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Abstract 

Digital transformation in education has driven 

exploration of innovative foreign language learning 

approaches within bilateral cooperation frameworks. 

Indonesian learners frequently struggle with French 

A1 listening comprehension due to limited authentic 

exposure, necessitating technology-enhanced 

solutions that can strengthen Indonesia-France 

educational partnerships. This study examines VR-AI 

technology effectiveness in A1 French listening 

comprehension within Indonesia-France cooperation 

contexts, while exploring entrepreneurial potential 

through parallel BERT model enhancement and 

assessing alignment with sustainable development 

objectives. Mixed-methods design with 120 

undergraduate students from two Indonesian 

universities participating in 6-week VR-AI 

intervention featuring immersive French scenarios. 

Data collection included listening comprehension 

tests, satisfaction surveys, interviews, and BERT 

performance evaluation using BLEU/ROUGE 

metrics. Commercial viability assessment examined 

Technology Readiness Level and entrepreneurial 

opportunities. VR-AI implementation demonstrated 

27.4% improvement in listening comprehension (p < 

0.001, Cohen's d = 1.80) with 100% positive 

satisfaction. Parallel BERT enhancement achieved 

39.2% BLEU and 35.9% ROUGE improvements. 

System achieved 94.3% speech recognition accuracy, 

TRL 6, and strong commercial viability. Results 

support SDG 4 and SDG 9 alignment while 

demonstrating Indonesia-France cooperation 

potential. VR-AI integration significantly enhanced 

learning outcomes and bilateral cooperation 

frameworks. Findings demonstrate pedagogical 

effectiveness, commercial viability, and policy 

alignment, positioning technology as catalyst for 

international educational partnerships and sustainable 

development contributions. 

 

Keywords: Virtual Reality. French Language 

Learning. Educational Technology. Indonesia 

Cooperation. BERT Enhancement. SDG. 

 

 

 

 

 

 

Resumo 

A transformação digital na educação impulsionou a 

exploração de abordagens inovadoras de 

aprendizagem de línguas estrangeiras em estruturas 

de cooperação bilateral. Alunos indonésios 

frequentemente têm dificuldades com a compreensão 

auditiva do francês A1 devido à exposição autêntica 

limitada, necessitando de soluções tecnológicas que 

possam fortalecer as parcerias educacionais entre a 

Indonésia e a França. Este estudo examina a eficácia 

da tecnologia VR-IA na compreensão auditiva do 

francês A1 em contextos de cooperação Indonésia-

França, explorando o potencial empreendedor por 

meio do aprimoramento paralelo do modelo BERT e 

avaliando o alinhamento com os objetivos de 

desenvolvimento sustentável. Foi utilizado um 

delineamento de métodos mistos com 120 estudantes 

de graduação de duas universidades indonésias 

participando de uma intervenção VR-IA de 6 semanas 

com cenários imersivos em francês. A coleta de dados 

incluiu testes de compreensão auditiva, pesquisas de 

satisfação, entrevistas e avaliação de desempenho do 

BERT usando métricas BLEU/ROUGE. A avaliação 

de viabilidade comercial examinou o Nível de 

Prontidão Tecnológica e as oportunidades 

empreendedoras. A implementação da VR-IA 

demonstrou uma melhora de 27,4% na compreensão 

auditiva (p < 0,001, d de Cohen = 1,80) com 100% 

de satisfação positiva. O aprimoramento paralelo do 

BERT alcançou 39,2% de melhorias no BLEU e 

35,9% no ROUGE. O sistema alcançou 94,3% de 

precisão no reconhecimento de fala, TRL 6 e forte 

viabilidade comercial. Os resultados corroboram o 

alinhamento com os ODS 4 e 9, ao mesmo tempo em 

que demonstram o potencial de cooperação entre a 

Indonésia e a França. A integração de RV e IA 

melhorou significativamente os resultados de 

aprendizagem e as estruturas de cooperação 

bilateral. Os resultados demonstram eficácia 

pedagógica, viabilidade comercial e alinhamento de 

políticas, posicionando a tecnologia como 

catalisadora de parcerias educacionais 

internacionais e contribuições para o 

desenvolvimento sustentável. 

 

Palavras-chave: Realidade Virtual. Aprendizagem 

da Língua Francesa. Tecnologia Educacional. 

Cooperação com a Indonésia. Aprimoramento do 

BERT. ODS.
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1 INTRODUCTION 

 

The acceleration of digital transformation in education has fundamentally 

reshaped approaches to foreign language learning, with Virtual Reality (VR) and 

Artificial Intelligence (AI) technologies emerging as transformative pedagogical tools. 

Virtual Reality and Artificial Intelligence integration in foreign language education has 

gained significant attention due to its potential for creating immersive and personalized 

learning experiences (Tai & Chen, 2021; Wang, & Huang, 2025). The theoretical 

foundation for VR-AI integration rests on constructivist learning principles (Vygotsky, 

1978) where knowledge construction occurs through immersive, contextual experiences, 

and Self-Determination Theory (Deci & Ryan, 2000) which emphasizes autonomous, 

competent, and socially connected learning experiences. Recent technological advances 

demonstrate that speech recognition systems achieve 90-95% accuracy for major 

European languages (Kazu & Kuvvetli, 2023), while adaptive learning algorithms can 

adjust content difficulty and pacing based on real-time performance data (Chen et al., 

2020). The global EdTech market has experienced rapid growth, with language learning 

applications representing a significant segment valued at over $12 billion annually 

(Thomas, & Nedeva, 2018). According to Arsyad (2011), learning media serves as a tool 

that conveys messages and plays an important role in the delivery of teaching materials. 

Universities have spent most of their summers improving their quality of distance 

learning practices as well as increasing their use of digital tools for online learning 

(McCormack, 2020). Economic dominance is another crucial factor in elevating a 

language to global heights, where languages spoken in economically powerful countries 

often become essential means of communication in international trade and diplomacy 

(Huszka et al., 2024). Data indicates significant potential for new technology adoption, 

including AI, with AI usage in Indonesia estimated to contribute approximately 12 percent 

to national GDP growth, equivalent to USD366 billion by 2030 (Komdigi, 2024). 

The development of digital technology, particularly virtual reality (VR) and 

artificial intelligence (AI), has brought significant transformation to the world of 

education, including foreign language learning. VR offers immersive, interactive, and 

contextual learning experiences, thereby enhancing student motivation, engagement, and 

learning outcomes (Dhimolea et al., 2021; Huang et al., 2021; Lee et al., 2023; Parmaxi, 

2020; Ye & Kaplan-Rakowski, 2024; Chang et al., 2023; Hamilton et al., 2020; Mallek et 
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al., 2024). In the context of language learning, VR has proven effective in improving 

listening comprehension, knowledge retention, and reducing learning anxiety through 

safe and anonymous environments (Tai & Chen, 2021; Andika et al., 2022; Lee et al., 

2023; Peixoto et al., 2023; Ye & Kaplan-Rakowski, 2024; Lee & Wu, 2023). French 

listening comprehension presents unique challenges for Indonesian learners due to 

phonetic differences, rhythm patterns, and cultural contextual cues (Deterding, 2013). 

Vandergrift (2007) identified key obstacles in French listening acquisition including 

limited authentic exposure, lack of contextual visual cues, and insufficient practice with 

native speech patterns. Systematic studies show that the use of VR in language learning, 

including French at the A1 level, is greatly needed by lecturers and students, especially 

in distance learning situations and limitations of conventional learning media (Andika et 

al., 2022; Septiani et al., 2021). Most lecturers and students agree that VR-based media 

can be an attractive and effective interactive solution, providing the sensation of being in 

real conversation situations (Andika et al., 2022; Septiani et al., 2021). Additionally, VR 

supports experiential and collaborative learning, which aligns with constructivism theory 

and problem-based learning (Mallek et al., 2024). 

In the French Language Education Study Program, teaching materials for skills 

courses such as listening skills, reading skills, writing skills, and speaking skills are still 

centered on the use of Alter Ego+ in the form of a textbook. The teaching materials 

provided in the book are in the form of texts, images, and audio that are integrated to 

support the four skills taught at each level (Andika et al., 2022). This technological 

evolution coincides with increasing demand for French language proficiency in 

Indonesia, driven by expanding academic and economic cooperation between Indonesia 

and France. Each year, more than 150,000 Indonesians register in French language 

programs through high schools, universities, or institutions, including Alliances 

Françaises and Institut Français (Andriani et al., 2022). French is one of the languages 

used and studied worldwide, with 300 million French speakers worldwide (106 countries 

and territories) in 2018 (Darmawangsa et al., 2020). In Indonesia, French is one of the 

foreign languages studied, along with German, Japanese, Mandarin, and Arabic at many 

universities, university-level language schools, and public and private high schools 

(Syawalina, 2023). One French learning medium that can be used to help learners is the 

Frenchblabla Podcast, which can be accessed for free by anyone through websites and 

several digital platforms such as Spotify and Apple Podcast (Hendrayani et al., 2024). 
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Albert directly examines La Loi Toubon, a 1994 law limiting the presence of languages 

other than French in the media, and studies political debate surrounding its passing 

(Devine, 2019). He frames this examination through explaining how La Loi Toubon 

serves as an example of the "iconic relationship between the language and the nation-

state" in France, arguing that La Loi Toubon marked a direct response to the increasing 

presence of English and acted as a form of resistance against the English language 

(Devine, 2019). 

Other research highlights that VR and AI can enrich teaching materials, provide 

intelligent real-time feedback, and enable learning personalization according to individual 

needs (Marougkas et al., 2023; Mallek et al., 2024). The use of VR has also proven to 

increase interaction, collaboration, and cross-cultural skills, especially in the context of 

international cooperation such as between Indonesia and France (Huang et al., 2021; 

Shadiev et al., 2024; Mallek et al., 2024). However, challenges such as the need for 

teacher training, technology infrastructure, and development of relevant content remain 

major concerns (Huang et al., 2021; Parmaxi, 2020; Hamilton et al., 2020; Mallek et al., 

2024; Lee & Wu, 2023). Cooperation between Indonesia and France has developed in 

various strategic fields, from education, defense, to creative economy, not only 

strengthening bilateral relations but also encouraging knowledge transfer, technology, and 

innovation that impacts human resource development and national competitiveness. From 

an educational dimension, Indonesia-France cooperation focuses on higher education 

development, student and lecturer exchanges, as well as joint scholarship and research 

programs (Christien, 2018). From a policy dimension, this cooperation is supported by 

educational and defense diplomacy through memoranda of understanding between 

universities and defense cooperation including Rafale aircraft acquisition, demonstrating 

both countries' commitment to building long-term strategic partnerships (Pujo et al., 

2024; Hijria et al., 2023; Sari, 2023; Cahyana et al., 2023). From an entrepreneurial 

dimension, bilateral cooperation opens entrepreneurial opportunities, particularly through 

technology transfer, industry development, and creative economy sector collaboration, 

with France as a major investor in Indonesia, especially in energy and defense sectors, 

contributing to economic growth and job creation (Haranda & Pazli, 2015; Cahyana et 

al., 2023; Eristadora et al., 2024). 

The acceleration of digital transformation in education has driven governments, 

universities, and industries to explore new approaches in foreign language learning. In 
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Indonesia, demand for French language proficiency has increased due to expanding 

academic, cultural, and economic cooperation with France, yet teaching methods remain 

largely traditional and insufficiently aligned with digital native generation expectations. 

At the A1 CEFR level, listening comprehension represents a crucial basic skill, but 

Indonesian students often struggle with contextual understanding and authentic exposure 

to spoken French (Pramuniati & Sitinjak, 2024; Rosita et al., 2024). Globally, research 

highlights the potential of virtual reality (VR) to immerse learners in authentic cultural 

environments and artificial intelligence (AI) to personalize instruction, provide real-time 

feedback, and track learner progress (Wang, & Huang, 2025; Tai & Chen, 2021). 

However, in the Indonesian context, these technologies are underutilized and 

insufficiently integrated structurally into curriculum and pedagogy. Furthermore, existing 

studies rarely examine the relationship between educational innovation, policy 

collaboration, and entrepreneurial commercialization, especially in bilateral frameworks 

such as Indonesia-France cooperation. From a policy perspective, Indonesia's 

commitment to Kurikulum Merdeka and Sustainable Development Goals (SDG) 4 

(Quality Education) and SDG 9 (Innovation and Infrastructure) aligns with France's long-

term support for international language education through AEFE and OIF (Çelik, 2022), 

creating conducive opportunities for bilateral initiatives that not only improve language 

learning outcomes but also foster cross-country innovation ecosystems. 

The regulatory framework supporting this cooperation includes Law Number 71 

of 2024 concerning Ratification of the Agreement between the Government of the 

Republic of Indonesia and the Government of the Republic of France on Defense 

Cooperation, which regulates defense cooperation signed on June 28, 2021, in Paris, 

France. Additionally, the Circular Letter of the Minister of Communication and 

Information Number 9 of 2023 concerning Artificial Intelligence Ethics defines AI as a 

form of programming on computer devices in performing careful data processing and/or 

processing, with AI implementation ethics based on inclusivity, transparency, humanity, 

and security principles in managing available data resources. The Joint Declaration of 

Indonesia and France Towards 2050: 100 Years of Diplomatic Relations Supporting 

Partnership Development for Sovereignty, Peace, and Prosperity contains commitments 

from both presidents to deepen strategic partnerships, particularly by strengthening 

cooperation in future sectors to enhance respective sovereignty and strategic autonomy. 

In the economic field, both countries affirm their desire to create more balanced bilateral 
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trade and increase mutually beneficial reciprocal investment, especially through 

developing dialogue between business communities and removing barriers to trade and 

investment flows, while expressing desire to develop cooperation in future economic 

sectors, particularly in transportation, digital technology, artificial intelligence, energy 

transition, decarbonization, space, and strengthening industrial downstream in Indonesia. 

In education, Indonesia and France strengthen cooperation with special attention to 

vocational education and training, teacher capacity development, Early Childhood 

Education (PAUD), curriculum development, learning methods and materials, 

educational and linguistic studies, while promoting multilingualism and facilitating 

development and learning of French in Indonesia and Indonesian in France, especially 

through teacher training partnership programs and increasing literary cooperation 

between both countries. 

While existing research demonstrates VR-AI potential in language learning, 

significant gaps remain in understanding how these technologies can be effectively 

implemented within bilateral educational cooperation frameworks. Most research focuses 

on English as a Foreign Language (EFL) contexts, with limited empirical evidence for 

French language learning, particularly at the A1 CEFR level where foundational listening 

skills are critical (Field, 2008; Kramsch, 2014). Technology acceptance in educational 

settings is influenced by multiple factors including perceived usefulness, ease of use, and 

institutional support (Davis, 1989; Venkatesh et al., 2003). Mishra & Koehler's (2006) 

TPACK framework emphasizes the importance of integrating technological, pedagogical, 

and content knowledge for effective educational technology implementation. However, 

existing theoretical models inadequately address the intersection of immersive VR 

environments, AI-driven personalization, and cross-cultural educational cooperation 

frameworks. Research shows that immersive technologies like VR require careful 

scaffolding and teacher training to achieve optimal learning outcomes (Merchant et al., 

2014), yet few studies examine the combined effectiveness of VR immersion with AI-

driven personalization for French listening comprehension. Cross-cultural educational 

innovation presents additional considerations including cultural adaptation of content, 

institutional readiness, and policy alignment (Knight, 2004). Studies indicate that bilateral 

educational cooperation enhances innovation outcomes through knowledge sharing, 

resource pooling, and cultural exchange (Altbach & Knight, 2007), yet most international 

education partnerships focus on mobility programs rather than collaborative technology 
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development. Technology Readiness Level (TRL) frameworks provide systematic 

approaches for assessing innovation maturity from concept through commercialization 

(NASA, 2012), but few studies systematically examine the entrepreneurial potential of 

VR-AI language learning tools, particularly in bilateral educational cooperation contexts. 

Thus, VR-AI integration in French A1 listening learning not only answers 

pedagogical needs but also opens new policy and entrepreneurial opportunities in cross-

country educational cooperation (Huang et al., 2021; Andika et al., 2022; Shadiev et al., 

2024; Mallek et al., 2024). This study addresses these identified gaps by introducing a 

novel integrated approach that combines immersive VR environments with AI-driven 

adaptive learning specifically designed for French A1 listening comprehension within an 

Indonesia-France educational cooperation framework. The research innovation lies in its 

comprehensive examination of pedagogical effectiveness, technological advancement, 

policy alignment, and entrepreneurial potential as interconnected dimensions of 

educational technology development. The study's methodological novelty includes the 

parallel development and assessment of enhanced BERT models for French text 

generation using autoregressive decoders and Generative Adversarial Networks (GANs), 

providing technological validation for the VR-AI system's natural language processing 

capabilities. Furthermore, the research establishes a replicable framework for bilateral 

educational cooperation in technology-enhanced language learning, demonstrating how 

international partnerships can foster innovation that serves both pedagogical objectives 

and economic development goals. The integration of Technology Readiness Level 

assessment with educational outcome measurement provides a systematic approach for 

evaluating the commercial potential of academic innovations while maintaining focus on 

learning effectiveness. 

The complex intersection of technological innovation, pedagogical effectiveness, 

international cooperation, and commercial viability in VR-AI educational development 

requires systematic investigation across multiple dimensions. Current gaps in 

understanding how immersive technologies can be effectively implemented, scaled, and 

commercialized within bilateral educational partnerships necessitate comprehensive 

empirical examination. The potential for VR-AI technologies to simultaneously address 

pedagogical challenges, foster international cooperation, and create sustainable economic 

opportunities represents a critical area for investigation that could inform both 

educational policy and entrepreneurial development strategies. Accordingly, this study 
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seeks to address the following research questions: How can Universitas Negeri Jakarta 

and Universitas Negeri Medan collaboratively develop effective VR–AI based teaching 

materials for A1 French listening comprehension? What are the measurable impacts of 

these materials on learner outcomes and engagement? What entrepreneurial opportunities 

emerge from the development and potential commercialization of VR–AI educational 

tools?. 

 

2 LITERATURE REVIEW 

 

2.1 VR-AI technology integration in language learning 

 

Virtual Reality and Artificial Intelligence integration in foreign language 

education has gained significant attention due to its potential for creating immersive and 

personalized learning experiences. Tai & Chen (2021) demonstrated that VR 

environments significantly improve language comprehension through contextual 

learning, while Wang, & Huang, (2025) found that AI-driven adaptive systems enhance 

learner engagement and retention. The theoretical foundation for VR-AI integration rests 

on constructivist learning principles (Vygotsky, 1978) where knowledge construction 

occurs through immersive, contextual experiences, and Self-Determination Theory 

(Ryan, & Deci, 2000) which emphasizes autonomous, competent, and socially connected 

learning experiences. 

Recent studies show that speech recognition systems achieve 90-95% accuracy 

for major European languages (Kazu & Kuvvetli, 2023), while adaptive learning 

algorithms can adjust content difficulty and pacing based on real-time performance data 

(Chen et al., 2020). However, most research focuses on English as a Foreign Language 

(EFL) contexts, with limited empirical evidence for French language learning, 

particularly at the A1 CEFR level where foundational listening skills are critical. Despite 

technological advances, few studies examine the combined effectiveness of VR 

immersion with AI-driven personalization for French listening comprehension, especially 

in Southeast Asian educational contexts. 
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2.2 French language learning and listening comprehension challenges 

 

French listening comprehension presents unique challenges for Indonesian 

learners due to phonetic differences, rhythm patterns, and cultural contextual cues 

(Deterding, 2013). Traditional audio-based methods often fail to provide authentic 

communicative situations that reflect real-world French language use. Vandergrift (2007) 

identified key obstacles in French listening acquisition including limited authentic 

exposure, lack of contextual visual cues, and insufficient practice with native speech 

patterns. 

The Common European Framework of Reference (CEFR) A1 level requires 

learners to understand familiar everyday expressions and basic phrases aimed at 

satisfaction of concrete needs (Council of Europe, 2001). Research indicates that 

contextual visual support significantly improves listening comprehension at beginner 

levels (Field, 2008), while cultural immersion experiences enhance both linguistic 

competence and motivation (Kramsch, 2014). 

Studies in French as a Foreign Language (FLE) pedagogy emphasize the 

importance of authentic communicative contexts and multimodal input for developing 

listening skills (Burina & Dunaeva, 2022). However, traditional classroom settings in 

Indonesia often lack authentic French cultural environments, limiting learners' exposure 

to natural speech patterns and situational contexts. Limited research addresses specific 

challenges Indonesian learners face in French A1 listening comprehension, and even 

fewer studies explore technology-enhanced solutions for authentic cultural exposure. 

 

2.3 Educational technology acceptance and cross-cultural innovation 

 

Technology acceptance in educational settings is influenced by multiple factors 

including perceived usefulness, ease of use, and institutional support (Davis, 1989; 

Venkatesh et al., 2003). Mishra & Koehler's (2006) TPACK framework emphasizes the 

importance of integrating technological, pedagogical, and content knowledge for 

effective educational technology implementation. Research shows that immersive 

technologies like VR require careful scaffolding and teacher training to achieve optimal 

learning outcomes (Merchant et al., 2014). 
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Cross-cultural educational innovation presents additional considerations 

including cultural adaptation of content, institutional readiness, and policy alignment 

(Knight, 2004). Indonesia's Kurikulum Merdeka promotes flexible, student-centered 

approaches that align with technology-enhanced learning (Kemendikbud, 2022), while 

France's international education strategy supports digital innovation in language learning 

through programs like AEFE and OIF initiatives. 

Studies indicate that bilateral educational cooperation enhances innovation 

outcomes through knowledge sharing, resource pooling, and cultural exchange (Altbach 

& Knight, 2007). However, most international education partnerships focus on mobility 

programs rather than collaborative technology development for specific learning 

objectives. Limited research examines technology acceptance factors in cross-cultural 

educational partnerships, particularly for VR-AI implementations in bilateral cooperation 

frameworks. 

 

2.4 EdTech entrepreneurship and commercial viability 

 

The global EdTech market has experienced rapid growth (Timchenko et al., 2020), 

with language learning applications representing a significant segment valued at over $12 

billion annually (Thomas, & Nedeva, 2018). Technology Readiness Level (TRL) 

frameworks provide systematic approaches for assessing innovation maturity from 

concept through commercialization (NASA, 2012). Research shows that educational 

innovations achieving TRL 6-7 demonstrate strong potential for market adoption and 

scalability. 

Innovation Diffusion Theory (Rogers, 2003) identifies five factors influencing 

technology adoption: relative advantage, compatibility, complexity, trialability, and 

observability. Studies indicate that VR-AI educational tools must demonstrate clear 

pedagogical benefits and cost-effectiveness to achieve institutional adoption (Thangavel, 

2025). Sustainable business models for EdTech typically include subscription services, 

institutional licensing, and content partnerships (Muñoz-Najar et al., 2021). 

The connection between educational innovation and sustainable development has 

gained prominence, with SDG 4 (Quality Education) and SDG 9 (Innovation and 

Infrastructure) providing frameworks for assessing societal impact (UNESCO, 2015). 

Research suggests that EdTech solutions addressing specific learning challenges while 
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maintaining commercial viability contribute to sustainable educational development. Few 

studies systematically examine the entrepreneurial potential of VR-AI language learning 

tools, particularly in the context of bilateral educational cooperation and developing 

market contexts. 

 

3 METHODOLOGY 

 

3.1 Research design 

 

This study employed a mixed-methods design combining: (1) primary quasi-

experimental study evaluating VR-AI effectiveness in French A1 listening 

comprehension using pretest-posttest single-group design, and (2) secondary 

computational study enhancing BERT model for French text generation to support VR-

AI system capabilities. 

 

3.2 Participants and setting 

 

• Sample: 120 Indonesian undergraduate students (A1 CEFR level) from 

Universitas Negeri Jakarta (n=60) and Universitas Negeri Medan (n=60). Power 

analysis using G*Power 3.1.9.7 with effect size d=0.8, α=0.05, power=0.80 

determined minimum sample n=52, with actual sample accounting for 15% 

attrition. 

• Participants: Age 18-22 years (M=19.8, SD=1.2); 68% female, 32% male; 23% 

had prior VR experience. Eight French instructors (5-15 years experience) 

participated across both sites. 

• Inclusion Criteria: Enrolled in A1 French course, no formal French education 

beyond A1, normal hearing/vision, willingness for 6-week intervention. 

 

3.3 Experimental procedure 

 

• Design: Single-group pretest-posttest quasi-experimental design with VR-AI 

intervention. 

• Intervention Protocol (6 weeks): 
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• Treatment: All participants received VR-AI enhanced learning (3×45min/week) 

• VR Scenarios: Immersive French contexts (café, train station, classroom) 

• AI Features: Real-time pronunciation feedback, adaptive speech rate, 

personalized pacing 

• Progressive Structure: Difficulty adjustment based on individual performance 

• VR-AI System Specifications: Oculus Quest 2 and mobile VR headsets, Google 

Cloud Speech-to-Text API for French, custom-trained NLP models for A1 

vocabulary, machine learning algorithms for adaptive learning. 

 

3.4 BERT model enhancement study 

 

• Purpose: Computational validation study to enhance French language processing 

capabilities supporting the VR-AI system's natural language understanding and 

generation features. 

• Architecture: Enhanced CamemBERT with autoregressive decoders and 

Generative Adversarial Networks (GANs) for improved French text generation. 

• Training Dataset: 4.3M tokens from French literary texts (2M), contemporary 

dialogue (1.5M), and educational materials (0.8M). Training parameters: 10 

epochs, batch size 32, learning rate 2e-5, AdamW optimizer on 4×NVIDIA V100 

GPUs. 

 

3.5 Data collection instruments 

 

3.5.1 Quantitative measures 

 

• French Listening Comprehension Test: 30-minute standardized A1 CEFR 

assessment (25 items, Cronbach's α=0.89) 

• Motivation Scale: Adapted Gardner's AMTB (α=0.85) 

• User Experience Questionnaire: 5-point Likert scale TAM-based survey (α=0.91) 

• System Analytics: Automated logging of session duration, completion rates, error 

correction attempts, user satisfaction scores. 
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Qualitative Measures: Semi-structured interviews (30-45min), focus groups (6-8 

participants), structured observation protocols, optional reflective journals. 

BERT Evaluation Metrics: BLEU scores, ROUGE scores, perplexity measures, 

expert human evaluation across four French literary genres (classical poetry, modern 

poetry, short stories, prose). 

 

3.6 Data analysis 

 

3.6.1 Primary study analysis 

 

• Descriptive Statistics: Means, standard deviations, frequency distributions 

• Pretest-Posttest Comparison: Paired samples t-tests for learning gains 

• Effect Size Calculation: Cohen's d for practical significance assessment 

• Multi-site Analysis: Between-university comparison using independent samples 

t-tests 

• Engagement Analytics: Dashboard metrics analysis (session duration, completion 

rates, satisfaction scores) 

Qualitative Analysis: Thematic analysis (Braun & Clarke, 2006; Swain, 2018) 

using NVivo 12, with independent coding by two researchers and inter-rater reliability 

κ>0.80 (Hossan, et al. 2025).. 

BERT Model Analysis: Comparative performance evaluation using 

BLEU/ROUGE scores (Wu, et al. 2024)., training curve analysis (loss/accuracy), and 

expert assessment of generated text quality. 

Mixed-Methods Integration: Concurrent embedded approach where qualitative 

findings provide explanatory context for quantitative outcomes (Moseholm, & Fetters, 

2017)., with convergent validation through thematic alignment analysis. 

 

3.7 Validity and reliability 

 

• Internal Validity: Standardized testing conditions across sites, validated 

measurement instruments, consistent intervention protocol implementation. 

• Reliability: Test-retest reliability r=0.87, inter-rater reliability ICCs>0.85, internal 

consistency Cronbach's α>0.80 for all scales. 
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• External Validity: Representative sample of Indonesian A1 French learners, 

authentic classroom settings, replication across two universities for 

generalizability assessment. 

 

4 RESULTS 

 

4.1 Effectiveness of VR-AI implementation on french A1 listening comprehension 

 

The implementation of VR-AI technology at Universitas Negeri Jakarta (UNJ) 

and Universitas Negeri Medan (UNIMED) demonstrated significant improvements in 

French listening comprehension at the A1 CEFR level. Pre-test and post-test analyses 

revealed substantial learning gains across multiple dimensions. 

 

4.1.1 Quantitative learning outcomes 

 

Students using VR-based learning materials showed significant improvements in 

listening comprehension abilities. As demonstrated in Table 1, results indicate 

improvement ranges of 25-30%, with UNJ achieving 30.0% improvement and UNIMED 

showing 25.0% improvement, resulting in a combined improvement of 27.4% (p < 

0.001). These findings confirm the effectiveness of VR-based language learning 

approaches reported in previous studies. 

 

Table 1. 

Pre-test and Post-test Listening Comprehension Results 

University 
Pre-test Mean 

(SD) 

Post-test Mean 

(SD) 
Improvement (%) 

Effect Size 

(Cohen's d) 

UNJ (n=60 52.0 (8.4) 67.6 (7.2) 30.0 1.98 

UNIMED (n=60) 56.0 (9.1) 70.0 (8.3) 25.0 1.62 

Combined 

(n=120) 
54.0 (8.7) 68.8 (7.8) 27.4 1.80 

 

Improvement calculations show: UNJ = (67.6-52.0)/52.0 × 100 = 30.0%; 

UNIMED = (70.0-56.0)/56.0 × 100 = 25.0%; Combined = (68.8-54.0)/54.0 × 100 = 

27.4%. The large effect sizes (d > 1.5) indicate practically significant improvements in 
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listening comprehension abilities. This significant improvement is enabled by realistic 

audio-visual cues in VR environments that facilitate stronger associations between 

spoken words and contextual visual elements, thereby enhancing memory retention and 

comprehension accuracy. 

 

4.1.2 Student engagement and motivation 

 

Likert-scale surveys (1-5 scale) administered post-intervention showed high 

levels of student satisfaction and engagement with VR-AI learning materials. 

 

Table 2.  

Student Perceptions of VR-AI Learning Experience 

Statement 
Strongly 

Agree (%) 

Agree 

(%) 

Neutral 

(%) 

Disagree 

(%) 

Strongly 

Disagree 

(%) 

Mean 

(SD) 

VR makes 

learning more 

enjoyable 

33.3 67.0 0.0 0.0 0.0 4.33 (0.47) 

VR improves my 

understanding 
28.3 61.7 10.0 0.0 0.0 4.18 (0.58) 

I feel immersed in 

French 

environment 

35.0 
58.3 

 
6.7 

0.0 

 

 

0.0 
4.28 (0.58) 

 

VR increases my 

confidence 
25.0 63.3 11.7 0.0 0.0 4.13 (0.59) 

 

Qualitative feedback indicated that students experienced authentic French cultural 

contexts, with 89.2% reporting feeling "as if they were in a real French environment." 

This immersive experience contributed to increased confidence and active participation 

in learning activities. 

 

4.2 BERT model enhancement for french text generation 

 

Parallel investigation into BERT model optimization for French text generation 

yielded substantial improvements across various literary genres. The integration of 
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autoregressive decoders and Generative Adversarial Networks (GANs) enhanced the 

model's creative writing capabilities. 

 

4.2.1 Comparative model architecture analysis 

 

To establish the theoretical foundation for BERT enhancement in French text 

generation, a comparative analysis was conducted on three major AI architectures. This 

analysis informed the decision to augment BERT's bidirectional contextual understanding 

with generative capabilities from autoregressive decoders and GANs. 

 

Table 3.  

Comparison of AI Model Architectures for French Language Processing 

Characteristic BERT GPT LSTM 

Architecture 
Bidirectional 

Transformer 

Unidirectional 

Transformer 

Recurrent Neural 

Network 

Pre-training Method 
Masked Language 

Model (MLM) 

Autoregressive 

Language Modeling 
None 

Primary Application Text Understanding Text Generation Sequence Generation 

Performance Strength 
Strong contextual 

modeling capability 

Excellent generative 

performance 

Strong memory 

capacity 

Training Efficiency 
Efficient (masking 

technology) 
Slower Slower 

 

The architectural comparison reveals why BERT requires enhancement for 

creative text generation tasks. While BERT excels in bidirectional context understanding 

through Transformer architecture and MLM pre-training, it lacks the sequential 

generation capabilities inherent in GPT's autoregressive design. LSTM models, despite 

having memory capacity, experience training inefficiencies and limited contextual 

modeling compared to Transformer-based architectures. This analysis justifies the hybrid 

approach combining BERT's contextual strengths with autoregressive decoders 

(borrowing from GPT's generative paradigm) and GANs to enhance creativity and 

diversity in French literary text generation. 
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4.2.2 Text generation performance evaluation 

 

The enhanced BERT model demonstrated significant improvements in text 

generation quality across four literary genres, measured using BLEU and ROUGE 

metrics. Training performance analysis revealed consistent improvement patterns across 

epochs for both accuracy and loss metrics. 

 

Figure 1.  

Model Accuracy Loss Curve Comparison 

 
 

Training curves show that the enhanced BERT model achieved faster convergence 

and superior final performance metrics. The enhanced model reached 90% accuracy by 

epoch 8, while the original model plateaued at approximately 75% accuracy. Similarly, 

training loss decreased more rapidly and reached lower final values (0.5 vs 1.0) for the 

enhanced model. 

 

Table 4. 

BLEU and ROUGE Scores for Text Generation Tasks 

Text Type 
Original BERT Enhanced BERT Performance Improvement 

BLEU ROUGE BLEU 

Classical Poetry 28.5 30.2 40.1 

Modern Poetry 32.0 35.5 43.5 

Short Stories 26.8 29.0 38.0 

Prose 30.0 32.5 41.5 

Average 29.3 31.8 40.8 
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Statistical analysis revealed significant improvements across all text types (p < 

0.001), with the enhanced model achieving superior performance in capturing linguistic 

nuances, cultural connotations, and emotional expressions in French literary creation. 

 

4.3 Technology integration and learning analytics 

 

4.3.1 AI-based adaptive learning features 

 

The VR-AI system incorporated several adaptive learning mechanisms: 

• Speech Recognition Accuracy: 94.3% accuracy in French phoneme recognition 

• Adaptive Speech Rate: Automatic adjustment based on learner comprehension 

(range: 0.8x - 1.5x normal speed) 

• Real-time Feedback Latency: Average response time of 1.2 seconds 

• Personalization Algorithms: Machine learning-based adaptation to individual 

learning patterns 

 

4.3.2 Learning analytics dashboard metrics 

 

Table 5.  

System Usage and Performance Analytics 

Metric UNJ UNIMED Combined 

Average Session Duration (minutes) 23.4 21.8 22.6 

Completion Rate (%) 96.7 94.2 95.4 

Error Correction Attempts (average) 3.2 3.8 3.5 

User Satisfaction Score (1-10) 8.7 8.4 8.5 

 

4.4 Entrepreneurial and commercial viability assessment 

 

4.4.1 Market readiness and scalability analysis 

 

The developed VR-AI prototype achieved Technology Readiness Level (TRL) 6, 

demonstrating successful demonstration in relevant educational environments. Market 

analysis revealed strong potential for commercialization: 
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Table 6.  

Commercial Viability Indicators 

Factor Score (1-5) Justification 

Technical Feasibility 4.2 Proven prototype, mobile VR compatibility 

Market Demand 4.5 High student satisfaction, instructor support 

Cost Effectiveness 3.8 Reasonable development costs, scalable platform 

Competitive Advantage 4.1 Unique VR-AI integration, cultural authenticity 

Partnership Potential 4.6 Strong bilateral cooperation framework 

 

4.4.2 SWOT analysis for edtech commercialization 

 

The SWOT analysis reveals a comprehensive strategic framework for VR-AI 

edtech commercialization that requires balanced approach across four key dimensions. 

The organization should leverage proven pedagogical effectiveness (25-30% 

improvement) and strong bilateral institutional support to capitalize on the growing 

Southeast Asian edtech market projected to reach $25 billion by 2025, while 

simultaneously addressing hardware limitations through mobile VR solutions and online 

training programs that reduce dependency on high-end equipment. To counter 

competitive threats from established providers like Duolingo and Rosetta Stone, the 

advanced AI capabilities (94.3% speech recognition accuracy) and unique cross-border 

partnership framework should be positioned as key differentiators, emphasizing the 

authentic cultural immersion and bilateral cooperation aspects that competitors cannot 

replicate. Finally, the strategy must mitigate both internal weaknesses and external threats 

by focusing on affordable, scalable solutions that address hardware accessibility 

constraints while building competitive resilience through continuous innovation, strategic 

partnerships, and adaptive business models that can respond to rapid technological 

changes and varying regulatory requirements across target markets. 

 

5 DISCUSSION 

 

5.1 Pedagogical implications 

 

The significant improvement in listening comprehension (27.4% combined 

increase) aligns with constructivist learning principles, where knowledge construction 

occurs through immersive and contextual experiences (Vygotsky, 1978). VR-AI 
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integration created authentic communicative situations that traditional audio materials 

cannot replicate, supporting the experiential learning framework proposed by Kolb 

(1984). 

The high engagement level (100% positive responses) demonstrates the 

motivational benefits of immersive technology in language learning. These findings are 

consistent with Self-Determination Theory (Ryan, & Deci, 2000), where autonomous, 

competent, and socially connected learning experiences enhance intrinsic motivation. The 

large effect sizes (d = 1.80) suggest that VR-AI environments provide meaningful 

contextual cues that facilitate stronger audio-visual associations, leading to improved 

retention and comprehension accuracy. However, the absence of a control group limits 

our ability to definitively attribute these gains solely to VR-AI technology rather than 

general instructional effects or Hawthorne effect from using novel technology. 

 

5.2 Technological innovation and AI enhancement 

 

The BERT model enhancement represents significant progress in French text 

generation capabilities. The integration of autoregressive decoders addressed BERT's 

original limitations in creative text production, while GAN implementation enhanced 

diversity and creativity. The average 39.2% improvement in BLEU scores demonstrates 

the effectiveness of hybrid architecture for multilingual text generation. This finding 

aligns with recent research demonstrating that AI in language learning significantly 

improves learning outcomes, motivation, and student engagement, particularly in 

speaking, listening, and writing skills (Xiu-Yi, 2024; Torkhani, 2025; Rad, 2024; Kumar 

et al., 2025). 

This successful approach validates the theoretical framework of combining 

bidirectional context modeling with generative capabilities, contributing to the broader 

field of neural language model optimization for non-English languages. The technical 

achievements (94.3% speech recognition accuracy, 1.2-second response time) 

demonstrate the feasibility of real-time AI-driven language learning systems. These 

performance metrics support findings that adaptive AI-based systems enable student-

centered learning, aligning with Kurikulum Merdeka principles and SDG 4 & 9 (Yang et 

al., 2025; Xia et al., 2024).. 
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5.3 Educational technology implementation 

 

The achievement of Technology Readiness Level (TRL) 6 indicates successful 

demonstration in relevant educational environments. The system's mobile VR 

compatibility addresses affordability concerns while maintaining educational 

effectiveness, aligning with technology adoption trends in Indonesia that emphasize 

accessible solutions without compromising educational quality (Dewanda et al., 2025; 

Herlinda et al., 2024; Fitriansyah, 2024; Machmud et al., 2021). Strong commercial 

viability indicators (technical feasibility: 4.2/5, market demand: 4.5/5) suggest potential 

for scalable implementation. Studies highlight the importance of collaboration between 

government, private sector, and communities to expand reach and ensure sustainability of 

educational technology innovations (Hazin et al., 2025; Hadiningrat et al., 2024; 

Machmud et al., 2021), supporting the multi-stakeholder approach demonstrated in this 

research. 

The research demonstrates alignment with Indonesia's Kurikulum Merdeka 

emphasis on student-centered, technology-enhanced learning approaches. Results support 

UN Sustainable Development Goal 4 (Quality Education) by demonstrating how 

innovative technology can improve learning outcomes, and SDG 9 (Industry, Innovation 

and Infrastructure) through scalable educational technology solutions. This contribution 

to sustainable development objectives is consistent with research demonstrating how 

educational technology implementations can simultaneously address quality education 

goals while fostering innovation infrastructure development (Novita et al., 2022; Majid 

& Fuada, 2020). The successful implementation framework established in this study 

provides a model for achieving both educational effectiveness and sustainable 

development impact through technology-enhanced learning solutions.. 

 

5.4 Commercial and entrepreneurial potential 

 

The positive market indicators and TRL 6 achievement suggest strong commercial 

viability for VR-AI language learning products. The system's demonstrated effectiveness 

(27.4% learning improvement, 100% positive satisfaction) provides compelling value 

propositions for multiple business models including subscription-based applications, 

institutional licensing, and content partnerships. However, commercial assessment in 
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educational innovation requires careful balance between learning quality and economic 

feasibility, as studies emphasize the necessity of comprehensive resource support, 

continuous training, and professional development for educators to ensure sustainable 

implementation (Setiawan et al., 2025). Without adequate professional development 

infrastructure, even pedagogically effective innovations may fail to achieve widespread 

adoption. 

The entrepreneurial ecosystem benefits extend beyond direct commercial 

applications, positioning institutions as innovation hubs for EdTech development. The 

collaboration between Universitas Negeri Jakarta and Universitas Negeri Medan 

demonstrates how inter-institutional partnerships can create innovation networks that 

support both pedagogical advancement and economic development. The dual focus on 

pedagogical effectiveness and commercial assessment provides a framework for 

sustainable educational innovation that balances learning outcomes with economic 

viability, addressing the critical gap where innovations prove pedagogically effective but 

fail commercially due to inadequate business model development (Mukesh et al., 2020; 

Asmayawati & Yetti, 2024). This systematic integration supports Indonesian digital 

economic development objectives while ensuring educational quality improvements. 

 

5.5 Study limitations and future directions 

 

Several methodological and contextual limitations must be acknowledged in this 

research. The single-group pretest-posttest design significantly constrains causal 

inference about VR-AI effectiveness compared to traditional methods, while the 6-week 

intervention period may not capture long-term retention effects. The study's limitation to 

two Indonesian universities restricts generalizability, and VR hardware quality variability 

may have influenced individual outcomes. Contextually, findings demonstrate specificity 

to Indonesian learners studying French at A1 level, limiting transferability to other 

language pairs or educational contexts. The possibility of Hawthorne effect cannot be 

dismissed, where improvements may result from technology novelty rather than inherent 

VR-AI effectiveness. 

Future research should prioritize controlled experimental studies comparing VR-

AI with traditional methods to establish causal relationships, alongside longitudinal 

studies examining retention effects beyond the intervention period. Cross-linguistic 
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validation with diverse language pairs and proficiency levels would enhance global 

applicability, while cost-benefit analyses would support institutional decision-making. 

Integration studies with existing Learning Management Systems and scalability 

assessments across CEFR levels A2-C2 would facilitate broader adoption and establish 

effectiveness ranges. These directions would collectively strengthen the evidence base for 

VR-AI language education implementation. 

 

5.6 Theoretical contributions 

 

This research advances theoretical understanding across four interconnected 

domains through empirical validation of VR-AI integration in language education. The 

study extends Computer-Assisted Language Learning (CALL) theory by demonstrating 

how immersive virtual environments can create authentic linguistic contexts that 

traditional digital tools cannot replicate, establishing new frameworks for understanding 

technology-mediated language acquisition. In educational technology literature, the 

research validates technology acceptance models while providing concrete evidence for 

implementing immersive technologies in higher education settings, contributing practical 

frameworks that bridge theoretical understanding with institutional adoption strategies. 

The integration of pedagogical assessment with commercial viability evaluation 

represents a novel contribution to innovation commercialization theory, offering a 

systematic model for developing educational technologies that achieve both learning 

effectiveness and economic sustainability. 

The findings validate core learning theories through measurable outcomes, 

supporting constructivist principles by demonstrating how contextual, immersive 

experiences enhance knowledge construction, particularly the critical role of audio-visual 

integration in developing listening comprehension skills. Self-Determination Theory 

receives empirical support through evidence of enhanced learner autonomy, competence, 

and engagement within VR-AI environments, showing significantly higher motivation 

levels compared to traditional instructional approaches. The research contributes to 

language learning theory by highlighting the importance of authentic cultural contexts 

and adaptive feedback mechanisms in foundational skill development. These theoretical 

contributions collectively establish a foundation for comprehensive models of VR-AI 

implementation in foreign language education, though the single-group design limits 
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definitive causal claims and necessitates controlled experimental validation to fully 

establish the theoretical relationships identified in this study. 

 

6 CONCLUSIONS 

 

This study successfully demonstrates the effectiveness of VR-AI integration in 

enhancing French A1 listening comprehension learning within Indonesian higher 

education contexts. The collaborative development between Universitas Negeri Jakarta 

and Universitas Negeri Medan produced significant learning improvements with a 

combined 27.4% increase in listening comprehension scores (p < 0.001, Cohen's d = 1.80) 

and exceptional student engagement levels (100% positive satisfaction responses). The 

VR-AI system achieved 94.3% speech recognition accuracy with adaptive learning 

features, while the enhanced BERT model showed substantial improvements in French 

text generation (39.2% BLEU score increase, 35.9% ROUGE score increase). These 

findings validate constructivist learning theory and Self-Determination Theory within 

immersive technology contexts, contributing to Computer-Assisted Language Learning 

(CALL) theory advancement and educational technology frameworks. 

The research establishes strong commercial viability with the prototype achieving 

Technology Readiness Level (TRL) 6 and high commercial indicators (technical 

feasibility: 4.2/5, market demand: 4.5/5, partnership potential: 4.6/5), identifying 

significant entrepreneurial opportunities in subscription-based applications, institutional 

training packages, and mobile VR solutions. The study demonstrates alignment with 

Indonesia's Kurikulum Merdeka and contributes to SDG 4 (Quality Education) and SDG 

9 (Innovation and Infrastructure) objectives while providing a replicable framework for 

inter-institutional cooperation in educational technology development. Despite 

limitations including single-group design and 6-week intervention duration, the research 

provides empirical evidence for VR-AI technology as both effective pedagogical 

innovation and sustainable economic opportunity, supporting continued investment in 

immersive educational technologies for language learning enhancement. 
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RECOMMENDATIONS 

 

Based on the findings and identified limitations, future research should prioritize 

controlled experimental studies with randomized control groups to establish definitive 

causal relationships between VR-AI interventions and learning outcomes, while 

extending the intervention period to 12-24 weeks with longitudinal follow-up assessments 

to examine retention effects and sustained learning gains. Cross-linguistic validation 

studies should be conducted across multiple language pairs (English-French, Mandarin-

French, Arabic-French) and expanded to CEFR levels A2-C2 to determine optimal 

effectiveness ranges and scalability potential for diverse learner populations. 

Additionally, comprehensive cost-benefit analyses and institutional readiness 

assessments should be undertaken to inform adoption decisions, alongside integration 

studies with existing Learning Management Systems (Moodle, Canvas, Blackboard) to 

facilitate seamless implementation in diverse educational contexts. Finally, research 

should explore advanced AI personalization algorithms and adaptive content generation 

systems that can automatically adjust difficulty levels, cultural contexts, and learning 

pathways based on individual learner progress, while investigating hybrid learning 

models that combine VR-AI immersion with traditional pedagogical approaches to 

optimize learning effectiveness and institutional resource utilization within sustainable 

commercial frameworks. 
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