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Abstract

Brazil is home to about 180 Indigenous languages,
which span a wide range of sociolinguistic circum-
stances, from critically endangered to relatively
stable. Across this continuum, Indigenous com-
munities often lack pedagogical resources and are
underserved by existing language-learning tech-
nologies, which are typically designed for high-
resource languages and assume solid connectivity
and large datasets. This research project proposes
AI-assisted tools and workflows for the collection
and annotation of textual and speech data that sub-
stantially reduce the time and cost required to pro-
duce engaging language-learning game apps. Our
goal is to implement a language-learning game app
that Indigenous students can use to practice their
reading, writing and speaking skills at home. We
propose novel speech processing models for low-
resource Indigenous languages and offlline sup-
port in low-connectivity environments. Our project
adopts a co-creation model that actively foster col-
laboration between Indigenous educators, linguists,
and youth, is adapted to the their context, and com-
plies with ethical guidelines. We outline an im-
plementation plan with Bororo and Enawene Nawe
communities to test our methods and, potentially,
produce an AI-driven platform for Indigenous lan-
guage education that is applicable across diverse
sociolinguistic contexts in Brazil and beyond.

1 Problem Statement and Goals
This research project aims to scale up Indigenous language
education by reducing the time and cost required to produce
engaging language-learning game apps that students can use
to practice at home.

Game language-learning apps play a key role in Indigenous
language education by supporting literacy, vocabulary acqui-
sition, and oral practice [Thomason, 2015]. LARA [Akhlaghi

et al., 2019] is an example with key contributions to-
wards preservation and educational initiatives [Rayner and
Wilmoth, 2023]. However, most apps only offer support to
high-resource languages and require substantial effort to sup-
port languages with few written or spoken data. As a result,
course development remains slow and difficult to scale. For
instance, “7000 Languages” 1, a non-profit focused on pro-
ducing online courses for endangered languages, typically
needs 1–2 years to develop a single course. Such timelines
are incompatible with the linguistic diversity and urgency ob-
served in contexts like Brazil, where dozens of Indigenous
languages may simultaneously require educational materials
adapted to different levels of vitality and transmission. Brazil
hosts approximately 180 Indigenous languages [glo, 2024],
collectively referred to here as Brazilian Indigenous Lan-
guages (BILs); however, these languages often display very
limited transmission to younger generations.

In many Indigenous communities, opportunities for lan-
guage use are concentrated within formal school settings.
While students may practice their Indigenous language with
a teacher during class, they often lack interlocutors at home,
particularly when parents and caregivers lack fluency or
where Portuguese predominates in everyday communication.
Language practice restricted to the classroom environment
is insufficient to maintain proficiency or confidence, espe-
cially where the other national language is dominant in daily
life [Hinton, 2011; Grenoble and Whaley, 2006]. Tools that
enable home-based practice, strengthen learning, normalize
the presence of the language in everyday routines, and sup-
port students even when there are few or no fluent speakers at
home [King, 2001; Nicholas, 2019]. Our goal is to produce
an interactive language app that the student can use to prac-
tice reading, writing and speaking in their native language at
home.

AI research can help producing apps with embedded
speech processing capabilities, enabling students to practice
their speech at home. Industry leaders on language learn-

1https://www.7000.org/
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ing apps (Duolingo 2 and Busuu 3) already successfully em-
ploy speech recognition models to create exercises that foster
speaking fluency. However, such apps are restricted to high-
resource languages, require stable internet connectivity, and
do not meet privacy requirements [Polleti, 2024].

In this paper, we outline our plan to produce a language
learning game app with speaking exercises for Brazilian In-
digenous languages. First, in Section 3, we describe the tech-
nical challenges that currently prevent this solution to exist,
notably the high cost to produce reliable language resources
and the limitations of current on-device speech technology.
We propose a novel AI-assisted process that address the most
expensive data collection bottlenecks by enabling Indigenous
speakers to annotate the data themselves while automating
part of the manual work typically done by linguistic experts;
see Section 4.1. We will employ the produced multimodal
datasets to develop lightweight speech and language mod-
els that can fit in accessible smartphones; see Sections 4.2
and 4.3. We will use these models to power dynamic read-
ing, writing and speaking exercises within a game app; see
Section 4.4. We will prove our proposal by producing novel
multimodal datasets, with texts and audio recordings, for two
Brazilian Indigenous languages, Bororo and Enawene Nawe;
see Section 5. The game app and their components will be
evaluated in both simulated and real-world scenarios, as de-
tailed in Section 6. We aim at releasing the game app as a tool
that Indigenous professors can use to enhance the learning ex-
perience of their students. Section 7 discusses ethical consid-
erations and limitations of our research and, finally, Section 8
outline the implementation timeline.

2 Target SDGs and the Societal Impact
This research project aligns with three UN Agenda 2030
Sustainable Development Goals (SDGs) 4: 4 (Quality Ed-
ucation), 10 (Reduced Inequalities), and 16 (Peace, Jus-
tice, and Strong Institutions). It also advances the aims of
the UNESCO International Decade of Indigenous Languages
(2022–2032), which prioritizes the preservation and promo-
tion of Indigenous languages. Additionally, the UN Perma-
nent Forum on Indigenous Issues (PFII) emphasizes that “...
protecting indigenous languages and safeguarding traditional
knowledge is crucial for addressing climate change and other
global challenges.” 5

3 Related Work
3.1 Brazilian Indigenous Languages Resources
Creating pedagogical material for Indigenous languages is
particularly challenging because available spoken and writ-
ten resources may be both scarce and dispersed [Pinhanez
et al., 2023]. To illustrate, in Brazil, for some indigenous
languages, such as Guajajara, Asurini, and Bororo, dictionar-
ies are only recently available [Harrison and Harrison, 2013;

2https://www.duolingo.com/
3https://www.busuu.com/
4https://www.un.org/sustainabledevelopment/
5https://sdg.iisd.org/news/indigenous-peoples-have-a-crucial-

role-in-implementing-sdg-16-concludes-permanent-forum/

Ferraz Gerardi, ]. For other languages, treebanks are avail-
able through the Universal Dependencies Project (UD) [Nivre
et al., 2020], though they vary in length and quality. Some
languages, however, have only a handful of miscellaneous re-
sources [Monserrat, 2000]. Building a course for languages
with few spoken and written resources typically requires sig-
nificant effort on (often manual) data collection.

Early stage initiatives to consolidate Brazilian Indigenous
language resources, TuLeD [Gerardi et al., 2022b], a lexi-
cal database, the TuDeT [Gerardi et al., 2022a] dependency
treebanks, and the associated linked-data BILGraph [Pol-
leti et al., 2024] have already played a key role in enabling
language-learning applications for Indigenous communities
[Polleti, 2024]. The release of the Bororo Corpus [Fer-
raz Gerardi and Toribio Serrano, 2025], aligned with its cor-
responding UD treebank [Ferraz Gerardi, 2024], has further
supported the development of computational tools for educa-
tional and online materials. However, all the aforementioned
databases were assembled from heterogeneous secondary
sources rather than through a structured data-collection pro-
cess, except for the Bororo language. As a result, the existing
datasets are highly incomplete, particularly in terms of depen-
dency tree coverage paired with Portuguese translations. Be-
cause much of the source material used in TuDeT originates
from foreign research groups, most translations are available
only in English. This lack of Portuguese translations limits
their applicability for pedagogical applications intended for
actual Brazilian users. A further limitation lies in the scarcity
of multimodal resources – speech recordings on Indigenous
languages are even more scarce than written resources. Ex-
isting approaches frequently rely on Christian religious texts,
such as the New Testament [Pratap et al., 2024]. While these
sources are readily available, the use of religious content, of-
ten produced by external institutions, fails to reflect Indige-
nous epistemologies, worldviews, and culture. The reliance
on foreign religious materials underscores the urgent need for
speech datasets that are created, curated, and governed by In-
digenous communities themselves.

We argue that the current data collection and annotation
process is limited largely because existing tools for audio and
text annotation are designed for linguistic professionals and
focus only on formal description of language resources, such
as lexical databases and dependency treebanks [Brugman and
Russel, 2004]. While such tools are key for properly docu-
menting languages, they remain costly and slow in produc-
ing annotated corpora due to their dependency on scarcely
available experts. Furthermore, ethical and practical concerns
arise from the fact that experts operating annotation tools
are often external to the Indigenous communities whose lan-
guages they are working on [Pinhanez et al., 2023]. This cre-
ates substantial challenges in ensuring that data collection and
annotation procedures are compliant with established ethical
frameworks [Lewis et al., 2020], such the Los Pinos Declara-
tion 6. It is also hard to ensure that linguistic annotations are
properly reviewed by actual Indigenous speakers.

6https://unesdoc.unesco.org/ark:/48223/pf0000374030
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3.2 On-Device Speech Models
Typical AI-assisted speaking exercises consist of asking the
student to speak a given word or sentence in their native lan-
guage and then use automated analysis of the recorded audio
to provide immediate feedback. Even if we assume that we
are able to collect and annotate enough data to finetune and
train multilingual speech processing models for Indigenous
languages, the current architectures would still be difficult to
integrate into a mobile app that can be properly used in prac-
tice [Sharma et al., 2025]. Although there are speech process-
ing models with broad multilingual support, for both speech-
to-text (STT) and text-to-speech (TTS) tasks [Pratap et al.,
2024], they are poorly suited to many Indigenous contexts
because they assume stable connectivity and sufficient com-
putational resources [Pinhanez et al., 2023]. Communities
located in remote or forested regions often lack reliable In-
ternet access and consistent electricity supply, making cloud-
dependent applications unfeasible in practice. Most existing
AI tools cannot operate offline, as they rely on large models
that require server-side processing and cannot be executed
on low-power mobile devices commonly available in these
settings. Even versions of SOTA speech recognition models
designed for on device inference have more than 150MB in
size [Radford et al., 2023], which is impractical for lite mo-
bile apps in low-end smartphones.

We plan to employ techniques to optimize model size so
we can have multilingual speech processing models that are
suited for lite mobile apps, size under 10MB. We focus on
three complementary strategies: model pruning and quanti-
zation [Jacob et al., 2017]. Recent work on compressed STT
models shows that combined techniques can reduce model
size while maintaining accuracy [Sainath et al., 2020].

4 Proposed Strategies and Methods
In this section we describe the components of our game app.

4.1 AI-assisted Speech Collection and Annotation
We propose that next-generation tools should be speech-
oriented and designed for use by lay Indigenous speakers to
accelerate the data collection and annotation process. We
claim that AI-assisted tools can simplify the annotation pro-
cess so that a native speaker without expert linguistic knowl-
edge can annotate words with their own speech, perform
translations, and associate morphemes to word tokens. The
goal is to enable the Indigenous communities to produce and
govern their own language datasets, removing bottlenecks
associated with linguistic experts, manual time-consuming
work, and the lack of dataset standards. Preliminary work
shows that autocompletion by simple speech-to-text models
can speed up the data annotation process by 29.7% [Holdt
et al., 2025]. We plan on evolving speech-to-text and text-
to-speech models for low-resource languages, autocomple-
tion, and other methods to produce AI-assisted tooling for
data annotation and collection. Our preliminary proposal,
based on previous works [Holdt et al., 2025], consists of a
website/mobile-app where the native speaker is requested to
annotate a word or sentence, one unit at a time. For each
word or sentence, the speaker should record the utterance and

written form. For example, the tool might display a written
word in Portuguese and ask for its translation in the native
language, or vice-versa. We propose autocompletion tools
where we already display the fields prefilled and only re-
quire the native speaker to review and correct orthographies
or record a new audio if needed. Our initial proposal relies on
the engagement of community members, but we will actively
search for funding to improve the projects vitality.

4.2 Offline Speech Processing Models

Our proposed method to reduce model size consists of:
(1) applying quantization in an existing speech processing
model, (2) pruning the model while optimizing for the speech
exercise task. Consider we want to use a STT model to cor-
rect speaking exercises. We have collected and annotated au-
dio recordings for several words in an Indigenous language.
We may have enough data to train or finetune a STT model
for the given Indigenous language, but the resulting model
may be too heavy to run on device. One naive way to im-
plement speech exercises is to transcribe student utterances
using a STT model and checking if the transcript matches a
target word. Unlike an actual speech recognition task, our
speaking exercise is a closed world task because we know the
target word beforehand. In a sense, our speaking exercise is
close to a similarity problem as it evaluates whether a student
utterance for a target word is similar enough to its respective
gold truth audio recording. In that context, we are free to
choose the best representation to perform the comparison. In
our naive example, this representation is the audio transcript
provided by the STT model, however, this may not even cap-
ture subtle speech attributes such as pronunciation [El Kheir
et al., 2023]. Embeddings from intermediary layers of the
STT model can produce latent representation spaces more
suited for our speaking exercises. Figure 1 illustrates our pro-
posal. First, we prune a STT model Θ up to a predefined
layer N ,whether or not the model has been fine-tuned for the
target Indigenous language. We then run inference with the
pruned model to obtain embedding vectors O and Ô for the
gold truth and student recording, respectively. Finally, we
compute a similarity score between these embeddings using
a predefined metric m, and classify the student’s response as
correct or incorrect based on whether this score exceeds a se-
lected threshold ϵ. The hyperparameters Θ, N , m and ϵ can
be tuned using our gold truth recordings. Our pruning pro-
posal can be effective in producing speech processing models
small enough to enable offline speech exercises. It is also
worth noting that our approach is language-agnostic, so that
a pruned STT model can be reused for languages it has never
been trained or finetuned for. As we propose to simply com-
pare audio latent representations instead of actual transcripts,
the same model can potentially be reused for previously un-
seen languages. In this research project, we are committed to
deliver: (1) an open source python package to implement our
pruning method, including the tuning of its hyperparameters,
(2) pruned models ready to be used for STT and TTS tasks,
(3) a comprehensive evaluation on a real Brazilian Indigenous
languages benchmark.

PRELIMINARY PREPRINT VERSION – DO NOT CITE
This is not the version of record. The final version will appear in the Proceedings of IJCAI-ECAI 2026.

IJ
CA

I-E
CA

I 2
02
6
PR
EP
RI
N
T



Figure 1: Pruning method proposal for Speaking exercises. Original Speech-to-Text model is pruned up until an intermediary layer where
similarity is measured between gold truth and student recording latent representations.

4.3 Micro Language Models
This project investigates the development of “micro” lan-
guage models to operate under severe data scarcity while
supporting pedagogical content generation for Indigenous
language education. Unlike general-purpose language un-
derstanding, these models are optimized for grammatical
control. In practice, these micro language models adopt
lightweight architectures augmented with explicit linguistic
constraints in order to remain data-efficient, interpretable,
and deployable in low-resource educational contexts. Unlike
large language models trained on web-scale data, these micro
language models are trained on carefully curated resources
and are constrained by grammatical objectives, since it would
be unrealistic to proceed otherwise.

The micro language models are trained on the datasets
produced by our proposed collection and annotation work-
flow. Audio recordings are transcribed and normalized, af-
ter which textual data are systematically annotated using the
Universal Dependencies (UD) framework [Nivre et al., 2016;
de Marneffe et al., 2021]. UD annotations provide rich gram-
matical representations, such as dependency structure and
part-of-speech categories, that can potentially compensate for
limited corpus size.

In addition to annotated corpora, the training pipeline inte-
grates structured lexical resources derived from community-
developed dictionaries. Lexical entries supply canonical
forms, morphological segmentation and usage examples,
which are aligned with corpus instances. This lexicon–corpus
alignment supports more robust generalization by exposing
the model to paradigmatic relationships that are otherwise
underrepresented in small datasets. These structured lexi-
cal and grammatical resources can be viewed as forming a

lightweight, language-specific knowledge graph that comple-
ments the micro language model by encoding explicit rela-
tions among forms, meanings, and grammatical functions.

The resulting training data thus combine surface text,
UD syntactic structure, and lexically grounded morpholog-
ical information. We argue these representations can intro-
duce inductive biases capable of guiding model learning to-
ward linguistically valid patterns even in low-resource NLP
scenarios [Bisazza and others, 2020]. As new annotated
materials become available, we can iterate and evolve the
model in line with human-in-the-loop and incremental learn-
ing paradigms [Settles, 2012].

Once trained, the micro language models are used for con-
trolled, grammar-aware generation of pedagogical materi-
als [Reiter and Dale, 2000; Wiseman et al., 2018]. Given
an input sentence, the model can generate diverse variants by
modifying tense or person marking while preserving gram-
matical well-formedness. This capability enables the auto-
matic exercise creation, thus increasing diversity and support-
ing adaptive learning paths.

Generated materials follow a grammar-aware sequencing
strategy, in which grammatical constructions are introduced
incrementally and reused systematically in accordance with
the instructional plan. Content generation is further con-
strained by culturally informed vocabularies and narrative
patterns defined by Indigenous educators. Generated materi-
als are sequenced according to a grammar-aware curriculum,
in which constructions are introduced gradually and in align-
ment with instructional goals. This design enables adaptive
curriculum generation, in which the selection and ordering
of generated materials respond to learners’ progress while re-
specting the grammar-aware sequencing.
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4.4 Bringing It All Together: The Game App
The proposed language resources and speech modeling tech-
niques will be integrated into a language learning game app
for Indigenous students to practice reading, writing, and
speaking in their native language at home. The research to
produce this game app is inherently interdisciplinary and will
require iterative co-design sessions engaging various stake-
holders such as Indigenous professors, linguistic experts, en-
gineers, Indigenous students and community leaders. The
purpose of our game app is to complement educational ac-
tivities within and outside school. The game app will be fully
operated and governed by the Indigenous professors. The
professor will define the curriculum, decide which exercises
will be presented, their content and all other aspects related
to the student learning journey. Our goal is to empower the
professor with an additional tool they can use to engage their
students to practice Indigenous languages during classes and
at home. We will conduct this research closely with Indige-
nous communities to co-create the game app and deliver the
most appropriate experience for their specific context.

We adopt a gamified language-learning structure based on
Bilingo [Polleti, 2024], inspired by industry applications such
as Duolingo. Students progress linearly through the course
by completing lessons, each containing three exercise types:
speaking (SP), concept match (CM), and sentence translation
(TS), as illustrated in Figure 2. In TS exercises (Figure 2c),
students receive a sentence in Portuguese and must select the
correct sequence of Indigenous-language tokens to form the
translation. CM exercises (Figure 2b) present an Indigenous-
language word alongside images representing candidate con-
cepts, and the learner selects the matching image. In SP
exercises, students speak a target word, and our proposed
speech processing model evaluates whether the utterance cor-
responds to the expected pronunciation. We reinstate this is
a preliminary proposed design, which is subject to modifi-
cations as we iterate with Indigenous professors during the
research.

5 Bororo and Enawene Nawe: Case Studies
5.1 Bororo
Most existing linguistic documentation of Bororo was pro-
duced by Christian missionaries rather than academically
trained linguists. The Salesian Mission of Mato Grosso
has maintained continuous contact with Bororo communities
since 1901, producing dictionaries, grammatical descriptions,
and pedagogical materials that remain foundational for con-
temporary research [Colbacchini, 1925; Cibaeikare and Etua,
1990; Albisetti and Ravagnani, 1992; Camargo, 2011]. Ad-
ditional materials were produced in the late 1970s by mis-
sionaries associated with the Summer Institute of Linguistics
(SIL). Despite their overall quality and importance, little new
linguistic work of comparable scope was produced in subse-
quent decades.

This project relationship with the Bororo community began
approximately three years ago in Meruri and has since ex-
panded to the Córrego Grande and Tadarimana territories. It
has already produced a publicly accessible annotated corpus,

an interactive multimedia dictionary, and a Bororo depen-
dency treebank. All resources are developed collaboratively
with Bororo educators and community members, with Indige-
nous authorship and participation as central principles. The
Bororo population is estimated at approximately 3,500 indi-
viduals, but intergenerational transmission has been severely
disrupted. Fluent speakers are predominantly over the age of
40, and daily use of Bororo is limited; nevertheless, the lan-
guage remains active in ritual contexts, formal education, and
some family settings, making revitalization efforts both ur-
gent and feasible. In partnership with the Mato Grosso State
Department of Education (SEDUC-MT), the project has al-
ready conducted multiple fully funded training workshops for
Bororo teachers from different territories, fostering technical
capacity-building, inter-community exchange, and a collab-
orative network of educators engaged in language revitaliza-
tion. We plan on expanding the scope of this research with the
Bororo community to increase the annotated corpora volume,
add audio recordings and, thus, using these resources to pro-
duce a functional language learning game app for the Bororo
language. Our game app prototypes received positive feed-
back from Bororo professors but require accuracy improve-
ments, notably for speaking exercises, before they can be ef-
fective tested in a real educational setting.

5.2 Enawene Nawe

The Enawene Nawe are a recent contact group that lacks both
a grammatical description and a formal orthography. The
writing system currently in use is neither consensual nor suf-
ficiently representative of the language’s phonemic inventory.
Existing materials on Paresi represent an important baseline
reference due to the close connection between the two lan-
guages. These resources have been key for starting the con-
struction of the Enawene Nawe treebank, which is expected
to be incorporated into the Universal Dependencies in an up-
coming release as part of the data collection and annotation
described in this research project. The Enawene Nawe peo-
ple often only speak fluently their native language and display
limited Portuguese proficiency, which is mostly concentrated
among men. This configuration contrasts with the Bororo
context and requires distinct strategies.

Our research project draws on the experience accumulated
in the Bororo case, particularly regarding collaborative cor-
pus construction, community participation, and the integra-
tion of language documentation with educational technolo-
gies. However, it is recognized that the Enawene Nawe con-
text requires substantial adaptations, both methodological and
ethical. Given the near absence of prior linguistic materials,
the current effort represents the first systematic documenta-
tion of the language. The Enawene Nawe case is a sensitive
and consequential example in which linguistics and compu-
tational tool development converge from the beggining. Our
approach emphasizes participatory processes and respect for
local sociocultural dynamics, which can become a reference
for future works for recently contacted Indigenous people.
We hope, our pioneering work helps to bring visibility, auton-
omy, and value to a language that has been largely overlooked
in previous research.
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(a) Speech exercise: The student was
asked to speak “jaguar” in Bororo.

(b) Concept match exercise: The student
was asked to tell which of the images cor-
responded to the Bororo word “adugo”
that means jaguar.

(c) Translate sentence exercise: The stu-
dent was asked to sort the words in the cor-
rect order to build the sentence.

Figure 2: Exercise types in our learning language tool. The images are simple toy examples to illustrate the tool format. For actual usage, we
will select images that are better suited for the Indigenous context.

6 Expected Results and Their Evaluation

The main results and contributions of this research include
but are not limited to: (1) the most comprehensive and high
quality annotated corpora for Bororo and Enawene Nawe lan-
guages, (2) accessible AI-assisted tooling for data collection
and annotation, (3) novel techniques and open source mod-
els for speech processing of low-resource languages under
power and connectivity constraints, (4) game app for students
to practice at home and, of course, (5) methods, processes and
tools that can be replicated for other endangered languages in
Brazil and abroad.

We hope our research can turn the tide in favour of en-
dangered language revitalization worldwide. The Brazilian
indigenous language landscape is challenging and diverse,
sovwe believe that our study can help communities (with sim-
ilar constraints in terms of resources scarcity, poor connec-
tivity, electrical supply and sensitive ethical concerns) to de-
velop successful revitalization programs. We are committed
to deliver an accessible, open source platform that will re-
duce both cost and time to produce a language learning game
app where students can practice reading, writing and speaking
skills. We also expect that our research will reduce power and
connectivity requirements for language models. The mod-
els and techniques developed here can lead to on-device lan-
guage models that will power novel AI applications that ben-
efit from offline support. Furthermore, we expect to promote
multilingual research by proposing language-agnostic tech-
niques. Finally, we expect to be a reference on interdisci-
plinary AI research co-created in partnership with Indigenous
communities. We hope the our collaboration mechanisms,
learnings and guidelines can build trust between the AI re-
search and Indigenous communities so that we can strength

our partnership and mutually benefit from it.
To evaluate our proposed methods we consider both objec-

tive and qualitative metrics. First, regarding the data collec-
tion and annotation process, we will assess the dataset cover-
age and quality. Since annotated corpora may be incomplete
or unevenly distributed, we will measure coverage as the frac-
tion of words and sentences missing one or more of the ex-
pected annotation types (e.g., audio, written text, translation).
To assess annotation quality, we employ two complementary
strategies. First, we conduct inter-annotator agreement, or
consensus, analyses. The consensus between annotators is
measured using traditional metrics k [Cohen, 1960]. Second,
we perform linguistic expert manual inspection on samples,
for example ones with disagreement or too few annotations.

Our AI-assisted annotation autocompletion evaluation will
measure: (1) the dataset creation speed up and (2) the po-
tential bias induction. First, we will randomly turn off au-
tocompletion process for a fraction of our annotations so we
can have a comparison baseline to measure the speed up up-
lift [Holdt et al., 2025]. Second, we antecipate our autocom-
pletion process may induce biases toward the suggested au-
dio pronunciations and orthographies. For example, if we
always autocomplete with a specific orthography or audio,
we may discourage annotations on regional orthographies and
accents. As we aim at a diverse and comprehensive dataset,
it is relevant to assess the bias we are introducing with the
autocompletion tools. For that purpose, we will randomly in-
sert intentional autocompletion errors to assess whether the
annotators are actively reviewing suggestions or over relying
on them.

In addition to dataset creation metrics, we will evaluate the
accuracy of our speech-processing models through traditional
Word Error Rate (WER) on our Indigenous languages bench-
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marks [Radford et al., 2023]. We will measure the trade-off
between WER accuracy and model size to evaluate the effi-
ciency of our quantization and pruning proposals. To measure
how accessible our speech processing models are, we will
measure the power consumption and device coverage. Fi-
nally, we will evaluate our speech processing models in simu-
lated speaking exercises using ROC-AUC and PR-AUC met-
rics. We will also perform qualitative evaluations measuring
the Mean Opinion Score (MOS) for synthesized audios and
transcripts samples following the standardized CrowdMOS
framework [Ribeiro et al., 2011].

Finally, we will run structured interviews and usability
studies with community members in the Bororo and Enawene
Nawe Indigenous communities. We will assess perceptions
regarding trust, privacy, data governance, and the exercises
quality.

7 Challenges, Limitations and Ethical
Considerations

Indigenous languages often lack standardization; while some
languages have many competing orthographies, others do not
have a formal orthography at all. For instance, the Bororo or-
thography currently used by many community members orig-
inates from missionary work and does not accurately reflect
key phonological features [Colbacchini, 1925].

Because Indigenous territories are often fragmented, pro-
nunciation can differ considerably across regions. These dif-
ferences sometimes become socially stigmatized, particularly
in communities where the ancestral language is less widely
spoken, creating perceptions that certain pronunciations are
“incorrect.” This poses an important ethical challenge, as
it may cause communities to feel that a new orthography
favours certain regional pronunciations in detriment of oth-
ers. The potential risk is even greater due to the reliance on
automatic speech processing models, which may implicitly
favor accents depending on the available training data.

The main challenge for the success of this research project
lies in the data collection and annotation component. We
are heavily dependent on Indigenous community adoption
and engagement to use our tools and to generate the datasets
required for developing the methods we propose. Despite
our interdisciplinary network involving Indigenous profes-
sors and leaders, AI researchers, and linguistic experts, sus-
tained participation by community members and local educa-
tors is essential for meaningful impact.

It is worth highlighting that the tools and methods pro-
duced by this research will not be perfect in any sense, so
automatic exercises may ocasionally fail to correct classify
student utterances. Indigenous professors should be trained
on AI literacy to understand the non-deterministic nature of
this technology and their limitations. We foresee the need for
continuous training sessions and workshops to increase AI
literacy among Indigenous communities.

The research will comply with Brazilian National Health
Council (CNS) Resolutions No. 510/2016 and No. 466/2012,
respecting the ethical principles of autonomy, beneficence,
non-maleficence, and justice. Research involving Indigenous
peoples follows the principles of Free, Prior and Informed

Consent (FPIC), as established by the International Labour
Organization’s Convention No. 169, as well as the rights to
self-determination, cultural integrity, and control over tradi-
tional knowledge, as affirmed in the United Nations Decla-
ration on the Rights of Indigenous Peoples (UNDRIP). The
project considers both individual and collective consent, and
adheres to the CARE principles for data governance, ensur-
ing collective benefit, community authority over data, and the
ethical use of linguistic and cultural data produced. Indige-
nous communities should always govern their language, so
controls compliant with the Brazilian General Law for Data
Proctection (LGPD) [BRASIL, 2018] should be developed
to ensure the language resources produced by this research
remain private, protected and under the exclusive control of
their own Indigenous communities. This research project is
commited to avoid any data breaches that could risk private
language resources being made publicily available without
the explicit consent of the Indigenous communities involved.

8 Project Implementation Plan
Our work plan comprises 2 years and consists of the tasks
below:

1. By 2026 April, once the ethics protocols are established,
the team will present the project to the community, so as
to reach community approval.

2. Up until 2026 October, we will conduct training work-
shops with Bororo teachers to onboard them with the
data collection and annotation tool. During the same
time we will work on establishing linguistic groundings
with the Enawene Nawe.

3. Once we have enough data to work with, we will eval-
uate existing speech models and develop our proposed
method for model pruning. We will run experiments to
develop speech exercises prototype. We expect to have
a fully functioning on-device speech model for both
Bororo language by October 2026 and by January 2027
for Enawene Nawe.

4. In parallel, we will develop and evaluate micro language
models for writing and reading exercises on the bench-
marks for both Indigenous communities. Prototypes
should be ready by the same time as the speech models.

5. Finally, we will integrate our models into an offline mo-
bile gaming app. We will run training sessions with se-
lected Indigenous professors and members of the com-
munity to run pilots in their schools and other contexts.
Tests should start for Bororo by July 2027 and Enawene
Nawe by October 2027.

6. We will continuously keep evaluating our tools and in-
corporating feedback. This will be an ongoing effort.

Economic sustainability will rely on non-profit funding and
government partnerships for integration into educational pro-
grams. All software and models will be released as open
source, enabling external collaboration and reducing long-
term maintenance costs. This strategy ensures that the tools
can be continuously improved and extended to additional In-
digenous communities in Brazil, such as the Makurap people,
with whom the project is already underway, and abroad.
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at the Escola Politécnica of the University of São Paulo,
specializing in Natural Language Processing with a focus on
Indigenous languages. He holds both a bachelor’s degree in
engineering and a master’s degree from the same institution.
Gustavo has over six years of professional experience as a
Machine Learning and AI engineer, having worked at major
technology companies, including in the mobile gaming
industry. He leads the Bilingo project and is responsible for
its technical development and implementation.

Fabricio Ferraz Gerardi
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[Camargo, 2011] Gonçalo Ochoa Camargo. Boe ewadaru–a
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