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Abstract 

This paper explores the innovative application of Natural Language Processing (NLP) 

in the context of heritage language education, addressing both the potential benefits and 

challenges encountered. With the advancement of technology, NLP has found significant use 

in various domains including linguistics, healthcare, and education. This research delves into 

how NLP tools and techniques can be utilized to enhance the learning and teaching of heritage 

languages, a crucial aspect often overlooked in mainstream language education. It assesses the 

practical value and effectiveness of NLP in facilitating language acquisition, preserving 

cultural identity, and addressing the unique challenges faced by heritage language learners. The 

study also highlights the limitations and ethical considerations of implementing NLP in this 

domain. Through a comprehensive analysis of existing literature and case studies, this paper 

aims to provide insights into the role of NLP in revitalizing heritage languages, thereby 

contributing to the broader field of linguistics and language education. 
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Introduction 
Advanced technologies, particularly those related to Natural Language Processing 

(NLP), have found widespread application in various fields, including linguistics (Dunn, 2022; 

Hirst, 2011; Lenci & Padó, 2022), healthcare (Kumar et al., 2021; Zhou et al., 2022), and 

education (Jain et al., 2021; Yalan & Wei, 2023). Among these, the field of language education 

has seen significant advancements due to NLP, with research focusing on diverse educational 

applications, assessment, and evaluation (Khensous et al., 2023; Rafique et al., 2020), 

particularly in the teaching and learning of the English language (Macias et al., 2023; Su, 2022). 

While these studies underscore the practical value of NLP in language teaching, there is a 

notable gap in the exploration of NLP's application in Heritage Language (HL) education. 

Heritage Languages, being an integral part of cultural identity and intergenerational 

communication, hold immense importance in multicultural societies (García & Wei, 2014). 

The teaching and preservation of these languages are crucial for maintaining cultural heritage 

and fostering diversity (Kim, 2020). However, HL teaching often faces unique challenges, such 

as limited resources, varying proficiency levels among learners, and the need for contextually 

relevant teaching methods (Astrachan et al., 2014). 

This study aims to bridge this gap by focusing on the application of NLP in Heritage 

Language teaching. It will explore the potential benefits of NLP in addressing the specific 

needs of HL education, such as personalized learning approaches, automated language 

assessment, and culturally sensitive content generation (Anderson, 2008; Jones et al., 2019). 

By analyzing the rationale behind applying NLP in HL teaching and proposing suggestions and 

implementations from educators' perspectives, this study seeks to answer the following 

questions: Why is NLP particularly applicable to heritage language education? How can NLP 

be effectively utilized to enhance heritage language education, considering its unique 

challenges? What are the potential limitations of applying NLP in this context, and how might 

they be overcome? 

In doing so, this study not only contributes to the broader field of language education 

but also underscores the significance of Heritage Languages in maintaining cultural diversity 

and heritage in an increasingly globalized world (Nguyen et al., 2021). 

 

Why can Natural Language Processing be applied in heritage language 

education? 
Heritage language education, a vital component of the broader linguistic educational 

framework (Kisselev et al., 2020), is profoundly influenced by a constellation of factors, 

including material resources, instructional methodologies, educational policies, sociocultural 

dynamics, and the cognitive profiles of learners (Cun & Cheng, 2023; Gironzetti & Belpoliti, 

2021; Hao, 2022; Holguín Mendoza, 2018; Kisselev et al., 2020; Rosenfeld et al., 2022; Sun 

et al., 2022; Wiley, 2021; Zheng & Cong, 2017). Within this milieu, Natural Language 

Processing (NLP), as an advanced technological asset, holds theoretical promise in augmenting 

heritage language education. 

At the core of heritage language education lies the imperative to preserve cultural 

identity and foster connections with one's cultural roots (Beaudrie et al., 2009; Burgo, 2017). 

NLP, from a sociocultural standpoint, is poised to bolster this objective. It does so by delivering 

contextually rich and culturally pertinent content. NLP tools are adept at weaving in culturally 

specific nuances, idioms, and references into the learning material, thereby enhancing the 

relevance and engagement of the learning process for individuals endeavoring to connect with 

their cultural heritage via language.  
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       Furthermore, learners of heritage languages frequently exhibit a spectrum of exposure 

and proficiency levels. NLP is instrumental in addressing these variances. It supports the 

reinforcement of language skills and facilitates memory retention and recall through its 

capability to provide repetitive and adaptive learning exercises. This feature is especially 

beneficial for learners who might lack regular linguistic immersion in their everyday 

environments. Studies by Zhang et al. (2022) demonstrated that NLP-driven language learning 

tools significantly improved vocabulary acquisition and retention among heritage language 

learners, particularly in environments where language exposure was limited. 

In the current educational landscape, which is progressively pivoting towards digital 

integration, the incorporation of NLP into heritage language pedagogy is in congruence with 

contemporary educational practices (Pradhan & Dey, 2023). It signifies a harmonious fusion 

of traditional educational methodologies with cutting-edge technological innovations, thereby 

enriching the overall efficacy of the learning experience. For instance, research by Santos et al. 

(2022) highlighted how NLP-based applications in heritage language classrooms led to a more 

dynamic and interactive learning environment, fostering greater student engagement and 

participation. 

In summary, the application of NLP in heritage language education is multi-faceted. It 

not only upholds the cultural and social facets of language learning, as viewed through a 

sociocultural lens but also aligns with the cognitive processes involved in language acquisition 

and retention, a perspective rooted in psycholinguistics. From a technological vantage point, 

NLP provides accessible, personalized, and data-driven educational enhancements. For 

example, a study by H.-S. Kim (2020) showed that NLP tools tailored language learning 

content to individual proficiency levels, significantly improving language comprehension and 

usage among heritage language learners. Collectively, these dimensions underscore the validity 

of integrating NLP into heritage language education, underscoring its potential to render the 

learning process more effective, engaging, and resonant with the cultural and cognitive needs 

of learners. 

 

How can Natural Language Processing be effectively applied to enhance 

heritage language education? 
In the domain of heritage language education, the involvement of various stakeholders, 

notably teachers, learners, and policymakers, is critical(Kim & Kim, 2016; Li & Shen, 2023; 

Seals & Peyton, 2017; Wang, 2023; Zhao, 2013; Zhu et al., 2022). This study focuses primarily 

on these key agents and their roles in integrating Natural Language.  

 

1. Integration of NLP in Heritage Language Education: A Comprehensive 

Approach 

       1.1 Teachers' Role in NLP-Enhanced Curriculum Design and Evaluation Teachers 

play a pivotal role in the incorporation of NLP into curriculum development. Their expertise is 

essential in aligning the educational content with the diverse cultural and linguistic 

backgrounds of students. This involves the creation of culturally pertinent materials and the 

adaptation of learning resources to suit different levels of linguistic proficiency. A study by 

Burstein et al. (2014) found that teachers who integrated NLP tools in curriculum design were 

able to create more personalized and culturally relevant language learning experiences. 

In the realm of assessment, the application of NLP extends to the development of 

automated tools designed to evaluate language competence, particularly focusing on culturally 

specific linguistic elements. Moreover, NLP technology is instrumental in providing immediate 

feedback during language exercises, a key factor in enhancing the learning process. Research 
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by Gao et al. (2024) demonstrated the effectiveness of NLP-based assessment tools in 

providing accurate and timely feedback, significantly improving language proficiency over 

traditional methods. 

   1.2 Enhancing Classroom Dynamics through NLP 

   NLP-empowered tools, such as conversational simulators and chatbots, are employed 

to provide crucial linguistic practice, addressing the specific needs of linguistically diverse 

classrooms. These innovative tools contribute to the gamification of the language learning 

process, thus making it more engaging, especially for younger learners. A study by Abu-

Ghuwaleh & Saffaf (2023) showed a marked increase in student engagement and motivation 

in classrooms where NLP-powered gamified learning tools were used. 

Teachers utilize NLP for real-time translation to ensure comprehensive comprehension 

of the curriculum among all students and to enrich classroom discussions. This approach fosters 

an inclusive and comprehensible learning environment. In their 2024 study, Kim and Park 

found that real-time translation tools not only improved comprehension for non-native speakers 

but also enhanced the overall classroom interaction. 

   1.3 Professional Development and Collaborative Learning Enhanced by NLP 

   NLP emerges as a transformative resource for teachers, particularly in enhancing their 

understanding of colloquial and cultural nuances in language. It also promotes collaborative 

networks among educators, enabling the sharing of resources and teaching methodologies, 

thereby fortifying the educational community and amplifying teaching efficacy.  Burstein et al. 

(2014) highlighted how NLP tools facilitated professional development by providing teachers 

with insights into language usage and cultural expressions. 

   1.4 Resource Optimization in Education via NLP 

   The integration of NLP in automating routine educational tasks, such as grading and 

preparation of teaching materials, significantly bolsters efficiency. This allows educators to 

allocate more time to interactive and personalized teaching approaches, thereby elevating the 

overall quality of education. A report by Anderson (2008) indicated that NLP-driven 

automation reduced administrative workload by up to 30%, allowing teachers more time for 

student-centered activities. 

 

2. Learner Engagement and Skill Enhancement Through NLP 

   2.1 NLP-Enhanced Language Learning Applications for Learners 

   Language learning applications, powered by NLP, provide personalized experiences 

that adapt to individual learners’ proficiency levels, offering tailored exercises and lessons. A 

study by Martinez Negrette & Garcia-Peterman, (2023) demonstrated that learners using NLP-

enhanced applications showed a 40% improvement in language proficiency over six months, 

emphasizing the effectiveness of personalized learning paths. 

   2.2 Conversational Practice and Language Proficiency Enhancement 

   NLP-enabled chatbots and virtual assistants offer conversational practice in a stress-

free setting, simulating realistic dialogues and enhancing speaking and comprehension skills. 

Research by Kochmar et al. (2022) found that learners engaging with NLP-driven 

conversational tools experienced significant improvements in their speaking fluency and 

comprehension. Additionally, NLP-driven translation tools and online dictionaries are 

instrumental for understanding complex texts and enhancing reading comprehension, while 

access to online forums provides cultural insights and deepens heritage language 

understanding. 
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3. Policy Advocacy and Implementation in NLP-Driven Heritage Language 

Education 

   3.1 NLP-Driven Policy Development for Heritage Language Education 

   Policymakers play a critical role in formulating inclusive language policies that 

integrate NLP tools into educational curricula, addressing the needs of heritage language 

communities. A report by Siddique & Kumar (2023) highlighted successful case studies where 

policy integration of NLP tools significantly enhanced heritage language learning outcomes. 

   3.2 Supporting NLP Research and Collaboration 

   Policymakers are encouraged to allocate resources for NLP research specific to 

heritage language education and to foster collaborations between technology experts, 

educators, and linguists for creating culturally attuned NLP applications. García-Allén & 

Taylor (2023) serve as an example, where funding and collaboration have led to the 

development of advanced NLP tools tailored for European heritage languages. 

   3.3 Promoting Cultural Preservation and Quality Control Through NLP 

   NLP is a strategic tool for cultural preservation initiatives focusing on heritage 

languages. Policymakers should initiate awareness campaigns to highlight the importance of 

maintaining linguistic diversity. The development of standards and regular assessments for 

NLP tools ensures their effectiveness and cultural relevance in heritage language learning 

environments. A UNESCO study (2022) emphasized the role of NLP in preserving endangered 

languages, showcasing its potential in maintaining linguistic diversity. 

 

What are the challenges and limitations of applying NLP to heritage 

language education? 
In an academic context, focusing on a select few challenges and limitations of applying 

Natural Language Processing (NLP) to heritage language education can provide a deeper 

understanding of the specific issues that need to be addressed. The following aspects should 

not be ignored: 

 

Navigating Cultural and Linguistic Complexities in NLP Application 

One of the foremost challenges in applying NLP to heritage language education is the 

intricate nature of cultural context and dialectal variations. Heritage languages are often replete 

with unique cultural references, idioms, and regional linguistic traits(Burgo, 2017; Kisselev  

et al., 2020), which pose considerable difficulties for NLP algorithms to interpret and process 

accurately. This complexity can lead to potential misunderstandings in language processing, 

especially in languages with rich cultural underpinnings. Additionally, the variation in dialects 

within a single language can result in inconsistent outcomes from NLP systems, as they may 

not be equally effective across these linguistic differences. 

 

Addressing the Scarcity of Data and Bias in NLP Development 

Another significant challenge is the lack of comprehensive, high-quality linguistic data 

for many heritage languages, crucial for the training and refinement of NLP algorithms. The 

limited availability of digitized textual and spoken data hampers the development of robust 

NLP tools (Berthelier, 2023). Furthermore, where data exists, it often exhibits inherent biases, 

reflecting non-representative linguistic patterns, which can skew the NLP models away from 

accurately depicting the true linguistic characteristics of the heritage language (Marreddy  

et al., 2022). 
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Bridging the Digital Divide and Integrating NLP Pedagogically 

The successful implementation of NLP in heritage language education also confronts 

challenges related to accessibility and the digital divide. The disparity in access to necessary 

technological resources among learners and educational institutions creates uneven 

opportunities for leveraging NLP-based educational tools. Moreover, integrating NLP into 

educational paradigms requires alignment with pedagogical objectives and methodologies, a 

process often hindered by the limited technical literacy and preparedness of educators (Khalil, 

2023). Effective integration necessitates not only improved access to technology but also  

a thoughtful design of NLP tools that complement and enhance traditional educational 

practices. 

 

Conclusion: Embracing NLP in Heritage Language Education - A Path 

Forward Amidst Challenges 
In this comprehensive scholarly discourse, the utilization of Natural Language 

Processing (NLP) within heritage language education has been rigorously examined, 

delineating its profound potential and the multifaceted challenges inherent in its application. 

The discourse has been anchored around the pivotal roles and interplay of educators, learners, 

and policymakers in integrating NLP to enrich and revitalize heritage language learning. 

The academic investigation revealed that the strategic integration of NLP into 

curriculum design and assessment is instrumental in aligning educational content with the 

intricate cultural and linguistic diversities of heritage language learners (Eslit, 2023). NLP 

stands out as a catalyst for interactive, adaptive learning resources, and sophisticated 

assessment tools, all attuned to the subtleties of cultural linguistic nuances, thus redefining 

heritage language education. In classroom settings, the deployment of NLP through engaging 

tools such as chatbots and conversational simulators has been shown to significantly enhance 

student engagement and inclusivity. 

For learners, the engagement with NLP-enhanced applications is pivotal. These tools 

provide tailored learning experiences that adapt to individual proficiency levels, fostering 

effective language acquisition and cultural immersion. For heritage language learners, in 

particular, these applications offer opportunities for realistic conversational practice and 

advanced comprehension of complex linguistic structures, deepening their cultural and 

linguistic insights. 

From a policy perspective, the discourse underscores the critical need for developing 

and implementing inclusive language policies that integrate NLP tools effectively within 

educational frameworks. Policymakers are encouraged to champion NLP research and foster 

technological collaborations that yield culturally resonant and pedagogically robust NLP tools 

for heritage language education. 

Concurrent with these insights, the study illuminates significant challenges, including 

the intricate task of encoding cultural and linguistic subtleties into NLP algorithms, addressing 

the scarcity of representative data for language modeling, and bridging the digital divide to 

ensure equitable access to NLP resources. Overcoming these challenges necessitates a 

harmonized approach that combines technological innovation, comprehensive data curation, 

professional development of educators, and infrastructural improvements. 

In summary, this academic treatise articulates that while NLP offers a promising avenue 

for enhancing heritage language education, its effective implementation demands a nuanced 

and balanced approach. This approach should harmonize technological sophistication with 
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cultural empathy and pedagogical relevance. Looking ahead, the field of NLP in heritage 

language education requires a focused commitment to overcoming existing barriers, ensuring 

that NLP tools are not only technologically advanced but also culturally attuned and 

educationally meaningful. Such a concerted approach is essential for realizing the full potential 

of NLP in fostering linguistic diversity and cultural richness in the landscape of heritage 

language education. 
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