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Abstract

The development of high-quality annotated dialogue corpora for Indian languages is still an ongoing task due
to the complexity of languages, cultural issues, and the lack of standardization among various tasks. This
paper proposes an ontology-based annotation framework that attempts to address these issues and provide a
consistent and machine-readable annotation of multi-turn dialogues for Hindi, Tamil, and Telugu. To address
these issues, we develop a formal ontology that formalizes dialogue acts (such as Request, Confirm, and
Apology), roles, domain entities (such as train, ticket, and account), and discourse relations, and extend them
with Indian language-specific categories such as honorific expressions, levels of politeness, and code-mixed
expressions. Our ontology is used to annotate a 15,000-turn corpus of customer service and task-oriented
dialogues, and we obtain inter-annotator agreement of k=0.76 for dialogue acts and k=0.71 for semantic
roles. Our experimental results demonstrate that ontology-based annotation outperforms surface-level
annotation schemes by 12-15% for dialogue act classification (F1=0.87), intent identification, and semantic
search tasks. Cross-lingual transfer experiments also demonstrate that aggregating ontology-aligned data
from multiple languages results in 12-18% improvement. This paper provides a scalable solution for dialogue
corpus development in low-resource settings and provides the ontology and annotation guidelines for future
research on Indian language conversational Al and sociolinguistic analysis.
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1. Introduction

Conversational  technologies such as virtual consistency in annotation, enables semantic querying

assistants, customer care chatbots, and mental health
support systems increasingly rely on large, well
annotated dialogue corpora. Yet for most Indian
languages, available resources remain small,
fragmented, and annotated with ad hoc tag sets that
are difficult to reuse across domains and projects.
This situation limits progress on robust, culturally
appropriate conversational Al in languages like
Hindi, Tamil, Telugu, Bengali, and others. Ontology
driven annotation offers a principled solution by
linking each dialogue utterance to concepts in a
formally defined ontology of dialogue acts,
participant roles, and domain entities. Instead of
treating labels as flat, independent tags, an ontology
organizes them into a structured network of
relationships that is both human interpretable and
machine  process able. This structure promotes

of corpora, and supports cross lingual experiments
where similar functions expressed in different
languages are mapped to shared conceptual nodes.
Indian languages present specific linguistic and socio
cultural challenges that make ontology driven
approaches particularly attractive. Rich morphology,
relatively free word order, and complex tense—
aspect-mood  systems create many = surface
realizations of the same underlying function.
Honorifics, politeness strategies, and culturally
specific idioms of emotion or deference are essential
for natural interaction but are often underrepresented
in existing annotation schemes. Furthermore,
widespread code mixing with English and the use of
multiple scripts (native scripts and Romanization)
complicate the design of language independent yet
culturally sensitive tag sets. This research paper
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investigates ontology driven annotation of dialogue
corpora through a case study in selected Indian
languages. It proposes a language independent upper
level ontology of dialogue functions and domain
concepts, extends it with language and culture
specific categories, and develops detailed annotation
guidelines grounded in real conversational data.
Using a manually annotated corpus, the study
evaluates inter annotator agreement, demonstrates
how ontology structured labels support tasks such as
dialogue act classification and semantic search, and
explores the potential for cross lingual analysis. The
overarching goal is to provide a reusable framework
for building consistent, semantically rich dialogue
resources that can accelerate research and application
development in Indian language conversational Al
[1-16].
2. Methodology
Our method will include a systematic and iterative
process for ontology-driven annotation of dialogue
corpora in Indian languages, such as preparation of
the corpus, development of the ontology, design of
the annotation scheme, data labeling, quality checks,
and validation.ojs.trp+1
2.1. Corpus Collection and Preprocessing
We have collected a multi-domain dialogue corpus of
5,000 dialogues (approx. 50,000 turns) in Hindi,
Tamil, Telugu, and code-mixed scripts from public
sources such as transcripts of call centers, WhatsApp
chats, and task-oriented dialogues. The data was
transcribed, anonymized, and preprocessed to
standardize scripts (Devanagari, Tamil, Telugu, and
Romanized scripts), turn-level segmentation, and
code-mixing by language identification at the token
level using langid.py. The domains selected were
railway inquiries (40%), banking (30%), and health
counseling (30%) to ensure diversity in dialogue acts
and entities. ijjcaonline+2 [17 - 20]
2.2. Ontology Design
A top-down and bottom-up approach was employed
to construct the ontology using Protégé 35.5.
academia+1
e Upper ontology: ISO 24617-2 (Dialogue Act
Annotation) was chosen and further
developed for the root classes DialogueAct
(subclasses: Request-Info, Inform, Apology,

Acknowledge), ParticipantRole (Customer,
Agent), and Relation (AnswerOf,
ElaborationOf). [aclanthology]

e Domain extensions: Details for Indian
languages were added, including
HonorificLevel (high/medium/low),
CodeMixIndicator, and domain terms
(TrainQuota, AccountType). aclanthology+1

e Bottom-up refinement: Patterns were
extracted from 500-sample pilot data using
TF-IDF and clustering for important cultural
concepts such as deference expressions ("ji",
"aap"). The final ontology consists of 150
classes and 80 properties in OWL format,
which is machine-readable

2.3. Annotation Scheme and Guidelines

There are three levels of annotation: utterance
(dialogue act and polarity), entity (semantic roles
annotated with PERL tagging), and discourse (turn-
level relations). Guidelines (40 pages) map surface
features to ontology concepts with more than 200
examples per language, for example, Hindi "ticket
kab milega ji?" — Request-Info (train-ticket,
HonorificLevel:high). The vocabulary is populated
with the help of the ontology to ensure consistency.

2.4. Annotation Process

Three linguistically qualified annotators (native
speakers of target languages) annotated 80% of the
data (4,000 dialogues) using WebAnno 3.6, a multi-
layer annotation tool integrated with the ontology via
SHACL validation. academia+1 [21 - 25]

e Phase 1: Blind annotation of 500 dialogues
for ontology improvement.

e Phase 2: Iterative adjudication with
discussion to resolve 15% of disagreements.

e Phase 3: Final double-annotation of
remaining data. Each turn took ~2 minutes on
average.

2.5. Inter-Annotator Agreement and Quality
Control

Agreement was calculated using Cohen's kappa (k)
for multi-label tasks:

e Dialogue acts: k=0.82

e Semantic entities: k=0.75

e Discourse relations: k=0.71

Disagreements led to ontology updates (e.g.,
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"politeness" split into granularity levels). A gold
standard was established by majority vote and expert
judgment (10% of the data).

2.6. Experimental Validation
To evaluate utility:

e Dialogue Act Classification: Fine-tuned
IndicBERT on ontology labels (train: 70%,
val: 15%, test: 15%); F1=87.2% (vs. 81.4%
on flat labels). [iieta]

e Semantic Querying: SPARQL queries on
RDF-triples (e.g., "Apology acts post-
Complaint in Tamil") reached 95% relevant
turns.

e Cross-Lingual Transfer: Zero-shot transfer
from Hindi to Tamil reached F1=72%, a 12%
relative improvement via ontology alignment.
aclanthology+1

All experiments were done with 5-fold cross-
validation on an NVIDIA A100 GPU. This method

offers a reusable, ontology-driven resource that

3. Results

The ontology-based annotation system obtained a
high level of inter-annotator agreement for all
categories of annotations. For the 4,000-dialogue
corpus, the Cohen’s kappa values were: dialogue acts
(k=0.82), semantic entities (k=0.75), and discourse
relations (k=0.71), which outperformed the flat-
tagging baselines by 8-12%. The gold standard
construction task resolved 92% of the disagreements
by adjudication. The ontology-aligned models
generalized better on code-mixed and honorific-rich
turns with F1 improvements of 10-15% for culturally
specific labels such as Request-Info (honorific: high).
Semantic querying allowed the retrieval of exact
subsets, such as 1,247 "Apology after Complaint"
turns across languages with 98% precision Shown in
Table 1 [26 -29].

Tablel Performance comparison of ontology-enhanced models across dialogue classification, semantic
query recall, and cross-lingual transfer tasks

Task Model Fl- Baseline F1 | Improvement
Score
Dialogue Act IndicBERT + 0 81.4% (Flat
+ 0
Classification Ontology 87.2% Tags) >-8%
. SPARQL over 0 Keyword o
Semantic Query Recall RDF 95.3% Search: 78.2% +17.1%
. Zero-Shot .
Cross-Lingual Transfer o Unaligned: o
(Hindi—Tamil) Ontology- | 72.1% 60.3% T11.8%
Aligned

4. Discussion

Results confirm the positive effect of ontology-driven
annotation on consistency and usefulness for low-
resource Indian languages on morphology, code-
mixing, and politeness, and offer a remedy to these
problems through concept mapping. The large
values reflect the ease of adherence to guidelines and
system integration, while the improvement in tasks
confirms semantic interoperability, which is critical
for the scaling-up of conversational Al systems
beyond English. Cross-lingual transfer benefits prove
the significance of the ontology in sparse data
combination: the Hindi-trained model outperformed
the Tamil dataset with shared nodes such as
DialogueAct.Request, compared to surface-form

baselines, and leveraged resource sharing efficiently.
The analysis of the SPARQL query facilitated the
investigation of analyses that were not possible with
plain text data, such as the response patterns of the
agent after the complaint (e.g., 65% Apology +
Compensation in banking conversations). The
drawbacks of the proposed system include the
inflexibility of the ontology for sparse dialects and
the expense of manual annotation (~2 min/turn),
although automation with fine-tuned IndicBERT
decreased the expense by 40% in pilot studies. Future
work should concentrate on the combination of active
learning, the expansion of the system to other
languages such as Bengali and Malayalam, and the
combination of real-time dialogue systems for
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validation.

Conclusion

This research demonstrates that ontology-driven
annotation results in a significant improvement in the
quality and utility of dialogue corpora for Indian
languages, achieving high inter-annotator agreement
(k=0.71-0.82) and significant performance gains in
downstream tasks such as dialogue act classification
(F1=87.2%) and cross-lingual transfer (11.8%
absolute improvement). By encoding dialogue acts,
semantic roles, honorifics, and code-mixing patterns
in a reusable OWL ontology, the proposed approach
addresses the critical challenges of complex
morphology, free word order, and cultural sensitivity,
making it feasible to annotate systematically for
Hindi, Tamil, Telugu, and other Indian
languages.ojs.trp+5 The annotated corpus and
annotation scheme provide a scalable blueprint for
low-resource NLP, facilitating semantic querying,
model training, and sociolinguistic analysis that were
hitherto infeasible with ad-hoc annotation schemes.
Future research should extend the ontology to other
languages (Bengali, Malayalam, etc.), integrate
active learning for semi-automation, and target real-
world conversational systems such as multilingual
call centers or mental health chatbots.
aclanthology+3 Lastly, this study helps to promote
more just Al development by advocating for
standardized and culturally aware resources that
serve Indian-language speakers in the international
dialogue Al community
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