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ABSTRACT Preserving and innovating indigenous languages is crucial for maintaining cultural heritage
and facilitating community development in this digital age. Understanding the digital landscape of IsiXhosa
language digitization efforts, however, remains underexplored. This systematic scoping review aims to map
the existing literature on digitalization efforts for IsiXhosa language preservation and innovation. A scoping
review was conducted, guided by PRISMA-ScR, on relevant literature pertaining to isiXhosa digitization,
preservation, and innovations. Two databases were searched (Scopus and Web of Science), and additional
articles were identified through a grey literature search (Google Scholar) to identify other relevant literature.
Data were extracted in terms of title, year, country, language, digitization efforts, and summary of main
findings and results related to isiXhosa language preservation and innovation. A total of 85 unique articles
were included from 479 records, leading to the identification of five themes under the digitization efforts.
Most studies were conducted in South Africa, accounting for about 78% of the total articles. As such,
significant efforts were identified in grammar and morphology, speech recognition, and machine translation.
There are unresolved gaps and challenges (such as large and high-quality datasets) that must be addressed.
Nevertheless, the efforts demonstrate an increased acceptance of the significance of protecting and improving
indigenous African languages, such as isiXhosa, in this era of digital technology.

INDEX TERMS Digitization, IsiXhosa language, IsiXhosa digitization, language preservation, language
innovation, Xhosa.

I. INTRODUCTION
Indigenous languages have a vital role in preserving cultural
history and are essential for passing down knowledge,
identity, and values from one generation to another [1], [2].
Stories, traditions, and beliefs are transmitted from ancestors
to future generations through the complex network of
language, establishing robust links between the past, present,
and future. By protecting indigenous languages, we not only
protect the origins of varied cultures but also guarantee
that their distinct viewpoints and knowledge will continue
to enhance the globe for future generations. Language
serves as the medium through which the fundamental
nature of a community is conveyed, resonating throughout
history as evidence of strength, ingenuity, and the enduring
determination of mankind. In an earlier study focusing on
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the speech community, Gumperz [3] expressed the viewpoint
that language is the most potent and adaptable means
of communication, and it is present in all known human
societies. Unlike other methods of communication, the verbal
system has the ability to refer to a wide range of objects and
concepts by refining its grammatical and semantic structure.

In this digital era, the convergence of language preservation
and technology has gained significant prominence, present-
ing both unparalleled prospects and daunting obstacles [4].
IsiXhosa, as one of the South Africa’s eleven official lan-
guages [5], encompasses this intricate interplay. Prominent
and widely spoken in the Eastern Cape region of South
Africa, IsiXhosa faces the twin challenge of keeping its
traditional roots while embracing current technical improve-
ments. As attempts are made to digitize and promote the
language, it is vital to establish a balance between innovation
and legacy to ensure its survival for future generations.
The rich linguistic past and cultural value of the language
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emphasise the need to ensure its ongoing life in the digital
realm.

One way to think of digitalization as a kind of standardised
language translation is to consider it as the binary coding of
knowledge, information, and social processes, as defined by
Turner [8]. In particular, Turner [8] asserted that since our
ability to conceptualise is influenced by the knowledge and
skills we acquire through digital methods, digitization can
be understood as an epistemic and ontological shift. Hence,
it can be regarded not just as a technical process but also as
a paradigm shift in our perception of and engagement with
everything around us. This shift in perspective enables novel
approaches to thinking, problem-solving, and information
exchange, ultimately influencing how we adapt to the rapidly
changing terrain of the digital era. By adopting digitalization
as a means of language translation, we can more effectively
comprehend its ability to close divides, facilitate interactions,
and improve our collective perception of the world.

Lately, there have been efforts in the study of IsiXhosa
that have concentrated on creating digital tools and platforms
with the aim of advancing language preservation and revi-
talization [6], [7], [8]. These efforts seek to enable IsiXhosa
speakers to actively participate in their language through
novel and creative methods, guaranteeing its significance
and durability in contemporary society. Fundamentally,
we can understand the importance of preserving indigenous
languages through their immense impact on shaping cultural
heritage and fostering a feeling of inclusion. This encapsu-
lates the narratives of victories and challenges, the wisdom of
the older generation, and the principles that have supported
communities through centuries of transformation [9]. Thus,
by understanding the need to preserve and revive our
language, we enable future generations to continue the legacy
of their forebears while also honoring the accomplishments of
the past. This helps us maintain the linguistic diversity of the
language and safeguard its distinct worldviews to avoid the
danger of disappearing over time.

Global initiatives to digitise languages have resulted in
the documentation and online accessibility of numerous
languages for a worldwide audience. The World Economic
Forum’s 2021 report [10] assessed the global digital com-
petitiveness of 140 countries based on mindset and digital
ecosystem dimensions, as well as the change in ranks between
2018 and 2020. According to the report, China, followed
by Saudi Arabia and Brazil, were identified as the top
three countries that experienced significant improvement
in digital competitiveness among the G20 nations. The
efforts towards African languages have not matched the
significance and immediacy of safeguarding these varied
linguistic legacies [11]. Groups such as WikiAfrica1 have
taken advantage of this to help disseminate knowledge in
many African languages that are not widely used online.
Hence, publishing written and spoken content online in
a given language contributes to the corpus of publicly

1https://www.wikiafrica.org/

available information in the language. Maseko [5] submits
that indigenous African languages will remain sentimental in
their usage, serving as languages of socio-cultural importance
within the home and limited to primary schooling. However,
Maseko suggests that meaningful and deliberate intervention
is necessary to accelerate the process of intellectualising these
languages within the framework of national development
initiatives. It is imperative that African languages be given
the same attention and resources as other highly-resourced
languages worldwide. Specifically, African languages are
still being categorised as low-resource languages.

Based on the data from Web Technology Surveys2 (a web
technology survey service that provides information about
the usage of various web technologies on the internet), the
English language is utilised by 50.8% of all websites, while
IsiXhosa is only used by approximately 0.1%. Specifically,
it was asserted by Turner [8] under the subject of decolo-
nization through digitalization that digitising isiXhosa entails
expanding and diversifying its online presence to establish
its complete validity as a South African language across all
social domains.

This systematic scoping review aims to investigate the
efforts made to digitalize the IsiXhosa language. The review
seeks to identify and analyse existing literature as well as
new trends, obstacles, and gaps that are impeding progress
in IsiXhosa language digitization. This review offers an
in-depth analysis of the current status by combining insights
from many sources in the literature, focusing on initiatives,
academic research, and technological developments. The
main goal is to provide information and support strategic
actions that could promote collaboration and encourage new
methods to empower the IsiXhosa language to succeed in the
digital era while preserving its cultural heritage.

The review’s selection of isiXhosa is indicative of its
significance as one of South Africa’s recognised languages
(the second highest spoken language)3 and as a model for
other African languages and many other languages around
the world. The review further seeks to bring attention
to the broader concerns facing African languages in the
digital era, emphasising progress, obstacles, and prospective
opportunities. The goal is to encourage the development
of other indigenous languages across the continent by
emphasizing IsiXhosa, a language that holds great historical
and cultural importance. The review is guided by the
following research questions: (1) What is known from the
literature about digitalization efforts implemented to preserve
and promote the IsiXhosa language and culture? (2) What
are the gaps in digitalizing IsiXhosa, including technological,
socio-cultural, and linguistic factors?

II. METHOD
A. TRANSPARENCY STATEMENT
The systematic scoping review was conducted in accordance
with the PRISMA-ScR guidelines (Preferred Reporting Items

2https://w3techs.com/
3https://southafrica-info.com/arts-culture/11-languages-south-africa/
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TABLE 1. Eligibility criteria.

for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews). The Scopus andWeb of Science databases
were searched for relevant literature. A grey literature search
was also conducted in Google Scholar to identify other
relevant literature. The paper is an accurate, concise, and
unambiguous representation of the study.

B. SEARCH STRATEGY
The search was conducted fromMarch 16 to March 21, 2024.
The focus was on literature published between 2004 and
2024 (the last two decades) to ensure relevance to current
digitalization and preservation initiatives. Scopus and Web
of Science were selected due to their extensive coverage
of peer-reviewed literature across various fields. Google
Scholar was incorporated to obtain a wider variety of
literature, including conference papers, theses, unindexed
items in Web of Science and Scopus, and grey literature.
The search parameters were formulated based on available
literature and expert guidance to ensure the search’s thor-
oughness and pertinence. The search terms used are the
following:

• ( ‘‘isixhosa’’ OR ‘‘xhosa’’ ) AND language OR digital
OR initiatives OR preservation OR digitisation ) -
Scopus

• (( ‘‘isixhosa’’ OR ‘‘xhosa’’ ) OR language digital
initiatives, preservation and digitisation ) - Web of
Science and Google Scholar

The terms ‘‘isiXhosa’’ and ‘‘Xhosa’’ are used interchange-
ably in the search; as Xhosas call their language ‘‘isiXhosa’’,
it is usually referred to as ‘‘Xhosa’’ in English and is
sometimes interchanged in the literature. Duplicates were
eliminated from the search results to ensure the accuracy and
reliability of the findings. The Google Scholar search only
includes the first 100 entries to guarantee relevancy to the
topic of the review.

C. SEARCH ELIGIBILITY CRITERIA
The studies included in this systematic scoping review have
to meet particular criteria to ensure their relevance and
completeness. First, the article needed to be available in
either English or IsiXhosa, which are the main languages
of interest for this review. Also, only research published
between January 2004 and the present (2024) was considered.
This allowed for a comprehensive analysis of digitization and
preservation efforts in a modern context while incorporating
recent research. Furthermore, the content focused on digital-
ization efforts explicitly aimed at conserving and advancing
the IsiXhosa language and culture. This aligns with the
main goals of this review. Finally, a wide range of literature
was incorporated, including peer-reviewed journal articles,
conference papers, and grey literature (theses), to present
various viewpoints and valuable insights. Studies conducted
in South Africa and other regions were included, focusing on
isiXhosa digitization efforts.

The criteria were chosen to enable a thorough investigation
of efforts to digitise and preserve the IsiXhosa language while
also ensuring that the research methods were rigorous and
relevant to the research goal. Additional information on this
can be found in Table 1.

D. DATA EXTRACTION
The data extraction process follows the specified eligibility
criteria to guarantee the inclusion of relevant research
studies. These criteria determine which papers are eligible
for inclusion and ensure that the review remains focused
and relevant. In addition, the criteria establish a structure for
the methodical selection and retrieval of information from
the literature, improving the correctness and accuracy of the
review process. The entries for the form in Table 2 were
pilot-tested using three studies to extract the information.
One reviewer carried out the extraction procedure, while a
second reviewer verified it. Discrepancies or disagreements
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TABLE 2. Key information extracted from the searched sources.

encountered during the extraction were resolved through
discussion and consensus. Key information extracted from
each study included:

• Study title
• Name of author(s).
• Year of publication
• Publication type
• Name of Journal/book or conference
• Description of digitalisation initiatives related to IsiX-
hosa language preservation and innovation

• Summary of main findings/results related to IsiXhosa
language preservation and innovation

• Language(s) of the study
• Geographic area(s) covered in the study
• Time period covered in the study
• Alignment with the objectives and scope of the review.

E. DATA SYNTHESIS
After extracting the data from the selected studies, an inter-
pretive approach [12] was used. At first, the studies were
classified according to their sources (Scopus, Web of
Science, and Google Scholar). The categories were merged
into a single entity for analysis. This merging enables an
appropriate presentation of the results from a single data
source. The process of synthesising the data was carried out
and structured using MS Excel.

III. RESULTS
A. SEARCH RESULTS AND DEMOGRAPHIC
CHARACTERISTICS
The search across bibliographical databases and grey lit-
erature yielded a vast amount of material on IsiXhosa
language preservation. Scopus and Web of Science provided
initial sets of 583 and 1250 records, respectively. This was
filtered based on publication dates (2004 to the present),
language (English or IsiXhosa), and keywords associated
with language preservation and IsiXhosa. The targeted

FIGURE 1. Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow diagram selected.

search of grey literature on Google Scholar also offers a
wider search, identifying roughly 12,000 potentially relevant
articles as additional documents. This was also reduced to the
first 100 entries to identify only relevant studies. Combining
all the sources resulted in 505 records. However, 52 articles
that are irrelevant (n = 17) and duplicates (n = 35) were
excluded, reducing the total to 446. Figure 1 shows the
records and the flow diagram for the review.

The screening stage involved a meticulous review of titles
and abstracts based on a stricter criterion: digitalization
efforts explicitly aimed at conserving and advancing the
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TABLE 3. Demographic characteristics of sources.

FIGURE 2. Bibliometric Map of Publications on ‘‘IsiXhosa digitisation’’ (tools: rstudio, method: keyword
Co-occurrenceNetwork).

IsiXhosa language and culture. This in-depth analysis
resulted in the selection of 247 articles for full-text exam-
ination. In the full-text examination of these 247 articles,
153 were excluded based on no access to full-text (n = 9)
and those whose focus fell outside the core areas of IsiXhosa
digitization (n = 144).

The final screening for eligibility excluded articles that
have a tangential domain focus (n = 9), as they addressed
related topics but did not directly contribute to digital
preservation efforts. It’s important to note that after the
screening, only two papers written in isiXhosa itself were
included. The final screening process for eligibility yielded a
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collection of 85 articles that formed the basis for the thematic
analysis of the review. These studies were published in the last
two decades (between 2004 and 2024) with corresponding
authors from 12 countries. This included journal articles,
conference papers, book chapters, theses, and data papers.
The majority, 49 out of 85, were journal articles, accounting
for 57.65%. Table 3 presents the breakdown.

B. KEYWORDS ANALYSIS
The analysis of the keywords was conducted using the
software RStudio biblioshiny package to determine the
frequency of term usage in relation to each other. Fig. 2
presents the visualisation of the results, enabling us to identify
the thematic area of interest in the digitization efforts.

The constructed map highlights four areas describing
different aspects of the isiXhosa language digitization, inno-
vation, and preservation efforts. The first theme identified
from the cluster is lexicon development and digitization; the
second is grammar and morphology analysis; the third is
speech synthesis technologies; the fourth is machine transla-
tion; and the fifth is digitization and language preservation
tools. Keywords such as ‘‘lexicon’’, ‘‘digitization’’, and
entries related to ‘‘human language technology’’ and ‘‘natural
language processing systems’’ represent the theme of lexicon
development and digitization in the network. Within the
network, keywords such as ‘‘morphological segmentation’’,
‘‘linguistics’’, and ‘‘computational linguistics’’ correspond
to the theme of grammar and morphology analysis. Speech
synthesis technologies correspond to the keywords ‘‘speech’’,
‘‘speech recognition’’, ‘‘speech synthesis’’, and ‘‘automatic
speech recognition’’. The keywords ‘‘machine translation’’,
‘‘translation (languages)’’, ‘‘back translation’’, and ‘‘low
resource languages’’ reflect the machine translation theme.
The digitization and language preservation theme corre-
sponds to keywords like ‘‘digitization’’, ‘‘language preserva-
tion’’, ‘‘cultural adaptation’’, and various health-related terms
in the network.

C. ISIXHOSA DIGITIZATION, INNOVATION, AND
LANGUAGE PRESERVATION IN THE DIGITAL AGE
The 85 articles examined explore various aspects of IsiXhosa
digitization, innovation, and language preservation. Five
main themes emerged, underscoring current efforts to ensure
IsiXhosa’s preservation in the digital era:

• Lexicon Development and Digitization
• Grammar and Morphology Analysis
• Speech Synthesis Technologies
• Machine Translation
• Digitization and Language Preservation Tools

1) LEXICON DEVELOPMENT AND DIGITIZATION
Language is a dynamic entity, constantly evolving and
adapting to the needs of its users. However, as the world
increasingly relies on digital technology, it becomes crucial
to preserve and document languages in a manner that is easily
accessible and sustainable [8]. In this context, lexicon devel-
opment and digitalization activities are critical. Imagine a

linguistic systemwithout a lexicon, a collection of synonyms,
or any easily accessible repository of its lexemes. Acquiring,
teaching, and even employing such a language would be
extremely difficult. Lexicon creation and digitization narrow
this divide by constructing extensive databases of terms,
their definitions, and their usage. These digital resources
serve as the basis for language learning materials, machine
translation tools, and the creation of speech recognition
software. By carefully recording a language’s words and
phrases, the process of developing and digitising its lexicon
ensures that it remains vibrant and easily accessible in the
digital era. This applies not only to IsiXhosa but to any
language that aims to flourish in the modern age.

The articles in this category (Table 4) explore diverse
approaches to lexicon development and digitization, ranging
from manual compilation to automatic extraction from
textual sources (see Table 4). Thus, they provide an
in-depth overview of several efforts aimed at improving
the language’s linguistic resources and digital presence.
Du Toit and Puttkammer [13] work on generating annotated
corpora and advancing machine-learned linguistic technolo-
gies, which are required for advanced language processing
tools. Also, Gaustad and Puttkammer [53] make a valuable
contribution by offering a linguistically annotated dataset,
which assists in advancing Natural Language Processing
(NLP) research specifically for isiXhosa. van der West-
huizen and Niesler [14] created a speech corpus from
South African soap operas, which provides important data
for the study of code-switching and word usage. In the
field of specialized lexicons, Alberts [29] creates bilingual
and multilingual political dictionaries. These dictionaries
help to improve communication in political contexts by
establishing standardised political terminology in isiXhosa.
Gillis-Webber [32] converts the English-Xhosa Dictionary
for Nurses into a flexible digital tool that facilitates the spread
of medical terminology. Packham and Suleman [33] employ
an innovative strategy by utilizing crowdsourced translations
via an online game, highlighting a resourceful technique for
collecting multilingual content.

Mzamo et al. [50] highlight the advancement of com-
putational tools by designing a probabilistic graphical
lemmatizer. This tool improves the accuracy of isiXhosa’s
identification of lemmas. Eckart et al. [87] employ linked
data techniques to synchronise multilingual data, hence
improving the compatibility of isiXhosa lexical resources.
In a similar manner, Eckart et al. [91] developed a lexical
resource in RDF format that is both highly interoperable
and machine-processable. This resource makes a valuable
contribution to the future advancement of language tools and
applications. Deumert and Masinyana’s [57] examination of
multilingual communication patterns, which offers insights
into the use of isiXhosa digital vocabulary in text messages,
is another notable contribution. Parker et al. [63] translated
and validated the Brief Pain Inventory into isiXhosa, thereby
improving the language’s medical vocabulary and digital
healthcare resources. Bosch et al. [66] compile and employ
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TABLE 4. Efforts on IsiXhosa lexicon development and digitization.
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TABLE 4. (Continued.) Efforts on IsiXhosa lexicon development and digitization.
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TABLE 4. (Continued.) Efforts on IsiXhosa lexicon development and digitization.

Xhosa lexicographical data in a multilingual setting, high-
lighting the significance of open-source data for language
processing.

Gunnink [74] examines the historical development of
the isiXhosa vocabulary by reconstructing phonemic clicks
from Proto-Nguni. This analysis offers valuable insights
into the evolution of Nguni languages. Allwood et al. [94]
examine the effects of English and Afrikaans on spoken
Xhosa, emphasising the importance of language contact on
the vocabulary of isiXhosa. Grabar et al. [71] also employ
natural language processing techniques to identify and
classify medical terms, construct a bilingual Xhosa-English
dictionary, and improve local speakers’ understanding of
medical terminology. These contributions demonstrate a
strong and diverse approach to developing and digitising
the isiXhosa vocabulary. The use of annotated corpora, spe-
cialised dictionaries, computational tools, and instructional
resources is essential to the preservation, improvement, and
digital integration of isiXhosa.

2) GRAMMAR AND MORPHOLOGY ANALYSIS
Efforts in grammar and morphology analysis make valuable
contributions to the fields of language documentation,
theoretical linguistics, and language technology creation.
These efforts conserve significant linguistic knowledge for
future generations and gain insights into the typological
aspects of IsiXhosa by documenting grammatical structures
and morphological instances. In addition, computational
models that rely on grammatical and morphological analyses
are fundamental components of natural language processing
applications, including machine translation, information
retrieval, and text production.

Significant and diverse efforts have been made to analyse
the grammar and morphology of isiXhosa (Table 5), indi-
cating a wide-ranging interest in both theoretical linguistics
and practical uses. A considerable amount of research has
been dedicated to the computational elements of isiXhosa

grammar. Mahlaza and Keet [21], [55] created computational
grammar rule sets and context-free grammars for isiXhosa
and isiZulu verbs. This has improved the understanding
of morphosyntactic similarity and accuracy in two closely
related languages. They play a crucial role in the development
of computational linguistics and the creation of language
technology for isiXhosa, specifically in the area of weather
forecast verbs. In a similar vein, Bosch et al. [43] and
Pretorius and Bosch [44], [46] made significant contributions
to the advancement of finite-state morphological analyzers
and computational morphological analyzers for the Nguni
language group. They have used cross-linguistic similarities
to effectively initiate the construction of analyzers specifi-
cally for isiXhosa.

In addition, a number of studies have explored the syntactic
and morphological features of isiXhosa, as well as compu-
tational approaches. Carstens and Zeller [18] investigated
the syntax and structure of isiXhosa, with a particular
emphasis on the use of focus particles. Taraldsen et al.
[30] explored the nominal class prefixes in Southern Bantu
languages, shedding light on their function as specifiers
in lexicalization. Carstens and Mletshe [60] conducted a
study on nominal structures, specifically focusing on the
syntactic and distributional characteristics of nominals in
negative contexts. This study shed light on the negative
concord aspects of nominal licensing. The additional area
of interest has been the intersection between phonology
and morphology. Braver and Bennett [65] investigated the
way in which isiXhosa speakers use root phonotactics to
assign noun classes to nonce words, emphasising the rela-
tionship between phonological structure and morphological
information. In their study, Gxowa-Dlayedwa [51] examined
the orthographic patterns of initial click consonants in
isiXhosa syllables. The study focused on improving the
understanding of syllable structure and the pronunciation
of click clusters. Furthermore, other researchers use unsu-
pervised and machine learning methods to analyse and
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TABLE 5. Efforts on IsiXhosa grammar and morphology analysis.
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TABLE 5. (Continued.) Efforts on IsiXhosa grammar and morphology analysis.
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TABLE 5. (Continued.) Efforts on IsiXhosa grammar and morphology analysis.

segment the morphology of isiXhosa. Mzamo et al. [41], [81]
and Mzamo [59] conducted an assessment of bi-directional
branching entropy language models and developed unsuper-
vised morphological segmenters for isiXhosa. The studies
introduced novel methods to automate the segmentation of
intricatemorphological features. Andrason [80] examined the
conjunctive coordinator NA, exploring its categorial position
and polyfunctionality. Savic [77] examined the meaning of
the perfective and imperfective aspects in isiXhosa, providing
a clear understanding of the differences and the significance
of boundedness in the conceptualization of occurrences.
Myler and Mali [88] conducted a study that specifically
examined the syntactic and semantic analysis of isiXhosa
causative constructs. The study put forth theories for the
occurrence of case alternation in productive morphological
causatives.

All of these efforts strengthen the understanding of
isiXhosa grammar and morphology, offering essential knowl-
edge on its computational, syntactic, phonological, and
morphological characteristics.

3) SPEECH SYNTHESIS TECHNOLOGIES
Speech technologies are essential for enabling communi-
cation, improving accessibility, and preserving languages.
Researchers are using advancements in signal processing,
machine learning, and linguistics to develop speech tech-
nologies that are robust and efficient. These technologies
are designed to meet the demands of a wide range of users,
including individuals with low literacy or disabilities.

The spectrum of approaches and applications being
explored in the development and improvement of isiXhosa
speech synthesis technologies (Table 6) is broad as well
as diverse. Significant effort has been devoted to devel-
oping text-to-speech (TTS) systems specifically designed
for isiXhosa. An example of this is the work done by
Kogeda [6] in creating a TTS system that transforms
isiXhosa text into a voice that sounds natural. This is
an important step in making isiXhosa available on digital
platforms. Roux and Visagie [34] employed HTS (Hidden
MarkovModel-based Speech Synthesis) to construct a speech
synthesiser for isiXhosa. The study utilised data-driven
techniques to handle syntactic and other text characteristics,

resulting in enhanced naturalness and comprehensibility of
the synthesised speech. Louw and Moodley [26] conducted
research on improving TTS systems by developing automated
methods for transforming, coding, and modelling intonation
patterns particular to the isiXhosa language. The idea was to
enhance the prosodic characteristics of synthesised speech,
a vital aspect of achieving a more natural and comprehensible
sound in speech, particularly for languages with limited
resources such as isiXhosa. This study builds upon the
research conducted by Schlünz et al. [64], which utilised
natural language processing techniques including part-of-
speech tagging and chunking to improve the authenticity of
synthesised speech in isiXhosa.

The advances in automatic speech recognition (ASR) sys-
tems have played a major role in the development of isiXhosa
speech synthesis technology. Naidoo and Tsoeu [40] con-
ducted an assessment of open-source toolkits for automatic
speech recognition (ASR) in isiXhosa. The study identified
the most effective settings that can improve the accuracy of
speech recognition. Precise recognition of input speech is a
necessary requirement for effective speech synthesis, as it
is crucial for enhancing the quality of synthesised speech.
Biswas et al. [31] expanded upon previous work by enhancing
automatic speech recognition (ASR) systems to effectively
handle code-switched speech, a prevalent occurrence in
multilingual settings that involve the languages isiXhosa
and English. This study on language models and acoustic
models played an invaluable role in improving the accuracy
of recognising isiXhosa code-switched utterances.

Nthite and Tsoeu’s [38] study, which implemented and
assessed an end-to-end TTS system for under-resourced
South African languages, notably isiXhosa and Sesotho,
demonstrates another innovative technique. The approach
demonstrated promising results in terms of clarity and
authenticity, emphasising the practicality and possibilities
of end-to-end systems for improving speech synthesis in
isiXhosa.

The development of isiXhosa voice synthesis technolo-
gies is aided by these initiatives, which explore different
approaches, including the building of a TTS system,
modelling intonation, improving ASR, and integrating multi-
lingual applications.
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TABLE 6. Efforts on IsiXhosa speech synthesis technologies.

4) MACHINE TRANSLATION
Machine translation has great potential for overcoming
language barriers and enabling communication between

different languages. Researchers frequently prioritise the
development and enhancement of machine translation sys-
tems that facilitate smooth translation. Researchers are
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TABLE 7. Efforts on IsiXhosa machine translation.

using advancements in natural language processing, neural
networks, and computational linguistics to narrow the divide
in translating natural language between different widely
spoken languages.

A wide range of areas, including neural machine trans-
lation (NMT), dataset development, and specific translation
problems, have been covered in isiXhosa machine translation

efforts (Table 7). One major emphasis has been on using
pre-trained language models to improve translation quality.
Stahlberg et al. [16] show this by combining pre-trained
language models with translation models in NMT. This led
to big improvements in the quality and speed of translation
between isiXhosa and English. Hendy et al. [39] investigated
the training of multilingual and bilingual models using
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TABLE 8. Efforts on IsiXhosa digitization and language preservation tools.
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TABLE 8. (Continued.) Efforts on IsiXhosa digitization and language preservation tools.

multifunctional objectives, back translation, and knowledge
distillation approaches. The study emphasizes the possibility
of improving translation accuracy in under-resourced
languages such as isiXhosa by utilizing advanced training
methods.

Another crucial area of study focuses on the development
and application of parallel datasets to enhance machine
translation systems. McKellar and Puttkammer [35] made an
important step by creating a parallel dataset that includes four
reference translations for each of the 11 official languages
of South Africa, including isiXhosa. This dataset is an ideal
tool for researchers looking to assess and improve machine
translation systems. Similarly, Steele and Edwards [37]
showed how psychological assessment instruments like the
Beck Depression Inventory-II and Beck Anxiety Inventory
can be translated into isiXhosa. The study highlights the
significance of precise and culturally appropriate translations
in specialised domains such as mental health. The incor-
poration of isiXhosa into multilingual translation systems
is another vital effort. Emezue and Dossou [56] created
MMTAfrica, a multilingual translation system that handles
multiple African languages, including isiXhosa. The primary
objective of this system is to cater to the requirements
of African languages, thereby fostering linguistic diversity
and enhancing the accessibility of digital translation tools.
Martínez [75] also worked on language pairs with limited
resources, employing methods such as BPE dropout, sub-
subword features, and back-translation to attain remarkable
outcomes in the WMT 2021 News Translation and Biomedi-
cal Translation tasks.

The efforts to improve transformer models for isiXhosa
machine translation are equally remarkable. Chiguvare and
Cleghorn [49] enhanced the translation of low-resource South
African languages in transformer models by integrating
BERT. The SALR-mBERT model surpasses conventional
transformer models in specific language corpus sizes,
showcasing the advantages of employing sophisticated
pre-trained models in environments with limited resources.
Hedderich et al. [82] conducted additional research on
multilingual transformer models, transfer learning, and
distant supervision techniques to improve natural language

processing (NLP) tasks for African languages with limited
resources, such as isiXhosa. This study demonstrates novel
methods for enhancing the capabilities of machine translation
through transfer learning.

Researchers have also investigated the practical appli-
cability of machine translation in specific circumstances.
Campbell and Young [22] conducted a translation of
the CORE-OM questionnaire into isiXhosa, providing
insight into the process of translating psychometric tools.
Together, these efforts advance the study of isiXhosa
machine translation by leveraging pre-trained models,
generating significant datasets, including multilingual sys-
tems, and employing creative ways to improve translation
accuracy.

5) DIGITIZATION AND LANGUAGE PRESERVATION TOOLS
Digitizing and preserving language resources is critical for
documenting and preserving linguistic legacies, supporting
language revitalization initiatives, and encouraging cultural
diversity. The development of digital archives, language
corpora, and computer tools to preserve, analyse, and
disseminate linguistic data is significantly transforming
our cultural heritage. Researchers strive to digitize oral
traditions, written texts, and linguistic artefacts, ensur-
ing their easy accessibility and preservation for future
generations through collaborative efforts and community
involvement.

Initiatives in isiXhosa digitalization and language preser-
vation (Table 8) involve a variety of efforts to improve
the accessibility and significance of isiXhosa in several
domains. Amajor area of emphasis has been the modification
and adjustment of evaluation instruments to guarantee their
cultural and linguistic suitability for IsiXhosa-speaking
communities. Rabie and Naidoo [15] played a crucial role in
this matter by modifying and converting the South African
Career Interest Inventory into isiXhosa. This project ensures
the accessibility and relevance of career evaluation tools,
thereby assisting in vocational coaching, particularly within
the isiXhosa-speaking community. Similarly, du Toit and
Kidd [24] and Gqada et al. [86] conducted research on the
translation and validation of health-related quality of life
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questionnaires into isiXhosa. Du du Toit and Kidd concen-
trated on the EORTC QLQ-CX24 questionnaire, augmenting
its applicability for isiXhosa-speaking groups of women
with cervical cancer. Gqada et al. translated the EORTC
QLQ-PAN26, which is a valuable tool for assessing the
quality of life of patients who speak isiXhosa. These efforts
guarantee that medical evaluations are not only precise but
also culturally responsive, consequently enhancing patient
care. Another notable area of contribution is the creation
of digital and mobile technologies to improve isiXhosa
utilization. Modise and Suleman [58] created mobile search
interfaces in isiXhosa that allow people to easily search the
internet for information using their own language. This effort
aims to improve digital literacy and access for IsiXhosa
speakers, hence encouraging increased use of the language
on the internet. Botha et al. [69] concentrated on reimagining
poetry education in high schools by incorporating indigenous
isiXhosa poetry texts and practices into the curriculum, with
the aim of maintaining and developing isiXhosa literature
and oral traditions. It not only safeguards the abundant
oral customs of isiXhosa poetry, but also rejuvenates
poetry instruction by incorporating indigenous knowledge
systems.

Diko [25], [89] emphasised the significance of archiving
and safeguarding IsiXhosa materials. The study empha-
sizes the significance of information science in preserving
isiXhosa materials and examines the various interpretations
found in Welile Shasha’s poetry. This indicates the need
to close the divide in isiXhosa literature and advocate
for the inclusion of African languages in academic and
modern societal issues. To summarise, the combined efforts
in digitising isiXhosa and preserving the language encompass
a wide range of areas, including healthcare, education,
digital tools, and literature. These initiatives are essential
for enhancing the accessibility and relevance of isiXhosa
in today’s settings, thereby guaranteeing the language’s
continued survival and cultural value.

IV. DISCUSSION
The purpose of this review was to understand, from the
literature, the digitalization efforts implemented to preserve
and promote the IsiXhosa language and culture in this digital
era. The results indicate isiXhosa language efforts across
various domains—lexicon development and digitization,
speech recognition, speech synthesis, machine translation,
and digitization tools—show both significant progress and
notable gaps. Among other areas, there has been significant
progress in isiXhosa speech recognition and synthesis.
Biswas et al. [31] and Y1lmaz et al. [28] have made efforts to
include isiXhosa into multilingual ASR systems, improving
the accuracy of recognising code-switched speech. In a
similar vein, the studies conducted by Kogeda [6] and Roux
and Visagie [34] have resulted in the development of text-to-
speech systems that transform written IsiXhosa language into
a voice that sounds natural.

Significant progress has been achieved in enhancing the
quality and efficiency of translation systems for isiXhosa
in the field of machine translation. Research conducted
by Stahlberg et al. [16] and Chiguvare and Cleghorn [49]
has shown that including pre-trained language models and
transformer models in neural machine translation leads to
improved translation accuracy. In addition, the creation of
parallel datasets, as emphasised by McKellar and Puttkam-
mer [35], has offered useful resources for the training and
assessment of translation systems. The digitalization and
language preservation efforts have been remarkable. Projects
carried out by Rabie and Naidoo [15] and Turner [8]
have concentrated on the translation and adaptation of
diverse evaluation instruments and educational resources
into isiXhosa. This effort seeks to protect and promote the
use of the language in many contexts. Modise and Sule-
man’s [58] research on creating customized mobile search
interfaces for isiXhosa speakers highlights the importance
of ensuring that digital information is easily accessible
to native speakers of the language. Researchers in the
field of grammar and morphology analysis are pursuing
various efforts to create computational models that can
effectively analyze isiXhosa’s grammatical structure and
morphological characteristics. Studies by Bosch et al. [43]
and Pretorius and Bosch [44], [46] contributed to the
advancement of finite-state morphological analyzers and
computational morphological analyzers for the isiXhosa.
These efforts can improve isiXhosa grammar comprehension
and facilitate the development of more advanced language
technologies.

Despite these advancements and digitization efforts, there
are still several gaps in the development of isiXhosa language
technologies. The review revealed several gaps, including
some of the following:

• Large and high-quality dataset: A significant gap still
exists in the isiXhosa dataset due to the limited availabil-
ity of large, high-quality datasets for training language
models. Many of the studies reviewed rely on relatively
small datasets, which can limit the performance and
generalizability of the resulting models.

• Cultural and contextual aspects of language technology:
Many efforts fall short of fully capturing the cultural
context and idiomatic expressions that are exclusive
to isiXhosa. This weakness can have negative impacts
on the accuracy and precision of speech synthesis and
translation.

• Lexicon development: There is a need to continuously
and consistently update and broaden the isiXhosa lexi-
cons to incorporate current and specialised vocabulary,
as well as the need to effectively combine isiXhosa
lexicon resources with other language technologies in
order to provide seamless functionality across various
applications.

• Speech evaluation metrics: To fully understand the
work that has gone into isiXhosa speech synthesis and
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technologies, it is important to have evaluation metrics
that take into account the language’s unique features,
like tone and intonation.

• Publication demographics and trends: About 78%
(Fig. 3(b)) of the research and digitization activities are
led by South African authors, indicating a significant
national commitment. However, fostering greater inter-
national collaboration will enhance research and provide
further support. The year of publication (Fig. 3(a))
also provides insights into notable patterns in both the
growth and decline of research outputs. The overall trend
indicates that although there are periods of increased
attention, consistent and persistent effort is required to
ensure continual development in isiXhosa digitalization
efforts.

In order to close these gaps, more broad data gathering
efforts must first be made in order to produce sizable,
varied datasets that accurately reflect the diversity of the
IsiXhosa language and cultural variety. Collecting such data
could be facilitated through collaborative endeavours among
academic institutions, government organisations, and local
communities. Also, it is imperative for future research to pri-
oritise the development of models that exhibit both language
accuracy and cultural sensitivity. This entails integrating
cultural context and idiomatic expressions into language
models and developing evaluation metrics that consider
isiXhosa’s distinctive characteristics. Researchers should
further investigate the possibilities of transfer learning and
data augmentation techniques to enhance the performance of
isiXhosa language technologywhen there is a scarcity of data.
Furthermore, it is imperative to make a collaborative endeav-
our to ensure that these technologies are easily accessible
and user-friendly for individuals who speak isiXhosa. This
entails not only the creation of easy-to-use interfaces but also
incorporating these technologies into typical applications like
education, healthcare, and digital communication platforms.
It is crucial to prioritize community interaction and feedback
when developing and deploying these technologies to ensure
that they effectively cater to the requirements and preferences
of isiXhosa speakers. It is essential to consistently update
and broaden digital lexicons and incorporate them with other
language technologies. This may entail establishing forums
for community contributions to ensure the lexicons remain
up-to-date and relevant.

A. LIMITATIONS
While this scoping review offers vital insights into the present
state of isiXhosa language digitization efforts, it is crucial
to recognise certain limitations that come with the study’s
focus. Only the studies screened and classified into various
themes form the basis of the review. Therefore, this may
not include all other research and advancements in the field.
The approach might overlook valuable contributions from
non-peer-reviewed sources or research conducted outside

FIGURE 3. Publication Demographics and Trends.

of academic publications such as SADiLaR,4 established
in 2019, to produces and maintains freely available digital
language annotated corpora in all South African languages
including resources in and for isiXhosa; wikipedia’s isiXhosa
encyclopaedia5 that focus on increasing the presence of
African languages on the platform including isiXhosa;
dictionary creation units in South Africa that were state
funded, namely the Bureau of the Woordeboek van die
Afrikaanse Taal (WAT)6 and the Dictionary for South
African English (DSAE),7 Pan-South African Language
Board (PanSALB),8 and national lexicography units (NLUs)
for the African languages [95] situated at tertiary institutions
in South Africa among many other current and ongoing
interventions.

Similarly, the review’s emphasis on academic literature did
not capture practical implementations or initiatives led by
non-academic groups, such as community organisations, cor-
porate partners, or government agencies. Academic research
may not fully account for the critical role these actors
play in influencing language technology development and
implementing practical solutions.

Notwithstanding these limitations, the review provides
a thorough overview of current digitization initiatives and
highlights important gaps that require more research and

4https://sadilar.org/en/
5https://af.wikipedia.org/wiki/Xhosa
6https://www.wat.co.za/
7https://dsae.co.za/
8https://www.pansalb.org/
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collaboration in the context of digitizing the isiXhosa
language for the digital age.

V. CONCLUSION
This review focuses on the progress and ongoing work in
digitizing the IsiXhosa language. It covers several areas,
such as developing the lexicon, assessing grammar and
morphology, developing speech recognition and synthesis,
machine translation, and the development of language
preservation tools. These efforts demonstrate an increasing
acceptance of the significance of protecting and improving
indigenous African languages, such as isiXhosa, in this era
of digital technology.

The review highlights some significant developments
in specific areas, such as speech recognition, gram-
mar/morphology and machine translation. However, it also
highlights the existence of unresolved gaps and challenges.
It emphasises the importance of additional research and
development in isiXhosa language technologies that could
promote the language preservation, cultural legacy, and
societal inclusivity.

Further research should focus on addressing the observed
gaps and implementing the recommended strategies to
develop more resilient and easily accessible language
technologies that empower isiXhosa language and contribute
to the wider scope of digitising and preserving African
languages.
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