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Abstract

Fostering metacognitive awareness and reflective thinking remains a challenge in English as a Foreign
Language (EFL) writing instruction. These cognitive processes are essential for enabling learners to
monitor, evaluate, and engage in meaningful self-reflection throughout the writing cycle. Using Flower
and Hayes’s cognitive process model and Jasper’s Experience-Reflection-Action framework, this study
proposes a Generative Al-assisted Visually Guided Progressive (GAI-VGP) writing approach. This
pedagogical design integrates step-by-step visual scaffolds with interactive Al feedback to foreground
learner agency and promote reflective engagement. To evaluate this approach, a semester-long quasi-
experimental study was conducted with 58 EFL university students. Data sources included pre- and post-
Wwriting tests, metacognitive awareness questionnaires, reflective thinking scales, Al chat logs, and
reflection notes. The results showed that the GAI-VGP group significantly outperformed the conventional
VGP group in writing performance, planning and evaluation strategies, and reflective awareness.
Qualitative analyses indicated increased engagement in understanding and reflectively evaluating writing
strategies, although critical reflection remained limited across both groups. Although Al significantly
enhanced planning and evaluation, monitoring showed no significant gains, with prompt-log evidence
revealing a displacement pattern in which learners outsourced real-time regulation to Al validation.
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Introduction

The rapid emergence of generative artificial intelligence (GAI) has fundamentally transformed the
landscape of computer-assisted language learning (CALL), offering unprecedented affordances for
augmenting the cognitive, linguistic, and reflective dimensions of writing. Within this evolving paradigm,
there is a growing consensus that Al tools should be conceptualized not merely as corrective devices but
as mediational instruments capable of scaffolding higher-order thinking, self-regulation, and learner
agency (Lan & Zhou, 2025; Lee et al., 2024). However, despite the proliferation of GAI applications,
empirical evidence remains limited regarding how GAI-mediated feedback affects learners’ internal
cognitive and reflective processes, particularly in English as a Foreign Language (EFL) contexts, where
tight linguistic constraints often impede metacognitive engagement (Derakhshan, 2025; Teng et al.,
2025b; Wang et al., 2025).

Writing is a complex problem-solving activity that demands the orchestration of multiple cognitive
processes (Flower & Hayes, 1981; Xue, 2024; Yao & Fan, 2025). For EFL learners, this complexity is
exacerbated by the dual burden of managing linguistic encoding while simultaneously considering
rhetorical structure and argumentation (Muamaroh et al., 2020; Zhang et al., 2025b). Consequently, EFL
students often struggle to move beyond surface-level mechanics and engage in the deep planning,
monitoring, and evaluation essential for effective composition (Kim et al., 2025; Taye & Mengesha,
2024). This is a fundamentally metacognitive deficit: without the capacity to monitor their own thinking
through metacognitive awareness and evaluate their strategies through reflective thinking, learners find it
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difficult to become autonomous writers (Sun & Zhang, 2023; Teng & Yue, 2023).

To mitigate these cognitive challenges, visually guided progressive (VGP) writing approaches have been
used to help externalize the structure of the writing process through step-by-step visual scaffolds.
Specifically, the VGP approach refers to a pedagogical design developed by the authors that provides
visual scaffolding across successive stages of writing. Through structured visual cues, the approach
guides learners’ engagement in planning, drafting, reviewing, and reflective evaluation, thereby
supporting the regulation of writing processes. While VGP approaches effectively reduce cognitive load
during the planning phase, they typically lack the responsiveness necessary to facilitate real-time
reflection. The absence of immediate, personalized feedback limits learners’ ability to engage in
reflection-in-action, creating a pedagogical gap between structural support and cognitive regulation
(Gortzen et al., 2025; Kuklick, 2025).

Recent advances in GAI offer a way to bridge this gap. Integrating GAI into the VGP framework creates
a complementary design: visual scaffolds provide macro-structural guidance, while GAI functions as a
dialogic partner offering micro-level personalized feedback (Asad et al., 2024; Kim et al., 2025). This
integration reframes writing as a socially mediated process in which Al prompts learners to explain,
elaborate, and evaluate their choices rather than merely correct errors.

The study draws on two complementary frameworks. Flower and Hayes’s (1981) cognitive process model
structures the recursive stages of planning, translating, and revising, while Jasper’s (2013) Experience-
Reflection-Action (ERA) framework informs the feedback design. Al interactions are embedded at each
visual stage to support iterative cycles of writing, reflection, and revision.

In the present study, the term “GAI feedback” refers specifically to feedback generated through
generative Al tools, consistent with the instructional design of the GAI-VGP approach. Accordingly, the
study proposes the GAI-VGP approach and empirically examines its effects on EFL learners’ writing
performance and reflective agency. To achieve these objectives, this study addresses the following
research questions:

1. To what extent does the GAI-VGP approach enhance EFL learners' writing quality compared to a
conventional VGP (¢cVGP) approach?

2. How does GAl-mediated scaffolding influence learners' metacognitive awareness, specifically
regarding planning, monitoring, and evaluation strategies?

3. How does the GAI-VGP approach impact the development of reflective thinking levels (habitual
action, understanding, reflection, and critical reflection)?

4. What interaction patterns emerge in learners' Al-mediated dialogues, and what insights do these
qualitative patterns provide on the role of Al in fostering reflective agency?

Literature Review

Theoretical Frameworks: Integrating Cognitive Processes with Reflective Action

EFL writing is a central component of university curricula, requiring learners to develop coherent
organization, logical reasoning, and reflective self-regulation (Li & Huang, 2022; Zhang, 2018).
However, many EFL learners face the dual challenges of linguistic encoding and rhetorical organization,
which often strain cognitive resources and result in fragmented arguments and weak textual coherence
(Ahmed, 2019; Zhang et al., 2023). Addressing these challenges requires pedagogical approaches that
scaffold both the cognitive mechanics of writing and the metacognitive awareness necessary for
autonomous improvement (Crosthwaite & Sun, 2026; Teng, 2025a, 2025b).

This study integrates two complementary theoretical frameworks. Flower and Hayes’s (1981) cognitive
process model conceptualizes writing as a recursive problem-solving activity involving planning,
translating, and reviewing. Although influential, the model has been criticized for insufficiently
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addressing how writers develop these processes over time (Tanis et al., 2020). To extend this perspective,
we incorporate Jasper’s (2013) ERA model, which conceptualizes learning as a cycle of experience,
reflection, and action.

Together, these frameworks provide a basis for Al-enhanced writing instruction: Flower and Hayes’s
model structure the writing process, while the ERA framework emphasizes reflective learning cycles.
This integration highlights the importance of externalizing cognitive processes and scaffolding reflective
iterations that support transferable writing development (Chan & Lee, 2021; Teng, 2022).

Metacognitive Regulation and Reflective Agency in L2 Writing

Building on these cognitive foundations, research in L2 writing suggests that proficiency depends less on
linguistic knowledge than on effective metacognitive regulation (Teng & Zhang, 2018). This regulation
involves three recursive processes: planning, which includes setting rhetorical goals and anticipating
counterarguments; monitoring, which involves tracking coherence and logical development during
drafting; and evaluation, which involves assessing text quality against academic standards (Lee, 2024;
Teng & Yue, 2023).

Despite strong empirical evidence that explicit metacognitive instruction improves writing performance
(Teng et al., 2022; Wang et al., 2023), novice EFL learners often struggle to apply these strategies
independently. Without external scaffolding, they frequently focus on surface-level language errors rather
than deeper conceptual weaknesses (Muamaroh et al., 2020).

Reflective thinking plays a key role in bridging this gap, as it operates in close interplay with critical
thinking and self-monitoring to support academic achievement in higher education (Ghanizadeh, 2017).
Through reflection, learners move from “knowledge telling” to “knowledge transforming,” actively
reshaping ideas during composition (Liu & Zhong, 2025; Scardamalia & Bereiter, 1987). However,
cultivating such epistemic awareness remains difficult in traditional teacher-centered feedback
environments (Sener & Mede, 2023).

Generative Al as a Scaffolding Mediator for VGP Writing

The emergence of generative Al (GAI) offers new possibilities for addressing the cognitive and reflective
demands of writing. Unlike static writing tools, GAI systems function as interactive partners capable of
simulating rhetorical genres and providing immediate adaptive feedback (Dergaa et al., 2023; Liu et al.,
2024; Zhang et al., 2025c¢).

Research suggests that Al-mediated scaffolding can externalize metacognition by prompting learners to
justify thesis statements, reflect on evidence quality, and evaluate rhetorical effectiveness (Kim et al.,
2025). However, unguided Al use may lead to superficial engagement or overreliance on generated output
(Barrett & Pack, 2023).

To mitigate these risks, visually guided scaffolding can structure human-Al interaction. Visual supports
externalize the macro-structure of writing tasks, reducing cognitive load and allowing learners to focus on
reflective dialogue with Al (Barrot & Gabinete, 2021).Accordingly, this study proposes the GAI-VGP
framework, which integrates Al feedback within a structured visual workflow to support iterative cycles
of planning, reflection, and revision.

Framework for the GAI-VGP Model

To translate theoretical principles into pedagogical design, this study developed the GAI-VGP model.
Flower and Hayes (1981) conceptualize writing as a recursive problem-solving activity regulated by
metacognitive control. Jasper’s (2013) ERA model complements this perspective by framing reflection as
an integral component of learning embedded within task execution. Integrating these frameworks enables
generative Al to support learners’ self-observation and adaptive strategy use during writing.
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As illustrated in Figure 1, the GAI-VGP framework reconceptualizes the “Task Environment” in Flower
and Hayes’s (1981) model. Rather than representing a static rhetorical context, the task environment
incorporates the ERA cycle, in which learners experience visual scaffolds, generate text, and reflect
through Al-mediated feedback. This cyclical environment interacts with the Writing Process, where
planning, translating, and revising occur under the monitoring function. Through this interaction, Al-
supported reflection stimulates cognitive regulation and contributes to the development of strategic
knowledge in the writer’s long-term memory.

The model is operationalized through four recursive stages that combine visual scaffolding with Al-
mediated feedback.

Figure 1
Framework for the GAI-VGP Model
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Methods

The study employed a quasi-experimental, mixed-methods design to investigate the efficacy of the GAI-
VGP writing approach. Adopting a convergent parallel strategy (Zhang et al., 2025a), both quantitative
data, including writing scores and metacognitive scales, and qualitative data, including chat logs and
reflection notes, were collected concurrently and analyzed independently before being merged for
interpretation. This approach was designed to provide a comprehensive understanding of how Al-
mediated scaffolding affects EFL learners’ writing performance, metacognitive awareness, and reflective
thinking patterns.

Participants

The participants in this study comprised 58 second-year English majors (45 females, 13 males; aged 19-
21) enrolled in a compulsory academic writing course at a comprehensive university in an East Asian
EFL context. All participants possessed an intermediate-to-upper-intermediate proficiency level, verified
by institutional placement tests and prior completion of prerequisite first-year writing courses. Due to
institutional constraints, the study utilized two intact classes, assigned as the GAI-VGP group (n = 30)
and the cVGP group (n = 28). Baseline equivalence was examined prior to the intervention. In addition to
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the pre-test writing task, institutional English proficiency records were reviewed and statistically
compared, confirming that no significant differences existed between the two groups at baseline. Both
groups followed the same curriculum across eight instructional units aligned with the four writing stages
of planning, translating, reviewing, and reflecting. Participation was voluntary, and ethical approval was
obtained from the university’s Research Ethics Committee.

Materials

This study implemented a GAI-VGP writing system, developed on the Assemblr Studio platform
(Assemblr, 2025). The framework operationalizes the social cognitive process model of Flower and
Hayes (1981) by translating abstract mental activities into a structured, four-phase digital environment.
As shown in Figure 2, the integrated GAI-VGP model systematically guides students through the
complexities of academic composition via a dual-layer scaffolding approach.

Phase 1. Planning: Focuses on task representation and ideation. The system provides visual graphic
organizers to map thoughts, while Al tools assist with goal setting and audience analysis.

Phase 2. Translating: Bridges the gap between ideas and text. Paragraph-level visual guides scaffold the
structural transition, supported by Al-driven cohesion tools that ensure linguistic flow.

Phase 3. Revising: Encourages critical evaluation. The environment uses visual checklists and Al-
generated feedback to identify logical “misdiagnoses” and organizational gaps.

Phase 4. Reflecting: Promotes metacognitive growth. Students engage in visual self-assessment and
respond to Al-posed reflective questions regarding their specific learning paths.

By externalizing internal cognitive processes through interactive visual elements and generative Al
prompts, the GAI-VGP environment addresses the cognitive challenges inherent in writing. This is
particularly beneficial for EFL students, as the platform maintains focus through sequential progress
indicators while enabling the recursive, iterative development necessary for high-level argumentative
writing. The integration of visual and Al-mediated scaffolding creates a comprehensive learning
environment that develops writing competence while fostering independent strategic thinking and
metacognitive awareness.

Figure 2
Integrated Four-Stage GAI-VGP Model

* Visual: Graphic \ i \( * Visual: Paragraph-level
organizers o [N guides.

« AL Goal setting & « AI: Cohesion support

audience

Phase 1:
Planning

BN
Integrated GAI-VGP model

| X/ - |

Phase 4:
Reflecting

* Visual: Evaluation
checklists

* Visual: Misdiagnosis
feedback on logic

* Visual: Self-
assessment

o Al Reflective
questions on
learning path




Language Learning & Technology

In the experiment, the participants accessed an integrated GAI chatbot system, an Al-supported
educational platform that enables the development of customized instructional chatbots for guided
learning tasks. In the present study, an argumentative writing chatbot was configured to provide stage-
specific prompts aligned with the ERA framework. During the planning stage, the chatbot guided students
in clarifying stance, generating supporting reasons, and outlining argumentative structures. During
drafting, the chatbot provided feedback on cohesion, paragraph development, and the integration of
evidence. During revision, the chatbot suggested improvements in argument logic, organization, and
language clarity. Finally, reflective prompts encouraged learners to evaluate their strategy use and writing
decisions. In contrast, the control group followed the same visual VGP writing workflow but relied
exclusively on peer discussion and instructor feedback rather than Al-mediated interaction, as shown in
Figure 3, through Edcafe Al (Inknoe, 2025); this was specifically configured to implement Jasper’s

(2013) ERA model.
Figure 3

Example of a Learner’s Interaction with the Argumentative Writing Chatbot
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The instruments employed in this study were selected to evaluate the learners’ writing performance,
metacognitive awareness, and reflective thinking. Writing performance was assessed using
preintervention and postintervention argumentative essays scored with an analytic rubric adapted from
TOEFL Independent Writing Rubrics (Educational Testing Service, 2024) to ensure alignment with
international academic writing standards. Two parallel argumentative prompts with comparable rhetorical
structure and difficulty were used for the pre-test and post-test. Two parallel argumentative prompts with
comparable rhetorical structure and difficulty were used for the pre-test and post-test. In both tasks,
students were required to take a clear position on a contemporary issue and support it with reasons and
evidence. The full prompts, task instructions, and scoring rubric are provided in Appendix A. The total
possible score was 100 points. Two trained raters achieved moderate interrater reliability (Cohen's k =

0.75).



Mei-Rong Alice Chen 7

The 18-item Metacognitive Writing Strategies Questionnaire (MWSQ), adapted from Teng et al. (2022)
and Wang et al. (2023), measured metacognitive awareness across three dimensions: (1) planning,
referring to preparatory processes including content outlining and goal setting; (2) monitoring, referring to
real-time self-regulatory processes during active writing, including assessments of coherence, word
choice, and revision needs; and (3) evaluation, referring to post-composition critical appraisal of language
quality, organization, and content adequacy. Several items in the MWSQ were adapted to reflect genre-
specific writing practices, such as reframing goal-setting prompts to include strategies such as
incorporating counterarguments, while preserving the original construct structure of the instrument. To
ensure the validity of the adapted instrument, two experts in writing pedagogy reviewed the modified
items for construct relevance and clarity. Responses were based on a 5-point Likert scale, ranging from

1 = “strongly disagree” to 5 = “strongly agree”, with higher scores indicating greater metacognitive
awareness. The instrument demonstrated excellent internal consistency (Cronbach’s a = 0.96 pre-test, o =
0.89 post-test). Further details on the MWSQ are provided in Appendix B.

The Al chatbot prompt histories of participants in the experimental group were analyzed using directed
content analysis following Kim et al. (2025) and Sawalha and Shoufan (2024). Two researchers
independently coded student-Al transcripts for metacognitive writing strategies following Teng et al.
(2022)’s three-dimensional framework, which conceptualizes writing regulation as encompassing
planning, including pre-writing goal articulation, outlining, and anticipatory reasoning; monitoring,
including real-time tracking of coherence, lexical choice, and argumentative alignment during drafting;
and evaluation, including post-writing appraisal of organization, language adequacy, and rhetorical
effectiveness. Interrater reliability for the coding was acceptable (Cohen’s k = .74).

The Reflective Thinking Questionnaire, modified from the RTQ (Fu & Hali, 2025; Kember et al., 2000),
assessed learners’ reflective thought processes across four validated dimensions: (1) habitual action,
referring to automatic, routine writing behaviors without conscious deliberation; (2) understanding,
referring to comprehension of writing concepts and structures gained through instruction; (3) reflection,
involving deliberate examination and evaluation of one’s writing processes; and (4) critical reflection,
characterized by systematic questioning of assumptions, methods, and outcomes that represents
transformative learning capacity. Responses were rated on a 5-point Likert scale, ranging from

1 = “strongly disagree” to 5 = “strongly agree”, with higher scores indicating greater reflective
engagement. Additional details are provided in Appendix C.

Reflection notes were collected using a semi-structured protocol with seven open-ended questions
designed to explore students’ perspectives on the two VGP approaches, based on Hwang et al.’s (2009)
interview outline. Twenty participants from both groups voluntarily agreed to provide reflection notes
regarding their experiences with the writing activities and Al-supported learning process. To preserve
anonymity, participants were coded according to their group and participation order (e.g., E1-E30 for the
experimental group and C1-C28 for the control group).The protocol addressed five topic areas: (1)
differences from previous learning methods and preferences; (2) perceived advantages and disadvantages;
(3) key learning gains and challenges; (4) suggestions for improvements; and (5) intentions for future use.
Two researchers independently transcribed and coded responses following the reflective thinking
classification system (Fu & Hali, 2025), achieving acceptable intercoder reliability (Cohen's k = .66).

Reliability statistics for all instruments consistently demonstrated high reliability across measurements, as
shown in Table 1, ensuring robust data for a comprehensive evaluation of the GAI-VGP approach.

Experiment Procedure

As illustrated in Figure 4, the study was conducted over an 18-week semester in an undergraduate English
Writing II course and followed a three-phase procedure consisting of pre-testing, intervention, and post-
testing. During Week 1, all participants received an introduction to the course objectives, instructional
design, and research procedures. Ethical considerations were explained, and informed consent was
obtained prior to data collection.
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Table 1

Reliability of Instruments Used to Measure Writing Learning Outcomes

Scale / oy
Construct No. of Instrument  Points Reliability (Pre) Reliability Source
Items (Post)
Type
o . . s o Educational Testing
Writing performance Analytic rubric 20 Cohen’s k =.75 Service (2024)
Metacognitive 18 5-point Likert 5 Cr_onbach s Teng et al. (2022)
awareness scale o=
Planning 6  opoimthikert o g 89
scale
Monitoring 6 >-point Likert ¢ 91 86
scale
Evaluation ¢ ~ pomthikert 5 o 97
scale
Prompt use 3 Coding scheme Cohen’s x = .74 Teng et al. (2022)
o Fu & Hali (2025);
Reflection 10 S{:Eloe int Likert 5 Cronbach’s o Kember et al.
(2000)
Understanding 4 >-PointLikert 86 99
scale
Habitual reflection 4~ ~-PoimtLikert 5 o) 95
scale
Reflection 4 Opomtlikert o g, 96
scale
Critical reflection 4~ ~-Pomthikert o gq 97
scale
Reflection notes 4 Coding scheme Cohen’s x = .66 Fu & Hali (2025)

Hwang et al. (2009)

In Weeks 2 to 4, participants completed pre-writing performance tasks and pre-questionnaires assessing
metacognitive awareness and reflective thinking. Both the pre-test and post-test writing tasks were
administered in class under standardized timed conditions of 40 minutes and supervised by the instructor
to ensure consistency in testing conditions. Students completed the writing tasks individually without
access to external digital tools or Al systems during the assessments. These measures served to establish
baseline levels of writing ability and learners’ initial cognitive and reflective profiles before the
intervention.

From Weeks 5 to 11, all students engaged in a series of writing tasks implemented through a visually
guided progressive writing system. This system provided structured visual scaffolds to support learners’
progression through key stages of the writing process, including planning, drafting, revising, and
reflecting.

At the beginning of Week 12, participants were assigned to either an experimental group (n =30) or a
control group (n = 28). Both groups continued using the visually guided progressive writing system and
completed identical writing tasks. Students in the experimental group received a GAl-assisted visually
guided progressive writing approach, in which generative Al tools provided adaptive feedback during the
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writing process. Throughout all writing tasks, students composed their texts independently; the Al chatbot
functioned exclusively as an interactive writing coach offering stage-specific guidance, such as outlining
suggestions, coherence prompts, and reflective questions, rather than generating text on students’ behalf.
Although the recorded number of Al prompts was relatively limited, this suggests that Al interaction may
have been used selectively at moments of difficulty rather than continuously throughout the task. In
contrast, the control group followed a conventional visually guided progressive writing approach (cVGP),
which retained the same visual scaffolding and four-stage writing process as the experimental condition
but did not include generative Al support. Students used the same visual prompts and graphic organizers
for planning, drafting, revising, and reflection; however, feedback was provided through peer discussion
and instructor guidance rather than Al-mediated interaction. This design ensured that both groups
experienced identical writing tasks and visual scaffolding, while the primary difference between
conditions lay in the source of feedback and reflective support: Al-mediated guidance in the GAI-VGP
group versus human feedback in the cVGP group. Additional details are provided in Appendix D.

In the final phase, Weeks 16—18, post-writing performance tasks, post-questionnaires on metacognitive
awareness and reflective thinking, and reflection notes were collected. These post-intervention measures
were used to examine changes in learners’ writing performance and cognitive-reflective outcomes
following the instructional treatments. Together, this procedure enabled a systematic comparison of
learning outcomes between students who experienced GAl-assisted visually guided writing instruction
and those who received conventional visually guided writing support, while maintaining consistent
instructional content and task structure across groups.

Figure 4
The Procedure of the Experiment

Introduction to English writing II Week 1

Pre-writing performance, Weeks 2-4
Pre- questionnaires: metacognitive awareness and reflective thinking

Writing tasks using visually guided progressive system Weeks 5-11
Experimental group (30) Control group (28)
GAl-assisted visually guided ‘ Conventional visually guided | Weeks 12-15

progressive writing approach progressive writing approach

Post-writing performance,
Post- questionnaires: metacognitive awareness and reflective thinking Weeks 16-18
Reflection notes

Data Analysis

Quantitative data were analyzed using one-way analysis of covariance (one-way ANCOVA) to compare
post-test means between groups while controlling for pre-test differences. Effect sizes were reported as
partial %, and assumptions of normality, homogeneity, and regression slopes were verified. Bonferroni
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adjustments were applied to control for Type I error inflation. In addition, qualitative data, including
reflection journals and chat logs, were analyzed through thematic coding using NVivo 14. Codes were
derived inductively, focusing on (a) planning awareness, (b) monitoring behavior, (c) evaluative
reasoning, and (d) reflective depth. Two coders independently coded 25% of the corpus, achieving
acceptable inter-coder reliability (x = .82). The findings were integrated using a joint-display synthesis
approach (Fetters et al., 2013), aligning quantitative trends with qualitative evidence to interpret how Al-
mediated scaffolding influenced metacognitive and reflective engagement.

Results

Writing Performances

Descriptive statistics and the ANCOVA results for writing performance are presented in Table 2. The pre-
test scores revealed that the GAI-VGP group had a mean of 46.75 (SD = 14.73), while the cVGP group
had a mean of 46.07 (SD = 16.91), indicating comparable baseline writing proficiency. Levene’s test
validated the assumption of homogeneity of variance (¥ = 0.87, p > .05), and the homogeneity of
regression slopes was also satisfied (F = 0.99, p > .05), validating the use of ANCOVA for the posttest
analysis.

After the intervention, the GAI-VGP group demonstrated a higher adjusted mean score on the post-test
(Adj. M = 67.94) compared to the cVGP group (4dj. M = 60.44). The ANCOVA revealed a statistically
significant difference between the groups (' = 4.46, p <.05), with a moderate effect size (#?= 0.08).
These findings suggest that the GAI-VGP approach significantly enhanced the students’ English writing
performance compared to the conventional VGP method.

Table 2
ANCOVA Results for Writing Performance
Variance Test Group N M SD Adj. M F 7
Writing Pre-test GAI-VGP 30 4675 14.73 0.87
performance cVGP 28  46.07 16.91
Post-test GAI-VGP 30 68.21 19.10 67.94 4.46" .08
cVGP 28  60.06 21.37 60.44

Note. N = number of participants. M = mean scores. SD = standard deviation. Adj. M = adjusted mean.
n? = Effect size. *indicates p < .05.

Metacognitive Awareness Analysis

An analysis of ANCOVA was conducted to examine the effect of instructional condition on students’
metacognitive awareness, with pre-test scores entered as the covariate. Descriptive statistics for both
groups at the pre- and post-test stages are presented in Table 3. At the pre-test stage, the GAI-VGP group
(M =2.88, SD =0.84) and the cVGP group (M = 2.83, SD = 0.99) demonstrated comparable levels of
metacognitive awareness, indicating no substantial baseline difference between the two groups.

After controlling for pre-test scores, the ANCOVA revealed a statistically significant group effect on
post-test metacognitive awareness, F(1, 55) = 10.47, p < .05, with a moderate effect size (#*> =.16). The
adjusted post-test mean for the GAI-VGP group (4dj. M = 3.97) was higher than that of the cVGP group
(4dj. M =3.64), suggesting that students who engaged in the GAl-assisted writing approach exhibited
significantly greater gains in metacognitive awareness than those who followed the conventional visually
guided approach. These findings indicate that integrating generative Al support into a visually guided
progressive writing system can effectively enhance learners’ metacognitive awareness beyond the effects
of visually guided instruction alone.
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Table 3
ANCOVA Results for Metacognitive Awareness

Variance Questionnaire Group N M SD Adj. M F 7’
Metacognitive Pre- GAI-VGP 30 288 0.84 0.05
awareness cVGP 28 283 0.99
Post- GAI-VGP 30 399 0.76 3.97 10.47°  0.16
cVGP 28 338 0.87 3.64
Note. “ p <.05.

The ANCOVA results for metacognitive awareness in Table 4 indicated significant differences between
the GAI-VGP and cVGP groups, particularly in the dimensions of planning and evaluation. Specifically,
the GAI-VGP group demonstrated significantly higher adjusted mean scores for planning (4dj. M = 3.97,
F=5.53,#7=0.09, p <.05) and evaluating (4dj. M =3.98, F =20.94, n°=0.28, p <.001), while
differences in monitoring did not reach statistical significance (F = 3.67, p > .05).

Table 4
ANCOVA Results for Metacognitive Writing Strategies

Dimension Group N M SD Adj. M F 7

Planning GAI-VGP 30 3.97 0.71 3.97 5.53" 0.09
cVGP 28 3.59 0.80 3.59

Monitoring GAI-VGP 30 3.99 0.80 3.97 3.67
cVGP 28 3.54 1.03 3.56

Evaluating GAI-VGP 30 3.99 0.80 3.98 20.94™  0.28
cVGP 28 3.00 1.02 3.01

Note. *p < .05; ***p <.001.
Analysis of Prompts and Metacognitive Engagement

To examine the behavioral manifestation of metacognitive strategies, a directed content analysis of
students’ Al prompt histories (N = 30) was conducted. Each prompt was categorized as planning,
monitoring, or evaluation based on Teng’s (2022) framework. As shown in Table 5, planning

(35 prompts) and evaluation (26 prompts) were more frequently observed, typically focusing on idea
development and post-writing revision. In contrast, monitoring strategies associated with real-time self-
regulation during drafting were less frequent (14 prompts). This pattern is broadly consistent with the
quantitative findings from the MWSQ, which also indicated stronger gains in planning and evaluation
than in monitoring. The counts reported in Table 5 represent categorized prompt instances used for
analytic comparison rather than the complete record of all prompts generated during the intervention.

Analysis of Reflection Notes

To evaluate the effect of the GAI-supported writing approach on different levels of reflective thinking, an
ANCOVA was conducted for each subdimension of reflective thinking: habitual action, understanding,
reflection, and critical reflection. Pre-test scores were used as covariates to control for baseline
differences between the groups.
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Table 5

Prompt Classification according to Metacognitive Strategy

Dimension No. of No. of Examples of prompts taken from the GAI-VGP group
participants prompts

Planning 19 35 S3: Give me 3 bridges about Al benefits.
S12: Any advice for the article’s title?
S23: Please help outline an argumentative essay.
Monitoring 21 14 S2: Please check that my conclusion fits the set format.
S9: Is this a right way to cite?
S18: Please check my APA7 format.
Evaluating 24 26 S1: Revise thesis to make it concise.
S8: Is there anything I can improve in this statement?
S19: Please correct my paragraphs' grammar.

The ANCOVA results are summarized in Table 6. After adjusting for pre-scores, significant differences
were observed in two dimensions, understanding and reflection, in favor of the GAI-VGP group.
Specifically, the GAI-VGP group demonstrated significantly higher adjusted mean scores in the
understanding dimension (4dj. M = 3.93) compared to the cVGP group (4dj. M =3.31), F(1, 55) =4.49,
p <.05, n?=.08. Similarly, the GAI-VGP group outperformed the cVGP group in the reflection
dimension with an adjusted mean of 3.93 versus 3.16, F(1, 55) =9.96, p < .01, #?= .15, representing a
moderate effect size. In contrast, no statistically significant differences were found in the habitual or
critical reflection dimensions. While the GAI-VGP group exhibited slightly higher adjusted means in both
habitual (4dj. M = 3.89 versus 3.56) and critical reflection (4dj. M = 3.90 versus 3.57) dimensions, these
differences were not statistically significant (habitual: F'=1.54, p > .05; critical reflection: F'= 2.20,

p > .05). These findings suggest that, while integrating GAI into writing instruction may not immediately
alter routine or deeply transformative thinking, it can enhance students’ reflective awareness and
conceptual understanding of their writing processes significantly.

Table 6

ANCOVA Results for Reflective Thinking

Dimension Group N M SD Adj. M F n’

Habitual GAI-VGP 30 3.97 1.09 3.89 1.54
cVGP 28 3.48 0.96 3.56

Understanding ~ GAI-VGP 30 4.00 1.20 3.93 4.49%* 0.08
cVGP 28 3.23 1.01 3.31

Reflection GAI-VGP 30 4.00 1.04 3.93 9.96™ 0.15
cVGP 28 3.08 0.78 3.16

Critical reflection GAI-VGP 30 3.96 1.07 3.90 2.20
cVGP 28 3.50 0.87 3.57

Note. ™ p < .05; **indicates p < .01

Reflection Patterns in GAI-VGP versus cVGP Groups

The analysis of participants’ reflection notes revealed a hierarchy of four increasingly sophisticated
categories: habitual action, understanding, reflection, and critical reflection. These notes exhibited distinct
cognitive patterns, reflecting the different scaffolding provided by the GAI-VGP and cVGP



Mei-Rong Alice Chen 13

environments. [llustrative examples of these categories are provided in Table 7.

Habitual Action. This category captures routine responses that indicate resistance to change. GAI-VGP
users contributed seven comments, some of which described the system as a "conventional" tool for
saving "time and effort". In contrast, the four remarks from cVGP users primarily expressed resistance to
the new writing method due to its lack of familiarity.

Understanding. At the level of material integration, the GAI-VGP group showed more frequent
engagement in understanding Al feedback than the control group, with 14 instances referring to efficiency
and self-correction (e.g., “you can quickly find your own shortcomings™). In contrast, the five comments
from the cVGP group tended to emphasize the clarity of conventional instructions rather than active
discovery. Because the comparison was based on a small sub-sample (N = 20), these counts are
interpreted descriptively rather than statistically.

Reflection. The GAI-VGP participants provided 15 self-assessments regarding the active evaluation of the
learning process. They highlighted how Al feedback catalyzed specific refinements in their writing. In the
10 evaluations provided by the cVGP group, their reflections often noted that the structured process felt
like "a hassle," suggesting a higher cognitive load when navigating.

Critical Reflection. This highest level of reflection involved questioning underlying assumptions. GAI-
VGP users provided three deep insights, including a metacognitive dilemma regarding whether to
"support or oppose Al chatbots" before ultimately using the tool to validate their writing direction. The
cVGP group offered only one such insight, which suggested the potential future application of the method
in other subject areas.

These qualitative findings provide a behavioral bridge to the quantitative results shown in Table 7. They
demonstrate that the integration of GAI does not merely simplify tasks, it enables learners to proactively
evolve from habitual writing behaviors toward higher-order metacognitive engagement and critical
deliberation.

Discussion and Conclusions

This study investigated the pedagogical efficacy of the GAI-VGP approach in supporting EFL learners’
writing performance, metacognitive awareness, and reflective thinking. By foregrounding writing
processes rather than solely writing products, the study responds to a persistent limitation in Al-integrated
L2 writing research, which has predominantly emphasized outcome measures such as accuracy,
complexity, or holistic scores within short-term, controlled designs (Feng et al., 2025). The present
findings extend this literature by demonstrating that generative Al, when embedded within a structured
visual-procedural design, can function as process-oriented cognitive scaffolding that externalizes
otherwise tacit operations in the writing process, particularly those associated with planning, evaluation,
and reflective sense-making, as described in Flower and Hayes’s (1981) model of the writing process.

At the performance level, the GAI-VGP group achieved significantly higher post-test writing scores than
the control condition (Adj. M = 67.94 vs. 60.44, n? = .08). Because both groups followed the same visual
scaffolding framework, the observed difference likely reflects the additional support provided by Al-
mediated interaction rather than visual scaffolding alone. At the same time, the relatively limited number
of recorded Al prompts warrants caution in attributing the gains solely to Al use. This finding resonates
with recent work emphasizing the importance of feedback format and representational design.

For example, Zou et al. (2025) demonstrated that visualized Al feedback, through structured layouts,
highlighting, and segmentation, improved discourse-level features such as coherence and cohesion while
reducing cognitive load and negative affect during revision. Although their focus was on revision, the
present study shows that similar design principles can be extended to earlier stages of writing.
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Table 7

Coding Results for Reflection Notes

Dimension Examples of responses from the Examples of responses from the
GAI-VGP group c¢VGP group

Habitual Action 7 Previous methods of learning 4 1 still prefer the previous
Automatic or English writing were more method. I find it difficult to fully
routine actions with structured and conventional. [ comprehend the current
little conscious think it saves time and effort. approach. (C12)
thought; resistance (E24) - Resists new methods due to
to change. - Prefers traditional methods familiarity.

due to habit.
Understanding 14 Compared to the previous 5 1 prefer the current learning
Comprehending the learning method, this VGP is VGP method; it's more relevant.
material and relating more efficient, so I prefer it... (C2)
it to one's own The advantage is that you can - Values clarity of instructions.
knowledge. quickly find your own

shortcomings or mistakes. [

learned the structure of

writing. (E6)

- Focuses on replicating

structures.
Reflection 15 Sometimes I think my writing 10 This method can help us better
Thinking about and is already pretty good, but understand our own writing
evaluating one's chatbot can still provide learning status, but it can be a
own learning suggestions for improvement. hassle. (C7)
process and making - Self-assessment with Al - Evaluates progress via
suggestions. feedback. structured tools.
Critical Reflection 3 - The writing assignment 1 1 feel VGP is a bit superfluous.

Questioning the
underlying
assumptions and
values of one's
knowledge and the
learning context.

required us to choose to either
support or oppose Al chatbots.
1 chose to oppose Al chatbots,
but then I had to use an Al
chatbot to understand and
confirm if my writing direction
was correct. (E4)

Compared to using the VGP to
learn writing, staying in PPT
slides seems just as good... In
the future, I might use this
learning method for social
studies or Chinese. Since these
two subjects heavily require
argumentation skills, I think this
method would be excellent. (C8)

By visually structuring planning steps, such as goal articulation, title framing, and idea organization, the
GAI-VGP approach enabled learners to front-load cognitive work before drafting, thereby strengthening
the quality of subsequent composing decisions. Importantly, the writing performance assessments were
conducted without access to Al tools or external editing systems. Students completed the pre-test and
post-test essays independently within a timed setting, ensuring that the scores reflected their internalized
writing competence rather than Al-assisted text generation. In addition, improvements in writing
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performance should be interpreted alongside the concurrent gains observed in metacognitive awareness
and reflective thinking. The prompt-log analysis further revealed that learners increasingly engaged in
planning and evaluative strategy use during the writing process. These converging findings indicate that
the instructional intervention supported the development of writing processes and strategic regulation,
rather than merely improving the surface quality of Al-generated text.

This finding underscores a critical but underexplored principle in Al-integrated L2 writing research: the
visual architecture of Al-mediated support may shape not only how learners revise text, but also how they
conceptualize writing tasks before text production begins. Rather than treating Al as a post hoc editor, the
GAI-VGP design positioned Al as a procedural guide that made planning operations explicit and
sequential. Such scaffolding may be particularly beneficial for EFL writers, who often struggle to
coordinate content development and language formulation simultaneously. In this sense, the present study
shifts attention from Al as a product-oriented revision tool to Al as a process-level cognitive scaffold.

The process-oriented interpretation of these findings aligns with, yet also extends, classroom-based
qualitative evidence reported by Aydimn Yildiz (2025), who showed that GAI-supported multimodal
writing pedagogy can foster more strategic and reflective Al use across writing stages. Importantly, Aydin
Yildiz observed that learners often begin by using Al primarily as a grammar-correction tool and display
limited critical awareness, but gradually develop more strategic practices when pedagogical framing
emphasizes process engagement rather than surface editing. This developmental trajectory complements
the present findings by highlighting the role of instructional mediation. Without explicit guidance on how
and when to engage Al as a thinking partner rather than an editing assistant, learners may default to
interaction patterns that bypass the cognitive processes that writing instruction aims to cultivate.

The GAI-VGP approach offers one instantiation of such mediation. By embedding Al prompts within a
visual-procedural framework, the intervention encouraged learners to externalize planning decisions and
rhetorical intentions before drafting. This suggests a broader implication: Al’s pedagogical value
increases when it is designed and taught as a process scaffold, focusing on what to do, when, and why,
rather than merely as a text improver, focusing on what to change (Aydin Yildiz, 2025; Feng et al., 2025;
Zou et al., 2025). Future research may explore whether similar visual-procedural designs can support
other process-oriented competencies, such as audience awareness, rhetorical flexibility, or genre-sensitive
planning.

At the metacognitive level, the GAI-VGP group demonstrated gains in planning and evaluation, whereas
no statistically significant improvement was observed for monitoring. The differentiated pattern across
metacognitive dimensions is theoretically informative. Within Teng et al. (2022)’s framework, planning
and evaluation are temporally bounded processes amenable to stage-discrete Al support, whereas
monitoring is a concurrent, situationally embedded regulatory process requiring real-time tracking of
coherence and argumentative alignment during active drafting. The GAI-VGP design, which positioned
Al interactions at designated stage boundaries, likely provided insufficient scaffolding for within-drafting
regulatory routines. This interpretation is supported by prompt-log evidence: monitoring-related prompts
were the least frequent (n = 14, compared with 35 for planning and 26 for evaluation), and qualitative
analysis indicated that most took the form of validation-seeking queries rather than self-initiated
regulatory checks. This pattern suggests a monitoring displacement mechanism, whereby external Al
verification reduced learners’ incentive to maintain internal real-time regulation, effectively recasting Al
as a post-hoc coherence checker rather than a concurrent self-regulatory resource. The finding aligns with
Teng’s (2025a) caution regarding Al overreliance in writing contexts and with Tran’s (2025) observation
that Al-supported revision requires deliberate pedagogical framing to foster self-regulated learning.
Critically, the divergence between monitoring and evaluation outcomes reflects a design-mediated effect:
evaluation improved because the instructional environment supported retrospective text appraisal,
whereas monitoring remained underdeveloped precisely because no scaffolding was provided for real-
time self-diagnosis during drafting. The findings provide empirical support for this interpretation. Prompt
logs and behavioral data indicated that learners frequently outsourced real-time monitoring to Al by
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asking validation-seeking questions, such as “Is there anything I need to fix?” While Al appeared to
support planning, such as goal setting, and evaluation, such as post-hoc text assessment, it may
simultaneously reduce in-the-moment self-diagnosis by making external verification readily available.
This “monitoring gap” suggests a regulatory trade-off in which easy access to Al validation weakens
incentives for internal monitoring during drafting.

In terms of reflective thinking, the GAI-VGP group outperformed the control group overall (4dj. M =
3.97, n* = 0.12), with significant gains in understanding and reflection but not in critical reflection. These
results suggest that Al may function as a “cognitive mirror” that supports learners’ reflective awareness of
their writing processes, although the evidence for critical or transformative reflection remains limited in
the present dataset. The absence of significant gains in critical reflection therefore highlights a boundary
of Al-supported reflection in its current form. Analysis of learner prompts indicated that Al interactions
more often elicited descriptive or confirmatory reflection than transformative critique. This pattern is
consistent with prior research suggesting that Al feedback may encourage surface-level engagement
unless tasks explicitly prompt epistemic questioning or stance reconsideration. An illustrative example
was student E4, whose tension between personal skepticism toward Al and the perceived need to validate
ideas through it reflected a metacognitive dilemma. This case suggests that epistemic tension may play an
important role in fostering deeper critical reflection.

Limitations

Three limitations should be considered. First, the study was conducted in an EFL context often
characterized by teacher-centered instruction, which may predispose students to accept Al suggestions
without critical evaluation. Second, participation in the reflection notes was voluntary, introducing
potential self-selection bias. Future studies may adopt systematic sampling strategies to ensure broader
representation. Third, the phenomenon of “proxy dilution,” in which a minority of students dominated Al
interactions, suggests that Al-supported writing may disproportionately benefit high-agency learners and
may lead to “surface consultation,” in which learners engage superficially with Al feedback without fully
internalizing revisions.

Future Directions

Future implementations of GAI-VGP in L2 writing should address three interrelated priorities. First,
scaffolding with fading mechanisms, such as clue-based interactions that prompt inferential reasoning
rather than direct correction, can mitigate overdependence by gradually withdrawing support to foster
autonomous competence, consistent with Cognitive Load Theory. Second, instructional design should
create productive intellectual friction by requiring learners to verify and critically evaluate Al output
rather than passively accepting it; LukeSova and Jennings (2026) demonstrate that such constructive
engagement shifts attention from surface accuracy toward deeper reasoning. Third, agency-focused
instruction should require explicit justification for adopting Al feedback, cultivating agentive literacy and
equipping L2 writers to navigate human-Al collaboration critically. To specifically address the
monitoring deficit identified in the present study, future designs should incorporate within-task
metacognitive prompts that require learners to self-assess coherence and argument development at regular
intervals before Al feedback is accessed. Relatedly, because the recorded Al prompts in the present study
were relatively limited and appeared to be used selectively at moments of difficulty rather than
continuously, future research should examine whether varying levels of Al interaction frequency, and not
only its availability, influence the effectiveness of such scaffolding mechanisms.
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Appendix A. Writing Prompts, Task Instructions, and Scoring Rubric

Pre-test prompt

Artificial intelligence is becoming increasingly common in daily life, education, and work. Some people
believe that Al should be welcomed because it makes life more efficient and convenient. Others think
people should remain cautious or skeptical because Al may create problems such as overdependence,
misinformation, or loss of human judgment.

Should artificial intelligence be embraced or approached with skepticism?

Write an argumentative essay in which you take a clear position on this question. Support your opinion
with reasons and examples.

Post-test Prompt

As artificial intelligence is increasingly introduced into classroom learning, some people support policies
that encourage students and teachers to use Al tools in class. They argue that Al can improve efficiency,
support learning, and provide immediate feedback. Others disagree, arguing that excessive use of Al in
the classroom may reduce independent thinking, weaken writing ability, or create unfairness.

Do you agree or disagree with encouraging the use of artificial intelligence in classroom learning?

Write an argumentative essay in which you take a clear position on this question. Support your opinion
with reasons and examples.

Task Instructions
Follow the instructions below for both the pre-test and post-test writing tasks.

Write one complete argumentative essay in response to the assigned prompt.

State a clear thesis in the introduction.

Develop your argument with supporting reasons and evidence or examples.

Include at least one counterargument or opposing view and respond to it.

End with a concluding paragraph that restates your position.

Organize your essay clearly using an introduction, body paragraphs, and conclusion.

Write independently. Do not use dictionaries, mobile phones, online resources, or Al tools during the
test.

Complete the task within 40 minutes.

9. Write in English

Nk Wb =

i
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Criterion 25 Points 20 Points 15 Points 10 Points 5 Points
Topic and Effectively Addresses the Addresses the Limited Words and
task addresses the topic and task topic and task development phrases that
topic and task well, though some using somewhat in response to indicate an
points may not be developed the topic and  attempt to
fully elaborated  explanations, task address the
exemplifications, task, but with
and/or details few or no
coherent
ideas
Organization The responseis A variety of Some variety in  Inadequate Severely
well organized.  syntactic syntactic organization limited range
structures. structures. or connection of syntactic
of ideas. structures
Unity and Relevant and Relevant and Some ideas are  Limited Most
coherence well-developed  adequately relevant, but organization languages
explanations, developed development or  with weak are borrowed
examples, and explanations, organizationis  connections  from the
supporting details examples, and uneven, resulting between ideas; stimulus,
that form a clear supporting details in partial coherence is  with little
and coherent with generally coherence. difficult to evidence of
structure. clear organization. follow. independent
organization
or coherent
development.
Use of Almost no lexical In the use of May display An Serious and
language or grammatical  language allows  accurate but accumulation frequent
errors other than the writer’s ideas  limited range of  of errors in errors in the
those expected  to be easily syntactic sentence use of
from a competent understood. structures and structure language
writer writing vocabulary and/or usage

under timed
conditions
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Appendix B. Metacognitive Writing Strategies Questionnaire (MWSQ)

Planning (6 items)

L.

AT ol N

Before writing an argumentative essay, | make a clear plan for how to present my claim, reasons, and
evidence.

I think carefully about how to organize my ideas into an introduction, body, and conclusion.

I consider my audience and how to make my argument convincing before I start writing.

I brainstorm different viewpoints and possible counterarguments before drafting.

I outline the logical order of my supporting points before I begin writing.

I set specific writing goals (e.g., include at least one counterargument) before I start my
argumentative essay.

Monitoring (6 items)

AP e

While writing, I check whether each paragraph clearly supports my main argument.
I keep track of whether I am staying on topic and following my planned structure.
I pay attention to whether my transitions between points are clear and logical.

As I write, I ask myself if I am using enough evidence to support my claims.

I notice when my argument becomes unclear and try to fix it as I go.
I monitor whether I am balancing my own argument and the counterargument effectively.

Evaluation (6 items)

A S e

After finishing a draft, | review whether my argument is logically developed from beginning to end.
I evaluate whether my evidence is strong and relevant to support my reasons.

I reflect on whether I have explained my points clearly to the reader.

I assess if | have acknowledged and responded to counterarguments appropriately.

I check whether my conclusion reinforces my main claim effectively.

I review my work to see how I can improve the quality of my reasoning and expression in future

essays.
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Appendix C. Reflective Thinking Questionnaire

Habitual Action

1.
2.

When I write essays, | often follow a structure automatically without thinking about each step.
Using writing tools to check my writing for structure, grammar, or clarity has become a regular part
of my process.

With the help of the writing tools, I can quickly generate initial claims and reasons to overcome
writer's block.

Interacting with a writing tool for writing assistance feels like a natural and efficient step in my
workflow.

Understanding

1. The writing guidance helped me better understand how to structure an argumentative essay (claim,
reason, evidence, etc.)

2. T am able to use feedback and examples from the Al chatbot to better comprehend the features of
effective argumentative writing.

3. Using digital tools for feedback and structure has helped me complete writing assignments more
effectively.

4. [ feel more confident using digital tools on my own to continue improving my writing, even outside
of class.

Reflection

1. When I’m unsure about my argument, I try to revise or explore alternative ways to express my ideas.

2. The feedback from the writing tools often prompts me to find better evidence or consider different
types of support for my claims.

3. I compare my own judgment of my writing with the feedback provided by the writing tool to better
understand my strengths and weaknesses.

4. When reviewing my drafts, [ use the writing tool’s analysis as a guide to check how well my reasons

and evidence support my main argument.

Critical Reflection

L.

2.

Engaging with a writing tool forces me to re-examine whether my own assumptions and reasoning are
valid.

I critically evaluate the feedback from others, which makes me question if my arguments are as
logical and well-supported as I initially thought.

By analyzing why the other makes certain suggestions, I have gained a deeper understanding of how
to evaluate and strengthen my own arguments.

Using different ways to learn writing encourages me to critically assess both my own perspective and
opposing views.
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Appendix D. Writing Activities: GAI-VGP versus cVGP in Each Stage of the Model

Stage Experimental (GAI-VGP) Control (¢cVGP)

- Visual prompts for stance and topic selection - Visual prompts for stance & topic
Plannin - GAI chatbot provides interactive guidance for  selection

& the outline, the argument structure, and relevant - Peer and instructor feedback on
examples outline and ideas
- StepW}se dlgltgl gu1danc'e for topic sentences, Stepwise digital guidance for topic
. supporting details, and evidence . .

Translating . sentences and supporting details

- Real-time GAI feedback on language use, . .

o - Peer/instructor review

coherence, and APA citation

- Students upload drafts to GAI chatbot

- Receive automated feedback on organization, - Students submit drafts for
Reviewing logic, support, and mechanics peer/instructor feedback only

- Revise based on instant Al and peer/instructor - Revise based on human feedback

feedback

- GAI provides reflective prompts and analytics - Reflection based on peer/instructor
Reflection on learning progress comments

- Students engage in self-reflection - Self-assessment and revision
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