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| ABSTRACT

Artificial intelligence has increasingly transformed educational practices, particularly in writing instruction. Among these
innovations, Al-based feedback tools have appeared as favourable solutions for giving personalized, immediate, and accessible
support to learners. This study aims to assess the effect of Al-based feedback on English writing performance, filling research
gaps regarding the impact of English language proficiency level, duration of intervention, and implementation setting on the
effectiveness of Al-based feedback tools in improving students’ English language writing performance. A systematic review and
meta-analysis were utilized to examine 24 empirical studies published from January 2022 to March 2026 across five databases
(including EBSCO, ProQuest, ERIC, Web of Science, and Wiley Online Library). The results indicated that Al-based feedback tools
had a large overall effect size (Hedges' g = 1.298, p < 0.001) on students’ writing performance. Moreover, moderator analyses
revealed that learners with intermediate proficiency benefited more substantially compared to advanced learners, suggesting
that Al feedback is particularly effective for developing writers. In terms of implementation settings, blended learning
environments yielded stronger effects than traditional classroom settings, highlighting the importance of flexible and
technology-supported contexts. Although the duration of intervention did not significantly moderate the results, consistently
strong effects were observed across the three periods of intervention: short, medium, and long-term. These findings suggest that
Al-based feedback tools represent a powerful and scalable approach to enhancing English writing skills.
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1. Introduction

The artificial intelligence area has progressed very fast in recent years. This technology has been widely utilized in education,
including teaching the English language and particularly writing skills. With the appearance of technologies, such as natural
language processing (NLP), Al feedback tools have been used to offer instant and personalized feedback to learners, which
changes the traditional ways of teaching writing (Zhai et al, 2021; Zhang & Hyland, 2022). Such technologies have received
considerable attention within the context of EFL and ESL due to the importance of instant feedback for students’ writing
proficiency, especially with larger groups (Thi et al., 2025).

The process of writing in English is rather complex and requires both linguistic and cognitive efforts associated with developing
the content of written texts and organizing the material. Although conventional teacher feedback is essential, it is limited by the
number of lessons per week and may be insufficient because of the constraints related to class size and time restrictions (Lee,
2020). Therefore, Al-based feedback can serve as a helpful addition, providing students with instant recommendations regarding
their grammatical, lexical, and structural problems (Wang et al., 2022).

However, even though the use of artificial intelligence in teaching writing has increased, there is still significant irregularity in
studies regarding the effectiveness of this technology. While some studies show that the use of feedback from Al improves the
quality, accuracy, and fluency of writing by students (Barrot, 2023; Thi et al., 2025), other studies indicate that the use of Al might
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not be beneficial in solving complex issues such as argumentative writing and critical thinking skills (Zhang & Hyland, 2022).
While it seems that the duration of interventions does not affect their outcome, it appears that the effectiveness of Al-based
feedback is highly dependent on various contextual factors, including language skills among students and conditions in which
teaching occurs (Zhai & Ma, 2022; Fleckenstein et al., 2023; Alnemrat et al., 2025).

With all this conflicting evidence, it is clear that a comprehensive and systematic synthesis of all previous research about Al-
based feedback tools should be conducted in order to discover the overall efficiency of the discussed tools and to reveal under
what circumstances they work the best. The methodology of meta-analysis allows performing an integrative analysis of results
obtained from several different studies and identifying potential moderator variables (Borenstein et al., 2021). More specifically,
the analysis of the effects of factors such as English language proficiency, the environment where Al-based feedback is
implemented (classroom, online, or blended), and the duration of the intervention can shed light on how the technology works.
Thus, the current study will try to analyze the impact of Al-based feedback on English language writing performance. Besides, the
possible mediating role of factors such as English language proficiency, the type of implementation environment, and the
duration of the intervention period will be evaluated.

2. Literature Review
The fast development of Al technology has made great changes to teaching practices, especially L2 writing pedagogy. The use of
Al-based feedback tools, such as automated writing evaluation (AWE) and automated written feedback (AWF) systems, makes it
possible to provide instant, personalized feedback to students on their writing. Through analyzing linguistic, syntactic, and
rhetorical features of written texts using NLP techniques, these tools give feedback, which helps students modify their writing
(Xue, 2024; Zhai & Ma, 2022). This means that Al-based feedback has gained increasing prominence in EFL/ESL classrooms
because timely feedback plays a critical role in developing students’ writing skills.
Thus, there have been many applications of Al-based feedback tools in different educational settings, including automated,
human-assisted, and hybrid applications involving both human beings and machines. In the beginning, Al-based feedback tools
were used to score students' essays automatically or provide surface-level feedback on grammar, punctuation, and vocabulary
usage in their essays (Shi & Aryadoust, 2024; Zhang & Hyland, 2022). With the development of generative Al and LLMs, however,
feedback can be given regarding higher-order writing skills of students, such as organization, coherence, and reasoning. In other
instances, the use of Al feedback complements traditional forms of feedback provided by instructors. According to Tran (2025),
there were increased revision rates and improved writing outcomes when both Al and instructor feedback were combined
compared to situations where each was applied individually. Similar results have been reported by Bai and Nordin (2025), who
have found the combination of human-Al feedback beneficial for increasing writing accuracy, complexity, and fluency. Therefore,
it can be argued that a combination of the two types of feedback provides the best opportunity for enhancing students’ writing
skills.
Moreover, the use of Al feedback in the context of blended learning is becoming more widespread due to its convenience. Since
blended learning involves the use of technology to facilitate continuous learning outside the class, the use of Al can contribute
to providing constant and instant feedback on writing assignments. Previous studies have found that, in a blended learning
setting, the role of Al applications was mostly to support asynchronous learning (Park & Doo, 2024). Furthermore, current
research has investigated the effectiveness of using generative Al software such as ChatGPT and Grammarly in writing
instruction. As mentioned earlier, Al tools can offer more interactive feedback compared to traditional Automated Writing
Evaluation (AWE). According to Chang et al. (2021), students who benefited from Grammarly outperformed their counterparts
who were taught traditionally, with a medium effect size. In a similar path, Alanazi et al. (2025) reported that feedback generated
from ChatGPT led to marked improvements in the writing ability of the participants.
In summary, Al software for generating feedback for writing tasks has become much more advanced than merely automated
checking programs for basic grammatical errors. Such tools help in developing both lower-order and higher-order writing skills.
Regarding the effectiveness of Al-based feedback as a means for improving writing, several studies have shown the effectiveness
of the use of Al feedback in relation to certain dimensions of writing. For instance, Du and Nordin (2026) indicated that students
who used AWE systems made marked gains in terms of writing accuracy, fluency, and complexity, in addition to experiencing
lower levels of writing anxiety. Likewise, Chan et al. (2024) indicated that Al feedback resulted in considerable gains in the quality
of essays written by students, in addition to raising their levels of motivation.
Nonetheless, there are some findings that reveal slightly different results. Alnemrat et al. (2025), for example, argue that
although both feedback types result in improved writing performance, there are no significant differences between Al-generated
and teacher-generated feedback, thus implying that the two types of feedback are equally effective, but neither can be
considered superior to the other. Another important observation is related to what kind of writing problems Al tools can be used
for successfully. While low-level writing issues, such as grammar and vocabulary, tend to be adequately handled by Al tools,
higher-order writing skills, including argumentation and reasoning, remain underdeveloped despite the use of Al feedback (Tran,
2025; Shi & Aryadoust, 2024). Besides, students’ involvement in the process is another factor that should be considered. Indeed,
according to Zhang (2025), there is evidence that the effectiveness of feedback produced by Al tools depends greatly on how
useful students find the process and how engaged they are in using suggested corrections and recommendations.
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Despite the increasing number of empirical studies investigating the application and effectiveness of Al-based feedback in
writing instruction, various gaps still exist in current literature. The first one is related to the high heterogeneity among existing
studies in terms of their designs, contexts, and assessment of writing ability, which contributes to inconsistent findings regarding
the size of effects of Al-based feedback in English writing instruction (Shi & Aryadoust, 2024). The second limitation of current
literature is related to the under-representation of systematic studies investigating the influence of various factors (e.g., English
proficiency level, learning context, etc.) on the effectiveness of Al-based feedback. Finally, there is a need for meta-analytic
studies investigating how Al-based feedback is used in different contexts and its overall effectiveness.

Therefore, the present study intends to bridge these gaps by means of conducting a systematic review and meta-analysis of the
literature on Al-based feedback in English writing instruction. To do so, this paper attempts to answer the following research
questions:

(1) How are Al-based tools implemented for students’ academic writing feedback?

(2) How effective is Al-based feedback in enhancing students’ academic writing performance?

(3) To what extent is the effect of Al-based feedback moderated by English language proficiency level, duration of intervention,
and learning setting?

3. Methodology

3.1 Searching Process

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021) was used to carry out this
review. The researcher conducted an extensive search across various online academic databases, including EBSCO, ProQuest,
Web of Science, ERIC, and Wiley Online Library. The articles published from January 2022 to March 2026 was selected.
Furthermore, Boolean search strings were employed to identify relevant studies, specifically targeting the title, abstract, and
keywords of the literature: (“Artificial intelligence” OR “Generative Al” OR "Generative Al tools” OR “Al-based feedback” OR "Al-
based Tools"”) AND ("Writing skill” OR “ Writing performance” OR “Academic writing” OR “EFL w" OR "“ESL writing").

3.2 Inclusion and exclusion criteria
To minimize potential bias and ensure the relevance of the search results, specific selection criteria were applied to screen full-

text studies. Table 1 displays both the inclusion and exclusion criteria.

Table 1. Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

Empirical Studies Non-empirical studies: (e.g., review, meta-
analysis, conceptual, opinion, and editorial
articles).

Published between January 2022 and Published before 2022

March 2026

English-language articles Non-English articles.

Available in Full text. Not available in full text.

Al in academic writing. Al in fields other than academic writing

Quantitative studies contain enough data | Qualitative studies

to calculate effect sizes

3.3 Screening Process

The PRISMA checklist (Page et al., 2021) was employed to identify, select, and report the research findings (See Figure 1). During
the preliminary literature search, duplicates were removed, and 1520 documents were identified. After reviewing titles and
abstracts, 1418 articles were excluded. Subsequently, 102 full-text articles were read to assess if they met the inclusion and
exclusion criteria. At the selection stage, full texts were screened based on these eligibility criteria: (1) include experimental and
control groups, (2) numbers of participants, English language proficiency levels (beginners, intermediate, and advanced) are
clearly shown; and (3) evaluation results of the intervention were reported (means and standard deviation). Finally, 24 articles
were included in the current systematic review and meta-analysis.

3.4 Document Coding
To ensure the reliability of results, high-quality data extraction and coding are critical (Cooper et al., 2019). The coding
framework (See Table2) includes two parts: (1) Basic literature information, such as the article author, publication date, and
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country or region. (2) Feature value coding, including English language proficiency level, intervention duration, implementation
setting, sample sizes for the experimental and control groups, and effect size calculation.

Inter-rater reliability was calculated using Cohen's Kappa to assess the reliability of the document coding, yielding a value of 0.93
(> 0.7), which indicates a very high level of consistency between the researcher and an independent reviewer.

4. Data Analysis

To analyze the overall effect size and moderator variables' effect sizes, the Comprehensive Meta-Analysis program (CMA, version
4.0) was used. The number of samples (N), mean (M), and standard deviation (SD) from the several independent studies included
in this article were manually entered into the CMA software for analysis. The effect sizes were calculated using Hedges's g to
assess the impact of each study. The variability between research is taken into account in order to obtain a more accurate
estimation of the true effect size and enable more precise comparisons between studies with different sample sizes (Bai et al.,
2020).

Identification of studies via databases
= Records identified from
o (=
= Databases: (n 5973) Duplicate records removed
© -EBSCO: (n =196) P
O A before screening:
= -ProQuest: (n =337) (n = 453)
S -WoS: (n =994) —>
o -Eric: (n =126)
-WOL: (n =320)
v
Records screened for titles > Records excluded based on titles
(n = 1520) (n=1088)

o \4
=
o Records screened for abstract - Records excluded based on
o (n = 432) > abstract
3 (n = 330)

v

Reports assessed for eligibility Reports excluded (n =78)
(n =102) ’ -Inclusion criteria not met

o Studies included in the
S systematic review and meta-
3 .
= analysis
= (n=24)

Figure 1. PRISMA Flow Diagram of the Article Search and Selection Process
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Table 2. Document Coding

Author (Year) Country/ English Duration of Implementation Number of

Region Language Intervention Setting Samples

Proficiency
Level EG G

Al Ghaithi & Oman Intermediate Short Blended 20 20
Behforouz
(2025)
Ali et al. (2025) Saudi Arabia Intermediate Short Blended 50 50
Alnemrat et al. Jordan Intermediate Short Classroom 60 60
(2025)
Basic et al. Croatia Advanced Short Classroom 9 9
(2023)
Biju et al. (2024) | Bangladesh Intermediate Medium Classroom 35 35
Chan et al. China Advanced Short Classroom 342 576
(2024)
Chen & Gong China Advanced Long Blended 25 25
(2025)
EKIZOGLU & Turkey Intermediate Medium Classroom 30 30
DEMIR (2025)
Escalante et al. Asia—Pacific Intermediate Medium Classroom 23 25
(2023)
Gayed et al. Japan Intermediate Short Classroom 5 5
(2022)
Jamshed et al. India Intermediate Long Blended 56 56
(2025)
Mahapatra India Advanced Short Classroom 37 35
(2024)
Mahdi et al. Kuwait Intermediate Short Classroom 23 22
(2025)
Mekheimer Egypt Intermediate Medium Classroom 30 30
(2025)
Sari & Han Turkey Intermediate Long Classroom 45 45
(2024)
Sari & Lestari Indonesia Intermediate Medium Classroom 30 30
(2025)
Sawangwan Thailand Intermediate Short Blended 25 25
(2024)
Tedjo (2022) Indonesia Intermediate Medium Classroom 10 10
Vo & Ho (2026) | Vietham Intermediate Medium Classroom 45 45
Wale & Ethiopia Intermediate Medium Blended 45 47
Kassahun (2024)
Wang & Han China Intermediate Short Classroom 35 35
(2022)
Wiboolyasarin Thailand Intermediate Long Classroom 18 21
et al. (2024)
Xiao (2024) China Intermediate Long Blended 25 26
Zhang et al. Malaysia Advanced Long Classroom 30 30
(2025)
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4.1 Testing heterogeneity and calculating the overall effect size

Both the Q-test and the I>-test were used in the heterogeneity testing to evaluate the consistency of the included research. To
ascertain the total effect magnitude, either a fixed-effect model or a random-effect model must be chosen. The fixed effects
model assumes that the true effect size is constant throughout all investigations, with deviations resulting from random error. On
the other hand, the random effects model permits genuine changes and true effect size discrepancies between studies because
of random error (Schmidt et al., 2009). The fixed effect model is suitable when heterogeneity is small, while the random effects
model should be applied when it is large (Borenstein et al., 2021). A higher 12 score indicates increased heterogeneity. Low
heterogeneity is indicated by values between 0% and 25%, moderate heterogeneity is indicated by values between 25% and
75%, and high heterogeneity is indicated by values between 75% and 100% (Higgins, 2003). The current study showed significant
heterogeneity (Q = 505.527, 12 = 95.450, p < 0.000), indicating the use of the random effects model (see Table 3).

Table 3. Overall Effect Size and the Heterogeneity Test.

Effect Hedges' g n Standard 95% (Cl) Heterogeneity test result
Model error

Lower Upper Q df 12 P
Random | 1.298 24 0.239 0.830 1.765 505.527 23 95.450 | 0.000

Notes: n, number of effect sizes; Cl, confidence interval; Q, Cochran's Q statistic; df, degrees of freedom; 12, heterogeneity percentage; P, p value.

4.1 Publication bias

A funnel plot, the Begg and Mazumdar test, and the classic fail-safe N test were used to assess publication bias before the meta-
analysis. The validity of the meta-analysis was visualized using a funnel plot, with a symmetric inverted funnel indicating the
absence of publication bias (Egger et al., 1997). The asymmetrical funnel plot in Figure 2 suggests publication bias, as smaller
studies with negative or non-significant results are probably absent. Begg and Mazumdar test and the fail-safe N test were then
used to determine the statistical significance of this asymmetry. The Begg and Mazumdar test shows non-significant results
(Kendall's tau = 0.23, p = 0.101 > 0.05), indicating no statistically significant evidence of publication bias according to this
method. The classic fail-safe N estimates the number of missing studies needed to render the meta-analysis's p-value non-
significant, demonstrating the robustness of the observed effect size (Borenstein et al., 2021). The anticipated effect size of
unpublished research is unlikely to influence the effect size of the meta-analysis if the fail-safe N is more than 5 N + 10
(Rosenthal, 1979). The analysis of the current study found a classic fail-safe N of 2159, which exceeded the acceptance level of
130 (5 24 + 10), demonstrating that 2,159 more "null" studies would be required to render the total effect non-significant,
suggesting that the results of the meta-analysis are extremely reliable and difficult to reverse due to publication bias. These
outcomes support the validity and reliability of the study's results.

Funnel Plot of Standard Error by Hedges's g
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Figure 2. Funnel Plot for Al-based Feedback on English Academic Writing

Page | 135



The Impact of Al-based Feedback on English Writing Performance: A Systematic Review and a Meta-analysis Study

5. Findings

5.1 The implementation of Al-based tools in students’ academic writing feedback

Variables, including English language proficiency level, implementation setting, and intervention duration, were selected to
address RQ1 because they are widely discussed in prior studies and facilitate data analysis. Furthermore, these aspects have the
potential to significantly influence the implementation and effectiveness of Al-based feedback tools in enhancing students’
academic writing performance (Ranalli, 2018).

5.1.1 English Language Proficiency Level

The students’ levels of English language proficiency were classified based on the CERF framework (Council of Europe, 2001) into
beginners (A1 and A2), intermediate (B1 and B2), and advanced (C1 and C2) (see Table 4). These levels shape learning by
determining the complexity of input, the degree of learner autonomy, and the type of instructional support required at each
stage. Nineteen of the included studies involved participants with an intermediate level of English proficiency, while five studies
focused on advanced learners. This distribution indicates that students at the intermediate level were the main users of Al-based
feedback tools, with comparatively fewer studies examining outcomes at higher proficiency levels.

Table 4. English Language Proficiency Level of Participants in Review Papers
Dimension Category N (%)

Intermediate 19 (79.17%)
English language
proficiency level Advanced 5(20.83%)

5.1.2 Implementation Setting

As shown in Table 5, the implementation settings of Al-based feedback tools in writing were categorized as Classroom, Online,
and Blended. Most studies (N = 17) implemented the Al-based feedback in formal classroom settings (e.g., Mahapatra, 2024;
Mahdi et al., 2025; Mekheimer, 2025; Sari & Han, 2024; Sari & Lestari, 2025). Seven studies implemented Al-based feedback tools
in writing in a blended environment (e.g., Al Ghaithi, 2025; Jamshed et al, 2025; Wale & Kassahun, 2024), and no study
implemented the assessment tool online.

Table 5. Implementation Setting of Review Papers

Dimension Category N (%)
Classroom 17 (70.83%)
Implementation Blended 7 (29.17%)
setting
Online 0

5.1.3 Duration of intervention

As indicated in Table 6, the duration of interventions ranged from less than 5 weeks to more than 8 weeks, with less than 5
weeks classified as short, 5-8 weeks classified as medium, and more than 8 weeks classified as long. Most of the studies lasted
for less than 5 weeks (N = 10). Other studies applied the Al-based feedback tools in both medium-intervention (5-8 weeks)
designs (N = 8) and long-intervention (>8 weeks) designs (N = 6).

Table 6. Duration of Intervention

Dimension Category N (%)
Short (< 5 weeks) 10 (41.67%)
Duration of Medium (5-8 weeks) 8 (33.33%)

intervention

Long (> 8 weeks) 6 (25%)
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5.2 The Impact of Al-based feedback on enhancing students’ academic writing performance

Table 3 displays the overall effect size and its heterogeneity. A small effect is indicated when g is less than 0.2, a medium effect is
suggested when g is between 0.2 and 0.8, and a major effect is indicated when g is greater than 0.8 (Hedges,1981). Therefore, an
effect size of 1.298 suggests that it is substantial enough to be considered educationally significant, as it points to a high positive
effect on improvement in English language writing performance that can have a practical impact on educational practices and
enhance the overall learning experiences.

5.3 The effect of moderator variables on Al-based feedback

5.3.1 Effect sizes of moderator variables

To investigate the variables that might influence how well Al-based feedback tools enhance students’ writing performance, the
moderator variable results were presented using a mixed-effects model. The moderator variables’ distribution and effect sizes
are displayed in Table 7.

Table 7. Results of Moderator Variable Analysis

Moderator n Hedges' g Standard | Lower Upper z Qb P
variables error level level

English language 5.938 0.015
proficiency

Intermediate 19 1.552%** 0.341 0.884 2.219 4.555

Advanced 5 0.573** 0.213 0.156 0.990 2.694

Implementation 4275 0.039
setting

Classroom 17 0.785*** 0.150 0.490 1.079 5.219

Blended 7 2.855** 0.990 0.915 4.795 2.884

Duration of 0.989 0.610
intervention

Short 10 1.256** 0.417 0.438 2.073 3.011

Medium 8 1.076%** 0.269 0.549 1.603 4.004

Long 6 1.765** 0.649 0.493 3.037 2.721

*p < 0.05; **p < 0.01; **p < 0.001.

5.3.2 English language proficiency level

The moderator analysis in Table 7 shows that English language proficiency significantly influenced the effectiveness of Al-based
feedback tools in students’ writing performance (Q, = 5.938, p = 0.015 < 0.05). For students with intermediate proficiency, the
effect size was very large (Hedges' g = 1.552), indicating a high effect on writing performance. In contrast, students with
advanced proficiency showed a smaller but still meaningful improvement (g = 0.573), corresponding to a medium effect. This
pattern suggests that Al-based feedback tools are particularly beneficial for students who are still developing their writing skills,
while more proficient learners experience comparatively moderate gains.

5.3.3 Implementation setting

The findings for the implementation setting (See Table 7) also revealed a significant moderating effect (Q, = 4.275, p = 0.039 <
0.05). In classroom settings, the effect size was g = 0.785, which can be interpreted as a medium-to-high effect on students’
writing performance. However, in blended learning environments, the effect size was substantially larger (g = 2.855), indicating a
very high effect. This suggests that combining Al-based feedback with flexible or technology-enhanced learning contexts
maximizes its impact, possibly due to increased opportunities for interaction and iterative revision.

5.3.4 Duration of intervention

Regarding the duration of intervention, Table 7 shows that all duration categories had a high effect on writing performance.
Short-term interventions (g = 1.256), medium-term interventions (g = 1.076), and long-term interventions (g = 1.765) all
demonstrated strong effects. However, the value of Q, (Qp = 0.989, p = 0.610 > 0.05) indicates that there was no statistically
significant difference in the moderating effect of duration on the relationship between Al-based feedback tools and enhancing
writing performance. These findings show that Al-based feedback tools are effective regardless of how long they are
implemented, suggesting that even shorter interventions can yield substantial improvements in students’ writing.
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6. Discussion

This current systematic review and meta-analysis have studied the effectiveness of using Al-based feedback in writing
performance. Besides, this study also focused on the moderating role of three factors in relation to Al-based feedback
application — English language proficiency, implementation setting, and intervention duration. The results obtained from this
study suggest that there is substantial evidence that Al-based feedback tools had a very high impact on students’ academic
writing performance (g=1.298), which further verifies their increasing importance in language teaching settings. The results
found in this meta-analysis are consistent with some existing empirical studies in which Al feedback tool applications were found
to improve writing quality by enhancing accuracy and coherence in writing (Chan et al., 2024; Wiboolyasarin et al., 2024).

It should be noted that the results of the first research question show that the implementation of Al feedback tools is most
frequent in classroom environments, and there is also some evidence of using blended learning models. The significance of the
role of an instructor in the learning process is highlighted despite the presence of new technologies. Some papers presented in
the review (for example, Mahdi et al, 2025; Mekheimer, 2025; Sari & Han, 2024) state that Al tools are considered auxiliary
means in the learning process. This finding is aligned with the outcomes obtained previously and shows that cooperation
between human beings and Al contributes to the provision of comprehensive feedback because it combines the benefits of both
Al and teachers' experience (Chen & Gong, 2025; Al Ghaithi & Behforouz, 2025). It also appears that using blended learning
models allows for applying Al tools more creatively, as they can contribute to providing continuous feedback beyond classroom
borders (Sawangwan, 2024; Wale & Kassahun, 2024).

Regarding the second research question, the high effect size reported in this research clearly indicates that the use of Al-based
feedback has a strong positive influence on the effectiveness of students’ writing. As mentioned earlier, previous findings
indicate that Al technologies allow for enhancing students’ writing by means of giving immediate and specific feedback
regarding grammar, vocabulary, and organization (Escalante et al., 2023; Gayed et al, 2022). In addition to previously cited
works, more recent publications considered within the scope of this review (for example, Ali et al, 2025; Mahapatra, 2024)
demonstrate that the use of Al-based feedback results in an iterative process of revising work and in a greater involvement in
writing. Although there was a high effect size in general, some of the works found within the current review suggest that the
effectiveness of feedback depends on the nature of such feedback. Namely, Al can be used effectively to solve low-level issues
such as lexical errors or grammar problems, while high-level features of writing, including argumentation or critical thinking,
require human involvement (Basi¢ et al., 2023; Jamshed et al., 2025).

As for the third research question, moderator analysis has shown that English language proficiency greatly affects the
effectiveness of Al-based feedback. Intermediate level students were characterized by a high effect, while those on the advanced
level had a medium effect. This result resonates with the findings of several authors (e.g., Wang & Han, 2022; Xiao, 2024),
according to whom the use of Al tools is much more beneficial to those learners whose language skills need further
improvement. The use of explicit correction and scaffolding offered by the tool contributes greatly to the noticing and error
correction process among intermediate-level students. Advanced students, on the other hand, may not benefit as much from the
Al tool as their needs are broader and include not only language accuracy but also rhetoric and analysis, which cannot always be
offered by such software (Alnemrat et al.,, 2025; Mahdi et al., 2025).

In addition, the implementation setting was identified as an important moderator that influenced the effectiveness of Al-based
feedback. Specifically, the analysis revealed a very large effect of Al feedback in blended learning environments, while there was
a medium to high effect on traditional classroom settings. This is consistent with the findings of a study conducted recently,
which concluded that blended learning environments contribute to improved effects of Al-based feedback through increased
flexibility, more practice opportunities, and continuous availability of feedback (Biju et al., 2024; Sari & Lestari, 2025). More
specifically, learners can participate in the revision process more actively by using feedback that can be provided both
synchronously and asynchronously.

On the other hand, the duration of implementation does not appear to moderate the effectiveness of Al-based feedback tools.
While this result may seem counterintuitive, it should be noted that in all cases considered here, the duration had an extremely
significant impact on the level of achievement, and any implementation time appeared to provide good results. Therefore, this
result could be explained by the fact that, irrespective of the duration of intervention, the usage of Al feedback tools helps
produce good academic results. It is interesting to note that there is some research that corroborates this idea, including Tedjo
(2022) and Wale and Kassahun (2024). This result may have several important practical applications since it will help educators
understand that the immediate application of Al tools is beneficial if learners receive timely and sufficient feedback.

In conclusion, it is important to emphasize that the results obtained during the current meta-analysis confirm the general
efficacy of Al feedback tools in academic writing. By analyzing multiple studies in a single paper, one can form an overall picture
of how the tool in question is used across settings and which factors may affect its effectiveness.

7. Implications

Findings from this study have major implications for teachers, curriculum designers, and policymakers in the domain of language

education. Considering the overall effect of using Al-based feedback tools on writing performance, there is an opportunity for

educational institutions to incorporate such tools in the process of writing instruction so as to promote positive academic results
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for students. It is suggested that teachers use Al-based tools as supplementary tools that allow giving instant and personalized
feedback, especially to intermediate-level learners who are positively influenced by this method. The high effectiveness of using
these tools in the blended mode of instruction also suggests that incorporating Al tools in flexible teaching models is a way to
maximize their influence due to more autonomy.

8. Limitations

Despite its strengths, this study also has some limitations that are worth mentioning. First, differences in research design, sample
size, and measures used to evaluate participants' writing abilities might have led to the heterogeneity of the results obtained.
Second, most of the analyzed articles deal with learners of an intermediate proficiency level. Thus, the results are difficult to
generalize to those learners who are either at the beginner or advanced level. Moreover, the analysis of the selected moderators,
including English proficiency level, implementation context, and the duration of intervention, does not provide insights into
other important aspects that influence the use of artificial intelligence in writing instruction. These aspects include types of Al
tools, the quality of feedback provided by the tool, and students’ involvement. Therefore, more research needs to be done to
cover all these limitations.

8. Conclusion

The current paper confirms that the introduction of Al-based feedback systems is highly beneficial for improving the students’
academic writing skills. As the findings indicate, these solutions are particularly effective when used by intermediate learners or
in a blended environment. At the same time, the performance of Al-based tools remains high across various intervention
periods. Thus, such systems may serve as an efficient and scalable solution to enhancing writing skills in EFL and ESL settings.
Yet, several points need to be addressed when applying Al systems successfully. Namely, more moderators should be identified,
and the ways to develop higher-level writing skills through Al-based systems should be discussed.
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