the Deaf or Hard of Hearing (D/HH) children. A total of 21 papers
published between 2010 and 2018 were examined. For this review, we aimed
at analyzing empirical evidence concerning children education experiences and
how the use of technology can influence this environment. We evaluated the
following categories: age, grade level, technology, and topics taught. Results
of this research show that using technology for educational purposes has pos-
itive outcomes such as sign language and vocabulary acquisition for children.
However, accessibility guidelines should be taken into consideration when de-
veloping technology for the Deaf.

Resumo. Este artigo apresenta uma revisdo sistemdtica (RS) sobre tecnologias
para educagdo de criangas surdas ou com deficiéncia auditiva. Um total de
21 artigos publicados entre 2010 e 2018 foram examinados. Para esta revisdo,
focamos em analisar evidéncias empiricas sobre experiéncias na educacdo in-
fantil e como o uso da tecnologia pode influenciar esse ambiente. Avaliamos as
seguintes categorias: idade, série, tecnologia e topicos ensinados. Os resulta-
dos desta pesquisa mostram que o uso de tecnologia para fins educacionais é
eficiente, como aquisicdo de linguagem de sinais e vocabuldrio para criangas.
No entanto, as diretrizes de acessibilidade devem ser levadas em consideracdo
ao criar tecnologias para o surdo.

1. Introduction

The inclusive model of education states that all children should have access to education,
with the opportunity to be educated with moral and ethical support. An agreement was
signed by several countries around the world, which outlined that inclusive education has
to be for all children [Xie and Potmésil 2014]. To address this statement, we propose to
review the education context of deaf children, regarding how technology can influence
their educational environment.

Due to the increasing use of technology, education, in general, is more acces-
sible. The D/HH today that has access to education are benefited by having expanded
opportunities to interact with society, communicate with people that are hearing, access
to linguistic, and acceptance from the hearing [Xie and Potmésil 2014]. Even though
education is essential, technology also has had a significant impact on the deaf in gen-
eral. There was a time when deaf students could not communicate with people who were
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not on their visual circle. With the advance of technology, long-distance communica-
tion like chat rooms and video conferences, deaf communication practices have improved
[Denham and Battro 2012], thus enabling a better social and intellectual network for the
D/HH.

The goal of this Systematic Review (SR) is to evaluate the effects has technolo-
gies for educating D/HH children. This research consists of searching for primary and
secondary studies related to the research topic and considering relevant digital bases. This
paper is structured as follows. Section 2 describes the method applied to create this sys-
tematic review. Section 3 presents the results obtained from the research based on the
categories of age, grade, topics taught, and technology. Section 4 contains the conclusion
of this systematic review, based on the research question.

2. Systematic Review Method

This SR was elaborated using a trustworthy, rigorous, and auditable method. According
to Kitchenham [A. Kitchenham 2007], an SR has the purpose of evaluating and analyzing
available research relevant to the research question given. The stages included in this SR
process consist of, planning the review, conducting the review, and reporting the review.
The activities applied in this paper involved in these stages include but are not limited to:

Analyzing the need for the review.

Defining the research question(s).

Create and maintain a review protocol.

Identification and Selection of relevant primary and secondary research.
Quality assessment by inclusion the of criteria.

Maintaining and organizing research data.

Writing descriptive summaries of results.

Formatting and Writing reports.

2.1. Search Strategies

For this review we used a total of 5 digital libraries for searching information related to
the research topic, the libraries are ACM digital library, Journal of Deaf Studies and Deaf
Education (JDSDE), IEEE, Science Direct and Scopus. In order to effectively manage and
organize this research, we used a software tool called StArt [Fabbri and Silva 2016] on its
3.3 beta version. This software was used to import most of the articles using the BibTeX
format and divide the evaluation and classification process of the review and separate the
articles according to their source and research string. Table 1 shows the library used for
research and the related search string applied.

Table 1: Source and Search String

Source Search String

ACM +(”Technology” ”Software” application”) +(”Education” "Educating”
”Schooling”)
+(”Deaf” "Hard of Hearing” ”Hearing Impaired™) + (Children Kid) or
+(Deaf "Hard of Hearing” "Hearing Impaired”) + (Children Kids)
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IEEE ((Education or Educating or Schooling) and (Technology or Software )

and

(Deaf or Hard of Hearing or Hearing Impaired) and (Children or Kids))

or
((Education) and (Technology) and (Deaf) and (Children))

JDSDE (Education or Educating or Schooling) and (Technology or Software)

and

(Deaf or "Hard of Hearing” or ”"Hearing Impaired”) and (Children or

Kids)

Science Direct (Education or Educating or Schooling) and (Technology or Software )

and

(“Deaf or Hard of Hearing” or “Hearing Impaired”) and (Children or

Kids) or
(Education and Technology and Deaf and Children)
Scopus (Education and Technology and Deaf and Children)

2.2. Research Question

The objective of this review is to understand the effects that technology has on teaching
the deaf and hard of hearing children, so we aimed at answering the following research
question: What empirical evidence is there concerning the positive impacts and outcomes
of technological tools for the education of deaf children?

2.3. Inclusive and Exclusive Criteria

The papers that passed the selection and extraction process must have met the inclusive
and exclusive criteria:

e Inclusive- Research published between Jan/2010 to Jan/2018.

e Inclusive- All research must be written in English.

e Exclusive- Duplicate research created by the same authors that have related topic,
the least relevant one will be removed from this study.

e Exclusive- Research papers that are not relevant to the research objective.

2.4. Study Identification, Selection, and Extraction

The selection of the papers went through a three-step analysis. First, we executed a search
using specific search strings in each library to find related studies. Second, we read the
title and abstract and selected the most relevant papers and rejected the ones that did not
fit the inclusion and exclusion criteria. Finally, we read each article thoroughly accepting
and rejecting them based on the information each paper had on answering the research
question. Figure 1 shows the three-step process, a total of 902 papers were initially iden-
tified for step one. The selection step then reduced the articles to 251. Finally, after the
extraction took place a total of 21 articles were accepted.
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ACM (118) IEEE (166) Journal of Deaf Scopus Science
Studies and Deaf (198) Direct (74)
Education (343)

Selection

ACM (40) IEEE (107) Journal of Deaf Scopus Science
Studies and Deaf (40) Direct (20)
Education (43)

Extraction

ACM (4) IEEE (9) Journal of Deaf Scopus (2) Science
Studies and Deaf Direct (1)
Education (5)

Figure 1. Studies Identification and Selection.

2.5. Related Work

We have identified in the literature one paper that is related to our study. The paper is
a systematic literature review based on collaborative learning as an educational strategy
for deaf children, collaborative learning in this context is referred to as group learning
were students help each other to reach a common goal. [Aristizabal et al. 2017] had the
objective of identifying how collaborative learning is being applied for educating deaf
children and the kinds of technology that has been used in these environments. However,
our paper has the goal of describing empirical evidence concerning the positive impacts
of technological tools for the education of deaf children. We used a total of 5 digital
libraries, out of these two were not used in the related work, we also had 902 papers
identified and 21 papers accepted differently from 229 identified papers and 14 selected,
our search string did not contain the word collaborative learning. The results we had dif-
fer from that of [Aristizabal et al. 2017] paper. We identified age or grade group of the
children involved and subjects or topics being taught for each paper. We also analyzed
evidence concerning the positive impacts that the result had like the students experience
and feedback during the experiment. In our research, we suggest improving existing soft-
ware accessibility, differently from [Aristizabal et al. 2017] that proposed a framework to
promote the development of a collaborative tool.

3. Results

This section provides information from the 21 extracted articles, we created three cate-
gories and distributed each of the categories by authors in alphabetical order in 2 tables.
Data that are not available has been labeled as not applicable (N\ A). The categories are:

e Age or Grade Group
e Topics Taught
e Technologies
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3.1. Age or Grade Group and Topics Taught

This section provides information about children participating in the experiments. Age,
grade level, and topics taught are covered here. Age distinction is necessary because the
age of children is related to what is being taught and the learning expectancy of the target
group. One cannot expect a group of 3 years old’s to learn how to read and write ef-
fectively but could expect vocabulary gain.[A Davenport and Alber-Morgan 2017] states
that children with good vocabulary tend to have better language results than children with
limited vocabulary and that vocabulary gained at age 3 can have outcomes for children
at age 9-10. According to [Akalin and Uluer 2014], the early stages of human life has
significant impacts on language and cognitive development and that children between
2-7 years old knowledge are characterized by mental imagery, language, and symbolic
thought. Research shows us that children that are D/HH experiences delays in rules that
affect linguistics units in the English language [Cannon and Easterbrooks 2011].

We conclude that some of the studies had references on the importance of
teaching deaf children and why teaching at such an early stage can influence results
throughout life. Emotional factors can also influence children learning experience
[Gupta and Martin 2013] states that anxiety when learning math can initiate in first
graders. Due to this evidence classifying the age group or grade level has become consis-
tent evidence for this research.

Teaching occurred on a diverse number of subjects identified in the extracted re-
search. Animation with 3D virtual space environment was customized for children to
improve spatial perception and flexible thinking of D/HH children [Lin and Wang 2010].
One study had three different modules in one application, which are Jawi script, quiz, and
memory games [Hussain 2014]. In Fernandez paper, music was an innovative proposal
topic that has positive results in the integration of the class, which enabled a positive
effect on the teaching and learning process [Chao-Fernandez and Romén-Garcia 2017].
Subjects were also taught in an organized order, first children were asked to read a story,
then complete a set of exercise problems, last create a drawing to illustrate the story they
read. TuxPaint drawing software was used to evaluate the student’s readability of a set
of stories [Mich 2011]. Finally,[Messier and Wood 2015] application helped children on
their reading and vocabulary with three main tasks to measure, receptive pointing, expres-
sively labeling, and word definitions.

Table 2: Age, Grade Group and Topic

Author Age or Grade Topic

[A Davenport and Alber-Morgan 2017] 3 years old Vocabulary

[Akalin and Uluer 2014] 9to 16 yearsold Teaching Sign Language
[Bouzid and khenissi 2016] 10 to 14 years old  Vocabulary

[Cannon and Easterbrooks 2011] Sto 12 yearsold Grammar

[Chaisanit and Suksakulchai 2010] 9th grade Vowel Training
[Chao-Fernandez and Roman-Garcia 2017]5 to 6 years old Music

[Chebka and Essalmi 2015] 10to 11 years old Arabic vocabulary
[Egusa and Sakai 2016] 8to 12 years old  Science and Japanese

Continued on next page
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Table 2 — continued from previous page

Author Age or Grade Topic

[Gupta and Martin 2013] 8to 16 yearsold  Math

[Hu and Wang 2013] N\A Language Abilities

[Hussain 2014] 9to 15 yearsold Jawi Script and Games

[Lin and Wang 2010] 10 to 13 years old  Virtual Games

[Messier and Wood 2015] 4 to 9 years old Reading and Vocabulary

[Mich 2011] 8 to 14 years old  Reading and Drawing

[Mueller and Hurtig 2010] 2 to 5 years old Reading

[Priestley and Enns 2018] 4 to 8 years old Math and other Subjects

[Ryohei and Kumiko 2013] Ist to 6th grade Theater and Storytelling

[Saud and Nasruddin 2016] 7 to 8 years old Alphabet, Numbers and
Jawi

[Vesel and Robillard 2013] 4th to 8th grade Math

[Vettori and Mich 2011] 8 to 14 years old  Reading Comprehension

[Wang and Paul 2011] 7to 11 yearsold  Literacy

Table 2 shows that 20 out of the 21 studies contains data regarding the age
or grade level of the children ranging from 2 to 16 years old ranging, from Ist to
Oth grade. The children with ages between 10-11 years old had the highest average
of participation. [Hu and Wang 2013] paper did not inform the children age or grade
level but did inform the school name that is Nanjing School for Deaf located in China.
[A Davenport and Alber-Morgan 2017] paper had only 2 participants attending school for
the deaf and diagnosed with profound hearing loss. In [Akalin and Uluer 2014] study,
tests were executed with a total of 28 children that were fluent in Turkish sign language.
[Bouzid and khenissi 2016] had a total of 6 deaf participants with experiments performed
at the Tunisian Association for deaf people (ATAS).

The studies have some diversity of topic taught, ranging from Japanese gram-
mar to Jawi that is an Arabic alphabet created for writing the Malay language and mu-
sic, among these subjects math, vocabulary and reading were the most common subjects
taught. With the help of technology, we understand that teaching can be explored effi-
ciently since some research had more than one subject being taught using only one type
of application, which could also be used to evaluate what has been learned and help mea-
sure progress during the educational process.

For [Cannon and Easterbrooks 2011] intervention, 26 children participated in the
study, and 8 teachers who taught kindergarten to fifth grade were recruited as a facilitator
of the experiment. [Chaisanit and Suksakulchai 2010] evaluation had 10 D/HH students
that attended the Setsatian School for the deaf who participated in the vowel training
class. A study was implemented at the 2013/14 school year with 23 pupils aging from 5-
6 years old attending the 3rd grade [Chao-Fernandez and Romén-Garcia 2017]. Finally,
[Chebka and Essalmi 2015] experiment had a total of 38 participants, divided between 22
males and 16 females. The described studies varied greatly in the number of participants,
age group, type of experiments, and experiment quantity. These variations show why a
certain subject was being taught due to the level of the expected learning capabilities of
the group.
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3.2. Technologies

Technology can be used as a teaching tool, measure what has been taught, and also eval-
uate what was learned. This section aims at describing some of the technologies and how
they have been applied during the experiments. Data such as navigation, usability, rules,
accessibility, and other features regarding using the technology will also be described.
According to [Chebka and Essalmi 2015], games can be used as a mechanism for stimu-
lating social, motor, and cognitive skills. Depending on the background, some children
can be more easily attracted to games than books or vice versa. [Gupta and Martin 2013]
states that accessibility is fundamental to permit people with disabilities to comprehend
and understand subjects, accessible formats include but are not limited to sign language
and captioning support.

Table 3: Technologies

Technology Description Author

Bilingual Program  Sign and Spoken English  [Priestley and Enns 2018]
Desktop/Web App 3D Virtual Environment  [Lin and Wang 2010]
Desktop/Web App  Drawings [Vettori and Mich 2011]
Desktop/Web App  e-drawing [Mich 2011]

Desktop/Web App  e-learning [Saud and Nasruddin 2016]
Desktop/Web App  Signing Math Dictionary [Vesel and Robillard 2013]
Desktop/Web App  Software Program [Cannon and Easterbrooks 2011]
Desktop/Web App  Speech Training Aid [Hu and Wang 2013]
Desktop/Web App  Storytelling [Chao-Fernandez and Roman-Garcia 2017]
e-book Shared Reading [Mueller and Hurtig 2010]

e-book Vocabulary Intervention  [Messier and Wood 2015]

Mobile Application Crossword Game [Chebka and Essalmi 2015]
Mobile Application Learning Game [Hussain 2014]

Multimedia/Video  Beginning Literacy [Wang and Paul 2011]
Multimedia/Video = Mathematics [Gupta and Martin 2013]
Multimedia/Video ~ Puppet Theater [Ryohei and Kumiko 2013]
Multimedia/Video ~ Vowel Training [Chaisanit and Suksakulchai 2010]
Picture labeling Race Track Game [A Davenport and Alber-Morgan 2017]
Robots Sign Language Game [Akalin and Uluer 2014]

Video Game Computer Game [Bouzid and khenissi 2016]

Video Game Kinect Sensor [Egusa and Sakai 2016]

We identified a total of 8 distinct types of technology represented in table
3. Desktop and Web applications were the most common type of technologies.
The bimodal-bilingual program is a unique technology because it focuses on devel-
oping proficiency in both languages speaking and signing [Priestley and Enns 2018].
[Chebka and Essalmi 2015] used a crossword game that enables the user to watch a sign
language video and write the word in the corresponding location in the game, even
though this technology was listed in the video game column a mobile version is also
made available in the Arabic store of mobile apps with more than 1000 downloads.
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[Egusa and Sakai 2016] papers describes a collaborative and interactive game that has
activities that involve jumping and filling in the blank, the jumping stage uses a Xbox
Kinect to evaluate when two players jump at the same time thus encouraging collabora-
tion between users, the filling in the blank option allows selecting articles and inserting
in sentences, this feature evaluates children grammar. The varied types of teaching tools
provided a unique way for user interaction, thus enriching the usability of deaf children.

4. Conclusion

The research question: What empirical evidence is there concerning the positive impacts
and outcomes of technological tools for the education of deaf children?

All of the research had a positive conclusion about the method ap-
plied for teaching deaf children. Out of these we highlighted 9 papers that
had evidence regarding the impacts of the experiments.  Experimental results
show that two deaf preschoolers had sign language vocabulary acquisition, af-
ter the intervention [A Davenport and Alber-Morgan 2017].  Use of software im-
proved the acquisition of sign-writing notation and could help promote bilingual-
ism [Bouzid and khenissi 2016]. The given technology presents a productive environ-
ment for learning [Chaisanit and Suksakulchai 2010]. Children participating had im-
provements in music skills [Chao-Fernandez and Roman-Garcia 2017]. Collaborative
learning was encouraged, and students had grammar acquisition after the intervention
[Egusa and Sakai 2016]. Language skills have significantly improved with the help of
Speech training aid system (STAS) as seen in Wang’s paper [Hu and Wang 2013]. The
e-drawing method applied helped children on their reading comprehension [Mich 2011].
Signing e-books can facilitate hearing parent’s ability to provide their children with hear-
ing loss those invaluable shared reading experiences [Mueller and Hurtig 2010]. Access
to technology using signing math dictionary (SMD) may help students work indepen-
dently as they learn math [Vesel and Robillard 2013]. Due to this evidence, we conclude
that the use of technology has a positive impact on educating D/HH children.

In some cases, children struggled to use the given technology, we suggest that
software developed for the D/HH should be accessible and accessibility standards and
guidelines provided by the Web Content Accessibility Guidelines (WCAG) and World
Wide Web Consortium (W3C) should be considered [WCAG 2008, W3C 2019], to re-
duce difficulties in navigation, provide relevant consistent data and create acceptable user
experience. This systematic review has the aim of identifying empirical evidence on tech-
nology for teaching the D/HH children. All identified studies had some experimentation
with positive impacts on educating D/HH children. We suggest that educational tools
should continue to be developed for D/HH in general due to the results obtained from this
review. The need to maintain the quality of the technology is also a concern, considering
users usability and accessibility.
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