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1. Introduction
Natural language processing (NLP) has undergone rapid and transformative progress

in recent years, driven largely by advances in deep learning and the emergence of
large language models (LLMs). These models have enabled substantial improvements
in language understanding and generation, supporting applications such as conversa-
tional systems, question answering, information retrieval, summarization, and decision
support [1]. As a result, NLP technologies are increasingly being deployed in real-world,
high-impact domains.

Despite these advances, significant challenges remain. Issues such as hallucination,
bias, scalability, privacy preservation, multilingual and low-resource language support, and
ethical deployment continue to limit the reliability and trustworthiness of NLP systems [2].
Addressing these challenges requires not only improvements in model architectures but
also careful consideration of domain adaptation, evaluation rigor, human–AI interaction,
and responsible AI practices.

In this context, the Special Issue “Techniques and Applications of Natural Language
Processing” was launched to present recent advances in both foundational NLP methods
and applied systems. This Special Issue brings together eight peer-reviewed contributions
that collectively highlight current research trends, methodological innovations, and practi-
cal applications across diverse languages and domains. The included articles reflect the
growing emphasis on robustness, efficiency, multilinguality, and real-world applicability in
modern NLP research.

2. An Overview of Published Articles
This Special Issue comprises eight contributions that address complementary aspects

of NLP research and applications.
Contribution (1), by Padilla Cuevas et al., presents MédicoBERT, a domain-specific

language model for Spanish medical NLP tasks. The study demonstrates how systematic
hyperparameter optimization can improve question-answering performance, highlighting
the importance of tailored language models for healthcare applications.

Contribution (2), by Um and Kim, investigates performance enhancement in
transformer-based language models through the integration of neural topic attention. The
proposed approach enriches contextual representations and shows improved performance
across NLP tasks, illustrating how architectural modifications can complement standard
transformer designs.

Contribution (3), by Albahli, introduces an advanced framework for Arabic named
entity recognition that effectively addresses morphological richness and nested entities.
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The work contributes to NLP research for morphologically complex languages and demon-
strates improved entity recognition accuracy in Arabic text.

Contribution (4), by Patil et al., analyzes the performance of the LLaMA3 model on
classification tasks using parameter-efficient fine-tuning techniques, including LoRA and
QLoRA. The study provides insights into accuracy–efficiency trade-offs when adapting
large language models for downstream tasks.

Contribution (5), by Viveros-Muñoz et al., explores whether the grammatical structure
of prompts influences the responses generated by generative AI systems. Through an
exploratory analysis in Spanish, the authors demonstrate that prompt formulation can
significantly affect model outputs, underscoring the importance of prompt engineering.

Contribution (6), by Carrasco-Sáez et al., examines higher education students’ prompt-
ing techniques and their impact on ChatGPT’s performance. The findings highlight how
user expertise and prompting strategies shape the effectiveness of human–AI interaction in
educational settings.

Contribution (7), by Geng et al., focuses on speech recognition for the low-resource
Tongan language. The authors propose a transfer learning approach based on layer-
wise fine-tuning and lexicon parameter enhancement, achieving improved recognition
performance and contributing to multilingual and low-resource NLP research.

Contribution (8), by Pan et al., investigates the use of LLMs for summarizing Spanish-
language news articles. The study evaluates coherence and quality in generated summaries,
demonstrating the potential and limitations of LLM-based summarization in real-world
information processing scenarios.

3. Conclusions
The contributions presented in this Special Issue collectively illustrate the evolving land-

scape of NLP research, emphasizing both methodological innovation and practical deployment.

3.1. Key Outcomes and Advances

Across the eight articles, several key themes emerge. First, domain adaptation and
parameter-efficient fine-tuning are shown to be effective strategies for improving model
performance while managing computational costs. Second, architectural enhancements
and prompt engineering play a critical role in shaping model behavior and output quality.
Third, multilingual and low-resource language support remains a central research focus,
with several contributions addressing Spanish, Arabic, and Tongan language processing.
Finally, the growing importance of human–AI interaction and evaluation rigor is evident in
studies examining prompting strategies and educational use cases.

3.2. Future Directions and Open Challenges

While the works in this Special Issue demonstrate notable progress, several challenges
remain. Future research must continue to prioritize efficiency, interpretability, robustness,
and responsible AI practices to ensure trustworthy deployment in real-world settings [3],
particularly as NLP systems are deployed in sensitive and high-impact domains. Hybrid
approaches that integrate learning-based models with external knowledge sources and
structured representations represent a promising direction. Additionally, sustained efforts
are needed to support low-resource and multilingual languages and to foster collaboration
between NLP researchers and domain experts. Addressing these challenges will be essential
for ensuring that NLP technologies are reliable, trustworthy, and socially beneficial.
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