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Abstract
The digital transformation of the humanities within 
ASEAN has been influenced by artificial intelligence 
(AI) and language technologies, particularly in the 
domain of multilingual information retrieval. This 
research aimed to examine the impact of AI and 
language technologies on multilingual information 
retrieval across ASEAN nations. Data were gathered 
from academic staff at four universities in Malaysia, 
Indonesia, Thailand, and Brunei, with a total sample of 
357 respondents. The data were analysed using SPSS 
29 and Smart PLS 4. The findings substantiated the 
significant influence of AI and language technologies 
on multilingual information retrieval within ASEAN 
countries. It is recommended that ASEAN nations 
prioritise digital transformation initiatives, particularly 
the integration of AI and language technologies 
in multilingual information retrieval. Future 
advancements should ensure that AI fosters inclusive 
and multilingual access to knowledge while preserving 
ASEAN’s linguistic diversity.

Keywords: Artificial Intelligence, Linguistic Diversity, 
Digital Humanities, Multilingual Information Retrieval.

Introduction
The past few years have witnessed significant 

advancements in artificial intelligence (AI) and language 
technologies, which are increasingly being integrated into 
the digital transformation of the humanities across various 
regions, including ASEAN (Association of Southeast Asian 
Nations). Mustapa et al. (2023) highlight a departure from 
traditional resource-sharing methods, particularly in the 
preservation, accessibility, and dissemination of cultural 
and educational resources in ASEAN, marking a new 
phase in digital evolution. The region’s linguistic diversity, 
encompassing distinct languages, dialects, and socio-cultural 
contexts, presents both opportunities and challenges for digital 
technologies, particularly in multilingual information retrieval 
(Nzomo et al., 2021). Such retrieval systems are essential in 
ensuring equitable access to cultural and educational content 
while mitigating linguistic barriers (Alon and Krtalić, 2025). 
Given AI’s advanced capabilities in language processing, its 
application in multilingual information retrieval is highly 
beneficial. However, challenges such as multilingualism, 
context sensitivity, and data accessibility must be addressed 
to optimise information access in ASEAN’s humanities, 
leveraging AI’s potential. 

AI-powered language technologies have become 
indispensable tools for multilingual information retrieval 
in cultural and educational resources (Horna-Saldaña 
et al., 2025). The primary languages in ASEAN include 
Thai, Malay, Vietnamese, and Tagalog, among others, 
and AI technologies can facilitate cultural exchange and 
mutual understanding across the region. Consequently, 
users from diverse linguistic backgrounds can access and 
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engage with cultural and academic content more effectively 
(Heng et al., 2022). By integrating AI into information 
retrieval systems, scholars and students gain access to 
previously inaccessible information, overcoming linguistic 
and geographical barriers. However, for these technologies 
to be effectively implemented, they must be tailored to the 
region’s linguistic and cultural diversity (Lee et al., 2023). 
As Alsayed et al. (2023) argue, dialectal variations and 
syntactical differences often pose significant challenges to 
language models, necessitating the development of regionally 
adapted multilingual datasets. 

The advancement of AI-driven language technologies 
in ASEAN’s humanities also raises concerns regarding 
cultural preservation and linguistic diversity. Machine 
learning algorithms frequently struggle to interpret culturally 
nuanced expressions, idiomatic phrases, and the deeper 
meanings embedded within regional languages (Khan et al., 
2023). This issue extends to the academic taxonomy within 
conceptual domains, which must be preserved within digital 
systems to safeguard intangible cultural heritage. Given that 
the region encompasses over 800 indigenous languages, 
scholars emphasise the necessity of cultural sensitivity in 
AI development to prevent the erosion of linguistic diversity. 
By aligning AI technology with cultural considerations, 
ASEAN countries can leverage digital advancements to 
preserve their historical and cultural heritage. 

Furthermore, AI and language technologies in 
education hold the potential to democratise knowledge 
access, particularly for learners in remote or underserved 
ASEAN areas, by providing access to global resources (Horna-
Saldaña et al., 2025). AI-driven digital platforms now offer 
cross-linguistic research tools that enable students to retrieve 
information across multiple languages with greater ease 
(Safdar et al., 2020). Additionally, AI is increasingly employed 
in content curation and recommendation systems to deliver 
personalised learning experiences, thereby enhancing the 
accessibility of educational content for students from diverse 
backgrounds (An et al., 2023). However, to fully realise these 
benefits, collaborative efforts among governments, educational 
institutions, and technology developers are required to prevent 
further exacerbation of the digital divide. It is essential to 
promote educational inclusivity by ensuring equitable access 
to AI-driven educational resources, fostering an environment 
where students can thrive within the globally interconnected 
academic landscape (Han et al., 2024). 

Although prior research has explored AI’s effectiveness 
in information retrieval from digital platforms, its role in 
multilingual environments, particularly within ASEAN, 
remains underexamined. Consequently, there is limited 
scholarly discourse on the relationship between AI, language 

technologies, and multilingual information retrieval. This 
research aimed to investigate the impact of AI and language 
technologies on multilingual information retrieval within 
ASEAN nations, addressing a critical gap in the literature 
while offering practical insights into AI integration for 
overcoming language learning barriers. Data were collected 
from academic staff at four universities in Malaysia, Indonesia, 
Thailand, and Brunei, yielding a sample of 357 respondents. 
The data were analysed using SPSS 29 and Smart PLS 4. The 
findings confirmed the significant impact of AI and language 
technologies on multilingual information retrieval in ASEAN 
countries. It is recommended that ASEAN nations prioritise 
digital transformation initiatives, particularly the integration 
of AI and language technologies in multilingual information 
retrieval. This study is structured around a comprehensive 
literature review, a detailed methodological framework, data 
analysis, discussion of findings, and practical implications. 
Additionally, study limitations and future research directions 
are outlined.

Literature Review

Theoretical Foundation

The Technology Acceptance Model (TAM) serves 
as a valuable framework for analysing the adoption and 
utilisation of AI and language technologies in multilingual 
information retrieval. The model’s core constructs—
perceived usefulness (PU) and perceived ease of use 
(PEU)—explain how various user groups, including 
researchers, businesses, and multilingual communities, 
evaluate and accept AI-driven language technologies for 
multilingual information retrieval (Liu and Ma, 2024). When 
AI-powered language tools are perceived as enhancing 
search accuracy and efficiency across multiple languages 
(PU) and are user-friendly with minimal learning barriers 
(PEU), users are more inclined to adopt them (Lin and Yu, 
2025). Moreover, external factors such as the availability 
of training, prior experience with AI technologies, and 
system reliability may influence both behavioural intention 
and actual system usage. By integrating TAM, this study 
offers insights into the acceptance and adoption of AI-driven 
language technologies, contributing to the development of 
more effective and user-centric multilingual information 
retrieval systems (Chonka et al., 2023).

Artificial Intelligence and Multilingual 
Information Retrieval

In contemporary times, AI-based technologies have 
become instrumental in information retrieval and document 
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access (Alothman and Wahab Sait, 2022). These technologies 
facilitate academics and students in acquiring knowledge 
by extracting relevant information from diverse sources. 
AI possesses the capability to comprehend user queries and 
implement retrieval processes tailored to the specified query 
parameters (Yang et al., 2022). The evolution of artificial 
intelligence is enhanced through continuous training, 
enabling the accurate retrieval of required information 
(Siciliani et al., 2024). AI plays a crucial role in information 
management systems, where its core function in retrieval 
aids in interpreting user queries and delivering precise 
information (Huang and Huang, 2024). 

With advancements in AI technology, information 
retrieval has become more efficient, leveraging language 
models to process linguistic variations across different 
cultures and contexts (Safdar et al., 2020). However, a 
comprehensive understanding of AI-based systems is 
essential to enhance the accuracy of information delivery 
and support effective resource allocation (Ayotunde et 
al., 2023). Furthermore, AI contributes to information 
management by categorising practical knowledge into 
distinct sections based on its learned models, ensuring 
that accurate and relevant information is directed to the 
appropriate users. AI developers must integrate cultural 
and linguistic considerations to refine interpretation and 
query processing across multiple languages (Lee and 
Kim, 2023). This approach advances AI development by 
ensuring the retrieval of information from diverse sources 
while maintaining transparency and proper information 
management (de Oliveira et al., 2023). Moreover, AI 
tools must uphold the responsibility of delivering precise 
and relevant information in real time (Fan et al., 2022). 
Consequently, advanced training of AI systems is imperative 
to refine retrieval processes and categorise information 
according to subject areas, thereby promoting transparency 
in shared knowledge (Zhu et al., 2024). The integration of 
AI in information management has become increasingly 
significant, particularly in handling multilingual content 
(Ahmad et al., 2023). To enhance AI productivity, developers 
must optimise its efficiency in processing diverse languages 
and cultural contexts (Han et al., 2024). Such advancements 
enable AI tools to interpret queries accurately and generate 
precise responses aligned with users’ informational needs.

H1: There is a relationship between artificial 
intelligence and multilingual information retrieval.

Language Technologies and Multilingual 
Information Retrieval

Similar to artificial intelligence, language 
technologies, particularly machine learning-driven 

intelligence mechanisms, play a crucial role in information 
retrieval (Alsalmi, 2021). These technologies facilitate the 
categorisation and interpretation of information according 
to user requirements (Sansone and Sperlí, 2022). For 
AI development, enhancing language comprehension 
within machines is essential to ensure accurate responses 
aligned with user demands. The increasing integration 
of technology into modern life has led to widespread 
adoption of language-based technologies and models in 
workplaces for information retrieval (Kim et al., 2024). 
However, AI development necessitates a machine learning 
approach that processes data across various languages 
while considering cultural values (Ali and Farha, 2025). 

Moreover, machine learning is instrumental in 
delivering high-quality information, a critical requirement 
for AI systems (Efimov et al., 2023). While information 
retrieval is inherently complex, machine learning models 
simplify the process by retrieving data based on predefined 
queries (Barsha and Munshi, 2024). AI-driven machine 
learning mechanisms are particularly vital for information 
sharing, fostering improved opportunities for data retrieval 
(Khurana et al., 2023). However, effective utilisation of 
AI-powered information retrieval requires users to possess 
a foundational understanding of query structuring and 
database navigation (Khan et al., 2024). The integration 
of machine learning and information management systems 
enhances information sharing and retrieval processes 
(Jantscher et al., 2023).  Training language models to 
optimise information retrieval across multiple languages 
can enhance the productivity of both businesses and 
individuals (Dash, 2024). Within academic institutions, 
language technologies can facilitate seamless knowledge 
retrieval from diverse sources and languages, mitigating 
cultural and technical barriers (Litschko et al., 2022). 
Consequently, AI-based programming for information 
retrieval is essential in advancing comprehension and 
development within multilingual environments (Lawrie 
et al., 2023). Furthermore, AI-driven information retrieval 
systems significantly contribute to the efficiency and 
accuracy of knowledge dissemination.

H2: There is a relationship between language 
technologies and multilingual information retrieval.

Research Methodology
This study employs a quantitative research design 

to examine the impact of AI-driven language technologies 
on multilingual information retrieval within ASEAN 
humanities. Established instruments were utilised to 
assess variable relationships, following empirical analysis 
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recommendations from prior research. The measurement 
instruments were adapted from existing studies (An et al., 
2023; Safdar et al., 2020). Data collection was conducted 
using a five-point Likert scale (Jebb et al., 2021). AI was 
evaluated based on its role in multilingual information 
retrieval, while language technologies were assessed 
concerning the effectiveness of machine learning and 
language translation tools in facilitating multilingual 
information retrieval. Additionally, multilingual information 
retrieval was measured to determine AI integration in the 
multilingual contexts of ASEAN countries. 

Data were collected from academic staff at four 
universities in Malaysia, Indonesia, Thailand, and Brunei. 
These institutions were selected based on accessibility, 
with academic staff information retrieved from university 
websites. A convenience sampling method was employed, 
and respondents were approached in person to complete 
printed questionnaires.  A total of 410 printed questionnaires 
were distributed. However, preliminary data analysis was 
conducted to remove responses with missing values or biases, 
resulting in a final sample of 357 responses. Data analysis 
was performed using Smart PLS 4, employing Partial Least 
Squares–Structural Equation Modelling (PLS-SEM). The 
analysis followed a two-stage approach: measurement model 
assessment and structural model assessment.

Data Analysis

Demographic information of the participants was 
collected and is presented in Table 1. The findings indicate 
that 53% of the participants were teachers, while 47% were 
students. Regarding AI usage frequency, 32% of participants 
reported using AI tools daily, 21% used them weekly, 22% 
used them monthly, 17% used them twice a week, and 8% 
used AI every second week. These findings provide insights 
into the extent of AI adoption among the study participants. 
Additionally, the geographical distribution of participants 
shows that 10% were from Malaysia, 14% from Brunei, 
36% from Indonesia, and 40% from Thailand.

Table 1: Demographics.
Variable Level Counts Proportion

Occupation Teachers 188 53%
Students 169 47%

AI Tools 
Usage

Daily 114 32%
Weekly 76 21%
Monthly 80 22%
Twice a Week 60 17%
Every Second Week 27 8%

Country

Malaysia 35 10%
Brunei 51 14%
Indonesia 127 36%
Thailand 144 40%

Figure 1: Measurement Model.
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Table 2: Convergent Validity.
Construct Items Factor Loadings Cronbach’s Alpha Composite Reliability Average Variance Extracted

Artificial 
Intelligence

AI1 0.709

0.843 0.852 0.699

AI2 0.713
AI3 0.740
AI4 0.714
AI5 0.705
AI6 0.700
AI7 0.664

Language 
Technologies

LT1 0.830

0.902 0.902 0.671

LT2 0.816
LT3 0.831
LT4 0.815
LT5 0.821
LT6 0.802

Multilingual 
Information 
Retrieval

MIR1 0.602

0.861 0.901 0.511

MIR2 0.735
MIR3 0.767
MIR4 0.817
MIR5 0.755
MIR6 0.791
MIR7 0.749
MIR8 0.714

The measurement model assessment was conducted 
to evaluate the reliability of individual items. Factor 
loadings were examined to determine whether the 
instruments effectively measured the variables, with 
all factor loading values exceeding 0.60 and achieving 
statistical significance. Additionally, composite reliability 
and Cronbach’s alpha were analysed to assess the overall 
reliability of the instruments. The results indicated that all 
values for composite reliability and Cronbach’s alpha were 
above 0.70, confirming the reliability of the model (Hair 
et al., 2011). Furthermore, the study examined the average 
variance extracted (AVE) to assess the variance explained 
by the constructs. The AVE values exceeded the threshold 

of 0.50, demonstrating satisfactory convergent validity 
(Hair et al., 2011). These findings indicate that the data is 
both reliable and valid. The results are presented in Table 
2 and Figure 1. In addition to this, the study proceeded 
with an assessment of discriminant validity to ensure that 
the constructs measured distinct variables. Discriminant 
validity was evaluated using the Heterotrait-Monotrait 
(HTMT) method, as recommended by Henseler et al. 
(2015). According to this criterion, HTMT values below 
0.90 indicate that the constructs are sufficiently distinct. 
The results, presented in Table 3, confirmed that all HTMT 
values were below the 0.90 threshold, thereby establishing 
significant discriminant validity for the research data.

Table 3: Discriminant Validity.
Construct Artificial Intelligence Language Technologies Multilingual Information Retrieval

Artificial Intelligence
Language Technologies 0.631
Multilingual Information Retrieval 0.535 0.618  

The study conducted structural model analysis at 
a significance level of 0.05 to examine the hypothesised 
relationships between variables. The results confirmed 
the acceptance of H1, indicating a significant relationship 
between artificial intelligence and multilingual information 
retrieval. Similarly, H2 was also supported, demonstrating 
a significant relationship between language technologies 
and multilingual information retrieval. The findings of 
the structural model analysis are presented in Figure 2 

and Table 4. Moreover, the study further examined the 
predictive relevance of the model to assess its overall 
predictive power. Predictive relevance, represented by 
Q², indicates the extent to which independent variables 
contribute to explaining the dependent variable, with values 
above 0 considered significant (Hair et al., 2011). The 
findings presented in Table 5 and Figure 3 confirmed that 
the model demonstrated significant predictive relevance.
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Figure 2: Structural Model.

Table 4: Path Findings.
Paths Original Sample Standard Deviation T Statistics P Values

Artificial Intelligence -> Multilingual Information Retrieval 0.251 0.048 5.218 0.000
Language Technologies -> Multilingual Information Retrieval 0.460 0.043 10.649 0.000

Figure 3: Predictive Relevance.
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Discussion
The findings of this research are based on the 

empirical analysis of the data. The study established 
a relationship between artificial intelligence (AI) and 
multilingual information retrieval, which was compared 
with previous literature. According to Chonka et al. 
(2023), advancements in AI technology have facilitated 
information retrieval from multiple sources by employing 
language modules to comprehend linguistic nuances 
across various cultures and contexts. Khan et al. (2024) 
emphasised that a thorough understanding of AI-based 
systems is essential to enhance information provision and 
support resources. Similarly, Jantscher et al. (2023) reported 
that AI significantly benefits information management 
systems by categorising practical information into distinct 
sections based on AI-driven insights, thereby ensuring 
efficient and precise information delivery (Alsalmi, 
2021). Furthermore, Ali and Farha (2025) highlighted the 
necessity for AI developers to understand diverse cultural 
values to accurately interpret information and queries in 
multiple languages, thereby improving AI’s transparency 
and information management capabilities. 

AI-driven technologies play a crucial role in 
facilitating information retrieval and document access 
(Efimov et al., 2023). According to Khurana et al. (2023), 
these technologies enable academics and students to acquire 
knowledge by accessing information from diverse sources. 
AI systems possess the capability to interpret user queries 
and structure retrieval processes accordingly. Huang 
and Huang (2024) asserted that the AI era is enhanced 
through the training of systems that optimise knowledge 
retrieval. Ahmad et al. (2023) further highlighted AI’s 
essential role in sustaining information management 
systems by ensuring accurate query interpretation and 
precise information delivery. Moreover, AI tools must 
provide exact and relevant information (Litschko et al., 
2022). Consequently, extensive training for AI programmes 
is required to enhance retrieval accuracy and subject-
based categorisation, thereby ensuring transparency 
in disseminated data (Lee and Kim, 2023). Effective 
information management necessitates AI utilisation, 
particularly when handling multilingual data. To enhance 
AI productivity, engineers must refine its efficiency across 
various languages and cultural contexts (Fan et al., 2022), 

enabling AI tools to comprehend queries accurately and 
deliver precise responses. 

Furthermore, the study established a relationship 
between language technologies and multilingual 
information retrieval, which was also compared with 
previous studies. According to Kim et al. (2024), training 
language models for enhanced multilingual information 
retrieval improves the productivity of organisations and 
individuals. Siciliani et al. (2024) noted that in institutions 
where knowledge is accessed from diverse linguistic 
sources, language technologies play a crucial role in 
information sharing and complex data management. Yang 
et al. (2022) emphasised that AI-driven programming and 
information retrieval are vital for fostering comprehension 
and development in multilingual environments. Similarly, 
Safdar et al. (2020) suggested that AI-powered information 
retrieval systems significantly enhance efficiency and 
productivity. 

Like AI, language technologies, particularly 
machine learning mechanisms, are crucial for information 
retrieval (de Oliveira et al., 2023). These technologies 
effectively categorise and interpret user queries. Dash 
(2024) argued that improving linguistic capabilities is 
fundamental for AI development, enabling machines to 
generate accurate responses tailored to user needs. As 
language-based technologies become integral to modern 
workplaces, they facilitate seamless information access 
(Ayotunde et al., 2023). However, Alothman and Wahab 
Sait (2022) stressed that machine learning methodologies 
processing multilingual data while incorporating cultural 
values are essential for AI advancement.  Additionally, 
language technologies contribute significantly to AI systems 
by ensuring the provision of essential information (Lawrie 
et al., 2023). Although information retrieval is complex, 
machine learning simplifies the process by structuring 
information based on specified queries (Sansone and 
Sperlí, 2022). Barsha and Munshi (2024) underscored the 
role of AI and machine learning in information exchange 
and retrieval, facilitating enhanced opportunities for 
accessing data. Effective information retrieval necessitates 
users’ comprehension and reading skills relevant to query 
formulation (Zhu et al., 2024). AI substantially improves 
information exchange by integrating machine learning 
and advanced information management systems. 

Table 5: Predictive Relevance.
Construct SSO SSE Q² (=1-SSE/SSO)

Artificial Intelligence 2499 2499 0
Language Technologies 2142 2142 0
Multilingual Information Retrieval 2856 2395.751 0.161
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Conclusion
This study examines the digitisation of the 

humanities in ASEAN, facilitated by AI and language 
technologies, as both an opportunity and a challenge. 
AI has significantly enhanced multilingual information 
retrieval across the region. However, disparities in 
implementation persist due to variations in digital 
infrastructure, linguistic diversity, and the availability 
of high-quality datasets. Machine translation and natural 
language processing models, driven by AI, have expanded 
access to educational and cultural resources, fostering 
a more inclusive digital landscape. Nevertheless, the 
effectiveness of these technologies depends on the quality 
of linguistic datasets and the adaptability of AI models to 
regional dialects and cultural contexts.  Within ASEAN, an 
analysis of AI adoption reveals a growing divide between 
technologically advanced nations such as Singapore and 
Malaysia and those with insufficient digital infrastructure, 
including Myanmar and Cambodia. These disparities risk 
exacerbating inequalities in access to information and 
educational opportunities, particularly where investments 
in digital development are inadequate or misaligned. 

Implications

This study has significant implications for 
practitioners, stakeholders, and policymakers. It highlights 
the limitations of AI-driven NLP in text classification 
and retrieval, particularly due to inconsistencies in 
transliteration and language structures that hinder 
AI’s ability to process multilingual content effectively. 
While advancements in deep learning have substantially 
enhanced AI performance, the availability of large, high-
quality datasets remains crucial for further improvement. 
Additionally, practitioners and stakeholders must recognise 
that the digital divide in AI infrastructure exacerbates 
disparities, preventing nations with limited computational 
resources from fully benefiting from AI technologies. 
Addressing these challenges requires a coordinated effort to 
expand datasets, foster regional collaboration, and fine-tune 
AI models to accommodate ASEAN’s linguistic diversity.  
Moreover, as AI becomes increasingly embedded in 
multilingual information retrieval, ethical concerns must be 
considered. Stakeholders and practitioners must ensure that 
AI models are designed to minimise the risks of cultural 
homogenisation and the marginalisation of indigenous 
languages. AI is transforming access to multilingual 
academic materials and personalised learning tools, 
offering new opportunities for students and researchers. 
However, ensuring equitable access remains a challenge, 

particularly for remote and underserved communities 
that lack the necessary digital infrastructure. To prevent 
AI-driven resources from deepening existing educational 
inequalities, governments, educational institutions, and 
technology developers must collaborate to promote 
inclusive access to AI technologies. 

Future efforts to ensure the ethical use of AI 
should focus on expanding diverse linguistic datasets, 
improving AI’s contextual understanding, and enhancing 
its ability to process regional dialects. As ASEAN nations 
continue to benefit from AI advancements, increased 
investments in AI infrastructure, including cloud-based 
NLP platforms, will be essential. To standardise AI-
driven multilingual information retrieval while preserving 
linguistic and cultural diversity, regional cooperation 
and policy frameworks must be established. While AI 
has the potential to bridge language barriers, enhance 
educational access, and protect cultural heritage, it 
must adhere to ethical guidelines and be adapted to the 
specific linguistic contexts of ASEAN. Governments 
within ASEAN should integrate universities and linguists 
into AI development initiatives to enhance language 
learning mechanisms and information retrieval capabilities. 
Policy reforms at the governmental level can facilitate 
the development of AI-driven information retrieval 
frameworks, ensuring that AI systems are effectively 
utilised for analysing and disseminating information. 
Regulatory measures are necessary to optimise AI’s role 
in information retrieval while preserving linguistic and 
cultural nuances. Additionally, universities must contribute 
to AI customisation and machine learning advancements 
that support ASEAN’s multilingual landscape, enabling 
seamless information exchange. By implementing these 
strategies, policymakers and practitioners can enhance 
language accessibility and information management across 
ASEAN, ultimately benefiting the public. 

Future Directions

Given that this study collected data from only four 
universities within ASEAN countries, future research 
should address this limitation by expanding data collection 
to the remaining ASEAN nations. Such an approach would 
enhance the generalisability of the findings across the 
region. Additionally, this study examines the impact of 
AI and language technologies on multilingual information 
retrieval. Future research should explore the role of 
information retrieval capabilities as a mediating factor 
between AI, language technologies, and multilingual 
information retrieval. Investigating this relationship 
would offer a significant contribution to the existing body 
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of knowledge.  Furthermore, this study employed cross-
sectional data collected at a single point in time. While 
cross-sectional data is valuable in contemporary research 
due to the ease of accessing respondents, future studies 
should consider adopting a longitudinal research design. A 
longitudinal approach would provide deeper insights into 
the evolving dynamics of AI-driven information retrieval 
systems over time. Addressing these recommendations in 
future research will not only strengthen the findings but 
also contribute to bridging existing gaps in the literature. 
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