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Abstract. This study explores the role of computational linguistics and translation studies in 

strengthening multilingual communication and fostering cultural inclusivity in the era of globalization. 

The limited representation of minority languages in language technologies creates communication gaps 

and reduces linguistic equity. Using an experimental NLP-based approach, this research employs 

corpora of majority and minority languages and leverages transformer models such as BERT, mBART, 

T5, and GPT. The process includes training, fine-tuning, and translation quality evaluation through 

BLEU, METEOR, and human assessment. The results demonstrate significant improvements in 

machine translation performance for minority languages after applying transformer-based models. 

Furthermore, translation studies contribute substantially to ensuring the accuracy, contextual relevance, 

and cultural meaning of translations. These findings have practical implications for developing more 

equitable and inclusive global communication and serve as a foundation for international language 

policy. The study also recommends strengthening cross-disciplinary collaboration to enrich minority 

language corpora, mitigate technological bias, and open pathways for further research in NLP and 

translation studies. 
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1. Introduction 

Language is a fundamental instrument in shaping communication, identity, and cultural 
diversity. However, the development of modern language technologies often fails to provide 
balanced representation for minority languages. Limited digital resources, lack of parallel 
corpora, shortage of linguistic experts, and insufficient funding hinder the integration of 
minority languages into technological systems, including machine translation (MT). Efforts 
to address this issue, such as the Digital Language Diversity Project, aim to empower minority 
language speakers to create, share, and utilize digital content. Nevertheless, the representation 
of minority languages remains a significant challenge in ensuring linguistic inclusivity. 

 
Multilingual communication also faces complex global challenges, especially during 

times of international crises. For example, the COVID-19 pandemic highlighted the 
dominance of English in global communication, which excluded large linguistic minorities 
from timely and high-quality information. Other barriers arise from the lack of adequate 
infrastructure to support multilingualism across different countries, particularly in education, 
public services, and professional communication. These challenges are further compounded 
by the need for institutions to accommodate populations with diverse language skills. 
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In this context, the urgency of advancing computational linguistics and translation 
studies becomes evident. Computational linguistics applies methods from computer science, 
such as machine learning and statistical modeling, to analyze and process natural language. 
This facilitates the development of more sophisticated translation systems, which can also be 
adapted for low-resource languages. Meanwhile, translation studies provide theoretical and 
methodological frameworks for understanding the relationship between source and target 
texts, as well as the socio-cultural nuances embedded in translation processes. 

 
Collaboration between these two fields has the potential to significantly strengthen 

linguistic inclusivity in global communication. By combining the technological capabilities of 
computational linguistics with the cultural sensitivity of translation studies, translation 
systems can be developed to be more accurate, fair, and inclusive. This aligns with the idea 
that globalization requires mechanisms of cross-linguistic communication that prioritize not 
only efficiency but also linguistic diversity and social equity. 

 
Based on this background, this study aims to assess the contributions of computational 

linguistics and translation studies in strengthening global communication. The main focus is 
to explore collaborative strategies between the two fields in addressing multilingual 
communication challenges, particularly in supporting minority languages in digital domains. 
The study is expected to provide insights into how interdisciplinary approaches can expand 
communication access, enhance inclusivity, and support the preservation of linguistic 
diversity in the era of globalization. 

2. Preliminaries or Related Work or Literature Review 

Computational Linguistics (CL) is an interdisciplinary field that combines computer 
science and linguistics, frequently utilizing methods from artificial intelligence (AI) and 
cognitive science. The main focus of CL lies in the application of computational methods for 
natural language analysis and processing, including machine translation (MT). In parallel, 
Translation Studies (TS) has developed as a discipline that investigates translation phenomena 
from linguistic, discursive, pragmatic, social, cultural, historical, ideological, ethical, and 
political perspectives. Since the mid-20th century, TS has expanded significantly, integrating 
theoretical models and methodologies from applied linguistics. 

The Role of Machine Translation and NLP in Multilingual Communication 

Machine Translation (MT), as a subdomain of Natural Language Processing (NLP), aims 
to translate text from one natural language into another. MT plays a crucial role in overcoming 
language barriers, particularly in multilingual contexts. With the development of advanced 
models such as Neural Machine Translation (NMT), translation systems have achieved 
significant accuracy across multiple languages. Beyond translation, MT and NLP contribute 
to enhancing human–machine interaction and enabling more effective communication in a 
globalized world. 

Previous Studies on Minority Language Translation  

Research on minority language translation highlights several challenges, particularly 
related to data scarcity and resource limitations. For instance, the Digaru language of the 
Tawra Mishmi community in Arunachal Pradesh has rarely been integrated into MT due to 
insufficient corpora. Similarly, studies on Upper Sorbian in Germany emphasize the 
importance of translation in education and professional training. Meanwhile, Kurdish 
literature translations into English reveal that such initiatives are often driven by individuals 
and can represent a form of cultural activism. 

Research Gaps 

Despite notable progress, significant gaps remain in MT and TS research. These gaps 
include: 
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1. Data Scarcity: Many minority languages lack sufficient corpora to support effective MT 
development. 

2. Linguistic Bias: Biases embedded in datasets and translation models often affect accuracy 
and representation. 

3. Cultural Representation: Insufficient attention to cultural aspects in translation risks the 
loss of essential meaning and context. 

Table 1. Research Gaps. 

Research Gap Description 

Data Scarcity Lack of sufficient corpora for minority languages limits MT effectiveness 

Linguistic Bias Bias in data/models impacts accuracy and representation 

Cultural Representation Neglect of cultural aspects can result in loss of meaning and context 

3. Methodology 

Figure 1. Research Methodology Flowchart. 

Research Design 

This study adopts an experimental research design based on Natural Language Processing 
(NLP). The objective is to evaluate the contribution of computational linguistics and 
translation studies in supporting multilingual communication, with a particular emphasis on 
the inclusion of minority languages. By implementing machine translation models under 
controlled experimental conditions, the study assesses translation quality across different 
linguistic contexts. 

Data 

The primary dataset used in this study is divided into two categories of corpora. The first 
is the majority language corpus, which includes high-resource languages such as English, 
Spanish, and Mandarin. These languages provide extensive parallel corpora and are supported 
by well-documented linguistic resources, making them ideal for training translation models. 
The second category is the minority language corpus, which consists of low-resource 
languages with limited availability of digital corpora. These languages were deliberately 
selected to represent diverse linguistic and cultural characteristics. The inclusion of minority 
languages is crucial, as it allows for a comparative analysis of translation performance between 
resource-rich and resource-poor contexts. 

Tools and Models 

To conduct the experiments, transformer-based models were utilized, including BERT, 
mBART, T5, and GPT. These models were chosen due to their proven effectiveness in 
multilingual machine translation and natural language understanding tasks. Each model was 
tested on both majority and minority language corpora to evaluate its adaptability and 
performance across different linguistic environments. 
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Experimental Procedure 

The experimental procedure followed a structured workflow consisting of several key 
stages. First, data preprocessing was conducted, which involved text cleaning, tokenization, 
and the alignment of parallel corpora to ensure consistency across languages. Following this, 
model training was carried out, where each transformer model was trained on datasets that 
included both majority and minority languages. To further enhance performance, fine-tuning 
was performed on pre-trained models using low-resource corpora, with the goal of improving 
translation accuracy for minority languages. Finally, the evaluation stage involved generating 
translation outputs for designated test sets, which were then assessed through both automated 
metrics and human-based evaluation methods to ensure comprehensive performance analysis. 

Evaluation Metrics 

To ensure a comprehensive assessment of translation quality, three evaluation 
approaches were employed. The first was BLEU (Bilingual Evaluation Understudy), which 
measures n-gram overlap between machine translations and reference translations to capture 
surface-level accuracy. The second was METEOR (Metric for Evaluation of Translation with 
Explicit ORdering), designed to evaluate translation quality based on semantic similarity, 
stemming, and synonym matching, thus offering a more flexible assessment of linguistic 
variation. Finally, human evaluation was conducted by expert linguists, who assessed 
translation fluency, adequacy, and cultural relevance. This qualitative dimension 
complemented the automated metrics by providing deeper insights into the overall 
effectiveness and cultural appropriateness of the translations. 

Ethical Considerations 

The study adhered to ethical research standards by ensuring the fair representation of 
minority languages and avoiding bias in model selection and evaluation. Furthermore, human 
evaluators were informed about the research goals and provided with clear guidelines for 
consistent judgment. 

4. Results and Discussion 

Results 

The findings demonstrate that the implementation of Transformer-based models 
significantly improved machine translation (MT) performance for minority languages, 
particularly in low-resource contexts. Compared to phrase-based and recurrent neural models, 
Transformers produced translations with higher BLEU and METEOR scores, yielding 
outputs that were both more fluent and contextually accurate. This aligns with prior studies 
that highlighted the potential of deep learning frameworks and multilingual neural machine 
translation (MNMT) to reduce the technological gap between majority and minority 
languages. Specifically, experimental results confirm that leveraging multilingual corpora and 
transfer learning allows low-resource language pairs, such as Digaru–English and Hindi–
English, to benefit from cross-linguistic knowledge transfer, thereby addressing long-standing 
challenges of resource scarcity. 

Discussion 

The discussion emphasizes that advances in computational linguistics and insights from 
translation studies are complementary in addressing linguistic inequalities. From a 
computational perspective, formalized NLP models and Transformer architectures enable 
more accurate linguistic representation, improving translation adequacy across diverse 
domains. However, automated metrics alone cannot fully capture cultural nuances, 
metaphors, or socio-political contexts, making the role of translation studies essential for 
ensuring accuracy, contextual relevance, and cultural integrity. Human evaluations conducted 
in this study confirmed that translations benefiting from expert linguistic and cultural 
assessment were consistently judged superior to purely machine-generated outputs. These 
results support the growing consensus that integrating computational linguistics with 
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translation studies provides a sustainable pathway for fostering digital inclusivity and equitable 
multilingual communication on a global scale. 

5. Comparison 

This study provides practical contributions that can serve as a foundation for shaping 
global language policies. By emphasizing the disparities between majority and minority 
languages in computational linguistics and translation technologies, the findings highlight the 
urgency of building inclusive strategies that ensure equitable access to linguistic resources and 
digital participation. 

The integration of computational linguistics and translation studies also illustrates how 
technology can support and promote linguistic diversity. Advanced NLP tools, when 
designed with inclusivity in mind, can empower minority languages to participate in digital 
communication. This not only contributes to cultural preservation but also enables wider 
participation in education, healthcare, governance, and international collaboration where 
language barriers often limit opportunities. 

From a policy perspective, the study provides recommendations for international 
organizations, governments, and the language technology industry. International 
organizations are encouraged to adopt multilingual digital frameworks that guarantee 
inclusivity, governments are urged to invest in the digital documentation of minority 
languages, and the language technology industry should develop translation systems that 
combine computational accuracy with cultural sensitivity. 

In the long term, these initiatives are expected to promote fairness in communication, 
strengthen cultural appreciation, and foster global inclusivity. Equitable access to language 
technologies enhances individual empowerment and supports social cohesion in multilingual 
societies. By aligning technological innovation with inclusive policy frameworks, linguistic 
inequalities can be reduced, contributing to sustainable global development and more just 
cross-cultural communication. 

6. Conclusions 

This study shows that the integration of computational linguistics and translation studies 
plays a vital role in advancing multilingual communication. The findings indicate clear 
improvements in machine translation performance for minority languages after the 
application of transformer-based models, while translation studies ensure accuracy, 
contextual meaning, and cultural inclusivity. Together, these fields provide strong foundations 
for building equitable and inclusive global communication. Future research should focus on 
addressing challenges such as limited linguistic resources, technological bias, and cultural 
underrepresentation, while also fostering interdisciplinary collaboration to develop more 
comprehensive and inclusive language technologies. 
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