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breaking down language barriers. Traditional machine translation models
rely on large parallel corpora for training, but zero-shot machine

\ translation (MT) offers a promising alternative by enabling translation
between language pairs without requiring direct training data. This study
explores the potential of generative Al in zero-shot MT, focusing on its
ability to bridge languages with minimal linguistic resources. The
research aims to evaluate the effectiveness of zero-shot MT using
generative Al models in translating between languages that lack
extensive parallel corpora. The study uses a comparative approach,
assessing the performance of generative Al models against traditional
MT systems on several language pairs, particularly focusing on low-
resource languages. The results show that generative Al-based zero-shot
models can produce high-quality translations across multiple languages,
even those with limited or no parallel data. The findings suggest that
zero-shot MT has the potential to revolutionize global communication by
offering a scalable, efficient solution for languages with insufficient
resources. This research concludes that generative Al's ability to perform
zero-shot machine translation has significant implications for improving
cross-cultural communication and expanding access to information, with
important applications in education, business, and diplomacy.
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INTRODUCTION

The ability to communicate across linguistic boundaries is a critical skill in our
increasingly interconnected world. As globalization continues to expand, the demand
for seamless communication between diverse language speakers has never been more
pressing. In response to this challenge, machine translation (MT) has emerged as a
powerful tool to bridge the gap between languages, allowing individuals to access and
share information regardless of linguistic barriers (Mitre & Zeneli, 2024; Yun, 2025).
Traditional machine translation systems, however, rely heavily on large parallel
corpora—datasets of aligned sentences in different languages—which are often not
available for less widely spoken or low-resource languages. This limitation has led to
efforts in developing new approaches that can overcome these data constraints.

One such approach is zero-shot machine translation (MT), which has the potential
to eliminate the need for parallel corpora between specific language pairs. Zero-shot
MT allows models to translate between languages without having been explicitly
trained on them, leveraging general language understanding from other languages.
Generative Al models, particularly those based on transformer architecture, have
demonstrated the capability to perform zero-shot translation by learning language
patterns from large-scale multilingual datasets (DePalma & Lommel, 2025; Ozkan dkk.,
2024). These advancements in Al have the potential to revolutionize the field of
translation by enabling real-time communication across many languages, regardless of
their resource availability, and fostering more inclusive global communication.

Recent developments in zero-shot machine translation have prompted renewed
interest in their potential applications for global communication. The intersection of
generative Al and machine translation is particularly promising, as these models can
theoretically bridge the gap between languages with minimal or no parallel data
(Carmona-Galindo dkk., 2025; DePalma & Lommel, 2025). This study explores the
implications of these technologies for improving communication across the world, with
a focus on the application of zero-shot MT models in enhancing accessibility to
multilingual resources and fostering cross-cultural exchanges.

While the advancements in generative Al and zero-shot machine translation are
promising, significant challenges remain in fully realizing their potential for real-world
applications. One key issue is the performance gap between high-resource languages,
such as English, and low-resource languages, where large-scale parallel datasets do not
exist. Many languages around the world suffer from this data scarcity, which makes
them less represented in traditional machine translation models. Even with the ability to
perform zero-shot translation, the quality of the translations in these low-resource
languages often falls short of the accuracy and fluency found in languages with
abundant training data (Damar dkk., 2024; Sheik Imam dkk., 2024). This presents a
fundamental problem for the widespread adoption of machine translation across all
languages, particularly in domains like education, diplomacy, and business, where
precise communication is critical.

Another issue is that while generative Al models can translate between many
languages without explicit training on each specific pair, they may still struggle with
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idiomatic expressions, cultural nuances, and context-specific meanings. Zero-shot
translation systems, although promising, often fail to fully capture the intricacies of
certain languages, leading to errors in both translation accuracy and meaning
preservation (Bordin & Maugey, 2025; Sheik Imam dkk., 2024). Moreover, languages
that have unique syntactic structures, morphological properties, or extensive cultural
context pose additional challenges for Al models to grasp, further complicating the
practical deployment of these models for real-world use cases.

This study addresses the gap in understanding the real-world implications of zero-
shot machine translation powered by generative Al, particularly for low-resource
languages (Hang dkk., 2024; Saini & Gupta, 2025). By assessing the quality and
feasibility of such models in improving cross-linguistic communication, this research
aims to identify the potential and limitations of these technologies in bridging
communication gaps worldwide, with a focus on how well they perform across
languages with limited resources and diverse cultural contexts.

The primary objective of this research is to explore the effectiveness of zero-shot
machine translation using generative Al models in bridging linguistic barriers across
diverse languages, particularly focusing on low-resource languages. This study aims to
evaluate how well these models can perform translations between language pairs with
limited parallel data, and to understand the accuracy, fluency, and cultural relevance of
the translations they generate (Eronen & Lee, 2024; llesan dkk., 2024). Additionally,
this research seeks to assess the scalability of zero-shot MT for real-time
communication across a wide variety of languages and the practical implications for its
application in global communication.

The study also aims to identify the challenges and limitations of zero-shot
machine translation, especially when dealing with languages that have less
computationally represented data. It will investigate how generative Al models handle
idiomatic expressions, syntactic differences, and context-sensitive terms in low-resource
languages (Chen dkk., 2025; Vartiainen & Tedre, 2024). The research will evaluate
various generative Al architectures, comparing the performance of these models when
applied to different language pairs, including both high-resource and low-resource
languages, to determine if zero-shot models can maintain translation accuracy and
fluency across the board. Moreover, the study aims to explore the impact of these
models on real-world applications, such as multilingual information dissemination,
cross-cultural communication, and global collaboration.

Lastly, the study aims to contribute to the development of better machine
translation systems that can overcome the data limitations of low-resource languages,
thereby expanding access to important global resources in multiple languages. This
research will offer a comprehensive analysis of how zero-shot machine translation
models can provide equitable linguistic access and facilitate more inclusive
communication, offering solutions that can be applied in areas such as international
diplomacy, educational outreach, and global business expansion.

While there has been significant progress in machine translation, particularly
through neural models such as transformers, a critical gap remains in the application of
these models to low-resource languages (Fortino & Gaur, 2024, 2025; Sajjadi
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Mohammadabadi dkk., 2024). Much of the existing literature on machine translation
focuses on languages with large parallel corpora, such as English, Spanish, and Chinese.
However, languages with limited data have not received the same level of attention, and
research on the application of zero-shot translation to these languages is sparse.
Although generative Al models, like those used in large multilingual training, have
shown promise in translating between languages without direct training data, the quality
of translations between low-resource languages is still not on par with that of high-
resource languages.

Additionally, there is insufficient research addressing how these models handle
languages with specific syntactic, cultural, and semantic characteristics that are not
easily translated using standard machine translation methods. While zero-shot models
have been developed, many still struggle with languages that require high contextual
understanding or those with low orthographic similarity to more commonly used
languages (EI Alami & Rawat, 2024; Simdes & Caldeira, 2024; Wei dkk., 2024). This
study fills the gap by focusing specifically on low-resource languages in Indonesia,
exploring the feasibility and limitations of zero-shot machine translation in overcoming
these challenges. By focusing on Indonesian regional languages, this research will
provide valuable insights into how generative Al can improve the accessibility of
underrepresented languages and bridge communication gaps across linguistic and
cultural boundaries.

The novelty of this research lies in its exploration of zero-shot machine translation
using generative Al models in the context of low-resource languages, particularly
focusing on Indonesian regional languages. Most existing machine translation research
has concentrated on languages with large datasets, leaving low-resource languages
underexplored in terms of practical machine translation applications. This research takes
a unique approach by applying zero-shot translation models to Indonesian, a language
family with complex linguistic structures, and by utilizing generative Al to overcome
data scarcity (Coban & Altay, 2024; Makhachashvili & Semenist, 2025). The study
focuses on the potential of these models to provide real-time translations and bridge the
communication gap between high-resource languages and low-resource languages.

This research is essential in the current landscape of global communication, as it
addresses the need for more inclusive technologies that can support cross-linguistic
communication. By enabling machine translation for languages with limited data, this
research supports the goal of democratizing access to information and fostering better
global communication (Constantin & Kavoura, 2024; Zhu dkk., 2025). As Indonesian is
the primary language for millions of people, but regional languages face challenges in
digital representation, this research is crucial for ensuring that technology can
accommodate linguistic diversity (Deike, 2025; Dua S. & Saxena V., 2024; Hasteer N.
dkk., 2025). The findings of this study are expected to contribute not only to machine
translation research but also to fields like cross-cultural communication, international
business, and education, where translation plays a key role in bridging divides and
enhancing global collaboration.

RESEARCH METHOD
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The research design for this study adopts a quantitative and experimental
approach, focusing on the development and evaluation of zero-shot machine translation
(MT) models using generative Al for cross-lingual communication. The study examines
the performance of these models in translating between multiple languages without
requiring direct parallel data, with a specific focus on evaluating their effectiveness in
real-world multilingual communication (Savski, 2024; Shomova & Kachkaeva, 2024).
The design includes training and testing deep learning models on multiple language
pairs, leveraging existing multilingual corpora and exploring their ability to perform
translations between languages that have minimal or no parallel corpora.

The population for this research consists of languages with limited parallel data,
specifically focusing on a set of widely spoken languages, including English, Spanish,
and Indonesian, and low-resource languages, such as Swahili and Bengali. A total of 10
language pairs are selected for the study, with a balanced representation of high-
resource and low-resource languages (Allahyari dkk., 2025; Giannini & Bowen, 2024).
The samples include publicly available multilingual corpora, such as the OPUS and
multilingual TEDx datasets, and custom datasets where applicable. Each language pair
includes approximately 50,000 parallel sentences for training purposes, with separate
validation and test sets to assess the model’s performance. The selection of these
languages ensures a diverse representation of linguistic structures and challenges for the
zero-shot MT models.

The primary instruments for this study include pre-trained transformer models
such as BERT, GPT-3, and multilingual T5, which will be fine-tuned for the zero-shot
translation task (Bennett & Abusalem, 2024; Hasanov dkk., 2024). These models are
selected based on their ability to handle diverse languages and perform transfer learning
without requiring extensive parallel data. Additionally, standard machine translation
evaluation metrics, such as BLEU score, METEOR, and TER, will be used to assess
translation quality, while human evaluation will complement these metrics to measure
fluency and meaning preservation. The models will be trained using the Hugging Face
Transformers library, and fine-tuning will be performed using a GPU-enabled
environment to ensure efficient model training.

The procedures for this study begin with the collection and preprocessing of
multilingual corpora, followed by the tokenization and normalization of text data. The
zero-shot machine translation model will then be trained on the multilingual dataset,
utilizing pre-trained weights from high-resource language pairs to transfer knowledge
across different language pairs. After training, the models will be evaluated on the
validation set, with performance assessed using both automatic and human evaluation.
Statistical analyses will be performed to compare the results between different models
and language pairs (He dkk., 2025; Yongwei dkk., 2024). The final evaluation will
focus on the generalizability of the zero-shot MT model across multiple languages,
particularly in detecting any significant loss of translation quality when applied to low-
resource languages.

RESULTS AND DISCUSSION
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The data used in this study consists of 10 language pairs, each with approximately
50,000 parallel sentences for training, sourced from publicly available multilingual
corpora such as OPUS and TEDx. The languages selected for this study include both
high-resource languages (English, Spanish, French) and low-resource languages
(Swahili, Bengali, Nepali). The total dataset size includes over 500,000 parallel
sentences for training, with separate validation and test sets containing 10,000 sentences
each. The data was preprocessed to remove noise, normalize text, and standardize
tokenization across all languages, ensuring consistency for training the zero-shot
machine translation (MT) models. The overall dataset comprises around 15 million
words, providing a diverse linguistic representation for training the models.

Table 1. The data composition for the language pairs used

Language | Number of | Word Count | High-Resource Low-Resource
Pair Sentence Pairs | (Total) Languages (%) Languages (%)
English- 50,000 1,000,000 60% 40%

Spanish

English- 50,000 800,000 55% 45%

Swahili

English- 50,000 900,000 50% 50%

Bengali

Spanish- 50,000 1,100,000 70% 30%

French

Spanish- 50,000 850,000 60% 40%

Nepali

The dataset distribution across both high-resource and low-resource languages
allows for the evaluation of the performance of zero-shot machine translation (MT)
models in a variety of linguistic contexts. High-resource languages, such as English and
Spanish, have large parallel corpora readily available for training, while low-resource
languages, like Swahili and Bengali, face significant challenges due to limited data. The
inclusion of both types of languages ensures that the study can assess the model’s
ability to perform well across languages with differing amounts of available training
data. High-resource languages contributed a larger portion of the dataset, as they tend to
have a broader presence in available multilingual corpora. However, the low-resource
languages, though numerically smaller in the corpus, offer a unique opportunity to
explore how the models handle languages with scarce parallel data.

The data was preprocessed and tokenized to standardize inputs for the deep
learning models. Tokenization was performed using standard tools such as the Hugging
Face Tokenizer, which ensures that all words and subwords are processed consistently
across languages. Noise filtering was also applied to remove non-relevant content, such
as URLs and special characters, which might interfere with the model’s performance.
After preprocessing, the data was divided into training, validation, and test sets,
ensuring a fair evaluation of the model’s performance. The balanced representation of
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both high-resource and low-resource languages in the dataset enables a comprehensive
analysis of the zero-shot MT model’s capabilities across different language pairs.

The performance of the zero-shot machine translation models was evaluated using
standard metrics, including BLEU score, METEOR, and F1-score. The results show that
the model’s performance was stronger for high-resource languages, with BLEU scores
averaging 35-40 for English-Spanish and Spanish-French pairs. For low-resource
languages, the BLEU scores ranged between 20-25 for English-Swahili, English-
Bengali, and Spanish-Nepali pairs. The F1 scores also followed a similar pattern, with
high-resource languages yielding scores between 0.72 and 0.75, while low-resource
languages had F1 scores ranging from 0.58 to 0.64. These results suggest that the zero-
shot model, while effective, faces challenges when translating low-resource languages
due to the scarcity of training data, which likely impacts the model’s ability to
understand complex syntax, idiomatic expressions, and contextual nuances.

The lower performance for low-resource languages can be attributed to the limited
availability of high-quality parallel data for training, which makes it harder for the
model to learn effective mappings between the source and target languages. Despite
these challenges, the zero-shot MT model still performed better than traditional
methods, such as phrase-based machine translation, which are typically more reliant on
extensive training data. These results highlight the potential of zero-shot translation in
addressing the problem of data scarcity, while also emphasizing the need for further
model optimization and the expansion of parallel corpora for low-resource languages to
enhance translation accuracy.

Inferential statistical analysis revealed a significant relationship between the
amount of training data and model performance. A regression analysis showed that for
every additional 10,000 sentence pairs in the training data, the BLEU score improved by
approximately 3 points for high-resource languages. This positive relationship between
dataset size and translation quality was less pronounced for low-resource languages,
where the BLEU score increased by only 1-2 points for the same amount of additional
training data. The difference in the influence of dataset size on model performance
highlights the challenge of translating low-resource languages, as the model’s ability to
generalize across language pairs is more limited when sufficient training data is not
available.

Further analysis showed that transfer learning, where the model is pre-trained on
high-resource languages, significantly improved performance on low-resource language
pairs. The pre-trained model, fine-tuned on the specific low-resource language pairs,
performed better than models trained from scratch, with a marked improvement in
accuracy for languages like Swahili and Bengali. This result supports the hypothesis
that transfer learning can help bridge the gap for low-resource languages, making zero-
shot translation more feasible and effective. The inferential analysis also indicated that
while dataset size is crucial, the application of transfer learning can significantly reduce
the impact of data scarcity, offering an effective solution for improving machine
translation in low-resource languages.

The relational data analysis indicated that the performance of the zero-shot MT
model was closely related to the linguistic similarity between the source and target
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languages. High-resource language pairs such as English-Spanish and Spanish-French,
which are structurally and syntactically similar, showed better translation results
compared to more linguistically distant language pairs like English-Swahili and
Spanish-Nepali. The model performed better when translating languages with shared
vocabulary, sentence structure, and grammar. The data suggests that zero-shot models,
which rely on transfer learning from pre-trained multilingual corpora, are more effective
when language pairs exhibit greater similarities in syntax and semantics.

In contrast, the model faced greater challenges in translating languages with
significant syntactic differences or those that do not share substantial vocabulary with
the source language. For example, translating from English to Swabhili, which involves
more extensive linguistic and cultural differences, resulted in lower-quality translations.
These findings suggest that while zero-shot models offer a promising solution for low-
resource languages, there is still a need for further advancements in cross-linguistic
transfer learning to improve the model’s ability to handle linguistic diversity.
Additionally, the research emphasizes the importance of linguistic similarity when
applying zero-shot MT to less-resourced languages.

A case study focused on the translation of social media posts from Indonesian to
Javanese illustrates how the model performs in a real-world, domain-specific context. In
this study, the zero-shot MT model successfully translated commonly used phrases and
expressions found in casual online conversations, such as greetings, expressions of
emotion, and cultural references. The translation of formal and technical language,
however, proved challenging. In particular, terms such as "human rights" and "legal
framework™ were misinterpreted due to the lack of available training data for such
specialized vocabulary in Javanese. This case study highlights the limitations of zero-
shot MT when dealing with technical terms or less commonly used language in low-
resource languages.

The performance in this case study further demonstrated the effectiveness of zero-
shot translation for everyday conversational language, where simpler sentence structures
and familiar phrases were accurately translated. However, when it comes to more
formal or domain-specific content, the model struggled to produce accurate translations,
showing the need for specialized training or fine-tuning to handle these challenges. This
case study illustrates that while zero-shot models can be highly effective for general use
cases, their performance may vary significantly depending on the complexity and
specificity of the content being translated.

Explanatory analysis indicates that the multimodal nature of zero-shot MT plays a
crucial role in bridging gaps in translation quality, especially when handling low-
resource languages. By leveraging transfer learning and pre-trained multilingual
models, the study found that the model’s ability to generalize across languages was
significantly improved, particularly for language pairs with a higher degree of
similarity. However, the data also reveals that further refinement of training processes
and the incorporation of domain-specific data are necessary to handle specialized
content effectively. The difficulty in translating more complex or technical terms is an
important area for future research, suggesting that specialized datasets or fine-tuning for
particular domains could improve translation accuracy in these areas.
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The findings highlight the importance of a hybrid approach, combining both
general and domain-specific training, to improve zero-shot translation models. By
refining the models to better handle specialized vocabulary and increasing the diversity
of training data, the performance of zero-shot MT systems can be significantly
improved. This will help expand the utility of these systems for real-world applications,
especially in languages with limited resources, where specialized language remains a
significant challenge for accurate machine translation. As the study suggests, continued
advancements in transfer learning and data augmentation will be essential for enhancing
the effectiveness and applicability of zero-shot machine translation in the future.

In conclusion, the results indicate that while zero-shot machine translation using
generative Al models offers promising solutions for translating low-resource languages,
its performance varies depending on the linguistic similarity of language pairs and the
availability of specialized data. The inclusion of transfer learning significantly enhances
the model’s performance, especially in cases where large-scale parallel corpora are
unavailable. However, challenges remain in accurately translating complex or domain-
specific content, especially for languages with significant linguistic and syntactic
differences from high-resource languages. Future work should focus on expanding
training datasets, improving cross-linguistic transfer learning techniques, and
incorporating domain-specific data to further enhance the capabilities of zero-shot
machine translation systems.

This study explored the effectiveness of zero-shot machine translation (MT) using
generative Al models to bridge language gaps in global communication. The results
revealed that zero-shot translation models, which do not require parallel data between
specific language pairs, were able to generate accurate translations between multiple
language pairs, even for languages with limited resources. The models showed
impressive performance when trained on large multilingual corpora, improving their
ability to translate both high-resource and low-resource languages. The generative Al
models, particularly those based on transformer architecture, achieved competitive
results across a variety of languages, demonstrating that these models can be effective
even in situations where traditional machine translation methods would fail due to the
lack of extensive parallel corpora. However, challenges remained in terms of translation
accuracy for languages with significant structural differences from high-resource
languages.

The results of this study are consistent with recent advancements in machine
translation, particularly in the application of zero-shot techniques in the context of
generative Al (Johnson et al., 2017). Similar to previous research, this study
demonstrates that zero-shot models can provide translations between languages without
requiring extensive parallel corpora, which is a breakthrough for low-resource
languages. However, this research adds a new dimension by focusing specifically on the
Indonesian language family, offering insights into how generative Al models can handle
languages that are not typically included in mainstream machine translation systems.
Unlike earlier studies that focused predominantly on high-resource languages such as
English, French, or Spanish, this study emphasizes the potential of zero-shot MT to
bridge linguistic divides in multilingual contexts, especially for underrepresented
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languages that lack large-scale parallel data. This comparison underscores the
increasing relevance of zero-shot models in machine translation and their capacity to
overcome data scarcity.

The results signify that generative Al has the potential to democratize machine
translation by providing a practical solution for languages with limited parallel data.
The performance of the zero-shot models, even for low-resource languages, highlights
the capacity of Al to handle diverse linguistic features without the extensive data
traditionally required. This finding signals a significant shift in the way machine
translation systems are designed and deployed. In particular, the success of the zero-shot
models suggests that future translation systems may not need to rely heavily on specific
language pairs, thus overcoming the constraints of parallel data availability. This also
indicates that, in the future, translation systems could become more inclusive and
accessible for a greater number of languages, including those that are historically
underrepresented in digital resources.

The implications of these findings are wide-ranging and can have a profound
impact on global communication. The ability to perform zero-shot translations opens up
new possibilities for cross-lingual communication, particularly in regions where
multiple languages are spoken but resources for machine translation are scarce. By
reducing the dependency on parallel corpora, this technology can facilitate real-time
communication, enhance multilingual access to digital content, and support global
business, education, and diplomacy. These advancements could significantly lower
barriers for communication between diverse linguistic communities, fostering
inclusivity in international collaboration. Additionally, the scalability of zero-shot
models suggests that these systems could be applied to smaller or endangered
languages, providing a means to preserve and promote linguistic diversity in the digital
age.

The results of this study are likely due to the ability of generative Al models,
particularly transformer-based architectures, to learn generalizable patterns across
multiple languages. Unlike traditional machine translation systems that rely heavily on
language-specific training data, zero-shot models are trained on a multilingual corpus,
allowing them to generalize across languages and apply knowledge learned from one
language pair to others. This capability is especially useful when dealing with low-
resource languages, as the model can leverage linguistic structures and vocabulary from
high-resource languages. However, the challenges faced in translating languages with
significant structural differences, such as those with unique syntax or cultural context,
suggest that these models are not yet perfect and may require further fine-tuning or
specialized domain data to achieve the highest levels of accuracy.

Moving forward, future research should focus on improving the accuracy of zero-
shot machine translation models, particularly for languages with significant structural
differences from the source language. This could be achieved through domain-specific
fine-tuning, where the models are trained on particular fields such as law, medicine, or
literature to better capture specialized language use. Additionally, further exploration of
incorporating multimodal data (such as images, audio, or video) into the translation
process could enhance the model’s ability to understand context and improve its

10
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performance, especially for languages that rely heavily on visual or cultural context.
Future work should also aim to expand the availability of multilingual datasets for low-
resource languages to improve the generalization of these models across a broader range
of linguistic groups. Lastly, research should focus on developing methods for real-time
deployment of zero-shot translation systems, making them accessible for use in daily
communication, business, and education across linguistic boundaries.

CONCLUSION

The most important finding of this research is the demonstrated ability of
generative Al-based zero-shot machine translation (MT) models to perform cross-
lingual translation tasks effectively, even for languages with limited parallel data. The
results show that these models can generalize across multiple language pairs and
provide high-quality translations without requiring direct training on every specific
language pair. This is particularly important for low-resource languages that
traditionally struggle with the availability of large parallel corpora. The success of zero-
shot MT models in bridging languages with minimal resources opens up significant
possibilities for enhancing communication and information sharing across the globe,
especially for languages that have been underrepresented in digital resources.

This research contributes to the field by applying generative Al, specifically zero-
shot machine translation, to improve global communication. While previous studies
have explored machine translation for high-resource languages, the introduction of zero-
shot MT for languages with scarce resources is a key innovation. The study’s method of
leveraging pre-trained models and multilingual corpora for zero-shot learning offers a
valuable approach for overcoming the data limitations that typically hinder the
development of machine translation systems for low-resource languages. By
demonstrating the practical application of these models in real-world scenarios, this
study provides a critical contribution to the development of more inclusive and scalable
machine translation systems that can accommodate a diverse range of languages.

A limitation of this research is the reliance on pre-existing, general-purpose
multilingual models that may not always capture domain-specific nuances or cultural
context. While the zero-shot model performs well for general text translation, it
struggles with specialized vocabulary and idiomatic expressions that may require further
fine-tuning or specialized training data. Future research should focus on incorporating
domain-specific datasets to refine the translation model for particular fields such as law,
medicine, or technology. Additionally, expanding the training data for low-resource
languages would help improve the accuracy of translations, particularly for languages
that are structurally distant from the source language. Addressing these challenges will
further enhance the applicability and performance of zero-shot machine translation
models in real-world applications.

Future research should aim to build on this study by exploring the integration of
multimodal data, such as images, audio, and video, to enhance the contextual
understanding of machine translation models. Given that communication often involves
more than just text, incorporating additional forms of data could improve the model’s
accuracy in translating culturally complex or multimodal content. Additionally, further

11
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investigations should focus on real-time machine translation applications, testing the
effectiveness of zero-shot models in dynamic, interactive environments such as
international conferences, digital communications, and e-commerce. This research
should also assess how these models can be deployed across multiple languages in real-
world settings to foster more inclusive communication and reduce barriers to global
information exchange.
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