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Abstract

The objective of this systematic and bibliometric review was to analyze the impact of software on the teaching and
learning process of sign language. To this end, publications from 2010 to 2023 were reviewed using the PRISMA
method and a structured search in Scopus and Web of Science. Of the 628 studies identified, 16 met the inclusion
criteria. The selected articles evaluated diverse technological tools, such as convolutional neural networks,
augmented reality, animated avatars, speech recognition, and computer vision systems. The results reveal that
these technologies foster more accessible and efficient learning, especially for people with hearing impairments
and hearing learners. Furthermore, the greatest scientific output was concentrated in countries such as India,
Saudi Arabia, and Egypt. In conclusion, the findings highlight the potential of these tools to enhance
communication and promote educational inclusion.

Keywords: learning, teaching, software.

Resumen

El objetivo de esta revisidon sistematica y bibliométrica fue analizar el impacto del software en el proceso de
ensefianza-aprendizaje de la lengua de sefas. Para ello, se revisaron publicaciones entre 2010 y 2023, aplicando
el método PRISMA y una busqueda estructurada en Scopus y Web of Science. De los 628 estudios identificados,
16 cumplieron los criterios de inclusion. Los articulos seleccionados evaluaron herramientas tecnoldgicas
diversas, como redes neuronales convolucionales, realidad aumentada, avatares animados, reconocimiento de
voz y sistemas de visiébn computacional. Los resultados revelan que estas tecnologias fomentan un aprendizaje
mas accesible y eficiente, especialmente para personas con discapacidad auditiva y usuarios oyentes en
formacién. Ademas, se concentré la mayor produccién cientifica en paises como India, Arabia Saudita y Egipto.
En conclusion, los hallazgos destacan el potencial de estas herramientas para potenciar la comunicacion y
promover la inclusién educativa.
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Introduction

Globally, over 400 million individuals are affected by varying degrees of hearing impairment (Organizacion
Mundial de la Salud, 2025). This population constitutes a distinct community with its own language and culture
(Falvo et al., 2020). However, these differences often go unnoticed, and society frequently overlooks how their
modes of perception and interaction with the environment differ significantly from those of hearing individuals
(Saksiri & Ruenwongsa, 2010).

In Peru, for instance, it has been documented that among a population exceeding one million, over
100,000 individuals experience some form of disability (Instituto Nacional de Estadistica e Informatica [INEI],
2017). Furthermore, the Ministerio de Educacion (2020) reports 430 centers for special basic education (CEBE)
aimed at promoting the inclusion of children with hearing impairments. Additionally, the Federation of the Deaf
represents over 72 million members, striving to integrate them into standard regular education (EBR) and
alternative basic education (EBA) through the instruction of Peruvian Sign Language (LSP). Nevertheless, this
endeavor faces significant challenges, particularly due to the lack of trained professionals and appropriate
technological tools to facilitate learning (Defensoria del Pueblo, 2020).

Within the educational system, there is a notable deficiency of programs or software that enable educators
and students to comprehend sign language (Alain et al., 2020; Hepp et al., 2015). Therefore, leveraging
Information and Communication Technologies (ICT) to design such software represents a crucial multicultural
paradigm (Labrada-Pérez et al., 2015). Consequently, given the scarcity of virtual systems as tools for
understanding and including individuals with hearing impairments (Yeh & Tseng, 2020), this software becomes
indispensable in the teaching and learning processes.

Considering the challenges faced by students with hearing impairments, it is imperative to promote
technological applications that enhance content comprehension (Cheah & Lee, 2015). This approach encourages
both independent and cooperative learning, thereby preventing social isolation and fostering adequate
socialization through ICT and inclusive education (Brow et al., 2015).

Moreover, research on sign language (SL) consistently garners interest in linguistics and the teaching-
learning process, acknowledging the complexities associated with teaching and learning SL (Naranjo-Zeledon et
al., 2021). Additionally, it has been observed that technology opens up new avenues for communication, enhancing
exchanges and making the reinforcement of programs that deepen understanding of SL essential (Costa et al.,
2017).

Thus, this study focuses on reviewing primary research concerning the design of software that optimizes
the teaching-learning process of sign language, as tools on practical platforms significantly enhance
comprehension (Li et al., 2022). These systems integrate artificial environments with real-world experiences, an
approach that has proven highly effective in practice (Mohd & Boilis, 2021). Furthermore, software that transcends
mere educational content by incorporating stimulating elements enables students to assimilate information more
deeply, both cognitively and emotionally (Antunes et al., 2018). Consequently, this study analyzes empirical articles
concerning the use of such software in sign language education, alongside the most relevant co-occurrences in
authors, countries, and conceptual structures of the selected documents.

Methodology

This methodology outlines the systematic approach employed to examine the impact of software on the
teaching-learning process of sign language. It is based on an exhaustive review of scientific literature, guided by
the PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) method, ensuring rigor,
transparency, and reproducibility in the selection, extraction, and analysis of relevant studies (Liberati et al., 2009;
Moher et al., 2007). Hence, a theoretical design for systematic review was adopted to collate summarized and
structured information on the issue, integrating various key bibliographic sources (Ato et al., 2013; Siddaway et
al., 2019).

The literature search was conducted in high-impact journals indexed in Scopus and Web of Science,
covering the period from 2010 to 2023. These publications document the necessity of software to optimize the
aforementioned educational process.

Specifically, the search was executed in these two primary databases. In Scopus, the query applied was:
TITLE-ABS-KEY(“sign language” OR “deaf communication” OR “gestural language” OR “hand language”) AND
TITLE-ABS-KEY (“software” OR “assistive technology” OR “devices”) AND TITLE-ABS-KEY (“learning”). In Web of
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Science, the query was: (TS=(sign language OR deaf communication OR gestural language OR hand language)
AND TS=(software OR assistive technology OR devices) AND TS=(learning)), yielding a total of 628 articles.

Selection criteria for studies

To minimize biases in selection, rigorous inclusion and exclusion criteria were employed. The inclusion
criteria encompassed: 1) Articles exploring software for learning sign language; 2) Studies involving social groups
without cognitive deficits. The criteria excluded theoretical reviews and articles focused on the validation or design
of instruments.

In Scopus, 230 documents were identified, and in Web of Science, 398, resulting in the elimination of 113
duplicates and leaving 515 screened records. Subsequently, after reading titles and abstracts, 349 were discarded
based on the title, and 89 based on the abstract for being unrelated to the topic. Out of the 77 full texts retrieved,
52 were filtered out for not meeting the criteria, resulting in a final total of 25 publications. Of these, access to 9
full articles was not granted, leading to the analysis of 16 articles. Data were systematically extracted according
to the study's objectives, organized under the following headings: author(s), year of publication, country, title,
system used, and results. Figure 1 illustrates the complete flow of the selection process.

Figure 1
PRISMA flow diagram
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Source. Authors’ own elaboration
Results

Sixteen studies published between 2013 and 2023 were examined, with their summaries presented in
Table 1. The majority of this research was conducted in India; however, a significant number of cross-cultural
applications were identified. Most studies predominantly utilized software and mobile applications.

The selected documents originate from various countries, including India, Spain, Saudi Arabia, Japan,
Egypt, Lithuania, Poland, Brazil, Malaysia, Indonesia, Jordan, and the United States. Collectively, these findings
reveal the application of multiple technologies and approaches in the teaching-learning process of sign language.

Among the most utilized technologies are machine learning and motion capture devices. For instance,
Saleem et al. (2023) developed a duplex system based on machine learning and Leap Motion devices, capable
of translating gestures from sign languages (ASL, PSL, SSL) into audio messages comprehensible to hearing
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individuals. Similarly, Lu et al. (2023) implemented data gloves with flexion sensors for high-precision capture of
hand movements, thus optimizing sign recognition.

Convolutional neural networks (CNN) have also demonstrated efficacy in recognizing gestures from both
Arabic and American sign languages, achieving increased accuracy in translation (Alshomrani et al., 2021;
Shanableh, 2023). Additionally, augmented reality and animated avatars have gained prominence, such as an
avatar that translates spoken and written Arabic into sign language in real time (Mosa et al., 2023), and the
LEARNSIGN software, which integrates augmented reality and voice recognition to enhance interaction with
individuals with hearing impairments (Mohd & Boilis, 2021).

Mobile applications and educational games have emerged as effective tools for autonomous and playful
learning. In this context, Joy et al. (2019, 2020) introduced SignQuiz and SignDict for independent learning of
Indian sign language, highlighting the value of mobile dictionaries. Following this approach, Pontes et al. (2020)
created MatLIBRAS Racing, an educational game that teaches numbers in Brazilian sign language while
promoting social interaction and playful learning.

Finally, deep learning models contributed significant evidence. Fadlilah et al. (2022) developed a translator
based on Raspberry Pi and neural networks, aimed at identifying letters and words in Indonesian sign language,
while Duwairi and Holloush (2022) applied the VGGNet model for the automatic recognition of alphabets in Arabic
sign language.

Table 1
Studies analyzing software in the teaching-learning process of sign language

Author/Year Country Title System Used Result

The system employs machine learning
A Machine techniques to identify and interpret
Learning Based gestures of deaf-mute individuals,

Duplex : . .
Full Duplex S transforming them into audio messages
communication . L
Saleem et al. . System . comprehensible to hearing individuals. A
Spain . system (Machine . .
(2023) Supporting Learning & Lea dataset encompassing three sign
Multiple Sign Motiongdevice)p languages—American Sign Language
Languages for the (ASL), Pakistani Sign Language (PSL),
Deaf and Mute and Spanish Sign Language (SSL)—has
been developed.
Arabic and
Hieslzel S . A system was developed for the automatic
. . Languages Convolutional . . . -
Alshomrani et al., Saudi detection of gestures and signs in Arabic
- Alphabet Neural Network . . i
2021 Arabia i~ and American sign languages, utilizing
Recognition by (CNN) ; .
. image capture devices such as cameras.
Convolutional
Neural Network
SignQuiz: A Quiz Learning written finger signs represents the
Based Tool for initial phase in mastering sign language,
Learning used when no corresponding sign exists or
Joy et al., 2019 India Fingerspelled SignQuiz the user is unfamiliar with it. SignQuiz
Signs in Indian provides a tool for learning these signs
Sign Language autonomously, without the need for
Using ASLR external assistance.
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Data Glove with
Bending Sensor
and Inertial
Sensor Based on

The use of portable sensors, such as the
data glove in this study, allows for precise
data collection in complex environments
and facilitates the dynamic capture of hand

SO G, 208 secel Weighted DTW lpiclove movements. This approach enables a wide
Fusion for Sign range of sign language features to be
Language collected, thereby improving recognition
Recognition accuracy.
) This article presents a real-time avatar
A Real-Time . )
. system that uses an attention mechanism
Arabic Avatar for .
Deaf—Mute _ to _automathall_y transIaFe s_poken and
Mosa et al., 2023 Egypt . . 2D Animated Avatar  written Arabic into Arabic sign language,
Community Using oo . "
’ facilitating effective communication
Attention RN
; between hearing individuals and deaf
Mechanism oo
users of this sign system.
Recognition of
ATerlcan Sign This study introduces a system that utilizes
. - . . anguage d .
Vaitkevicius et al., Lithuania ? . Leap Motion to recognize gestures
Gestures in a Leap Motion S A
2019 & Poland . . performed by users while interacting in
Virtual Reality . . i
. virtual reality environments.
Using Leap
Motion
Developing a
Bilingual Mobile
Dictionary for The study highlights the fundamental
Joy et al., 2020 India Indian Sign SignDict |mppnance of havm.g a sign Ianguagg
Language and dictionary as a crucial tool for promoting
Gathering Users' literacy among deaf individuals.
Experience with
SignDict
India, SISNFORMER: The study presents a system that utilizes
. ! eepVision i . .
Kothadiya et al., Saudi - vision transformers to recognize sign
. Transformer for Vision Transformer : e .
2023 Arabia & . languages, successfully identifying static
Sign Language ; ! .
USA R 2 gestures in Indian sign language.
ecognition
Two-Stage Deep
Learning Solution
for Continuous Two deep learning models are developed:
United Arabic Sign Convolutional p learning ped.
one for predicting the number of words per
Shanableh (2023) Arab Language Neural Networks . .
. e . sentence and another for interpreting the
Emirates Recognition Using (CNN) meanings of sentences in sign language
Word Count 9 9 guage.
Prediction and
Motion Images
An Educational - .
The game promotes social interaction and
Game to Teach o . . . ”
_ Numbers in _ fe_1C|I|tates the learning of signs in Brazilian
Pontes et al., 2020 Brazil MatLIBRAS Racing sign language (LIBRAS), indicating

Brazilian Sign
Language While
Having Fun

promising potential for its application in
academic contexts.
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Sign Language
Communication

The use of augmented reality (AR) and
speech recognition technology benefits the
deaf-mute community by facilitating

through communication with non-disabled
Mohd & Boilis . Augmented Unity Software & A X
(2021) Malaysia Reality and C# Programming individuals and vice versa. The paper
Speech emphaglzes the '|mpc.)rtance .of AR fqr
Recognition enhancing real-time interaction and its
(LEARNSIGN) potential to improve teaching and learning
methods.
Indian Sign The system was developed to translate
Language k-Nearest Neighbor Indlaq sign Ianguggg into cor)yentlonal text
Sahoo (2021) India Recognition Using  and Naive Bayes and vice versa, aiming to facilitate

communication between deaf-mute

Mac%r;z]henli_qeuaerglng Cleeaizi individuals and those unfamiliar with sign
language.
Modelling of Basic
. Indonesia Indonesian Sign Raspberry Pi The developed model can identify letters,
Fadlilah et al., & Language Technology & words, sentences, and basic numbers in
(2022) Malavsia Translator Based Convolutional Indonésian sian Ie;n uage
Y on Raspberry Pi Neural Networks 9 guage.
Technology
American Sign
Language T . .
Wang o, coog)  Uned  Reconion Using  Cybergove & Flock 1 SIS 0 s coniuous
9 ’ States Multi-Dimensional of Birds American Si r?Lan ua ge (ASL)
Hidden Markov 9 guag '
Models
. The study focuses on the automatic
Automatic recognition of Arabic sign language using
Recognition of : :
. : advanced deep learning techniques,
Duwairi & Halloush Jordan Arabic Alphabets VGGNet Model underscoring the importance of improving
(2022) Sign Language communication for individuals with
Using Deep ot . ; -
L - disabilities through innovative assistive
earning technologies.
Glove Based GloSign facilitates the conversion of sign
Wearable Devices language gestures into letters and words in
Biju et al., (2023) - for Sign GloSign English, contributing to mitigating the
Language— communication barrier between deaf and
GloSign hearing individuals.

Parcel of three fields

Source. Authors’ own elaboration

Figure 2 presents a parcel of three fields integrating three main components: journals (SO), authors (AU),
and keywords (DE). These elements are represented by rectangles, with their sizes reflecting the number of
associated articles, interconnected by gray lines illustrating their interdependent relationships. This visualization
demonstrates how specific publications in certain journals are linked to particular authors, who in turn focus on
relevant thematic descriptors for the study of software applied to the teaching of sign language.

For example, articles published in IEEE Access primarily originate from authors such as Bhatt C. and
Balakrishnan K., who have explored topics related to deep learning and Arabic sign language. Moreover, recent
studies indicate a clear trend toward the use of advanced artificial intelligence technologies to optimize access to
and the teaching of sign languages.
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Figure 2
Parcel of three fields
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Bradford's Law

Figure 3 classifies journals according to their productivity (source and number of articles), revealing how
literature on software for teaching sign language is concentrated in a few key publications, in accordance with
Bradford's Law. This bibliometric law establishes that articles are distributed across three zones of equal
production: a central core (Zone 1) with highly specialized journals, a transition zone (Zone 2) with n times more
publications, and a dispersion zone (Zone 3) with n? less productive journals.

In this analysis, IEEE Access leads with 3 documents, followed by Applied Sciences-Basel with 2,
consolidating itself as the central core (Zone 1) of the primary knowledge in this area. Thus, this classification not
only visualizes the uneven distribution of scientific output but also provides an accurate perspective on the
dominant influence of these sources in research on technologies for sign languages.

Figure 3
Bradford's Law

Core
Sources

Articles

Source log(Rank)

APPLIED SCIENCES-BASEL |

Scientific production by authors
Figure 4 visualizes the individual contributions of authors to the topic of software for the teaching and
learning of sign language between 2013 and 2023. Each horizontal line represents a specific author, while the
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circles positioned above indicate annual publications; the size of the circles proportionally reflects the number of
articles published in that year, and their color—from light to dark—corresponds to the number of citations received
during that period.

Among the most prolific authors are Joy J. and Balakrishnan K., with multiple publications concentrated in
2019 and 2020. Additionally, 2023 records a notable increase in scientific output, driven by recent contributions
from authors such as Amino S., Bhatt C., and Biju S., identified in the general bibliometric analysis of the consulted
databases—although not included in the detailed analysis of this systematic review.

Figure 4
Author production over time
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Author collaboration network
Figure 5 represents the collaboration network based on the scientific output of authors. Balakrishnan K.

and Joy J. stand out in Cluster 1 (red) for their high centrality of betweenness and closeness, positioning them as
key nodes facilitating connections within their group and to the global network.

On the other hand, authors in Cluster 2 (blue)—Essa R., Lotfy A., Mosa D., Nasef N., and Salem A.—
exhibit moderate betweenness metrics, but their high closeness suggests a close and intense collaboration within
the group. Finally, the authors in Cluster 4 (purple)—Blazauskas R., Maskeliunas R., Taroza M., Vaitkevicius A.,
and Wozniak M.—show moderate interactions in terms of collaborative closeness, indicating teamwork but without
acting as critical bridges in the global network.

In summary, Balakrishnan K. and Joy J. not only coordinate their cluster but also exert significant influence
over the overall collaborative structure.

Figure 5
Author collaboration network
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Collaboration by country

Figure 6 presents a world map where blue gradations indicate scientific productivity by country, with darker
shades representing a higher frequency of publications. India leads with 12 studies, shown in deep blue, followed
by Saudi Arabia with 5 publications. Egypt and Spain each register 4 contributions, indicated by moderate blue
shades. Countries with lower frequencies appear in lighter gradations, revealing a notable geographic
concentration in West Asia and South Asia in developing software for sign languages.

Figure 6
World map of scientific production by country

Frequency of terms used and conceptual structure

Figure 7 analyzes the frequency of authors' keywords, revealing that "deep learning" and "sign language"
dominate, each comprising 20% of the focus, illustrating a predominant emphasis on deep learning techniques for
the recognition and translation of sign languages. Moreover, terms such as "assistive technology" and "gesture
recognition,” each at 10%, underscore the relevance of support technologies and gesture recognition in this
research field.

Figure 7
Authors' keywords
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Co-occurrence of authors' keywords

Figure 8 reveals the co-occurrence networks between authors' keywords. "Deep learning" stands out due
to its high frequency (4 occurrences) and link strength (16), highlighting its central role in the development of
advanced technologies for sign language recognition. Following closely is "sign language" (6 occurrences, link
strength 11), solidifying its pivotal role in the creation of educational support tools.

Additionally, "gesture recognition" (3 occurrences, link strength 15) emphasizes the growing interest in
technologies for interpreting gestures, an essential element of sign communication. This configuration suggests a
robust interconnection between "deep learning," "sign language,” and "gesture recognition," promoting an
interdisciplinary approach for future collaborative research.

Figure 8
Co-occurrence of authors' keywords
(umachine learning.J
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Thematic map

Figure 9 organizes themes into four quadrants based on their development and relevance. The driving
themes (upper right quadrant)—"deep learning," "gesture recognition," and "assistive technologies"—stand out
due to their high development and relevance, positioning them as central indicators of current research on software
for sign languages.

Conversely, "sign language" appears in the foundational themes (lower right quadrant)—essential and
highly relevant, yet underdeveloped in the selected studies. This configuration reveals significant opportunities for
deeper technological research on sign languages.

Finally, "Arabic sign language" is located in the niche themes (upper left quadrant), with considerable
development but lesser global relevance, suggesting potential for strategic expansion in future research directions.




Figure 9
Thematic map
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Discussion

This systematic review highlights the positive impact of software on the teaching-learning process of sign
language. Following a comprehensive search for publications between 2010 and 2023, 16 cross-cultural studies
were selected, predominantly developed in India (Joy et al., 2019, 2020; Kothadiya et al., 2023; Sahoo, 2021).
These works demonstrate that virtual devices and applications are fundamental for developing skills in both
individuals with hearing disabilities and hearing individuals.

Therefore, it is alarming that there is a scarcity of virtual systems specifically designed to facilitate the
comprehension and inclusion of individuals with hearing disabilities in educational settings (Yeh & Tseng, 2020).
In this context, tools like SignDict promote literacy through interactive sign language dictionaries (Joy et al., 2020),
while other systems predict the number of words per sentence and interpret their meanings in sign language
(Shanableh, 2023). These technologies not only optimize learning absorption but also facilitate smooth
interactions, especially through augmented reality (AR) and voice recognition, benefiting both the deaf community
and hearing individuals (Mohd & Boilis, 2021; Sahoo, 2021).

Moreover, the lack of specialized instructors in sign language represents a critical challenge, making the
need for autonomous support mechanisms imperative. Tools like SignQuiz allow individuals to learn sign language
independently, without external assistance, using innovative technologies that foster deep learning (Joy et al.,
2019; Duwairi & Halloush, 2022).

Most studies focus on devices for real-time gesture recognition and interpretation, employing image
capture systems with convolutional neural networks (CNN) to convert signs into audio, letters, or words
(Alshomrani et al., 2021; Pontes et al., 2020; Vaitkevicius et al., 2019; Wang et al., 2006). Consequently, these
advancements help mitigate communication barriers between deaf and hearing individuals (Biju et al., 2023;
Fadlilah et al., 2022; Saleem et al., 2023).

Unlike previous reviews, this analysis emphasizes innovations such as 2D animated avatars translating
spoken/written language into signs (Mosa et al., 2023), Sign-Glove data gloves for precise movement capture (Lu
et al., 2023), and Vision Transformer systems for static gestures (Kothadiya et al., 2023).

Furthermore, the growing interdisciplinary interest in sign language—encompassing linguistics, computer
science, and education—underscores the inherent complexity of its teaching. While practical devices blend
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artificial environments with physical experiences to enhance sign language comprehension, there remain
opportunities and challenges in implementing artificial intelligence technologies.

However, this review also reveals practical limitations, such as the lack of trained professionals and
appropriate technological instruments in real educational contexts. Among the methodological limitations of the
study are the variability in the quality of the reviewed articles and the absence of uniform assessments of software
effectiveness. Additionally, as most studies focus on specific contexts, the findings have limitations concerning
their generalization to diverse populations and educational environments.

Conclusions

New technologies—primarily Android devices, deep learning software, and virtual applications—facilitate
accelerated and accessible learning of sign language, as evidenced by the 16 reviewed studies. India leads
scientific production (12 publications), followed by Saudi Arabia and Egypt, concentrating efforts on tools such as
convolutional neural networks (CNN), augmented reality, and gesture capture systems (Leap Motion, sensory
gloves). These resources are indispensable for both individuals with hearing disabilities and hearing individuals,
promoting smooth interactions, optimal knowledge absorption, and effective educational inclusion.

Therefore, interdisciplinary study of sign languages generates growing interest in linguistics, computer
science, and education, where terms like "gesture recognition" and "assistive technology" dominate conceptual
networks. However, significant challenges persist: a shortage of specialized instructors, limitations in cross-cultural
generalization, and the need for uniform assessments of effectiveness. Consequently, it is essential to expand
autonomous technological support mechanisms—such as SignQuiz and SignDict—that optimize this inclusive
process, especially in educational contexts with limited resources, such as Peru.

This review not only validates the transformative potential of software but also identifies priority
opportunities for future research that can bridge these gaps and enhance universal communication.
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