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ABSTRACT

Academic writing is a core competence for learners of English as a foreign language (EFL), yet it remains one of
the most demanding skills because it requires the simultaneous integration of content development, idea
organization, and linguistic accuracy. Many EFL students consequently devote disproportionate cognitive
resources to lower-level language concerns, which may hinder higher-order processes such as coherence
building and argument development. Drawing on sociocultural perspectives on cognitive scaffolding and the
growing capacity of artificial intelligence (AI) tools to deliver immediate, individualized support, this study
investigated whether Al-based cognitive scaffolding could enhance EFL students” academic writing outcomes
and whether such effects generalized across different dimensions of writing performance. A quasi-experimental
pretest-posttest design was employed over 14 weeks with 53 first-year non-language-major students at a public
university in Vietnam. Students” writing performance was compared between a group that received Al-based
scaffolding and a group that received conventional instruction. The findings showed that Al-mediated
scaffolding produced a significant improvement in the experimental group’s overall academic writing
performance (gain A = 0.81) compared with the control group (gain A = 0.55). However, the benefits were
selective and domain-specific rather than uniform: the intervention markedly enhanced idea generation and
language-related performance but had limited impact on organizational structure and content elaboration. These
findings highlight both the strengths and the limitations of Al tools in EFL writing instruction and suggest that
Al is most effective when embedded in an integrated pedagogy that combines technological scaffolds with
explicit teaching and guided support to address higher-order writing demands.
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INTRODUCTION

Academic writing is a core competence for learners of English as a foreign language
(EFL), yet it remains one of the most challenging skills to master. According to Ferris &
Hedgcock (2014), effective academic writing requires the integration of multiple components,
including content development, organization, and language accuracy. Many EFL learners
struggle to manage these tasks and tend to focus their cognitive resources on lower-level
concerns such as grammar and vocabulary at the expense of higher-order processes such as
argument development, critical thinking, and textual coherence (Zhang et al., 2025). These
challenges draw attention to instructional approaches that can provide timely, personalized,
and adaptive support during the writing process.

One such approach is cognitive scaffolding, which is rooted in Vygotsky’s (1978)
sociocultural theory and its emphasis on guided support that helps learners perform beyond
their current level of competence. The metaphor of scaffolding was introduced by Wood et al.
(1976), and in classroom practice such support is usually provided by teachers through
feedback, modelling, or interactive guidance. However, this support is often constrained by
time, class size, and variability in learners” needs. With the rapid development of artificial
intelligence (Al), interest has grown in leveraging Al-based tools as scalable scaffolding
mechanisms in language learning contexts. Al-based tools can function as cognitive supports
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by offloading lower-level linguistic processing, assisting with planning and revision, and
providing immediate, individualized feedback during writing tasks (Hong et al., 2025;
Nguyen et al., 2024; Zulaikha et al., 2025).

Empirical evidence increasingly supports the effectiveness of Al-based scaffolding in
enhancing EFL learners’ academic writing performance. Across experimental and quasi-
experimental studies, Al-assisted interventions have consistently generated significant
improvements in overall writing quality, especially in grammatical accuracy, lexical
sophistication, coherence, and organization (Najmiah & Al-Anbari, 2025; Shen, 2025; Tran,
2025).

Furthermore, Al-powered writing assistants, including Grammarly, ChatGPT, and
QuillBot, have been found to facilitate both lower-order language revision and higher-order
writing development by providing immediate and iterative feedback that enhances clarity,
syntactic complexity, cohesion, and revision quality (El-Garawany, 2024; Mahapatra, 2024;
Song & Song, 2023). Recent studies have extended this evidence by evaluating the pedagogical
value of Al-assisted learning tools in different research designs and contexts. Using a mixed-
methods design with 60 EFL postgraduate students, Mekheimer (2025) found that Grammarly-
assisted feedback not only improved writing proficiency but also promoted students’
engagement by reducing frustration and boosting confidence and sense of accomplishment.
Likewise, employing a prospective, double-blinded, paired-comparison design, Tsai et al.
(2024) demonstrated that ChatGPT-assisted revision significantly improved the quality of
essays produced by 44 EFL English majors across all four assessment dimensions, with the
highest gain observed in vocabulary, followed by grammar, organization, and content.

Despite the growing body of research on Al-supported writing instruction and
cognitive scaffolding in EFL contexts, several gaps remain. First, rigorous experimental
research is still insufficient, particularly studies employing pretest-posttest control-group
designs that can establish a causal relationship between an Al intervention and writing
outcomes. Second, prior research has focused on overall writing performance, with little
evaluation of the extent to which Al-based cognitive scaffolding affects specific components
of writing, such as content development, organization, lexical choice, and grammatical
accuracy. These gaps highlight the need for empirically grounded studies that conceptualize
Al as cognitive scaffolding and systematically investigate its impact on the academic writing
performance of EFL learners.

Therefore, two research questions (RQs) were formulated:

RQ1. How was students’ academic writing performance affected by the application of Al-based

cognitive scaffolding?

RQ2. How did the writing components of the experimental group students change after the

intervention?

Based on these research questions, three hypotheses (H) were proposed:

H1. Al-based scaffolding positively affected the experimental group students’ academic writing

performance.

H2. The changes among the writing criteria of the experimental group participants were similar.

H3. The changes in writing components were similar between the experimental and control

groups.

Academic Writing in International EFL Contexts and in Vietnam

Academic writing in English remains a persistent challenge for EFL learners
worldwide and is a critical concern within the Vietnamese education system, spanning
secondary, tertiary, and higher education. Despite differences in educational contexts, a
substantial body of research points to a convergence of difficulties across settings,
encompassing linguistic, cognitive, affective, and institutional dimensions, alongside context-
specific pedagogical and cultural constraints.

At the global level, EFL learners consistently encounter challenges related to limited
lexical resources, grammatical inaccuracy, and insufficient control of cohesion and coherence,
which collectively hinder the production of academically appropriate texts (Alzahrani, 2025;
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Esperanzate, 2025; Singh, 2019). In addition to these linguistic constraints, students frequently
struggle with higher-order academic skills, including paraphrasing, argument development,
and the integration of sources, all of which are essential for participation in academic discourse
communities (Al-Khulaidi & Abdulkhalek, 2022; Pandit, 2025). These difficulties are often
compounded by affective factors, such as writing anxiety and low self-efficacy, which further
impede students’ effective engagement in the writing process.

Empirical studies conducted in various contexts, including Saudi Arabia, Malaysia,
and China, report similar patterns of difficulty, especially in relation to adherence to academic
conventions, organizational structure, and referencing practices (Alzahrani, 2025; Singh, 2019;
Wei et al., 2024). These challenges are frequently attributed to limited opportunities for
sustained writing practice and insufficient instructional support tailored to the demands of
academic writing. Such findings suggest that the challenges faced by EFL learners are not
merely individual but are also shaped by broader institutional and pedagogical conditions.

In response to these challenges, a range of instructional approaches have been
proposed and empirically validated. Among the most prominent are genre-based instruction,
which explicitly teaches the rhetorical structures of academic texts; collaborative writing,
which facilitates peer interaction and shared knowledge construction; and the integration of
technology-enhanced tools, such as online collaborative platforms and automated systems
(Al-Khulaidi & Abdulkhalek, 2022; Esperanzate, 2025; Hoang & Hoang, 2022; Pandit, 2025).
The nature and intensity of these challenges also vary across educational levels. At the
secondary level, writing instruction tends to emphasize product-oriented outcomes, often
prioritizing grammatical accuracy over rhetorical development (Alzahrani, 2025; Esperanzate,
2025; Singh, 2019). In contrast, higher education imposes more complex demands, requiring
students to engage in extended academic writing, including research-based assignments and
thesis writing, which necessitate advanced skills in argumentation, synthesis, and critical
evaluation (Hang, 2021; Pham & Bui, 2021).

In the Vietnamese EFL context, academic writing has consistently been identified as
one of the most challenging language skills for learners at all educational levels. A substantial
body of research indicates that students” writing development is constrained by a combination
of pedagogical, institutional, and sociocultural factors. Among these, the predominance of
grammar-oriented instruction and exam-driven assessment practices has been shown to limit
opportunities for meaningful writing practice and individualized feedback (Hang, 2021;
Nguyen et al., 2023; Pham & Truong, 2021).

In addition to these structural constraints, writing practices in Vietnam are shaped by
broader cultural norms associated with Confucian heritage traditions, including high respect
for authority, sensitivity to face, and hierarchical teacher-student relationships. These cultural
dimensions can influence both instructional practices and learner behaviors, often resulting in
limited peer interaction, reduced critical engagement, and reluctance to provide or receive
evaluative feedback (Pham et al., 2020; Trinh & Pho, 2024). Consequently, writing instruction
may remain predominantly teacher-centered, with limited emphasis on collaborative or
dialogic approaches.

From a pedagogical perspective, research suggests that Vietnamese writing instruction
continues to be dominated by form-focused and product-oriented approaches, despite
growing awareness among educators of process-based and socially situated models of writing
(Pham & Bui, 2021). This tension between traditional practices and contemporary pedagogical
orientations highlights a gap between theoretical understanding and classroom
implementation, which may further constrain the development of higher-order writing skills.
At more advanced levels, including pre-service teacher education and postgraduate study,
learners face additional challenges related to academic discourse conventions, such as the use
of discipline-specific vocabulary, adherence to genre structure, and maintenance of an
appropriate academic tone (Hang, 2021). To address these demands, students tend to employ
a range of cognitive, metacognitive, and rhetorical strategies, and there is increasing evidence
that self-efficacy and self-regulation support successful writing performance (Bui et al., 2023;

Kies & Lambert, 2023; Le & Trinh, 2025).
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Several innovative pedagogical approaches have emerged in the Vietnamese context
in response to these challenges. They include genre-based instruction, scaffolding techniques,
analytic assessment rubrics, and technology-enhanced practices such as electronic peer
feedback and online collaborative writing platforms, which are expected to foster
improvement in task achievement, content development, language use, and reflective thinking
(Bui et al., 2023; Hoang & Hoang, 2022; Pham & Bui, 2021; Wei et al,, 2024). However,
improvements have not been uniformly distributed across all dimensions of writing; aspects
such as grammatical accuracy and textual coherence often show more limited gains (Kies &
Lambert, 2023; Phuong et al., 2023).

Cognitive Scaffolding in Writing

Cognitive scaffolding in academic writing refers to forms of instructional support that
directly assist learners in processing ideas, managing information, and constructing coherent
arguments, rather than merely regulating or motivating their learning behaviors. Grounded
in Vygotsky’s (1978) Zone of Proximal Development (ZPD) and Sweller’s (1988) Cognitive
Load Theory (CLT), cognitive scaffolding aims to reduce the complexity of writing tasks by
providing structured guidance that enables learners to perform beyond their current level of
independent competence. In academic writing contexts, cognitive scaffolding typically takes
the form of explicit, task-oriented supports that guide learners through the key stages of the
writing process, including guiding prompts and questions, templates, models, and visual tools
such as concept maps (Allagui, 2024; Chairinkam & Yawiloeng, 2024; Mitina et al., 2025). All
of these serve to facilitate idea generation, organization, and elaboration (Hassen et al., 2024;
Khojasteh et al., 2021). Such supports are particularly valuable in EFL contexts, in which
learners must simultaneously manage linguistic encoding and higher-order reasoning, which
places substantial demands on cognitive resources.

A critical distinction in the literature lies between cognitive scaffolding and other forms
of instructional support. According to Allagui (2024), cognitive scaffolding primarily targets
problem-solving and content processing, whereas metacognitive scaffolding focuses on
learners’ ability to plan, monitor, and evaluate their own learning, and motivational
scaffolding addresses affective dimensions such as confidence, persistence, and engagement.
This differentiation is essential for understanding the specific contribution of cognitive
scaffolding to writing development, especially in relation to the construction of meaning and
argumentation.

More recently, the concept of cognitive-linguistic scaffolding has gained attention,
emphasizing the integration of language forms with disciplinary reasoning practices. In this
approach, learners are supported not only in generating ideas but also in articulating them
through appropriate rhetorical and linguistic structures, such as claim-evidence-warrant
patterns and the use of logical connectives (Mitina et al., 2025). This integration is especially
relevant in academic writing, where effective communication depends on the alignment of
cognitive and linguistic competence.

Additionally, with the rapid advancement of educational technologies, cognitive
scaffolding is increasingly implemented through Al-based systems. These systems provide a
range of supports, including automated feedback on grammar and organization, guided
prompts for idea development, and interactive co-writing assistance. By offloading lower-
level processing demands such as surface-level linguistic corrections, Al-based scaffolding can
help reduce cognitive load and enable learners to allocate more attention to higher-order
composing processes, including argumentation and critical reasoning (Li & Wilson, 2025).

Al-Based Cognitive Scaffolding

Al-driven tools are conceptualized not merely as assistive technologies but also as
cognitive partners that actively support learners throughout multiple stages of the writing
process, including planning, idea generation, drafting, and revision (Li & Wilson, 2025). This
shift is particularly evident in EFL and ESL contexts across secondary and tertiary education,
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where learners often require sustained and individualized support to manage the cognitive
demands of writing in a second language (Salleh et al., 2025).

Furthermore, according to Dhillon et al. (2024), Al-based scaffolding provides learners
with adaptive and interactive support, enabling them to engage in iterative writing processes
that would otherwise be difficult to sustain in traditional classroom settings. By reducing the
cognitive burden associated with idea development and organization, such tools allow
learners to allocate greater cognitive resources to higher-order composing processes.
However, this form of high-level scaffolding also raises significant concerns about learner
agency and authorship, as excessive reliance on Al-generated content may diminish students’
sense of ownership over their writing (Salleh et al., 2025).

METHOD
Research Design

This study adopted a quasi-experimental pretest-posttest design to evaluate the effects
of Al-based cognitive scaffolding on EFL university students” academic writing performance.
This design is widely employed in educational research where random assignment of
individual students is not feasible, and it allows inferences about intervention effects to be
drawn through group comparison. Two intact classes were assigned as an experimental group,
which received Al-based cognitive scaffolding, and a control group, which received
conventional instruction.

A pre-test was administered during the first three weeks, after some input on
foundational knowledge of various academic writing genres, especially the argumentative
essay, in order to establish baseline equivalence between the two groups and to control for
potential initial differences in writing proficiency. The instructional intervention was
implemented from week 4 to week 13. Following the 10-week intervention, a post-test was
conducted in week 14 to assess both within-group development and between-group
differences.

To enhance internal validity, the same instructional duration, writing tasks, and
assessment procedures were applied to both groups, with the mode of instructional support
(Al-based versus conventional) being the only systematic variation.

Participants

The participants were 53 first-year EFL students aged 18-19 years (18 males and 35
females). Academic writing was one of the core subjects in their program, with a 2.5-hour
academic writing class per week over 14 weeks. The participants were selected through intact-
class sampling, a common approach in quasi-experimental studies in educational settings. All
participants had a relatively homogeneous level of English proficiency (approximately B2 on
the CEFR), as determined by the admission marks for their chosen major, which helped reduce
variability attributable to proficiency differences. The experimental class included 33 students,
and the control class had 20 students. All participants provided informed consent, and ethical
considerations regarding data confidentiality and voluntary participation were strictly
observed.

Instructional intervention
Al-Based Cognitive Scaffolding

The experimental group engaged in Al-supported writing tasks designed to function
as cognitive scaffolding, facilitating learners” idea generation, organization, and linguistic
development during the writing process. The intervention was grounded in Vygotsky’s (1978)
ZPD, in which temporary support is provided to help learners perform tasks beyond their
current level of independent capability. In this study, Al functioned as a responsive scaffold
that offered immediate and individualized support. Students were therefore instructed to use
Al tools in four key cognitive processes, which were assessed through their academic writing
performance: (1) Idea generation: creating relevant arguments and supporting ideas. (2)

Organizational structuring: developing outlines and a logical sequence of ideas. (3) Content
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elaboration: expanding arguments with explanations and examples. (4) Language
enhancement: improving lexical resources and grammatical structures.

To ensure that Al served as a learning aid rather than a content generator, students
were instructed to critically evaluate and revise Al-generated suggestions. This approach is
aligned with the conceptualization of Al as a cognitive assistant rather than a substitute for
learning effort.

Control Condition

The control group received conventional writing instruction, including teacher-led
explanations, peer discussions, and guided practice, without the assistance of Al tools. This
condition allowed a comparison between technology-mediated scaffolding and conventional
pedagogical support.

Instructional Procedure
Table 1 summarizes the focus, activities, and Al tools used in each phase of the 14-week
program.

Table 1. Instructional Procedure of The Experimental Group
Week Focus Activities Al tools used

¢ Introduction to critical thinking and academic
writing.
Orientation and 5

1-3 . s * Introduction to the argumentative essay and Google Docs
baseline writing o
assessed criteria.

® Pre-test administered.

¢ Introduction to 3R (Role-Request-Result) prompts. ChatGPT, QuillBot,

4-6  Analyze and reflect
® Students’ writing using Al feedback. Google Docs

® Peer- and Al-supported critique.

7-9  Evaluate and argue ChatGPT

® Students’ writing using Al-supported critique.

¢ Introduction to Al-critique prompts to support

Rebut and ChatGPT, teacher-led
10-13 counterarguments. L
strengthen o . . debriefing
® Students’ writing using Al-critique prompts.
N -
14 Final revision Revision. Al log§, Grammarly,
® Post-test administered. reflective templates

Weekly Instruction And Al-Based Activities

The Al-based cognitive scaffolding intervention was implemented over 10 weeks
(weeks 4-13), following a three-week orientation in which students were introduced to
academic writing, the argumentative essay, and the marking rubric. During the intervention,
students attended a 2.5-hour teacher-guided writing lesson per week, supplemented by one
Al-supported homework assignment designed to reinforce the writing strategies introduced
in class. Consequently, the experimental group engaged in approximately 20 scaffolded
writing activities during the intervention.

The scaffolding was progressively structured from lower-order to higher-order writing
processes. In weeks 4-6, students were instructed to use the 3R (Role-Request-Result)
prompting technique to generate ideas, refine thesis statements, and receive feedback on
grammar and vocabulary. In weeks 7-9, the focus shifted to peer-assisted and Al-assisted
critique, in which students evaluated draft essays using Al-generated feedback together with
peer discussion to foster reflective revision. During weeks 10-13, students were trained to use
Al-critique prompts to generate counterarguments and strengthen their supporting ideas.
Week 14 was devoted to final revision and post-test administration. The time allowed for the
intervention in each writing session was 15 to 20 minutes.

Throughout the intervention, Al-assisted learning tools functioned as a cognitive
scaffold rather than an automated writing tool. Students were required to interact iteratively

with ChatGPT and Grammarly by generating multiple prompts, evaluating Al-generated

© 2021 The Author.This article is licensed CC BY SA 4.0.
visit Creative Commons Attribution-ShareAlike 4.0 International License.

Journal of English Language and Education volume 11 Number 5 2026 1171


https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

Copyright (c) 2026 Lam Quoc Huy & Nguyen Tien Dung.
AlI-Based Cognitive Scaffolding and Academic Writing Performance among EFL Students
suggestions, revising their prompts, and justifying whether to accept, modify, or reject the
feedback. Teachers continuously monitored the classroom, modelled effective prompts,
provided explicit instruction on critically evaluating Al-generated responses, and interviewed
participants about the reasons for their choices in order to prevent overreliance on Al-
generated results. This guided approach was expected to develop students’ cognitive
regulation and critical Al literacy while ensuring that students remained responsible for
planning, organizing, and revising their own writing.

Data Collection Instruments
Writing Assessment Tasks

Participants completed two argumentative essay tasks as pre-test and post-test
measures. The tasks were designed to be equivalent in topic complexity, rhetorical demand,
and length requirements to ensure measurement consistency. Argumentative writing was
selected on the basis of the participants’ curriculum and its cognitive demands, including idea
development, logical reasoning, and linguistic accuracy, and it was considered particularly
suitable for evaluating the effects of Al-based cognitive scaffolding.

Reliability And Rater Training

Because of the similarities in the marking and evaluation features of IELTS Writing
Task 2, the IELTS writing criteria were employed to assess students’ writing performance
across four dimensions: content, organization, vocabulary, and grammar. The analytic rubric
enabled a fine-grained analysis of specific writing components and a more differentiated
understanding of how Al-based cognitive scaffolding influenced different aspects of writing
performance.

Table 2 shows the internal consistency of the adapted marking rubric, with a
Cronbach’s alpha coefficient of a = 0.978 across 10 items. Such a high coefficient indicates that
the components of the scoring rubric were strongly interrelated and functioned cohesively as

a measurement instrument.
Table 2. Reliability of the Marking Rubric

Statistic Value
Cronbach’s alpha 0.978
Number of items 10

Additionally, to ensure the reliability of the scoring process, three experienced raters
who were qualified as VSTEP (Vietnamese Standardized Test of English Proficiency)
examiners participated in the assessment. Each test was marked independently by two raters.
When the score discrepancy exceeded 0.5, the third rater was consulted, and the final score
was determined on the basis of the adjudicated ratings. Prior to rating, the raters underwent a
calibration session to ensure consistency in rubric interpretation. Before the pre-test and post-
test were implemented, a pilot study involving 10 volunteer participants, who were not
included in the final sample, was conducted to examine the tests and inter-rater reliability.
These steps were undertaken to ensure that the rating process achieved acceptable reliability
thresholds.

Table 3 presents inter-rater reliability as assessed by the intraclass correlation
coefficient (ICC). The single-measures ICC indicated a high level of agreement between
individual raters, suggesting that each rater produced reliable test scores. More importantly,
the average-measures ICC demonstrated excellent reliability, implying that when the raters’
scores were combined, the results were highly stable and dependable.

Table 3. Intraclass Correlation Coefficient (ICC)
95% CI 95% CI

Measure type ICC lower upper F df1 df2
Single measures 0.813 0.650 0.938 44.614 9 81
Average measures 0.978 0.949 0.993 44.614 9 81
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Data Collection Procedure

Data collection was conducted over four stages: (1) Pilot testing. Prior to the pre-test,
pilot testing was conducted with 15 volunteer students to examine the validity of both the pre-
test and post-test. The pilot sessions were implemented in weeks 1 and 2 with students who
were not involved in the main study. These students were adequately familiar with various
forms of argumentative essays, ensuring that their performance would provide a meaningful
evaluation of the test instruments. (2) Pre-test phase. All participants completed an
argumentative writing task under standardized conditions to establish baseline performance
in week 3. (3) Intervention phase. Over 10 weeks, the experimental group engaged in Al-based
writing activities, while the control group followed traditional instructional practices. (4) Post-
test phase. Participants completed a second argumentative writing task under comparable
conditions to assess changes in writing performance in week 14.

All writing tasks were administered in a controlled classroom setting to ensure
consistency between the two tests.

Data Analysis
Preliminary Analysis

Descriptive statistics, including means (M) and standard deviations (SD), were
calculated to summarize writing performance across groups and testing occasions. Prior to
inferential analysis, the assumptions of normality, homogeneity of variance, and linearity were
examined to ensure the appropriateness of the analyses.

Inferential Analysis

To evaluate the effectiveness of the intervention, the following analyses were
implemented: (1) One-way ANOV A was conducted to compare pre-test performance between
the experimental and control groups and to determine whether there were statistical
differences in the overall pre-test scores and the assessed components. (2) Because of
discrepancies between the groups in pre-test results, one-way multivariate analysis of
covariance (MANCOVA) was employed to compare post-test scores on the four writing
components while controlling for pre-test scores, followed by univariate tests for each
dependent variable. (3) Partial eta squared (partial n?) was calculated to identify the magnitude
of the intervention effects, providing an interpretation that goes beyond statistical significance.

Ethical approval was obtained prior to data collection. Participants were informed of
the purposes of the study, their participation was voluntary, and all data were anonymized to
ensure confidentiality.

FINDINGS AND DISCUSSIONS
Pre-Intervention Evaluations

The purpose of the pre-intervention comparison was to assess students’ academic
writing proficiency and related writing components before the intervention. At this stage, the
equivalence of overall writing performance, the equality of variances, and the differences in
writing components between the two groups were examined. A series of one-way ANOVAs
was conducted to evaluate pre-test differences between the experimental and control groups.

© 2021 The Author.This article is licensed CC BY SA 4.0.
visit Creative Commons Attribution-ShareAlike 4.0 International License.

Journal of English Language and Education volume 11 Number 5 2026 1173


https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

Copyright (c) 2026 Lam Quoc Huy & Nguyen Tien Dung.

AlI-Based Cognitive Scaffolding and Academic Writing Performance among EFL Students
Table 4. Descriptive Statistics of The Pre-Test By Group

Variable Group N Mean (M) Std. deviation (SD)
Idea generation Control 30 6.77 0.94
Experimental 23 7.00 1.04
Organizational structuring Control 30 6.13 0.82
Experimental 23 6.39 1.23
Content elaboration Control 30 5.75 0.99
Experimental 23 6.17 1.11
Language enhancement Control 30 6.10 0.92
Experimental 23 5.57 0.90
Total score Control 30 6.19 0.78
Experimental 23 6.28 0.97

Note. Group labels follow the original data file (Group 1 = control, Group 2 = experimental).

Table 4 presents the descriptive statistics of the pre-test scores for the control group (n
= 30) and the experimental group (n = 23) across the four dimensions of academic writing and
the overall writing score. Overall, both groups showed comparable baseline performance
before the intervention, with some modest variations in mean scores across the assessed
components.

Specifically, the experimental group obtained slightly higher mean scores in idea
generation (M =7.00, SD =1.04 vs. M = 6.77, SD = 0.94), organizational structuring (M = 6.39,
SD =1.23 vs. M = 6.13, SD = 0.82), and content elaboration (M = 6.17, SD =1.11 vs. M = 5.75,
SD = 0.99), whereas the control group obtained a marginally higher mean score in language
enhancement (M = 6.10, SD = 0.92) than the experimental group (M = 5.57, SD = 0.90). Despite
these minor differences, the overall pre-test means were highly comparable between the
control group (M =6.19, SD = 0.78) and the experimental group (M = 6.28, SD = 0.97). The SDs
across all writing dimensions ranged from 0.78 to 1.23, indicating a relatively similar degree
of variability in writing performance within the two groups.

Table 5. Test Of Equality of Variances (Pre-Test)

Variable F p-value Interpretation
Idea generation 0.169 0.683 Assumption met
Organizational structuring 4.167 0.046 Slight violation
Content elaboration 0.398 0.531 Assumption met
Language enhancement 0.010 0.921 Assumption met
Total score 0.680 0.413 Assumption met

Table 5 presents the results of the test of equality of variances. The assumption of
homogeneity of variance was met for most variables (p > 0.05), indicating comparable
variances across the groups. For organizational structuring, however, the result (p = 0.046)
suggested a difference in variability between the groups on this component.

Table 6. Tests of Between-Subject Effects (Pre-Test)

Variable F p-value Interpretation
Idea generation 0.732 0.396 Not significant
Organizational structuring 0.835 0.365 Not significant

Content elaboration 2.143 0.149 Not significant
Language enhancement 4.484 0.039 Significant

Total score 0.155 0.695 Not significant

Table 6 shows the pre-test differences between the control and experimental groups
across the five measures. Overall, the analysis revealed no statistically significant differences
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between the two groups on four of the five measures. However, one statistically significant
difference was found in language enhancement, F(1, 51) = 4.484, p = 0.039, suggesting an initial
imbalance in this specific component. This finding provided the basis for employing
multivariate analysis of covariance (MANCOVA) to examine the differences between the
experimental and control groups after the intervention.

Post-Intervention Evaluations
In this phase, a series of tests was implemented and analyzed to identify within-group
and between-group changes.

Table 7. Descriptive Statistics By Group (M +SD)

Control group Experimental group

Criterion Pre Post Gain Pre Post Gain
Idea generation 6.70 £0.94 6.98 £0.78 +0.28 7.00 £1.04 7.57 £0.65 +0.57
Organizational 609082  678+075  +0.69  639+123  7.00%0.86 +0.64
structuring

Content elaboration 5.59 £0.99 6.33 £0.92 +0.74 6.17 £1.11 6.89 £0.80 +0.72
Language 596+0.92  644+0.73  +048 557090  6.80 £0.58 +1.32
enhancement

Total 6.08 £0.78 6.63 £0.69 +0.55 6.28 £0.97 7.09 £0.58 +0.81

Note. Gain = post-test mean — pre-test mean.

The descriptive statistics in Table 7 indicate that both the control and experimental
groups improved on all writing criteria from pre-test to post-test; however, the magnitude of
the gains differed between the groups. The experimental group outperformed the control
group in most dimensions, particularly in idea generation (+0.57 vs. +0.28) and language
enhancement, for which a markedly larger improvement was observed (+1.32 vs. +0.48). These
substantial gains in language suggest that the intervention had a relatively strong effect on
linguistic accuracy and expression. Interestingly, organizational structuring and content
elaboration showed relatively similar gains across the two groups (+0.64 vs. +0.69 and +0.72
vs. +0.74, respectively), implying that these skills may be less sensitive to the intervention.

Table 8. Multivariate Tests of The Group Effect
Effect Pillai’s trace F df (hyp., error) P Partial n?
Group 0.447 8.902 4, 44) <0.001 0.447

A one-way MANCOVA was conducted to examine the effect of group on post-test
writing performance while controlling for pre-test scores. The multivariate test indicated a
significant effect of group, Pillai’s trace = 0.447, F(4, 44) = 8.902, p < 0.001, partial n2 = 0.447.
This means that 44.7% of the variance in the combined dependent variables (idea generation,
organizational structuring, content elaboration, and language enhancement) could be
attributed to group membership when baseline differences were accounted for, which
represents a large effect according to conventional benchmarks. The significant multivariate
effect indicated that the intervention had a meaningful and systematic impact on learners’
overall academic writing performance compared with the control condition, and it justified
follow-up univariate tests to identify which writing components contributed to the
multivariate difference.
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Table 9. Tests Of Between-Subject Effects (Post-Test, Controlling for Pre-Test)

Dependent variable F df P Partial 2
Idea generation 10.706 (1, 47) 0.002 0.186
Organizational structuring 1.066 (1, 47) 0.307 0.022
Content elaboration 0.211 (1, 47) 0.648 0.004
Language enhancement 20.590 (1, 47) <0.001 0.305
Total score 9.077 (1, 47) 0.004 0.162

Table 9 reveals a differentiated pattern of group effects across the writing components.
After controlling for the pre-test score, a statistically significant effect of group was found for
idea generation, F(1, 47) = 10.706, p = 0.002, partial n? = 0.186, indicating a large effect.
Similarly, a highly significant effect emerged for language enhancement, F(1, 47) = 20.590, p <
0.001, partial n2 = 0.305, also a large effect. In addition, the total writing score differed
significantly between the groups, F(1, 47) = 9.077, p = 0.004, partial n? = 0.162, suggesting an
overall advantage for the experimental group.

In contrast, no statistically significant group differences were observed for
organizational structuring, F(1, 47) =1.066, p = 0.307, partial n? = 0.022, or content elaboration,
F(1, 47) = 0.211, p = 0.648, partial n? = 0.004. The effect sizes for these variables were small,
indicating that the intervention did not meaningfully influence these aspects of writing,.

In general, these findings suggest that the intervention was particularly effective in
enhancing idea generation and language-related performance, while its impact on
organizational structure and content elaboration was limited. The significant improvement in
the total score further confirmed the overall effectiveness of the intervention despite its
domain-specific variation in outcomes.

Discussions

The present study investigated the effects of Al-based cognitive scaffolding on EFL
students” academic writing performance, with particular attention to both overall outcomes
and changes in specific writing components.

Overall Effects of AI-Based Cognitive Scaffolding on Academic Writing Performance (RQ1
And H1)

This study examined whether Al-based cognitive scaffolding could enhance EFL
students” academic writing performance. The findings provided strong empirical support for
H1, demonstrating that Al-based cognitive scaffolding significantly improved students’
writing outcomes. The MANCOVA results indicated a strong multivariate effect of group on
post-test performance after controlling for pre-test scores, which was necessary because of the
non-equivalent baseline identified in the pre-test. This suggests that the intervention
contributed substantially to learners” writing development. The large effect size (partial 2 =
0.447) further confirmed that the impact was not only statistically significant but also
educationally meaningful.

These findings are consistent with a growing body of research indicating that Al tools
can function as cognitive scaffolding, supporting learners in generating, organizing, and
refining ideas rather than merely correcting surface-level errors (Cer, 2019). Prior studies
(Mahapatra, 2024; Song & Song, 2023) showed that tools such as ChatGPT provide meaningful
writing models and immediate feedback that enhance idea development, grammatical
accuracy, and structural coherence. Similarly, Al systems such as Grammarly and QuillBot
have been found to improve overall writing proficiency, particularly language use and
coherence (Liu et al., 2023; Pratama et al., 2025). Nevertheless, whereas previous research often
reported general improvement across multiple writing dimensions, the present study revealed
a more differentiated pattern. Despite significant improvement in overall performance, the
gains were not equally distributed across all writing components. This suggests that the
effectiveness of Al-based cognitive scaffolding may depend on how different writing
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components interact with the affordances of Al tools and with the cognitive abilities of the
writers.

Changes Among the Writing Components of the Experimental Group (RQ2 And H2)

In response to the second research question, the findings indicated that the changes in
writing components were not homogeneous, which led to the rejection of H2. Specifically, the
experimental group’s advantage over the control group was significant for idea generation
and language enhancement, whereas it was not significant for organizational structuring and
content elaboration (Table 9).

This domain-specific pattern both aligned with and extended previous literature.
Consistent with the findings of Mahapatra (2024) and Mekheimer (2025), idea generation and
language enhancement showed significantly greater improvement than the other writing
dimensions. This differential effect can be attributed to the varying cognitive demands of the
writing components and to the affordances of Al-based cognitive scaffolding. Specifically, Al
was particularly effective in supporting idea generation and language formulation by
providing brainstorming prompts, alternative phrasing, grammatical corrections, and
immediate feedback. Such support reduces the cognitive load associated with lexical retrieval
and linguistic encoding (Sweller, 1988), while the iterative and conversational nature of the
interaction facilitates continuous refinement of ideas within learners” ZPD (Vygotsky, 1978).

In contrast, the absence of significant improvement in organizational structuring and
content elaboration suggests that these dimensions impose substantially greater cognitive
demands than the others. Although Al-assisted learning tools can provide organizational
suggestions and outline templates, learners must still critically evaluate, adapt, and integrate
these suggestions into coherent arguments. Such complex decision-making depends heavily
on learners’ prior knowledge, disciplinary understanding, and metacognitive regulation,
which cannot be fully externalized through Al-assisted tools. This finding contrasts with
Hwang et al. (2023), who reported significant improvement in organizational structure and
content development using the RoamLingo system. From a sociocultural perspective,
scaffolding facilitates performance but does not fully compensate for insufficient background
knowledge and conceptual understanding (Vygotsky, 1978; Wood et al., 1976).

Between-Group Differences and Differential Gains (H3)

The third hypothesis predicted that the changes in the writing components of the
experimental and control groups would be similar. The findings, however, did not support
this assumption. Instead, the results indicate differential, domain-specific gains between the
groups (Table 9). The experimental group demonstrated significantly greater improvement in
idea generation, language enhancement, and overall writing performance than the control
group, whereas both groups showed comparable outcomes in organization and content. This
pattern suggests that Al-based cognitive scaffolding introduced targeted advantages rather
than uniform improvements across all writing dimensions. These findings partially align with
previous research reporting large overall gains from Al-assisted writing tools, but they also
highlight the refinement that improvements are not necessarily distributed equally (Tuong &
Tran, 2025; Zhang et al., 2025; Zhao, 2025). The impact of Al may therefore be selective and
contingent on the nature of the writing components.

Al as Cognitive Scaffolding

The findings provide empirical support for conceptualizing Al as a form of cognitive
scaffolding that operates across multiple stages of the writing process. In particular, Al tools
appeared to facilitate idea generation by offering prompts, examples, and alternative
perspectives. They also supported language formulation through feedback on grammar,
vocabulary, and phrasing. Finally, Al tools enabled iterative revision, reducing cognitive load
and promoting self-regulation. These mechanisms align with the sociocultural and scaffolding
theories (Vygotsky, 1978; Wood et al., 1976), which emphasize the role of external supports in
extending learners’ capacities. However, the limited impact on higher-order skills suggests
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that Al-assisted cognitive scaffolding may be insufficient to support complex discourse-level
processes without additional mediation. Thus, while Al can effectively scaffold certain
cognitive processes, its impact is contingent on the type of cognitive process involved. This
highlights the importance of integrating Al tools within a broader pedagogical framework that
explicitly addresses higher-order writing skills.

CONCLUSION

Overall, the findings demonstrated that Al-based cognitive scaffolding significantly
improved students” academic writing performance in EFL classrooms, particularly in idea
generation and language enhancement, while gains in organizational structuring and content
elaboration were comparatively modest. These results suggest that Al primarily supports
iterative refinement and linguistic assistance, whereas complex discourse-level processes
require explicit instructional mediation. The study contributes to Al-assisted language
learning by demonstrating how Al can selectively support different stages of academic writing
without replacing teachers’ instruction. This finding aligns with Vygotsky’s (1978)
sociocultural perspective, which emphasizes the role of external support in facilitating
learning within meaningful instructional contexts. However, the study’s small sample from a
single public institution limits generalizability. Additionally, it did not examine long-term
effects or directly assess learners’ cognitive changes and Al interaction behaviors during
writing. Future research should investigate long-term outcomes across diverse educational
contexts and proficiency levels, incorporating process-oriented data, such as Al interaction
logs, to clarify how instructional scaffolding and Al tools jointly support higher-order writing
skills.
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