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1 Introduction

This final report provides insights on my doctoral dissertation on Building Knowledge
Graphs (KGs) for Under-Resourced Languages (URLs). This work sits at the intersection of
natural language processing, semantic web technologies, and Al. The structure of this
report is as follows: Section 2 introduces the topic, motivation, and research questions. In
Section 3, we explain the existing results and insights. Afterwards, Section 4 provides
details on what needs to be accomplished in order to complete the answer to all research
questions. Finally, Section 5 outlines some future directions.

2 General information
Summary of the thesis, research question, aim of the thesis

In the last decades, the development of KGs by the major tech companies® have got a lot
of attention [FenselSAHKPTUW20, 2021Hogan,KaffeeBKVM23] because KGs provide
structured information that Al applications can use. KGs encode human knowledge
explicitly, facilitating Al reasoning and decision-making. However, current KG construction
methods lack transparency and equity regarding the knowledge and data of URLs. For
instance, KGs are mainly built based on data from the web, which may over-represent
certain languages.

In this research project, | explored the problems of building KGs with respect to URLs,
which represents significant challenges due to the limited availability of data, linguistic
resources, and computational tools. Furthermore, URLs are languages that are affected by
different aspects, such as language vitality, language policies, and dominant languages.
Enabling URLs and their communities to represent their knowledge and language as KGs,
will act as a common sense layer for Al applications, facilitating Al reasoning to operate
more responsibly and transparently. Therefore, | researched the holistic process of KG
generation with respect to URLs to answer the question: How can knowledge graphs be
built to support lexicographical data of under-resourced languages?

To address this question, | focused on the Puno Quechua language as a use case. First, |
researched the current practices for building KGs, then | collected Puno Quechua lexical
resources, such as dictionaries, vocabularies, and pronunciation speech audios to model
their representation in a KG. Then, based on the KG, | collected missing information, such
as part-of-speech tags, forms, senses, usage examples, and pronunciation audio. Finally, in
order to build a community-centred language-aligned KG for the Puno Quechua language,

! https://developer.amazon.com/en-US/docs/alexa/custom-skills/develop-skills-in-multiple-languages.html
2 https://support.google.com/googlenest/answer/7550584
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the KG will be made accessible online and can be curated by the Quechua communities. In
addition, | studied to what extent the KG improves the learning experience of the Puno
Quechua language. Last but not least, | aim to raise awareness about the bias on KGs,
improve data governance over which communities of URLs like Quechua have no control,
and empower these communities to reduce linguistic inequality, and promote linguistic
diversity.

(L663078) tawa tawa chusku

qu qu-x-Q7260479 qu-x-Q35104

Language Quechua
Lexical category numeral

Statements
Senses

English four {non-human)
L663078-51

French quatre (non humain)

Statements about L663078-51

+ add Sense

Forms

tawa | tawa
qu qu-x-Q7260479

L663078-F1
Grammatical features

Statements about L663078-F1

pronunciation audio o
p 0000/ 0:00 H

LL-05218 (que)-Elwinlhg-tawa.way
115 100 KB

v 1 reference

Figure 1. A lexeme representation of a Quechua word
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Figure 1 represents a lexeme with its seven main parts. The represented lemma is “Tawa”

(en: four) and it can be described as follows:

1.

Lexeme ID: This is the word's unique ID number. It always starts with an “L”. For our
example, it is L663078.
Lemmas (The Headword): This is the dictionary form of the word, the label in
Quechua language.
a. For “tawa”, the lemmais the string "tawa".
b. For “tawa” the Quechua language tag is “qu”. But what if you want to
represent a word in a specific regional variety, like Puno Quechua?
c. For “tawa” the Puno Quechua language tag is “gxp” or “qu-x-Q7260479”.
This allows us to represent the language's diversity accurately.
Language: This simply states which language the word belongs to. For "tawa", this
is Quechua.
Lexical Category: This describes the part of speech of the word. "tawa" is a
“numeral’.
Statements: This describes the facts about the word itself, not its meanings.
a. For example, we could have a statement that says "tawa" is derived from the
root "ta-".
b. For example, it can describe the provenance of the word, where was taken
from, like a citation of the original work.
Senses: These are the different meanings of the word. l.e, It shows equivalences of
the word in other languages. For example, the word “tawa” has equivalents in
English and French.
Forms: This lists all the different ways the word can change. For example, singular,
plural, etc. Additionally, it can describe properties such as “pronunciation audio”,
which can link to audio files for that word.

This dissertation focused on the creation of Knowledge Graphs (KGs) for Under-Resourced

Languages (URLs). Our core contributions are as follows:

e Addressing the challenges of collecting resources of languages that have low

amounts of resources, for instance, Quechua languages.

Design a process model for modelling the integration of linguistic data of
under-resourced languages into knowledge graphs.

Tackle the hosting and storing of knowledge graphs that support under-resourced
languages based on FAIR and LOD principles, as well as their licensing and
distribution.

Provide guidelines on a community-driven approach to the curation of knowledge
graphs that are focused on under-resourced languages.
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Develop applications that can enhance the learning experience of language
learners.
Disseminate research findings through reports, presentations, and publications.

Results

Description of the results achieved

4

The literature review confirms a significant gap on knowledge graphs for
under-resourced languages. While large multilingual knowledge graphs exist, their
coverage of under-resourced languages is often shallow, incomplete, and
English-centric, which introduces errors and cultural biases.

The schema alignment and knowledge graph creation has been completed, and will
continue. It is an iterative process and more knowledge can be ingested as they
come. The advantage of Knowledge graphs is that even if you do not have a Graph
database, it can still be maintained in structured format and files, e.g., JSON-LD
format.

This research addresses the challenges of collecting resources of languages that
have low amounts of resources and present them in a structured format. The
resources we have collected for the Puno Quechua language are stored on Mozilla
Data Collective and can be retrieved from https://mozilladatacollective.com. The
current results show the collection of more than 30 hours of Spontaneous Speech
and more than 34 hours of Scripted speech for the Puno Quechua language.

A process model for modelling the integration of data and knowledge from different
points of view and that are particular to under-resourced languages (see Figure 1).
The hosting and storing of under-resourced language knowledge graphs based on
FAIR and LOD principles, as well as their licensing and distribution. It uses an Open
Source and Community-drive approach, i.e., Wikibase: http://wikibase.cloud/

Planned follow-up activities

Specification of remaining activities (timetable)

February to May 2026:

Linking Lexemes with Pronunciation Audio files based on the Lexeme model
User testing of the final platform that provides access to the knowledge graph

June 2026:
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Proof-reading of the thesis and minor corrections

What continuations for third parties result from your work?

Our work provides a lexeme representation model that can be applied to any language. For

instance, in order to create a knowledge graph (KGs) for an under-resourced language
(URL) the following tasks need to be followed:

Knowledge Acquisition, is the task of collecting or retrieving lexicographical data
from heterogeneous sources, and then semantically annotating them based on a
bottom-up or top-down approach.

Knowledge Hosting, refers to the approach of storing the generated knowledge in
a database, which must take into account the size and application of KGs.
Knowledge Curation, is the task of ensuring the highest possible correctness and
completeness of the KG, the overall goal of knowledge curation is to provide
cost-sensitive methods to improve KG's quality and usefulness for applications.
Knowledge Deployment, is the task of building applications on top of KGs that can
serve the URL community, e.g., web search, personal assistants, learning
management systems, and more.

We encourage third parties, such as public institutions, linguistic departments that are

working with under-resourced languages across Europe and the world, to create a

knowledge graph for their languages of interest. This will allow those languages to be part

of a bigger knowledge ecosystem where all words are interlinked between knowledge

graphs. l.e. Word equivalents between languages can be linked.
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