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Abstract
Large language model (LLM)-based conversational assistants are
designed for general-purpose conversation tasks and are primar-
ily optimized for high-resource languages. Although these sys-
tems support some low-resource languages (LRLs), their responses
often fall short of user expectations. Consequently, speakers of
LRLs remain marginalized and unable to fully benefit from ad-
vances in LLMs. These challenges underscore the need for targeted,
language-specific solutions that can effectively serve underrepre-
sented language communities. This study presents Labadain Chat,
a conversational agent for Tetun, a low-resource language spoken
by over 932,000 people in Timor-Leste. We adapt existing LLMs to
Tetun using language-specific prompting strategies and report on
the system’s architecture, features, applications, and utility for the
Tetun-speaking community. Results from the user study show a
high task success rate for Labadain Chat (91%, with substantial inter-
annotator agreement, Cohen’s 𝜅 = 0.67) and high user satisfaction
(4.30 out of 5, with Cohen’s weighted 𝜅 = 0.75), demonstrating the
effectiveness of language-specific LLM customization for Tetun.
Overall, this study provides a practical pathway toward promoting
equitable access to AI-powered information services for the Tetun-
speaking community and suggests an adaptable methodology that
can be applied to other under-resourced languages in similar con-
texts. The system is publicly available at https://www.labadain.com,
with mobile applications for both iOS and Android.

CCS Concepts
• Information systems→ Information retrieval; • Artificial
intelligence→ Natural language processing.
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1 Introduction
Large language model (LLM)-powered conversational assistants,
such as ChatGPT, Gemini, Claude, and Perplexity, have fundamen-
tally reshaped information access, enabling tasks such as ques-
tion answering, summarization, multi-step reasoning, and complex
problem solving [1, 28]. Although these systems improve access to
information for many users, they continue to present significant
challenges for speakers of low-resource languages (LRLs) due to
inconsistent performance, data scarcity, and linguistic bias [3, 18].
Consequently, these communities remain marginalized, emphasiz-
ing the need for targeted, language-specific solutions to enable
equitable access to information.

Tetun-speaking users face similar challenges, as LLM-based as-
sistants provide limited support for the language, restricting users’
ability to access information and benefit from AI-powered services.
To address these gaps, we present Labadain Chat, a conversa-
tional agent developed for Tetun speakers. The system implements
a practical, language-specific prompting strategy that adapts ex-
isting LLMs to Tetun within an agentic conversational framework.
The agent’s workflow is illustrated in Figure 1.
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Figure 1: Workflow of the Labadain Chat Agent.

To design effective system prompts, we account for key char-
acteristics of the Tetun language, including its extensive use of
loanwords. Prior studies indicate that up to 40% of Tetun verbs,
nouns, and adjectives are Portuguese loanwords [12, 14, 24], and
their presence in web documents has steadily increased [7]. To
guide the LLM in producing accurate and coherent responses, we
incorporate: (1) Portuguese to Tetun word conversion rules estab-
lished by the Instituto Nacional de Linguística (INL), the official
body responsible for Tetun standardization [20, 21]; (2) Examples
of official Tetun usage texts; and (3) A pair of curated lexical lists
to enrich vocabulary coverage.

We compare three end-to-end systems: the agentic Labadain
Chat, the earlier version of Labadain Chat (referred to as Labadain
Old) [5], and ChatGPT.1 Both Labadain systems provide Tetun
1https://chatgpt.com
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information access, but they differ in interaction paradigm and
orchestration strategy, whereas ChatGPT is a general-purpose con-
versational assistant that accounts for the majority of AI chatbot
web traffic in Timor-Leste (approximately 78% market share).2 We
report Labadain Chat utility and perceived usefulness specifically
for Tetun-speaking users.

2 Background and Related Work
Labadain Chat builds upon Labadain Old, which was launched in
early 2024 [5]. The two systems differ substantially in architecture
and underlying methodology. While Labadain Old is an LLM-based
conversational assistant, the current system is designed as an agen-
tic AI. Both systems support conversation in Tetun, one of Timor-
Leste’s official languages and a LRL spoken by over 932,000 people
in Timor-Leste [4, 25]. Labadain Old was primarily developed to
study the search behavior of Tetun-speaking users [16].

Conversational systems have been extensively studied in natu-
ral language processing research, including task-oriented dialogue
systems, open-domain chatbots, and LLM-powered conversational
agents [11, 13, 15]. More recently, research has shifted toward agen-
tic and modular dialogue architectures to improve robustness and
multi-step reasoning in complex interactions [22, 27].

However, prior studies have primarily focused on high-resource
languages, leaving LRLs underrepresented due to data scarcity, lim-
ited evaluation benchmarks, and linguistic diversity [17, 18]. This
is particularly challenging, as LRLs often have complex scripts and
limited lexical resources for developing effective language technolo-
gies. For Tetun, these challenges are compounded by orthographic
variation, widespread loanword usage, and limited digital resources,
emphasizing the need for tailored system designs.

Several AI-powered tools exist for LRLs in open-domain conver-
sational settings, such as AfricanGPT,3 which supports more than
20 African languages, Reobot4 for the Māori language, and Macsen5
for the Welsh language. However, there is limited publicly available
documentation on the design and development of these systems.
To the best of our knowledge, Labadain Chat is among the first con-
versational systems developed for LRLs. Our work documents the
end-to-end system design and implementation, demonstrating how
LLMs can be effectively adapted for an under-resourced language.

Regarding evaluation, user-centered studies typically emphasize
task success (whether a system helps users achieve their goals) and
user satisfaction (subjective perception of usefulness and interaction
quality) [11, 23, 26]. Following these principles, we compare task
success and user satisfaction across the three systems—Labadain
Chat, Labadain Old, and ChatGPT—to assess both the system’s
objective utility and perceived usefulness for Tetun-speaking users.

3 System Architecture and Agent Workflow
The high-level system architecture of Labadain Chat and its agent
components and workflow are detailed in the following subsections.

2https://gs.statcounter.com/ai-chatbot-market-share/all/timor-leste
3https://www.africangpt.org
4https://reobot.co.nz/
5https://techiaith.cymru/index.html-p-1151-and-lang=en.html

3.1 High-Level System Architecture
The high-level system architecture of Labadain Chat is illustrated
in Figure 2. The system is organized into four logical layers and an
external service layer that provides access to LLMs and a web-based
search tool. These layers are described as follows:

• Client Layer includes a web interface developed using
Next.js6 and mobile applications built with Flutter.7 Both
clients communicate with the same backend API to ensure
consistent functionality and behavior across platforms.

• API Layer is implemented using FastAPI8 and handlesHTTP
requests, input validation, and RESTful operations to man-
age data. It also manages server-sent events (SSEs) to stream
conversational responses from the agent, and user authenti-
cation and registration via OAuth or email.

• Agent Layer comprises LangChain, LangGraph, and Lang-
Smith.9 LangChain is used for prompt orchestration and
tool integration, LangGraph for constructing the agent as
a stateful graph, and LangSmith for monitoring the agent’s
performance. Conversational memory is managed explicitly
through the LangGraph state to keep multi-node workflows
debuggable and easier to tune.

• Data Layer uses a PostgreSQL database to store user ac-
counts, conversation histories, and interaction logs.

• External LLMs / Tools provide access to LLMs (Gemini 2.5
Pro and Flash, and Claude 3 Haiku) and the Google Search
API, which support the agents’ reasoning and response gen-
eration. Each API is accessed via standard RESTful endpoints
with authenticated API keys.
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Figure 2: General Architecture of Labadain Chat.

When a user submits a query from the client layer, it is forwarded
to the API layer, where it is handled by FastAPI and passed to the
6https://nextjs.org
7https://flutter.dev
8https://fastapi.tiangolo.com
9https://www.langchain.com
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agent layer. The agent processes the request and, when necessary,
performs an external web search to retrieve additional context
before generating a response using an LLM. The response is then
returned to the API layer and streamed back to the user. Both the
user query and the generated response are stored in the database.

3.2 Agent Components and Workflow
Labadain Chat consists of eleven agents and a web-search tool, as il-
lustrated in Figure 1. The system comprises eight specialized agents
for different conversational tasks and three exception-handling
agents designed to manage system prompt requests, inputs in non-
Tetun languages, and inappropriate content.

The agent design is informed by insights from the interaction
logs of Labadain Old [5] and prior analyses of Tetun-speaking users’
search behavior [16]. Based on these insights, eight specialized
agents were designed: (1) Classifier Agent identifies the intent of the
user query; (2) Translation Agent handles text translation requests;
(3) News Generator Agent produces structured news articles from a
user-provided draft; (4) Spelling Correction Agent performs spelling
correction and text normalization; (5) Letter Writer Agent gener-
ates formal letters according to user specifications; (6) Email Writer
Agent composes professional email correspondence; (7) Search De-
cision Agent determines whether a web search is required for the
user query; (8) General Agent processes requests that fall outside
the scope of all other agents.

When a user request is received, the Classifier Agent first de-
termines the user’s intent and automatically routes the input to
the appropriate specialized agent. For general conversations, the
system evaluates whether a web search is necessary. This process
uses a hybrid approach, combining rule-based logic with the Search
Decision Agent. If a search is performed, the retrieved results are
provided as context for the General Agent to generate a context-
aware response, with corresponding sources included only when
the system uses them as part of its response.

4 Implementation
The implementation of Labadain Chat includes prompt engineering,
backend API development, database design, and the development
of web and mobile client applications. Each component is described
in detail in the following subsections.

4.1 Prompt Engineering
In prompt engineering, explicit instructions were designed for each
agent. In most cases, agents are instructed to act as Tetun linguists,
and all responses are strictly required to be in Tetun, except for
translation tasks. For the three exception-handling agents, we pro-
vide pre-defined responses in Tetun. For the eight specialized agents
(except Search Decision Agent), each LLM call includes at least one
guiding example, along with Portuguese–Tetun transformation
rules and a curated lexical list to ensure linguistically accurate and
contextually coherent outputs. The system prompts used to instruct
the General Agent are presented in Prompt 4.1.

Since everyday Tetun writing practices, particularly in web doc-
uments, commonly fail to adhere to standard conventions [7, 8],
incorporating examples of official Tetun usage helps ensure the
correct application of diacritics and hyphenation for monosemantic

compound words. Including these examples enhances the model’s
knowledge of accurate Tetun grammar per INL standardization.

To further support linguistic accuracy, we incorporated exam-
ples of Portuguese loanwords used in Tetun with their correspond-
ing conversion rules documented in the INL standard orthogra-
phy for Tetun [21]. The rules are implemented as a set of explicit
character-level transformation rules (e.g., nh→ñ, lh→ll) for han-
dling Portuguese-derived words in Tetun.

Additionally, we construct a curated lexical list containing 33
native Tetun words that differ substantially from Portuguese and
English, for which LLMs often fail to infer correct meanings through
generalization. This list is periodically updated based on observed
model outputs. Example entries (English, Portuguese, Tetun) such
as (rice, arroz, etu) and (milk, leite, susubeen).

Prompt 4.1: Details of the General Agent Prompt.

You are Labadain, a Tetun linguist expert and helpful
assistant. Your task is to assist the user with their request
in Tetun, providing clear and accurate information.
Assume the question is in Tetun and respond using
accurate Tetun grammar.

The output must follow these examples of accurate official
Tetun writing:
{tetun_official_example}

To improve Tetun accuracy, follow the rules for converting
Portuguese-derived characters into Tetun below:
{pt_loanwords_tetun_rules}

Incorporate the provided vocabulary pairs to improve your
Tetun orthography:
{vocabulary_enrich_list}

4.2 LLM Selection and Usage
Labadain Chat uses the Claude 3 Haikumodel fromAnthropic10 and
the Gemini 2.5 Pro and Flash models from Google.11 Claude 3 Haiku
is selected for its strong performance on Tetun, cost-effectiveness,
prior use in Labadain Old [5], and in several Tetun-focused stud-
ies [6, 10]. Gemini 2.5 Pro and Flash are selected based on a prelim-
inary quality assessment conducted across multiple LLMs.

Given that Gemini 2.5 Pro is designed for complex reasoning
tasks and demonstrates stronger performance on Tetun than the
Flash variant and Claude 3 Haiku, it is assigned to agents handling
higher-complexity tasks, including the Classifier, Translation, News
Generator, Spelling Correction, EmailWriter, and LetterWriter agents.
The Gemini 2.5 Flash variant is used for the Search Decision and
General Conversation agents, while Claude 3 Haiku is employed for
the exception-handling agents.

4.3 System Features
Labadain Chat offers core features such as user registration, chat
interaction, file upload, web search, and access to chat history. The
10https://www.anthropic.com
11https://deepmind.google/models/gemini/
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system interface is shown in Figure 3, illustrating the home page
and an example conversation view.12 Authentication is required
to access Labadain Chat. Users may register or log in via email or
OAuth (Google or Apple). Email registration requires verification
through a confirmation email containing a validation token.

Figure 3: Interface of Labadain Chat.

The system allows users to attach supplementary information
via file upload to support tasks such as translation, orthography
correction, and structured news article generation. Supported file
types are limited to Word, Excel, and PDF, with a maximum size of
256 KB, and only one file can be uploaded at a time. The uploaded
file is processed and incorporated directly into the user prompt.

Users can also enable the web search feature to force the system
to perform a web search using the Google Search API, retrieving
the top-10 ranked documents and incorporating them into the
user prompt as contextual information for general conversational
queries. Each retrieved document includes a title, snippet, and URL,
and the original language of the content is preserved. When this
context is used to generate a response, the corresponding external
source link is also provided.

For each new conversation, the system creates a new topic that
stores the full conversation history. For the General Agent, only the
most recent turn is used as context (i.e., a 𝑘=1 memory window).
This memory mechanism is exclusive to the General Agent and
is not applied to other agents due to operational cost constraints.
Users can also delete their conversation history.

5 User Study
To assess Labadain Chat’s objective utility and perceived useful-
ness for Tetun-speaking users, we compared it against Labadain
12Copilot was used to assist in the development of some client-side code, including UI
components. All code was reviewed by the authors.

Old [5] and ChatGPT.We collected over 8,000 query log entries from
Labadain Chat (2,101 entries from January 1–27, 2026) and Labadain
Old (6,210 entries drawn from daily log files within three ran-
domly selected months in 2025). From this pool, three native Tetun-
speaking annotators independently selected candidate queries and
applied spelling corrections following the INL standard, then jointly
curated a final set of 60 queries from 180 candidates based on local
information needs, topical diversity, and query complexity.

The queries cover three categories: fact-seeking queries (direct
information requests), multi-turn queries limited to two turns
(tasks requiring interaction across two conversation turns), and
ambiguous queries (under-specified requests requiring clarifica-
tion), with 20 queries per category. The same annotators assessed
the systems’ responses, with each query reviewed by two annota-
tors to ensure reliability. Responses were precompiled, and system
identities were anonymized to avoid bias. Annotators rated task
success (whether the system helped achieve the user’s goal) and
user satisfaction (perceived usefulness and interaction quality).

Queries were distributed among annotators to ensure coverage
while keeping individual workload manageable. Annotators evalu-
ated: (1) Task Success: a binary judgment (1 if the system provided
a correct or sufficiently informative answer, or asked an appropriate
clarification for ambiguous queries; 0 otherwise); (2) User Satis-
faction: a Likert scale from 1 to 5 (1 = very dissatisfied, 5 = very
satisfied), reflecting perceived usefulness and interaction quality.

Inter-annotator agreement was measured using Cohen’s 𝜅 [2],
with agreement strength interpreted using the scale of Landis and
Koch [19]. The assessment results are summarized in Table 1.

Table 1: Task Success Rate and User Satisfaction for Labadain
Chat (LBC), Labadain Old (LBO), and ChatGPT (CGPT).

Task Success Rate User SatisfactionQuery Type LBC LBO CGPT LBC LBO CGPT
Fact-seeking 95% 73% 48% 4.60 3.35 2.60
Multi-turn 88% 65% 58% 4.05 2.75 2.80
Ambiguous 90% 58% 53% 4.25 3.10 3.10
Overall 91% 65% 53% 4.30 3.07 2.83

Table 1 shows that Labadain Chat (LBC) outperforms Labadain
Old (LBO) andChatGPT (CGPT) across all query types. LBC achieves
high task success and user satisfaction for fact-seeking, multi-turn,
and ambiguous queries, demonstrating its advantage over general-
purpose open-domain assistants like ChatGPT. ChatGPT underper-
forms compared to both LBC and LBO due to linguistic biases (e.g.,
generating non-Tetun responses), inconsistent performance, and
lower quality of Tetun text, which limit its usefulness for Tetun-
speaking users.

Overall, LBC reaches a 91% task success rate and 4.30/5 user
satisfaction, substantially outperforming LBO (65%, 3.07) and CGPT
(53%, 2.83). Inter-annotator agreement is substantial, with Cohen’s
𝜅 = 0.67 for task success and Cohen’s weighted 𝜅 = 0.75 for user
satisfaction. The observed gains suggest that language-specific LLM
customization can enhance both effectiveness and user experience
for Tetun-speaking users, particularly when incorporating linguis-
tic knowledge such as orthographic normalization and loanword
transformation rules. These gains may be partly attributed to the
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model’s knowledge of Portuguese and the extensive use of Por-
tuguese loanwords in Tetun.

The remaining 9% of failures are primarily attributed to several
factors, including the retrieval of irrelevant documents, incorrect
search decisions (e.g., when search is required but not triggered,
leading to ungrounded responses), and hallucinations in ambiguous
queries. Failures appear more frequently for queries related to local
contexts where limited relevant information is available on the web.
For reproducibility, we make the query logs, system responses, and
annotation results publicly available [9].

6 Conclusion and Future Work
We presented Labadain Chat, an agentic conversational system for
Tetun speakers that builds on Labadain Old. The system demon-
strates a practical application of agentic AI for open-domain interac-
tion in Tetun, supporting tasks such as text translation, structured
news generation, and general conversation.

This study highlights the benefits of language-specific LLM cus-
tomization for Tetun, leveraging the extensive use of Portuguese
loanwords and curated lexical resources to improve the quality of
LLM-generated responses. Results from the user study show that
this approach achieves high task success and user satisfaction, con-
tributing to more accessible AI-powered information services for
the Tetun-speaking community. More broadly, the findings suggest
a practical pathway toward developing inclusive conversational
systems for under-resourced languages, with potential applicability
to other LRLs in similar contexts.

Future work will focus on fine-tuning open-source models for
Tetun to improve cultural awareness and support more sustainable
system deployment. Such approaches may also enable the gen-
eration of more accurate, relevant, and contextually appropriate
responses for Tetun-speaking users.

7 Limitations
Labadain Chat relies on the Google Search API for retrieval and
uses document titles, snippets, and URLs as contextual input for the
General Agent, which may limit the completeness and depth of the
information presented. Additionally, theGeneral Agent employs lim-
ited conversational memory (𝑘 = 1) due to cost constraints, which
may affect response coherence in extended multi-turn interactions.

The system also depends on commercial LLM APIs, which may
influence sustainability as service conditions evolve. While the
language-specific prompting strategiesmay remain applicablewhen
transitioning to alternative models, some prompt adaptationmay be
required to maintain performance under different model behaviors.

The assessment is based on a small-scale, user-centered study
with 60 queries emphasizing end-to-end task success and user sat-
isfaction. While this demonstrates practical utility, it is limited
to the General Agent and does not cover other agents due to the
labor-intensive and costly nature of the evaluation process.
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