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Abstract
Language technologies are an increasingly common part of daily life for people around the
world. Millions of users per day access services like Google Translate and Apple’s Siri in a
technology ecosystem that favours a handful of the world’s most common languages. In a
form of digital colonization, Indigenous languages are pushed aside in a profit-based system
of research and development that results in both values conflicts and technological
misalignments. Despite the hostile environment that disincentivizes the use of Indigenous
languages, Indigenous language communities are pushing back by engaging language
technologies to proactively support their work of language maintenance and revitalization.
This paper argues that Indigenous leadership in the development of language technologies
encourages the development of responsive and responsible Indigenous language
technologies (ILT) that push back against dominant cultural and technical limitations.
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Introduction
Technological engagement and innovation are critical components for the ongoing survival
of Indigenous languages around the world. In the North American context, the shift to
electronically mediated communication has been underway for at least a generation
(Buszard-Welcher, 2018) and the COVID-19 pandemic is further accelerating this trend with
the health risks associated with in-person communication (Chew, 2021; Sinclair, 2020). In
this rapidly changing environment, Indigenous languages are at risk of being left behind in
the digital space by technological changes driven by large multinational corporations
supporting a small handful of the world’s most common languages. The spaces and tools
created by these large companies impose a set of values about languages and impose
languages themselves at the expense of minoritized and Indigenous communities and their
languages. This ubiquity of these tools, the monopolies of these corporations, and the
imposition of language values represent an ongoing process of digital colonization. In this
exploitative context of businesses and languages, it is critically important for Indigenous
people to take active roles in the development of responsive and responsible Indigenous
language technologies (ILT) that prioritize the voice and values of their respective language
communities (Galla, 2016; Lothian et al., 2019).

For the purpose of this paper, Indigenous leadership is defined in the most basic sense, that
is, Indigenous people and speakers of Indigenous languages involved in all aspects of
technology development, from identifying the problems, finding solutions, and exercising
control, to deploying the tools back to their communities. The ideal of Indigenous leadership
in the development in ILTs faces challenges that are shared with other minority language
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communities. Even as the tools for creating advanced language technologies become easier
to access, they remain expensive and time consuming to develop, typically requiring large
amounts of language data which are not always available in Indigenous and minority
contexts. Despite a challenging environment for the development of ILTs, Indigenous
participation and leadership in language technology development actively challenges
dominant technological and value assumptions and creates anti-colonial oases where
Indigenous and minority languages can flourish.

Background
Adapting to new language technologies for communication is nothing new, and history is
replete with examples of shifting language technologies. In their simplest form, language
technologies are the tools and methods used for encoding knowledge and communication,
including everything from signal fires to satellite communications. Individual language
technologies come and go as new tools arise and others fall out of use, while change remains
the constant. This perpetual change is seen in the evolution of writing instruments from
stones and charcoal, to brushes, quill pens and pencils, to mechanical typewriters and then
finally computer keyboards. Each of these tools was a response to a new context that
demanded a new solution as human needs changed. These shifts came about through
advances that enabled new and more efficient means of communication, paralleling the
development of technology in general. The modern experience of global communication can
find its roots in the ships that carried messages around the world in ancient times and gave
way to telegraph wires laid under the oceans and around the world throughout the second
half of the 19th century. The global scope of communication technology was further amplified
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with the creation of the first digital computers in the 1940s that brought language technology
into the present digital age.

The digital transition of language technologies has continued unabated since the invention
of the digital computer, and modern language technologies blend into the background of
daily life and work for people around the world (Buszard-Welcher, 2018). Ubiquitous
technologies like mobile telephones and text messaging; the Internet and social media;
spelling and grammar checkers; automatic translation; and speech technologies like “Siri”
and “Alexa” enable continuous and effortless communication across the room and around
the world. While this interaction with technology is routine for many, it is mediated through
a small number of the world’s most common languages and often provided by a small
number of multinational corporations. This limited interface with unlimited potential is of
critical importance to Indigenous language communities that want to have a digital presence.

Just Another Colonizer? Technology and Language Shift
Majority languages place enormous pressure on lesser-spoken languages as speakers tend
to migrate, willingly or otherwise, to languages with a (perceived) higher socio-economic
value. This is a basic fact of language shift and was a common tool in the assimilation of
Indigenous people in Canada (Truth and Reconciliation Commission of Canada, 2015). The
pressure to shift languages is amplified in the digital sphere where the world’s major
languages hyper-dominate available technologies and services. While the actors have
changed, the imposition of particular languages and underlying values about language
represent an active process of colonization. Before the widespread adoption of digital
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language technologies, Bernard reported that “about 97% of the world’s people speak about
4% of the world’s languages; and conversely, about 96% of the world’s languages are spoken
by about 3% of the world’s people” (1997, p. 142).

The linguistic hegemony of the world’s major languages is multiplied online where large
companies drive technological development and content creation for these languages. As an
example, YouTube reports that their service is available in 80 languages reaching 95 percent
of the world’s online population (YouTube About, n.d.). This statistic from YouTube, while
inherently skewed toward wealthier countries and people with Internet access, clearly
demonstrates the negative economic pressure facing development of technologies for the
vast majority of the world’s (non-majority) languages. With the ability to serve so many
people with so few languages, there is no financial incentive for companies like YouTube,
Google, Microsoft, Apple, Amazon to expand their services to include any of the thousands of
other languages around the world.

As with language technologies, languages themselves change over time. These changes occur
through alterations of the socio-political climate, migration and interaction with
neighbouring peoples, through natural processes of language evolution, or through adoption
of lingua franca for shared communication in specific language domains. The natural
expression of a multilingual environment is now challenged by rapidly changing
technologies, and change is hastened by instantaneous global communication. In this new
context, language choice is no longer limited by time, geography, or socio-politico boundaries,
but rather it is imposed by the same technology that enables communication.
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The factors contributing to language shift in the current situation are complex, and they are
being explored; however, it is impossible to ignore the fact that technology itself may be a
significant factor in the language pressures faced by Indigenous language communities
(Galla, 2016). The threat posed by the pervasiveness of the language technologies of world’s
major languages creates a complex relationship between Indigenous communities and the
language technologies they see as vital to preserving their languages into the future. Galla
(2018) conveys the complexity of this relationship as the proverbial “two-edged sword,”
recognizing the harm inflicted on Indigenous communities by hegemonic languages, but also
feeling the necessity of active engagement with technology to ensure language survival.

Many Indigenous language communities are looking at ILTs as potential tools for Indigenous
language revitalization (ILR) (Galla, 2009; Keegan & Cunliffe, 2014; Kuhn et al., 2020; Littell
et al., 2018; Wagner, 2017), and it is exciting to think of talking to “Siri” in a small Indigenous
language. However, with the negative financial pressure facing the development of ILTs by
the world’s large technology companies, Indigenous people must take the lead in developing
the next wave of responsive and responsible language technologies. With the increasing
importance and use of language technologies for all languages, it is more important than ever
for Indigenous language communities to carry their languages through the digital transition
to ensure the languages’ continued use and vitality.

Moving into Colonized Spaces (Digital Transitions)
As communication and activities of daily life continue their transition into the digital sphere,
Indigenous people are finding and creating spaces for their languages in the mainstream
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digital world (Keegan & Sciascia, 2018; Littell et al., 2018; McIvor & Anisman, 2018). The
idea of creating space is nothing new for Indigenous peoples who have existed for
generations in a hostile milieu that transcends land, politics, language, resources, and
religion. The digital spaces being created today differ according to the needs and capacity of
communities and their languages, but they all share the goal of normalizing, stabilizing, and
revitalizing Indigenous languages.

Some technologies of daily life are easier to adapt than others. An easily accessible space for
many language communities is social media. Green (2017) highlights the role of social media
engagement as a strategy for advanced language acquisition in adult Kanyen’kéha (Mohawk)
language learners at Six Nations, in Ontario, Canada. Likewise, other language communities
are engaging social media as a language teaching tool (Blake, 2017; Outakoski et al., 2018).
The politics and values of social media spaces like Facebook or Twitter may not always align
with Indigenous values, but these platforms are freely available and widely used. However,
these sites are again dominated by the world’s major languages, and Indigenous language
users must typically navigate the site in a majority language.

The reality of digital technologies dominated by a few languages highlights the need for the
creation of Indigenous spaces in the digital transition. In contexts with large numbers of
speakers, such as Aotearoa (New Zealand), this transition is enabling the use of Indigenous
languages in the activities of daily life, for example using a bank machine or checking out a
book from the library (Keegan & Sciascia, 2018), where a translation layer sits on top of a
common technology. The spaces occupied by these speaking communities enable Indigenous
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languages to live on in modern life and normalize the presence of Indigenous languages in
the digital world. Keegan and Cunliffe (2014) state that passing on te reo Māori (the Māori
language) to the next generation is insufficient to ensuring language survival if there are no
opportunities to use the language. This attitude inspires ongoing technological development
and helps ensure that te reo Māori can be used in daily life (Keegan & Nfato, 2014; Mato et
al., 2016; Whaanga et al., 2015).

For languages with fewer speakers, digital transitions are assisting language revitalization
through computer assisted language learning (Bontogon et al., 2018; Kazantseva et al., 2018;
Lessard et al., 2018). In the Canadian context, this approach is responsive to the needs of
language communities involved in language revitalization through structured language
teaching and acquisition programs. These tools are typically designed to help learners
acquire the language and explore features of the language while creating opportunities for
learners to boost their language proficiency away from the classroom. A prominent example
of this technology is firstvoices.com, which “is a suite of web-based tools and services
designed to support Indigenous people engaged in language archiving, language teaching
and culture revitalization” (First Peoples' Cultural Council, n.d., para. 1). FirstVoices provides
a standard set of language independent (or agnostic) tools that are essentially containers
that hold whatever language data is placed into them. Digital technologies are also
supporting Indigenous languages by enabling language documentation that drives both
language programming and the development of advanced language technologies (Bird,
2018; Rice & Thieberger, 2018).
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It’s Not Easy Living in Colonized Spaces (Technical Challenges)
Indigenous communities experience varying levels of difficulty in completing this digital
transition. 2 Looking back to one of the foundational technologies discussed earlier,
orthography can be a major barrier to being online for Indigenous languages, meaning the
ability or inability to accurately represent Indigenous writing systems. The orthographic
barrier is one more colonizing factor that is critically important to overcome as text is a
primary medium of interaction with the digital world.

As defined by Schillo and Turin (2020, p. 72), “orthography refers to writing conventions
that are implemented when using a script, such as capitalization, or the set of letters from a
script used by a particular language.” In a digital environment, the script or writing system
can be the orthographic barrier. For languages that use the standard Latin or Roman
characters printed on this page, a digital transition is simplified as digital environments
support the letters, even if they do not support the language. The distinction is important
because it allows a language like Kanyen’kéha (Mohawk), which uses the standard
Latin/Roman alphabet with diacritics common in European languages (The Mohawk
Language Steering Committee, 1993), to be used in digital environments, even without
language-specific support with tools like spell checkers or grammar aids.

A challenge exists for languages that use their own writing systems. In the North American
context, the ᏣᎳᎩ (Cherokee) syllabary developed by Sequoyah in the early 19th century is

2

For an overview of the process of digitization, see Indigenous Languages: Zero to Digital (2019). The nonprofit group Translation Commons created this guidebook in partnership with UNESCO as part of the 2019
International Year of Indigenous Languages.
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an historically significant Indigenous script. This writing system uses 85 individual
characters to represent whole syllables of the language rather than individual phonemes or
letters (King, 1975, pp. 11–12). In the 19th century, the syllabary allowed the ᏣᎳᎩ to claim
space in the print world through letterpress printing (another language technology
innovation). The transition to written language opened new domains for expression, and
Cherokee literacy surpassed that of the settler population (Parins, 2013). The syllabary was
later adapted to typewriters and then made a digital transition with the design of ᏣᎳᎩ
keyboards and typefaces (fonts). This process mirrors that of languages in Canada like Cree
and Inuktitut that also use syllabic systems, and it illustrates that orthographic barriers in
technology can be overcome, although with some difficulty (Schillo & Turin, 2020).
Unfortunately, the availability of a typeface or font does not guarantee universal access
across multiple devices and programs that need to be programmed to recognize additional
characters and diacritics.

The problem of universal readability is addressed through Unicode. 3 Unicode is a global
standard that ensures characters display correctly across multiple devices, sites, and
programs. When a character is included in Unicode, any compliant technology should accept
and display that character correctly. If characters are not Unicode compliant, they may not
display correctly and/or force users to use other alphabets. Communities that use their own
writing systems can apply to have their characters included in the global Unicode standard,
but this presents a significant technical challenge. In their discussion of new technologies for

3

For more information, see https://home.unicode.org
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Indigenous languages, Buszard-Welcher (2018) asserts the importance of Unicode
compliance as a foundational technology for digital transition. Likewise, The Unicode
Consortium itself declares on their homepage that “everyone in the world should be able to
use their own language on phones and computers” (The Unicode Consortium, n.d.). However,
the process of proposing new characters for the global standard is highly technical and
requires expertise which can be beyond the capability of many under-resourced language
communities. The complexity of Unicode adoption is illustrated by Pine and Turin (2018)
who oversaw the modernization and adoption of Haíɫzaqv (Heiltsuk) characters into the
global Unicode standard. As of March 2020, Unicode 13.0 includes 143,859 characters,
including emoji (The Unicode Consortium, n.d.). The process of Unicode adoption remains
overly complicated and is only a first step in bringing an Indigenous language into the digital
sphere.

On the surface, services offered by Facebook or Google permit the use of Indigenous
languages; however, the underlying language technologies privilege the world’s major
languages. This foundational dependence on the major languages is clear when one
considers that Google’s search algorithms must “understand” a language to suggest related
topics and “Alexa” must speak the language of a user. At most, the technologies that power
these services are anchored in a few hundred of the world’s more than 7000 languages.
Adding to this concern, the users of these services ultimately depend on the goodwill and
continued profitability of large multinational companies to ensure continued access.
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Essentially, Indigenous people are claiming digital spaces for their languages in a hostile
environment. Google’s self-declared aim to “organize the world’s information” (Google, n.d.
para. 3) necessitates language technologies that categorize, store, translate, and provide this
information to users around the world. This process can only happen through majority
languages, and the use of services provided by the large technology companies is essentially
the passive use of inherently non-Indigenous spaces. The users (Indigenous or otherwise) of
these services do not have a direct role in the development or design of the services provided
by these companies and have little control over the way their information is used. The
services provided by these companies are directed at a global market of consumers where
overall value is determined by the largest possible return for the smallest possible
investment. This defining value presents a conflict for many Indigenous communities.

The New Colonizers (Systemic Challenges)
The world’s top five technology companies (Apple, Google, Amazon, Facebook, and
Microsoft) drive the development of language technology for the major world languages in a
profit-based model. It may not always be clear to the user, but each of these companies is
selling something to someone, even when providing “free” services. The profit-based model
works well for majority languages because it supports the creation of language technologies
that are expensive and time consuming to develop. However, the profit-driven model for
language technology and content development is disadvantageous for Indigenous peoples
and their languages as it favours a handful of widely spoken languages at the expense of
thousands of smaller (and often Indigenous) languages.
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At the LT4ALL (Language Technology for All) gathering hosted by UNESCO (Paris, December
2019), Frances Tyers characterized the development of mainstream language technologies
as focused on “small numbers of rich people, or large numbers of poor people.” Tyers’
critique was pointed squarely at the large technology companies and their profit-driven
motivation. In Tyers’ four-part division (rich/poor, many/few), most Indigenous language
communities fall in the underserved intersection of small numbers of poor people. While
there are occasional forays into the world of endangered languages by the large technology
companies,4 the companies are ultimately responsible for delivering profits to shareholders,
and any other activities are (at best) ancillary to their central mission. The global dominance
of a few companies and their often proprietary language technologies creates a digital space
focused on a small number languages that are accessible at the expense of all others.

The dominance of the world’s major languages across the Internet is sustained by the
underlying language technologies that are largely designed for English. In these cases, even
major world languages face challenges adapting these technologies to their languages. Gilles
Boulianne describes his experience working with speech technologies for Canadian French
as one of constantly finding ways to adapt inherently English technologies to French needs
(personal communication, November 19, 2019). This challenge is further amplified when
adapting these underlying English technologies to completely unrelated Indigenous
languages. While technologies like artificial intelligence are theoretically language agnostic,

4

For example, Google oversaw the development of the Endangered Languages Project
(http://www.endangeredlanguages.com/about/) before turning over ownership to expert organizations, and
Microsoft has localized some of their software packages into a number of Indigenous languages including
Māori, Welsh, Catalan, and Cherokee with translation support from those language communities.
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the data requirements are an effective barrier to all but a handful well-resourced Indigenous
languages (Buszard-Welcher, 2018).

In their assessment of challenges to ILT in Canada, Littell et al. (2018) outline a number of
projects that are attempting to adapt these technologies, including text-to-speech and
automatic speech recognition (ASR) for Indigenous languages. Advances in computing
power, programming, and algorithm design are creating opportunities for communities to
adapt these advanced technologies (Jimerson & Prud’hommeaux, 2018; Lessard et al., 2018;
Micher, 2018), but work is ongoing and their ultimate accuracy and effectiveness is unknown
at this point.

The profit-based model that drives the global technology giants also devalues non-majority
languages when it prioritizes provision of service to the most people at the lowest cost. By
default, this model devalues ancestral and heritage languages and relegates them to nondigital spaces, diminishing their value for the future of electronically mediated
communication and contributing to language shift. This profit-first valuation of language is
the polar opposite of work by countless Indigenous language communities to restore and
revitalize their languages for their inherent value. Indigenous leadership in the development
of ILT challenges the system as it exists and has the potential to create technologies that
support Indigenous languages rather than continue their devitalization. Fortunately,
Indigenous people around the world are exercising technological leadership as they claim
spaces for their languages in the digital realm.

WINHEC: International Journal of Indigenous Education Scholarship

252

Brinklow

A Note About Data Sovereignty
Given the hostile environment created by a profit-based multinational model, responsive
and responsible language technology development must be done with care and planning to
protect Indigenous languages from the effects of digital colonization and potential
exploitation. In the context of an online existence, Indigenous communities around the world
are increasingly thinking about the role of data sovereignty in their digital futures (Davis,
2016; Pool, 2016; Walter & Suina, 2019; Wilks et al., 2018). Data sovereignty is briefly
defined as Indigenous people maintaining control over their own data and digital
development. In the realm of ILT, language data includes parallel translations, computer
codes that interpret or construct language, texts in Indigenous languages, and voice
recordings. Responsible language technology design ensures that language communities
maintain control over their language data at all stages of technological development.

Indigenous leadership within ILT development keeps the voice of the language communities
at the forefront and can help ensure that the underlying values of the language technologies
are rooted in Indigenous values. A discussion of values vis-à-vis technology may seem out of
place given the common narrative of value-neutral technologies; however, as Miller (2020)
argues, technology is part of the socio-politico-cultural system, not apart from the system.
Data sovereignty (and community sovereignty) are values questions that need to be
considered in ILT development along with value-laden questions such as language
ownership, who has the right to learn a language, and how languages should be protected.
Those questions are outside the scope of this paper but illustrate the complexity of creating
anti-colonial spaces for Indigenous languages to thrive in a digital environment.
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In his keynote address to the HELISET TŦE SḰÁL conference (June 2019), Keegan shares his
(negative) experience of working with Microsoft and Google to develop resources for
te reo Māori. The model used by these two projects alienated language data from the
community that created it and absorbed the data into various software platforms and
algorithms. Keegan shares that the community was not able to keep its own translations and
encourages Indigenous communities to ensure control of their language data. With his
experience, Keegan asserts that “we’re the only ones that really care about our languages, so
if we want something, we have to make it ourselves” (Keegan, 2019). While Dr Keegan’s
encouragement to ensure “we do for ourselves” is certainly the ideal way forward, many
language communities lack capacity to undertake this technically challenging work that
combines linguistics, computer science, and artificial intelligence with Indigenous
knowledge.

For Indigenous languages around the world, the process of technological shift has created
new mediums of expression. As Galla notes, “digital technology has created new domains for
languages to exist, allowing learners and speakers to engage in or at least feel that the
language is a necessary part of their Indigenous well-being and the contemporary world”
(2016, p. 1123). New technologies present new opportunities to ensure the continued
survival of Indigenous languages.

Anti-Colonial Oases
To meet the challenges outlined above, many communities in Canada are collaborating with
non-profit partners for the development of ILT outside of a profit-driven ecosystem (Kuhn
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et al., 2020; Littell et al., 2018; Rice & Thieberger, 2018). These innovative partnerships
include universities, communities, research institutions, governments, and others, which go
beyond simply decolonizing these spaces into active anti-colonial work that challenges
systemic and technological limits to advance the presence of Indigenous languages in the
digital world.

In the Canadian context, these partnerships (ironically, often funded by the original
colonizing governments) are producing ground-breaking language technologies that are
innovative by any standard. One pioneering partnership has developed between
Onkwawenna Kentyohkhwa at Six Nations in Ontario and the National Research Council
(NRC) of Canada. The partnership is between the Indigenous Language Technology Project
Team and local teachers to develop a verb-conjugator for Kanyen’kéha (Mohawk)
(Kazantseva et al., 2018). This application emerges from the community’s desire to support
learners in their exploration of complex Kanyen’kéha verb morphology. Kawennón:nis (the
Word Maker) is the product of technically challenging work, with the community providing
language expertise and the NRC programming skill and financial resources. Furthermore,
while the initial development was done with a specific language (Mohawk), the underlying
tool was created to work with any language in a “first deep, then broad” approach to design
and development (National Research Council of Canada, n.d.). The partnership with the NRC
adds value to the project at the national level because a broad approach to development is
not the responsibility of an individual language community.

WINHEC: International Journal of Indigenous Education Scholarship

255

Brinklow

In the realm of speech technology, the simplicity of interactions with “Siri” or Google
Translate disguises the complexity of the underlying technologies. These technologies are in
demand (Littell et al., 2018) but are very difficult to develop. However, the increasing
accessibility of computing power and innovative programming is enabling research and
development that would ordinarily be limited to high-resource languages (Besacier et al.,
2014; Gupta & Boulianne, 2020a; Jimerson et al., 2018). Speech technologies have great
potential to support language communities and language learners through tools such as
voice recognition and talking dictionaries, along with tools for language documentation (Cox
et al., 2019; Zahrer et al., 2020).

Jimerson and Prud’hommeaux (2018) report on their work for ASR in Seneca in the Seneca
homeland in what is now New York State. This project is directed by a Seneca citizen to
support the nation’s language learners and strengthen their language for the future.
Indigenous leadership ensures that the research keeps the needs of the community at the
centre and aligns with Keegan’s assertion (2019) that “we do for ourselves.” This innovative
research for a small Indigenous nation with few speakers has great potential to support the
community’s language goals but would never be undertaken by a large technology company.
As such, a research partnership between the language community and a university (in this
case through a PhD student) is an ideal vehicle to complete this work. This type of innovative
research is stimulating and challenging and there are many non-Indigenous
researchers/allies who are intensely interested in helping communities solve technical
challenges (Kuhn et al., 2020).
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Indigenous leadership in technology development also helps address concerns over data
sovereignty. As Herbert discusses in The Financial Post (Malone, 2017), when Indigenous
people take the lead in technological development, it helps ensure that language data and
intellectual property remain with the Indigenous communities. The leadership role within
research partnerships needs to be one of equals to avoid the experience Keegan relates
(2019) of working with Google and Microsoft and the alienation of language data from the
community.

The alienation described by Keegan (2019) is rooted in a conflict of values. In the profitdriven eco-system of large technology players, the value of language data comes from the
ability to offer services that will attract users and generate revenue. For Indigenous
communities, especially those engaged in language maintenance and revitalization efforts,
the value of language data is relational and comes from its ability to support and enhance
language use and learning. In the context of these Indigenous communities, language data is
“valuable” because the language itself is inherently valuable for diverse and dynamic sociopolitico-cultural reasons. While there are potentially valuable opportunities to partner with
large technology companies to access their platforms or technologies, the values conflict
needs to be acknowledged, and community interests in their data need to be protected.
Indigenous leadership in ILT development can ensure that these questions of data
sovereignty are addressed in planning, development, and distribution stages.

In the mainstream technological world, software and licensing models are used to protect
content creators and data while granting users varying degrees of access to programs and
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services. There are two levels to this protection: the software and the data that was used to
create it. In the context of language technologies, there are varying instances of closed source
and open source programs, with varying levels of access to the data that are used to create
language models. For the big tech companies, their programs and data sets are generally
closed to protect their financial value. When the focus shifts to Indigenous led development
of ILTs by communities and people working to strengthen their own languages rather than
exploit their monetary value, the open/closed source models of programs and data sets
becomes complicated.

Open source programs have obvious value to prevent reduplication of effort in low resource
contexts (Brinklow et al., 2019). As language technology tools are developed, it is in the
collective interest to see that they are shared and adaptable for other languages. This open
source approach guides the work of the National Research Council of Canada Indigenous
Languages Technology unit in an empowerment based approach (Kuhn et al., 2020). As tools
are created in partnership with Indigenous communities, they are released for other
communities and languages to adapt to local needs.

In terms of language data, for under-resourced Indigenous languages from communities
with histories of exploitation, opening-up to outsiders can be a rightful cause for concern.
While open source tools, free of language specific data, present a smaller threat to
community data sovereignty, language data can be sensitive, depending on the priorities and
beliefs of the individual communities. The models of open and closed source programs and
data presume that an individual or company owns the information. When working with an
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Indigenous language, the concept of licensing is stretched, with conflicting views of language
ownership (Hutton, 2010) in a context based on protecting property. Indigenous values can
be infused into licensing models to open programs and data for use and development while
taking protection into their own hands rather than relying on a set of accepted licence
models.

One such Indigenous approach to data sovereignty that can apply to programs and data sets
in language technology is the Kaitiakatanga licence developed by Te Hiku Media (2018). This
licensing model is based on the Māori concept of guardianship or protection and intends to
create resources that are both open and protected. The application of an Indigenous
licensing model can respect principles of open access while maintaining data sovereignty.
While this model was developed by a solely Indigenous led and run project, without external
partnerships, there are principles that are useful in partnership or sponsorship relationships.

Conclusion
Technological engagement is a critical component of language revitalization strategies for
Indigenous communities around the world. This engagement takes many forms depending
on the needs and desires of the various language communities and falls across the entire
spectrum from low- to highly-advanced technologies (Zhao, 2003). Some communities are
taking their first steps by creating digital fonts with their local orthographies (Pine & Turin,
2018) while others are conducting research that is pushing the boundaries of computerspeech interaction (Gupta & Boulianne, 2020a, 2020b; Jimerson & Prud’hommeaux, 2018).
On the whole, Indigenous and minority language communities are engaging technology to
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proactively support their efforts of language maintenance and revitalization (Galla, 2016;
McIvor & Anisman, 2018; Ward, 2004).

Indigenous languages around the world are transitioning into the digital world as part of
their ongoing process of adaptation to novel language technologies. This transition is
complicated by real concerns about the role of technology as a potential cause of language
shift (UNESCO Ad Hoc Expert Group on Endangered Languages, 2003). Despite the risk,
many communities have concluded that a presence in the digital world will ensure the
vitality of their languages for the next generation (Galla, 2016).

A digital transition brings Indigenous languages into a hostile environment that privileges a
small number of common languages in a profit-driven pursuit to provide service to the most
people at the least possible cost. It is only when Indigenous people take active roles in the
development of language technologies outside of the profit-driven ecosystem, that they can
help ensure the responsible development of responsive and responsible language
technologies that challenge the dominant systemic and technical limitations and create anticolonial oases in a colonizing (digital) world.
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