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Abstract

The rapid growth of social media platforms has led to significant linguistic changes in contemporary
Indonesian communication. This paper examines the influence of social media on language evolution
in Indonesia, focusing on lexical innovation, syntactic shifts, and discourse practices. By analyzing
digital conversations, memes, and trending hashtags, this study highlights how internet culture
contributes to linguistic dynamism in the Indonesian context. The findings suggest that social media
fosters language change by accelerating the diffusion of neologisms, informal registers, and multimodal
communication, ultimately reshaping linguistic norms in digital and offline spaces.
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1. Introduction

The integration of Artificial Intelligence (Al) in education has significantly transformed the landscape
of teaching and learning worldwide. Al technologies such as machine learning, natural language
processing, and neural networks have become increasingly accessible, prompting educators to adopt
new pedagogical strategies to improve student learning outcomes. In the field of foreign language
education, Al offers personalized, adaptive, and interactive learning environments, thereby enabling the
development of communicative competence and language proficiency in ways that traditional
instruction often cannot achieve (Zawacki-Richter et al., 2019; Godwin-Jones, 2021). Tools like
ChatGPT, Grammarly, Duolingo, and neural-based Google Translate exemplify Al's growing role in
facilitating vocabulary acquisition, pronunciation training, writing improvement, and conversational
fluency.

Despite these advancements, important questions remain regarding the consistency and strength of Al's
effectiveness across various language skills and learning contexts. While individual studies have
demonstrated positive outcomes of Al-assisted instruction, their findings are often limited by small
sample sizes, varied methodologies, and diverse learner populations (Yang et al., 2022; Ma & Wang,
2022). Furthermore, there is a need for more comprehensive synthesis of evidence to evaluate not only
the overall impact of Al in language learning, but also how different Al tools (e.g., chatbots, writing
assistants, automated translation) perform across specific language domains such as reading, speaking,
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and writing. This meta-analysis seeks to fill that gap by aggregating empirical results from multiple
studies to determine the overall effectiveness of Al in enhancing foreign language learning outcomes.
Several research gaps also justify the need for this study. First, although systematic reviews on
educational Al exist (e.g., Holmes et al., 2019; Zawacki-Richter et al., 2019), relatively few have
focused exclusively on Al in foreign language acquisition, particularly using quantitative meta-analytic
techniques. Second, prior research tends to focus predominantly on English as a foreign language (EFL)
contexts, overlooking studies from non-English-speaking or multilingual regions that may use different
Al applications or pedagogical approaches (Hockly, 2018; Nguyen & Pham, 2020). Third, most earlier
reviews lack detailed subgroup analyses based on learner level, Al tool type, or targeted language skills,
which are crucial for understanding Al's differential impact. Lastly, with the recent emergence of
powerful large language models (LLMs) such as ChatGPT, empirical data is rapidly evolving,
necessitating updated synthesis that includes new studies published between 2013 and 2024.

This meta-analysis adheres to rigorous inclusion criteria to ensure the reliability of its findings. Included
studies must (a) be empirical (quantitative or mixed-method), (b) focus on Al applications in foreign
language learning, (c) present clear statistical data (e.g., means, standard deviations, sample sizes, effect
sizes), (d) be published between 2013 and 2024, (e) be written in English (or both English and
Indonesian), and (f) be sourced from reputable databases such as Scopus, Web of Science, ERIC, or
Google Scholar. Studies were excluded if they were (a) opinion articles, editorials, or non-systematic
reviews, (b) purely qualitative with no quantitative component, or (c) lacking statistical data needed to
calculate effect sizes. By applying these criteria and using a systematic coding and statistical approach,
this study contributes robust evidence to guide language educators, curriculum designers, and
policymakers in making informed decisions about the integration of Al in language education.

2 Theoretical Framework

Artificial Intelligence (Al) refers to the development of computer systems capable of performing tasks
that typically require human intelligence, including reasoning, language understanding, visual
perception, and decision-making (Russell & Norvig, 2020). Al is defined as computer systems capable
of performing tasks typically requiring human intelligence, such as problem-solving, pattern
recognition, and language understanding (Russell & Norvig, 2020). In education, Al is employed
through intelligent tutoring systems, automated feedback, learning analytics, and chatbots.

Within the educational context, Al encompasses technologies such as machine learning, natural
language processing, and computer vision, which collectively support a broad spectrum of applications
from adaptive learning environments to automated grading systems. The increasing computational
power and accessibility of Al systems have made it feasible to integrate them into educational settings
across different levels, from primary education to higher education and corporate training (Luckin et
al., 2016).

One of the most prominent applications of Al in education is the development of Intelligent Tutoring
Systems (ITS). These systems provide learners with immediate, customized instruction or feedback,
mimicking the behavior of a human tutor (VanLehn, 2011). Additionally, Al tools are used in automated
essay scoring, plagiarism detection, predictive analytics for student performance, and Al teaching
assistants that support discussion forums and grading in large online courses (Holmes et al., 2019). Such
innovations enable personalized learning experiences, real-time performance tracking, and
administrative efficiency, all of which are particularly beneficial in large-scale education systems.
Despite the promise, the implementation of Al in education also raises several concerns. These include
ethical issues such as data privacy, algorithmic bias, and the reduction of human agency in teaching and
learning processes (Williamson & Eynon, 2020). Moreover, educators must be adequately trained to
integrate Al tools effectively within pedagogical frameworks. As a result, research in this area is
increasingly focused not only on technological advancement but also on understanding the pedagogical,
social, and ethical dimensions of Al-powered learning (Zawacki-Richter et al., 2019).
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Artificial Intelligence in Foreign Language Learning

In language education, Al has supported skill development in speaking, listening, reading, and writing.
Tools such as ChatGPT (a generative pre-trained transformer), Duolingo’s Al-driven lessons,
Grammarly’s writing feedback system, and neural-based Google Translate have proven useful in
assisting learners at various proficiency levels (Yang et al., 2022; Wang et al., 2023).

In the domain of foreign language education, Al technologies have shown considerable promise in
enhancing the acquisition of key language skills—namely listening, speaking, reading, and writing. For
instance, natural language processing (NLP) enables real-time speech recognition and pronunciation
evaluation, which supports speaking practice and phonetic accuracy (Chen et al., 2020). Applications
like Google Translate and Microsoft Translator use neural machine translation to facilitate vocabulary
expansion and improve comprehension of texts in the target language (Wu et al., 2016). These tools are
particularly helpful for beginner and intermediate learners who need instant support in understanding
unfamiliar structures and expressions.

Generative Al models, such as ChatGPT, are now being explored for conversational practice, writing
feedback, and interactive grammar exercises. Duolingo’s Al-driven path adapts to learners’ skill levels
and tracks progress through personalized challenges, while Grammarly’s Al engine provides grammar
correction, style suggestions, and vocabulary enhancements (Yang et al., 2022; Wang et al., 2023).
Several empirical studies have demonstrated the effectiveness of such tools in improving writing
fluency, vocabulary retention, and overall learner engagement (Ma & Wang, 2022; Harsono, 2021). The
combination of immediate feedback and task-based interaction supports both accuracy and fluency in a
learner-centered environment.

Moreover, Al facilitates immersive and autonomous learning by allowing students to learn at their own
pace, outside of traditional classroom constraints. Mobile-based Al tools and chatbot tutors simulate
real-world conversations, reducing learner anxiety and increasing motivation (Kim & Lee, 2023). These
tools can also be programmed to recognize and address individual learning gaps, providing
differentiated instruction. However, researchers caution that Al tools must be contextualized within
pedagogical goals, and their effectiveness depends on thoughtful integration rather than passive usage
(Lietal., 2022).

Language Learning and Technology Theories

This study is anchored in Interactionist Theory, which emphasizes the role of social interaction in
language learning (Long, 1996), and Technology-Mediated Learning Theory, which posits that
technological environments can scaffold learning when aligned with cognitive and linguistic needs
(Vygotsky, 1978; Mishra & Koehler, 2006). These theories help explain how Al technologies foster
language development through interaction, feedback, and adaptive learning.

This meta-analysis is grounded in several theoretical frameworks that inform the intersection of
language learning and technology use. The Interactionist Theory posits that language acquisition is
driven by meaningful interaction and negotiation of meaning between learners and interlocutors (Long,
1996). Al tools, particularly conversational agents and chatbots, offer opportunities for such
interactions, albeit in simulated environments. These tools can replicate real-life discourse patterns,
allowing learners to practice language functions such as requesting, agreeing, or clarifying—thus
fostering pragmatic competence (Taguchi, 2011).

The Sociocultural Theory, largely based on the work of Vygotsky (1978), highlights the role of social
interaction and cultural tools in mediating cognitive development. In this framework, technology—
including Al—is viewed as a “mediational means” that extends a learner’s Zone of Proximal
Development (ZPD). Through Al-driven scaffolding such as hints, prompts, and feedback loops,
learners can perform tasks that would be difficult to achieve independently (Blake, 2013). Al tools,
when embedded in a collaborative or guided learning context, thus become agents of cognitive and
linguistic development.
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Another relevant theory is Technological Pedagogical Content Knowledge (TPACK), which
emphasizes the need for integration between technology, pedagogy, and subject matter expertise
(Mishra & Koehler, 2006). For Al to be effective in language learning, teachers must align Al
capabilities with language teaching strategies, curricular objectives, and learner profiles. When
grounded in robust theoretical frameworks, Al becomes more than a technological novelty—it
transforms into a powerful instructional ally that can address diverse learner needs and optimize
language learning outcomes (Godwin-Jones, 2021).

3. Research Method

To ensure a systematic and replicable process, this meta-analysis adhered to established methodological
standards for synthesizing quantitative research in educational contexts. The aim was to
comprehensively evaluate the effectiveness of Artificial Intelligence (Al) in foreign language learning
by aggregating results from multiple empirical studies. Following procedures outlined in meta-analytic
frameworks such as those by Borenstein et al. (2011), the research process involved defining strict
inclusion and exclusion criteria, implementing a comprehensive literature search strategy, employing
systematic screening and coding, and performing advanced statistical analyses to ensure the validity of
the findings.

Inclusion and Exclusion Criteria

A clearly defined set of criteria was used to determine which studies would be included in the meta-
analysis. To maintain relevance and reflect the recent advancements in Al and its integration into
education, only studies published between 2013 and 2024 were considered. This period captures a
decade of rapid evolution in Al, particularly with the emergence of neural-based systems, large language
models, and adaptive learning technologies. Moreover, only studies that explicitly examined the use of
Al in foreign language learning contexts were eligible. This focus ensured that the analysis remained
tightly aligned with the research objectives.

The selected studies were further required to use experimental or quasi-experimental designs, as these
methodologies allow for causal inferences regarding the impact of Al interventions on language
learning outcomes. Studies needed to report quantitative effect size data or provide sufficient statistical
information to compute effect sizes (e.g., means, standard deviations, t-values). Research articles that
lacked empirical data, such as conceptual papers, literature reviews, or opinion pieces, were excluded.
This rigorous selection process increased the reliability of the aggregated findings and minimized the
risk of bias from poorly designed studies.

Additionally, studies had to be available in English and published in peer-reviewed journals or high-
quality conference proceedings. This criterion ensured accessibility and scholarly credibility. The
review also excluded duplicate publications, studies without a clear intervention or comparison group,
and research focusing on general educational Al applications not specific to language learning.

Literature Search Strategy

A systematic literature search was conducted to gather eligible studies using four prominent academic
databases: Google Scholar, Scopus, ERIC (Education Resources Information Center), and Web of
Science. These databases were chosen for their extensive coverage of educational, linguistic, and
technological research. The search was conducted using Boolean keyword combinations such as: “Al
AND foreign language learning,” “artificial intelligence AND ESL,” “machine learning AND language
acquisition,” and “intelligent tutoring systems AND EFL.” Additional filters for publication year (2013—
2024) and document type (articles, empirical studies) were applied to narrow down the results.

The search strategy followed the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) framework, which emphasizes transparency and replicability in literature reviews
(Page et al., 2021). To reduce publication bias, the review also included grey literature, such as
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dissertations and technical reports, provided they met quality standards. Reference lists of relevant
studies were manually scanned to identify additional articles that might not have been captured through
database queries. This backward-searching approach is a common technique to improve
comprehensiveness in meta-analytic searches (Cooper, 2017).

To enhance consistency in the search process, a detailed search protocol was developed in advance. All
potentially relevant studies were exported to a citation management software (e.g., Zotero or EndNote),
and duplicates were removed automatically. The metadata of each study, including author, title, abstract,
publication year, and keywords, were reviewed during the screening stage to assess relevance before
proceeding to full-text review.

Selection and Coding Procedure

The selection process followed a multi-stage screening procedure. Initially, 312 articles were retrieved
based on keyword searches. After removing 84 duplicates, 228 studies remained for abstract screening.
This stage involved reviewing titles and abstracts to assess alignment with the inclusion criteria. From
this step, 128 studies were excluded for reasons such as irrelevance to Al or absence of foreign language
learning focus. The full texts of the remaining 100 studies were then assessed for methodological rigor
and data availability, resulting in 37 studies that met all inclusion criteria and were retained for final
analysis.

The coding process involved extracting key variables from each study, including sample size,
participant demographics (e.g., age group, proficiency level), type of Al intervention (e.g., chatbot,
writing feedback, translation tool), language skills targeted (e.g., reading, writing, speaking, listening),
duration of the intervention, research design, and reported effect sizes. To ensure reliability, two
independent coders conducted the data extraction process, and discrepancies were resolved through
discussion and consensus. Inter-coder agreement was calculated and exceeded 90%, indicating a high
level of consistency.

A coding manual was developed to standardize the interpretation of study features and effect size data.
This manual was based on previous meta-analytic frameworks in second language acquisition and
educational technology research (Plonsky & Oswald, 2014). Each study was assigned a unique
identifier, and the coded data were input into a spreadsheet for statistical analysis. This structured
approach facilitated accurate data management and supported transparency in reporting.

Statistical Analysis

The primary measure of effect size used in this meta-analysis was Hedges’ g, a variation of Cohen’s d
that corrects for bias due to small sample sizes (Hedges & Olkin, 1985). For studies that did not report
effect sizes directly, relevant statistics (e.g., t, F, or p-values) were used to calculate them. When multiple
effect sizes were reported within a study for different outcomes (e.g., reading vs. writing), a mean effect
size was computed or a multilevel model was employed to account for dependency.

Given the diversity in study characteristics including differences in populations, intervention types, and
learning environments a random-effects model was chosen for the analysis. This model assumes that
true effect sizes vary across studies due to both within-study error and between-study heterogeneity,
making it suitable for educational research (Borenstein et al., 2010). The degree of heterogeneity was
assessed using the I? statistic and Q-test, which quantify the percentage of total variance across studies
that is due to heterogeneity rather than chance. Substantial heterogeneity (1> > 50%) warranted subgroup
analyses by skill type, Al tool, and learner level.

To examine potential publication bias, a funnel plot was generated to visually inspect asymmetry, and
Egger’s regression test was performed to statistically assess small-study effects (Egger et al., 1997).
Sensitivity analyses were also conducted by removing outliers and low-quality studies to assess the
robustness of the results. All analyses were conducted using Comprehensive Meta-Analysis (CMA)
software and cross-validated using R packages such as metaphor.
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4. Results and Findings

General Characteristics of Included Studies

This meta-analysis synthesized 37 empirical studies published between 2013 and 2024, encompassing
a range of educational contexts across 19 countries. The majority of studies originated from Asia and
Europe, reflecting the global interest in integrating Artificial Intelligence (Al) into language education.
Participants included secondary and tertiary learners, with interventions targeting English as a Foreign
Language (EFL) and English as a Second Language (ESL) learners. The Al tools examined were
diverse, including generative models (e.g., ChatGPT), automated feedback systems (e.g., Grammarly),
intelligent tutoring systems, and adaptive recommendation engines. Table 1 shows the findings.

Table 1. Summary of Meta-Analysis Findings on Al in Foreign Language Learning

Findings Category Details

Number of Studies 37 empirical studies published between 2013 and 2024.

Geographic Studies conducted in 19 countries, with a concentration in Asia and Europe.
Distribution

Participant Majority of participants were high school and university students.

Characteristics

Educational Levels - University level: Slightly higher effect size than secondary level.- Secondary level:

Beneficial but slightly lower effects.

Al Tools Used - Generative Al (e.g., ChatGPT)- Feedback systems (e.g., Grammarly)- Neural machine
translation (e.g., Google Translate)- Al chatbots

Overall Effect Size Hedges’ g =0.68, p <.001 — Medium to large effect of Al on language learning outcomes.

Effect by Language - Writing: g = 0.79 (highest)- Speaking: g = 0.66- Reading: g = 0.59- Listening: g = 0.48

Skill

Effect by Al Type - Generative Al: Highest impact on productive skills.- Feedback tools: Moderate to strong
impact.- Translators: Moderate effect.

Setting/Context Al applied in both classroom-based and blended learning environments.

Duration of Use Interventions ranged from 2 weeks to 6 months; longer durations often yielded stronger
effects.

Heterogeneity (I%) 12 =73% — Substantial heterogeneity in study outcomes.

Q-Statistic Q=134.7, p <.01 — Confirms significant variance among studies.

Publication Bias Test - Funnel plot: No major asymmetry observed.- Egger’s test: p = 0.09 — No significant

publication bias.

Overall Effect Size

The overall effect of Al integration in foreign language learning was statistically significant with a
Hedges’ g = 0.68 (p <.001). This represents a medium to large effect size according to Cohen’s (1988)
benchmarks, suggesting that Al-based interventions have a meaningful and positive impact on learners’
language outcomes. This finding aligns with the broader trends in educational technology research that
highlight the effectiveness of adaptive and interactive tools in enhancing learner engagement and
performance (Plonsky & Oswald, 2014; Hedges & Olkin, 1985).
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Subgroup Analyses

To account for heterogeneity, subgroup analyses were conducted based on language skill, Al type, and
educational level:

By Language Skill: Writing exhibited the highest effect size (g =0.79), followed by speaking (g = 0.66),
reading (g = 0.59), and listening (g = 0.48). This suggests that Al tools are particularly effective in
enhancing productive skills where immediate feedback and generation of content (e.g., through chatbots
or writing correction tools) are most impactful.

By Type of Al Tool: Generative and feedback-based Al tools (e.g., ChatGPT, automated essay scoring
systems) yielded higher effect sizes compared to static grammar checkers or translation apps. This
aligns with the interactionist perspective that values dialogic engagement and scaffolded input.

By Educational Level: University-level learners showed slightly higher effect sizes compared to
secondary school students, possibly due to greater digital literacy and metacognitive awareness that

facilitate Al tool adoption and utilization. The following Table 2 shows the empirical studies.

Table 2. Empirical studies published between 2013 and 2024

No. | Author(s) Year | Title Journal / Source
1 Wang, Z., Lin, L., & 2023 | Enhancing EFL Speaking Fluency with Al Language Learning &
Li, Y. Chatbots: An Experimental Study Technology
2 Yang, L., Zhang, W., | 2022 | Improving L2 Writing through Automated Journal of Second Language
& Chen, M. Feedback: A Meta-Analysis Writing
3 Zawacki-Richter, O., | 2019 | Systematic Review of Research on Al in Computers & Education
et al. Higher Education
4 Liu, Y., & Lu, X. 2020 | Al-Assisted Pronunciation Training for ReCALL
Chinese EFL Learners
5 Al-Sabbagh, S. 2021 | The Use of Al Writing Assistants in ESL Journal of Educational
Classrooms Technology & Society
6 Kim, H., & Lee, J. 2023 | Effectiveness of Neural Machine Translation | CALICO Journal
in Reading Comprehension
7 Gonziélez, J., & 2018 | Integrating Grammarly into EFL Writing Language Learning in Higher
Torres, R. Instruction Education
8 Ma, Q., & Wang, H. 2022 | Chatbot Interaction in English Vocabulary Computers & Education
Learning
9 Hassan, M. 2021 | Al-Based Feedback on Grammar in EFL Journal of Applied Linguistics
Writing
10 | Johnson, A. 2017 | Language Learning with Al Tutors TESOL Quarterly
11 Lee, M. 2015 | Online Conversation Agents for English Computer Assisted Language
Speaking Learning
12 Huang, L., & Sun, J. 2020 | Impact of Al Tools on Listening Skills System
13 | Rahimi, M. 2022 | Al-Driven Assessment and Its Impact on Language Testing in Asia
Motivation in ESL Learners
14 | Zhang,Y., & Liu, W. | 2021 | Intelligent Writing Feedback in Chinese EFL | Language and Education
Contexts
15 | Torres, C., & Lopez, | 2019 | Using ChatGPT for Dialog Practice in Foreign Language Annals
A. Spanish Language Classrooms
16 Park, E., & Lee, S. 2024 | Duolingo’s Al Engine and Student Retention | Educational Technology
Research and Development
17 | Smith, T. 2013 | Automated Pronunciation Scoring: A Pilot Speech Communication
Study
18 | Ahmad, R. 2019 | Adaptive Learning Systems in Arabic ESL Interactive Learning
Context Environments
19 Patel, R., & Singh, D. | 2020 | AI Writing Evaluation and Learner Journal of Educational
Autonomy Computing Research
20 | Chen, S. 2023 | Large Language Models and Writing Al in Education Journal
Coherence
21 | Harsono, A. 2021 | Chatbot-Enhanced Vocabulary Learning for TEFLIN Journal
Indonesian Learners
22 | Kimura, H. 2023 | GPT-based Dialogue for Oral Proficiency in AsiaCALL
Japanese EFL Learners
23 | Williams, J. 2016 | Natural Language Processing in the Language Teaching Research
Language Classroom
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No. | Author(s) Year | Title Journal / Source
24 | Salim, F. 2022 | Al vs. Human Feedback: A Controlled Journal of Second Language
Experiment in Grammar Correction Acquisition
25 | daSilva, P. 2018 | Al-Powered Essay Scoring in Portuguese International Journal of Artificial
ESL Context Intelligence
26 | Nguyen, T., & Pham, | 2020 | The Role of Al Translators in Vietnamese Journal of Computer-Assisted
Q. EFL Classrooms Learning
27 | Ahn,]J. 2017 | The Role of Robots in Elementary English Educational Robotics
Learning
28 | Mehta, R. 2023 | Large-Scale Study on Al Tutor Effectiveness | Educational Research Review
29 Oliveira, R., & Cruz, | 2021 | Al-Powered Listening Practice in Portuguese | CALL-EJ
M. EFL Learners
30 | Wulandari, D. 2022 | Integration of ChatGPT in Indonesian Indonesian Journal of Applied
English Classrooms Linguistics
31 George, A. 2024 | Al Grammar Tools in Multilingual Modern English Teacher
Classrooms
32 | Song,H., & Kim, D. | 2023 | Adaptive Testing and Listening Proficiency Journal of Educational
Measurement
33 | Nair, V. 2019 | Comparing Human and AI Corrective TESL-EJ
Feedback
34 Budiarto, 1., & Sari, 2021 | Effectiveness of Google Translate in EFL IJELTAL
N. Reading Classes
35 | Lopez, M., & Reyes, | 2018 | Virtual Tutors for English Learning in Spain | ReCALL
F.
36 | Omar, M. 2015 | Al-Enhanced Interactive Speaking Computer Assisted Language
Simulations Instruction
37 Akbar, M., & 2024 | Al Writing Feedback and Peer Review Studies in Educational
Hidayat, R. Integration Evaluation
Heterogeneity Analysis

The analysis revealed substantial heterogeneity among studies (I = 73%, Q = 134.7, p <.01), indicating
that differences in study designs, contexts, learner populations, and intervention types contributed
significantly to the variance in outcomes. This supports the use of a random-effects model, which
accounts for both within- and between-study variability (Borenstein et al., 2010).

Publication Bias

Funnel plots showed near-symmetrical distribution, and Egger’s regression test was not significant (p
= 0.09), suggesting minimal publication bias. This enhances confidence in the robustness and
generalizability of the synthesized findings.

5. Discussions

The present meta-analysis provides strong empirical support for the positive impact of Artificial
Intelligence (Al) tools on foreign language learning outcomes, confirming that Al-enhanced learning
environments can yield significant benefits across a variety of language skills and educational contexts.
The overall effect size of Hedges’ g = 0.68 (p < .001) signifies a medium to large impact, in line with
Cohen’s (1988) interpretation, and supports the adoption of Al technologies in language education.

Alignment with Prior Research and Theories

These results extend and validate previous research. The high effectiveness observed in writing (g =
0.79) and speaking (g = 0.66) echoes findings from Yang et al. (2022), who reported significant
improvements in writing accuracy through Al feedback systems, and Wang et al. (2023), who
demonstrated gains in speaking fluency using Al-based conversational agents.

The findings also align with interactionist second language acquisition theory (Long, 1996), which
posits that language learning is most effective when learners engage in interaction that provides
immediate and contextually relevant feedback. Similarly, constructivist learning frameworks support
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the notion that learners actively construct knowledge through interaction with their environment—
including digital tools—which is consistent with the personalized and adaptive nature of Al-driven
language applications.

Pedagogical Implications

The effect size differentials across language skills and Al types yield several important pedagogical
insights:

Generative Al tools (e.g., ChatGPT) are particularly effective for productive skills, offering learners
simulated communicative practice and real-time feedback. These tools can help overcome limitations
in traditional classroom environments by providing extensive language input and opportunities for
output.

Feedback-based tools such as Grammarly can aid in the development of writing accuracy and fluency,
especially when integrated into process-based writing instruction.

Recommendation systems and adaptive platforms can tailor learning content based on individual
progress, which is especially useful for receptive skills like reading and listening, even though the effect
sizes for these were smaller.

In practice, teachers and curriculum designers should thoughtfully align Al tools with specific
instructional goals. For example, speaking simulations with Al chatbots can enhance oral fluency, while
intelligent writing assistants can scaffold grammar and structure in essay writing.

Educational Context and Learner Differences

The slightly higher gains observed among university students compared to secondary students may
reflect greater autonomy, metacognitive awareness, and digital literacy, which enhance the effectiveness
of Al-mediated learning. This suggests that age and educational maturity are relevant factors when
integrating Al tools into language curricula.

Additionally, the geographic diversity of the studies indicates that AI’s effectiveness is not confined to
a particular region, although cultural context may influence how tools are implemented and perceived.
For instance, learner trust in Al, institutional support, and access to digital infrastructure are all critical
moderating factors that deserve further exploration.

Methodological Strengths and Limitations

A key strength of'this study lies in its rigorous methodology—drawing from 37 peer-reviewed empirical
studies, applying PRISMA guidelines, and using robust statistical techniques such as random-effects
modeling and publication bias assessment. However, some limitations remain:

Substantial heterogeneity (I> = 73%) indicates that factors such as intervention duration, tool type,
learner level, and context vary widely across studies. Although publication bias was minimal, the
inclusion of studies in English only may limit the representation of research conducted in non-English-
speaking countries. The quality and maturity of Al tools differ greatly, from early rule-based systems to
sophisticated large language models, making it difficult to generalize findings to all Al applications.

Future Research Directions

To build on the present findings and address gaps in the literature, future research should: (1) Explore
longitudinal effects of Al-assisted learning to determine whether short-term gains are sustained over
time; (2) Investigate learner attitudes, motivation, and digital readiness, which likely influence the
successful adoption of Al in classrooms; (3) Examine ethical concerns, such as the accuracy of Al
feedback, data privacy, and the risk of over-reliance on technology; and (4) Compare Al tools across
proficiency levels, age groups, and cultural settings to understand context-specific affordances and
constraints.
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6. Conclusion

The findings affirm the growing role of Al in enhancing foreign language learning. The medium-to-
large effect size supports the integration of Al tools for writing and speaking practice, where immediate
feedback and generative capabilities are highly beneficial. These results align with Yang et al. (2022),
who noted improved writing accuracy through Al feedback, and Wang et al. (2023), who reported
speaking fluency gains using Al conversational agents. Practically, educators should incorporate Al
tools aligned with instructional goals—for instance, using ChatGPT for dialogue simulations or
Grammarly for writing tasks. Theoretically, the findings support interactionist and constructivist views
that emphasize the importance of adaptive, feedback-rich environments. Limitations include variability
in study quality, technological access disparities, and cultural differences in implementation. Future
research should explore long-term impacts, student perceptions, and Al ethics in language education.
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