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Abstract

The rapid documentation of endangered Iranian dialects is hampered
by a scalability crisis due to time-intensive manual methods. This
study aimed to design and evaluate a semi-automated framework
based on a Large Language Model (LLM) to accelerate typological
analysis. Employing a human-in-the-loop workflow, the Llama 3.1
model and few-shot learning were used to extract agreement system
patterns from a 5,400-sentence corpus of the Bakhtiari dialect of 1zah.
The model's performance was evaluated on a gold-standard annotated
test set (450 sentences) using precision, recall, and F1-score metrics,
followed by a qualitative error analysis .The model achieved an
overall accuracy of 87.4% and an Fl-score of 87.4. Qualitative
analysis of the 12.6% errors revealed two main limitations: 1) the
model's bias towards high-frequency structures, and 2) its difficulty
in processing specific morphophonological phenomena (e.g., broken
plurals). In terms of efficiency, the framework yielded a 78%
reduction in analysis time and enabled the processing of 4.6 times
more data per unit of time. The findings demonstrate that LLMs,
when embedded within a human-centric collaborative system, can
dramatically enhance the speed and scale of low-resource language
documentation without compromising accuracy. This framework
provides a practical model for accelerating fieldwork in Iranian
dialectology.
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Introduction

The documentation of endangered Iranian dialects faces a severe "scalability crisis" due to time-
intensive manual methods (Dabir-Moghaddam, 2012). Traditional fieldwork can take years and
is often limited to small speaker samples. In an era of accelerating language loss, we urgently
need tools that enhance both speed and scale without sacrificing analytical depth (Crystal, 2000;
Karimi, 2020). Large Language Models (LLMs) like Llama 3.1, with their few-shot learning
capability, offer a historic opportunity for automated processing of low-resource languages
(Brown et al., 2020; Wei et al., 2022). However, naive application risks imposing biases from
dominant languages and data colonialism (Bender et al., 2021; Bird, 2020). This study aims to
design and evaluate a semi-automated "human-in-the-loop" framework in which an LLM acts
as an intelligent assistant while the researcher retains final interpretation and quality control.
The case study focuses on the agreement system of the Bakhtiari dialect of 1zah. This dialect
exhibits four specific features (vocalic pluralization, ergative constructions, pro-drop, and local
phonological processes affecting agreement markers) that make it a challenging test for general-
purpose language models.

Materials, Methods, and Objectives
The literature shows detailed descriptive studies of Bakhtiari (Kalbasi, 2016; Anonby et al.,
2021), but no systematic framework for leveraging LLMs in the typological analysis of Iranian
dialects exists. Recent studies on low-resource languages indicate that LLMs still face
challenges such as data scarcity, the curse of multilinguality, and dialectal variation (Unjum et
al., 2026). This research aims to fill this dual gap (methodological and empirical).

The methodology was as follows:

« Data collection: 12 hours of natural speech from 15 elderly Bakhtiari speakers (age 60—75)
in rural Izah were recorded and transcribed, yielding a 5,400-sentence corpus.

» Gold standard: 600 sentences were randomly selected and annotated by two independent
linguists (Cohen’s kappa = 0.94). Of these, 450 sentences formed the final test set.

e Model and prompt engineering: Llama 3.1 (8B) was employed using few-shot prompting
(5 examples) and chain-of-thought reasoning. The optimal prompt was refined over 15
iterations on a validation set.

« Evaluation: Model performance was measured using precision, recall, and F1-score. Errors
were qualitatively analyzed. Manual analysis time was compared to semi-automated
workflow time.

Results and Discussion
Quantitative results showed that the model achieved 87.4% overall accuracy and an F1-score
of 87.4, outperforming a simple rule-based baseline (62.3%) by 25%. This demonstrates the
model’s ability to infer abstract syntactic patterns from limited data, supporting the hypothesis
of "latent universal linguistic knowledge™ in LLMs (Wei et al., 2022).
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Qualitative analysis of 57 errors (12.6% of the test set) revealed two systematic failure patterns:

Structural bias (42% of errors): The model tended to "distort" low-resource dialect structures
into the nearest high-frequency patterns of Persian or English (e.g., misinterpreting ergative
passive constructions as simple active).

Morphophonological blindness (35% of errors): The model failed to recognize dialect-
specific phenomena such as broken plurals and the influence of local phonological processes
on agreement markers.

In terms of efficiency, the proposed framework reduced analysis time from 210 seconds per
sentence (manual) to 45 seconds per sentence, representing a 78% time saving and enabling the
processing of 4.6 times more data per unit time. This shifts the researcher’s role from a labor-
intensive analyst to an intelligent manager and final interpreter.

Ethical considerations included informed consent, anonymization, collective intellectual
property rights for the speaker community, and avoidance of data colonialism (Bird, 2020). Key
limitations are dependence on prompt engineering, inherent model bias, computational cost,
and the need for transcribed data.

Conclusion

This study demonstrates that LLMs, embedded within a human-in-the-loop framework, can
serve as powerful collaborative partners for field linguists. The proposed framework increases
analysis speed by 78% and scalable processing capacity by 4.6 times while maintaining 87.4%
accuracy. However, the model alone cannot grasp dialect-specific morphophonological
intricacies or rule-breaking exceptions. Thus, the optimal future lies in a "dialectical synergy"
between the machine’s inductive speed and the human’s historical-cultural depth of
interpretation.

Future research directions include: (1) developing a shared library of optimized prompts for
various typological phenomena; (2) fine-tuning an open-source base model on a balanced
corpus of Iranian dialects; (3) integrating speech-to-text models for direct analysis of raw audio;
and (4) conducting cross-dialectal comparative studies.
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