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Abstract

The growing use of ChatGPT in higher education raises questions about its relationship with students’  
higher-order thinking (HOT) and how students engage with AI during learning. This study exam-
ined whether structured ChatGPT-supported instruction was associated with EFL students’ HOT 
performance in argumentative writing and their patterns of ChatGPT use during the intervention. 
A quasi-experimental mixed-methods design involved 100 fourth-semester undergraduates drawn 
from two intact classes, comprising an experimental group (n = 50) and a control group (n = 50). 
Over 12 weeks, the experimental group completed structured ChatGPT-supported argumentative 
tasks, while the control group completed comparable tasks through conventional instruction. HOT 
performance was assessed through supervised pretest and posttest argumentative essays measuring  
analysis, evaluation, and creation. ANCOVA showed that the experimental group achieved signifi-
cantly higher adjusted posttest HOT scores than the control group, with creation showing the largest 
dimension-level difference. Interaction logs showed that reflective-evaluative use was more common 
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than product-oriented use during the supervised ChatGPT-supported tasks. Students frequently evalu-
ated AI suggestions, compared alternatives, and revised selectively. These patterns reflected students’ 
use of the prompting, evaluation, and revision practices introduced during the intervention and were 
interpreted in relation to cognitive amplification and cognitive offloading. The findings highlight the 
value of structured AI-supported tasks that maintain students’ responsibility for evaluation and revision.

Keywords: ChatGPT, EFL argumentative writing, higher-order thinking, reflective-evaluative AI  
use, cognitive amplification, cognitive offloading.

Introduction

The expanding use of Generative AI (GenAI) has altered how university students access information, 
develop ideas, and revise academic work. Among the available GenAI tools, ChatGPT is particu-
larly relevant to language education because it enables learners to interact with an AI system through 
natural-language prompts and receive immediate, context-sensitive responses (Andewi et al., 2025; 
Hastomo et al., 2026). In EFL learning, this dialogic capability can support brainstorming, vocabulary 
exploration, grammar clarification, feedback-seeking, and iterative revision. However, the educational 
significance of ChatGPT extends beyond its ability to improve linguistic accuracy. The more conse-
quential question is whether students use the tool to deepen their reasoning or merely to complete 
academic tasks more efficiently.

The distinction between cognitive support and cognitive substitution is particularly consequential  
in EFL argumentative writing, where effective performance extends beyond grammatical accuracy. 
Students must identify the central issue, distinguish relevant information, examine relationships among 
ideas, evaluate evidence, address counterarguments, and construct a coherent position. These pro-
cesses correspond to HOT, particularly the dimensions of analysis, evaluation, and creation. Research 
on EFL writing has shown that critical-thinking-oriented instruction can improve students’ ability to 
evaluate claims and develop arguments (Li & Liu, 2021; Lu & Xie, 2019). Emerging studies further 
suggest that ChatGPT can support academic writing, argumentation, and critical engagement when 
it is incorporated into structured learning activities rather than used solely as a source of ready-made 
answers (Darmawansah et al., 2025; Liang & Wu, 2024; Mahapatra, 2024).

Nevertheless, the use of ChatGPT creates a pedagogical tension. The same tool that offers alternative 
viewpoints, counterarguments, and feedback may also reduce the cognitive effort required to complete 
a task. Cognitive offloading occurs when individuals transfer part of the cognitive demands of a task 
to an external resource (Risko & Gilbert, 2016). In AI-supported learning, offloading may become 
pedagogically problematic when students request complete answers, accept AI-generated arguments 
without evaluation, or reproduce generated text with minimal revision. Conversely, cognitive ampli-
fication occurs when a technological tool extends learners’ intellectual performance while they retain 
responsibility for judgment, decision-making, and meaning construction (Salomon et al., 1991). In this 
form of engagement, students use ChatGPT to interrogate assumptions, compare perspectives, identify 
weaknesses, and refine their arguments. How these processes relate to ChatGPT use may vary with 
task design, learner agency, AI literacy, and the degree of dependency on the tool.

Existing studies provide valuable insights into students’ acceptance of ChatGPT, their perceptions 
of its usefulness, and its contribution to writing support (Habibi et al., 2023; Strzelecki, 2024; Teng, 
2024). Other studies have identified possible risks associated with frequent or poorly regulated AI 
use, including overreliance, weaker independent thinking, reduced creativity, and limited information  
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judgment (Abbas et al., 2024; Zhang et al., 2024). However, these perspectives have rarely been  
integrated within a single EFL classroom study. Accordingly, the present study examines both  
performance-based HOT outcomes and students’ observable patterns of ChatGPT use within a  
structured instructional context. It compares structured ChatGPT-supported and conventional EFL 
instruction in terms of analysis, evaluation, and creation performance and examines students’ ChatGPT-
use patterns, with AI literacy and ChatGPT dependency included as complementary measures. Based 
on these objectives, the following research questions are addressed:

1.	 To what extent is structured ChatGPT-supported EFL learning associated with students’ 
performance-based higher-order thinking in EFL argumentative writing, particularly in 
analysis, evaluation, and creation?

2.	 What reflective-evaluative, mixed, and product-oriented patterns of ChatGPT use were 
observed during the structured classroom tasks?

Literature Review

ChatGPT-Supported Argumentative Writing and Higher-Order Thinking

ChatGPT has become increasingly relevant to EFL learning because its dialogic interface enables 
learners to obtain immediate and individualized assistance. Unlike earlier automated writing tools 
that primarily identified linguistic errors, ChatGPT can respond to follow-up questions, elaborate on 
suggestions, and generate alternatives based on learners’ prompts. EFL students have used the tool 
to develop ideas, clarify linguistic features, organize arguments, and revise academic texts (Meniado 
et al., 2024; Teng, 2024; Tram et al., 2024).

Empirical evidence suggests that the effectiveness of ChatGPT depends on its integration into pur-
poseful learning activities. ChatGPT-supported feedback has been associated with improvements in 
academic and EFL writing (Mahapatra, 2024; Polakova & Ivenz, 2024). Its integration with collabora-
tion scripts and argument mapping has also strengthened argumentative performance, critical-thinking 
awareness, and collaborative engagement (Darmawansah et al., 2025). Similarly, combining ChatGPT 
feedback with teacher guidance has improved multiple dimensions of EFL argumentative writing 
(Asadi et al., 2025).

Argumentative writing provides an appropriate context for assessing performance-based HOT because 
it requires learners to analyze issues, evaluate evidence and counterarguments, and construct coherent 
arguments (Li & Liu, 2021; Lu & Xie, 2019). Recent evidence indicates that GenAI is most likely to 
support critical thinking when its use is accompanied by structured guidance, critical evaluation, and 
sustained learner agency (Liu et al., 2024; Shen & Teng, 2024). Accordingly, the pedagogical value of 
ChatGPT should be assessed not only through performance gains but also through the extent to which 
learners retain intellectual responsibility during AI-mediated writing.

Cognitive Amplification, Cognitive Offloading, and Related Distinctions

Cognitive offloading and cognitive amplification provide complementary perspectives for examining 
how learners allocate intellectual effort when interacting with ChatGPT. Risko and Gilbert (2016) 
define cognitive offloading as the redistribution of cognitive demands to external resources. Although 
such redistribution may support task management, it becomes pedagogically problematic when 
AI-generated content substitutes for the analytical and evaluative processes that learners are expected 
to develop. Cognitive amplification, by contrast, occurs when technology extends learners’ intellectual 
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capacity without diminishing their responsibility for judgment and meaning construction (Salomon 
et al., 1991). The distinction concerns not merely the frequency of ChatGPT use but the extent to which 
learners retain cognitive agency during AI-mediated tasks.

Empirical evidence suggests that the educational consequences of GenAI use are conditional rather 
than uniform. Abbas et al. (2024) reported that university students’ use of GenAI may produce  
both beneficial and adverse outcomes, depending on the motivations and conditions underlying its  
use. Zhang et al. (2024) similarly associated problematic AI dependency with weaker independent 
thinking, reduced creativity, and lower information-judgment ability. In EFL writing, concerns have 
also emerged regarding plagiarism, overreliance, and the uncritical acceptance of generated content 
(Alkamel & Alwagieh, 2024; Mizumoto et al., 2024). The educational value of ChatGPT is shaped by 
how learners engage with AI-generated content and the extent to which they retain evaluative control. 
In this study, cognitive amplification and cognitive offloading provide theoretical lenses for interpret-
ing students’ observed patterns of ChatGPT use. Offloading can occur alongside evaluative engage-
ment when students delegate some task demands while remaining responsible for the final response.

AI Literacy, Dependency, and Reflective Use

AI literacy offers an important lens for understanding differences in students’ engagement with 
ChatGPT. Effective AI-mediated learning requires learners to understand AI systems, use them pur-
posefully, evaluate their outputs, and make responsible ethical decisions (Ng et al., 2021). Wang et al. 
(2023) conceptualize AI literacy through four dimensions: awareness, use, evaluation, and ethics. 
Awareness concerns learners’ understanding of AI functions and limitations; use refers to their ability 
to employ AI tools purposefully; evaluation involves assessing the accuracy, relevance, and quality of 
generated responses; and ethics encompasses responsible decisions related to transparency, academic 
integrity, and privacy.

These dimensions should be distinguished from ChatGPT dependency, which refers to excessive reli-
ance on AI assistance for completing academic tasks and may weaken learner agency, independent task 
completion, and critical judgment (Goh et al., 2025; Zhang et al., 2024). Familiarity with ChatGPT 
does not necessarily indicate the ability to evaluate its output critically, just as frequent use does 
not automatically constitute meaningful cognitive engagement. In AI-assisted writing, reflective use 
involves examining AI-generated suggestions and deciding whether they should be accepted, modi-
fied, or rejected. Such evaluative decisions are central to maintaining learner agency during revision 
(Liu et al., 2024; Shen & Teng, 2024).

Pedagogical Scaffolding for Responsible and Evaluative AI Use

The educational value of ChatGPT also depends on how its use is structured within classroom tasks. In 
argumentative writing, scaffolding can require students to produce an initial response, examine alter-
native viewpoints, evaluate AI-generated feedback, and revise selectively rather than accept generated 
text directly. Research has shown that ChatGPT-supported writing is more productive when AI use 
is combined with teacher guidance, structured feedback, collaboration scripts, and critical evaluation 
(Asadi et al., 2025; Darmawansah et al., 2025; Liu et al., 2024). These practices position ChatGPT as 
a resource for reasoning and revision while keeping students responsible for their final decisions.

Research Gap and Rationale for the Present Study

Studies have examined students’ acceptance and use of ChatGPT in higher education (Habibi  
et al., 2023; Shen & Teng, 2024; Strzelecki, 2024), its contribution to EFL and academic writing 
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(Asadi et al., 2025; Mahapatra, 2024; Meniado et al., 2024), and the risks of overreliance and uncriti-
cal AI use (Abbas et al., 2024; Liu et al., 2024; Mizumoto et al., 2024). However, limited evidence is 
available on whether structured ChatGPT-supported instruction is associated with performance-based  
HOT in supervised EFL argumentative writing completed without AI assistance. Moreover, prompt- 
response-revision patterns showing how students evaluate, modify, accept, or reject AI-generated  
suggestions remain underexamined. The present study addresses these gaps by examining HOT perfor-
mance with students’ observable patterns of ChatGPT use during a structured classroom intervention.

Methods

Research Design

This study employed a quasi-experimental mixed-methods design in which quantitative outcome 
data were complemented by ChatGPT interaction logs, classroom observations, and follow-up inter-
views (Creswell & Creswell, 2018). The quantitative phase used a quasi-experimental pretest-posttest  
control-group design with two intact classes. One class received structured ChatGPT-supported  
instruction, while the other completed comparable tasks through printed materials, peer discussion, 
lecturer guidance, and conventional feedback. Individual random assignment was not feasible because 
students were enrolled in fixed course sections. Both classes were taught by the same lecturer during 
the same term and received equivalent contact hours, learning objectives, topics, task loads, and assess-
ment procedures.

The qualitative component consisted of three primary data sources with different functions: semi- 
structured interviews, ChatGPT interaction records, and classroom observation notes. Semi- 
structured interviews were conducted after the quantitative results and student profiles had been  
identified. During the instructional period, the experimental-group students submitted ChatGPT inter-
action records together with their revision records and brief reflection notes, while classroom observa-
tion notes were collected concurrently. These materials formed part of the ChatGPT interaction dataset. 
These qualitative materials were later analyzed to explain students’ prompting behavior, revision deci-
sions, classroom engagement, and reflective use of ChatGPT. Thus, the design followed explanatory 
sequential mixed-methods logic while incorporating embedded qualitative artifacts to support integra-
tion (Fetters et al., 2013).

Structured ChatGPT-Supported EFL Intervention

The study was conducted over 12 weeks, comprising 11 instructional weeks and a supervised posttest 
in Week 12. Throughout the intervention, students used ChatGPT powered by GPT-4o (OpenAI) 
through the ChatGPT web interface. The same model was used across the instructional activities to 
maintain consistency in the AI-supported learning condition. Both groups followed the same learning 
objectives, writing focus, workload, contact hours, and assessment schedule. The experimental group 
used ChatGPT with lecturer guidance, while the control group used printed materials, peer discussion, 
and lecturer feedback.

The intervention focused on higher-order EFL tasks requiring students to analyze argumentative  
texts, evaluate claims and evidence, and create revised arguments or problem-solution responses. 
Weeks 2–4 focused on argument analysis, Weeks 5–7 on evidence and claim evaluation, Weeks 8–10 
on counterargument and rebuttal development, and Week 11 on integrated argumentative writing. 
Materials included lecturer-selected argumentative texts and university-related issues. Students pro-
duced analyses, evaluations, counterarguments, revised position paragraphs, and an argumentative 
essay.
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In each session, students in the experimental group first produced an initial response independently 
before consulting ChatGPT. They used ChatGPT to request feedback, alternative viewpoints, coun-
terarguments, or suggestions for improving the clarity and logic of their responses. After receiving 
ChatGPT output, students compared it with their initial work, selected relevant suggestions, rejected 
unsuitable ideas, and revised their final text in their own words. The lecturer modeled prompting, 
monitored AI use, and provided feedback on reasoning and revision. Students submitted their ini-
tial response, ChatGPT interaction record, revised response, and a brief reflection. After receiving a 
response, students could ask follow-up questions for clarification, compare the suggestions with their 
initial arguments, and then accept, modify, or reject them. For example, when ChatGPT identified 
weak evidence or an unclear claim, students revised the relevant section while retaining their original 
position.

The control group completed parallel tasks without ChatGPT, using printed materials, peer discussion, 
lecturer guidance, and conventional feedback. Students also produced initial and revised responses. 
AI-specific reflection notes were collected only from the experimental group as process evidence. The 
interaction logs captured how students applied the reflective prompting, comparison, and selective 
revision practices introduced during the intervention.

Setting and Participants

This study was conducted in the Information Systems Study Program at a private university in  
Lampung, Indonesia, where English is a compulsory undergraduate course. The setting was con-
sidered appropriate because students were familiar with digital technologies, making it relevant for  
investigating structured ChatGPT-supported EFL learning. Participants were 100 fourth-semester 
undergraduates enrolled during the 2025–2026 academic year. Purposive sampling was used to recruit 
students who had completed at least one previous English course, ensuring sufficient prior exposure to 
university-level EFL learning, and agreed to follow the study procedures. Participation was voluntary, 
and students were informed that withdrawal would not affect their grades.

The participants came from two intact classes and were divided into an experimental group (n = 50) 
and a control group (n = 50). The experimental group completed structured ChatGPT-supported tasks 
designed to foster analysis, evaluation, revision, and argument construction, whereas the control group 
completed comparable activities through printed materials, classroom discussion, lecturer guidance, 
and conventional feedback. The comparison involved two active instructional conditions rather than 
technology-supported learning versus no instruction. Both classes were allocated according to the 
existing timetable and taught by the same lecturer using parallel weekly plans, comparable materials, 
equivalent workloads, identical contact hours, and the same assessment schedule. Baseline compa-
rability was examined using HOT pretest scores reported in Table 5 and demographic characteristics 
reported in Table 1.

For the qualitative follow-up phase, 20 students were selected from the experimental group using 
maximum variation sampling. The selection represented students with different HOT performance 
patterns and ChatGPT-use patterns, including reflective-evaluative dominant, mixed, and product- 
oriented dominant patterns. This follow-up sample enabled the study to examine how students planned, 
monitored, evaluated, and reflected on their use of ChatGPT during EFL argumentative tasks. 

Instruments

For RQ1, performance-based HOT in EFL argumentative writing was assessed through supervised  
pretest and posttest essays completed without AI assistance. The prompts addressed related but 
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non-identical issues: whether students should be permitted to use AI tools in academic writing and 
whether universities should regulate AI-generated content in assignments. Both tasks required students 
to analyze an issue, evaluate evidence, address an alternative viewpoint, and construct a justified posi-
tion within 60 minutes and 300–400 words. Expert review and a pilot test with 30 students outside the 
main sample supported their comparability in clarity, cognitive demand, and completion time. Pilot 
participants produced comparable rubric scores across the two prompts, t (29) = 0.84, p = .407, and no 
significant difference in completion time was observed, t (29) = 1.12, p = .272.

Table 2 Analytic rubric for HOT performance in EFL argumentative writing

Dimension 5 4 3 2 1
Analysis Examines 

the issue, 
relationships, 
assumptions, 
and tensions with 
nuance.

Identifies the issue 
and explains key 
relationships or 
assumptions.

Identifies the 
issue and 
provides basic 
connections 
among ideas.

Partially 
identifies 
the issue; 
connections 
among 
ideas remain 
limited.

Presents 
unclear 
information 
with no 
meaningful 
analysis.

Evaluation Critically weighs 
evidence, 
alternatives, 
counterarguments, 
and limitations.

Evaluates 
evidence and 
addresses 
counterarguments 
with clear 
justification.

Uses relevant 
evidence and 
offers a basic 
judgment.

Provides 
limited 
evaluation 
and weak 
justification.

Offers 
unsupported 
judgments with 
no meaningful 
evaluation.

Creation Synthesizes an 
original, coherent, 
and persuasive 
argument.

Develops a clear, 
organized, and 
well-supported 
argument.

Produces a 
generally coherent 
argument with 
sufficient support.

States a 
position but 
develops it 
inadequately.

Produces a 
fragmented 
response with 
no sustained 
position.

Table 1 Participant demographic characteristics and prior ChatGPT use

Characteristics Experimental group 
(n = 50)

Control group  
(n = 50)

Total  
(n = 100)

Gender

Male 27 26 53

Female 23 24 47

Age range

18–19 years 9 10 19

20–21 years 34 33 67

22–23 years 7 7 14

Prior frequency of ChatGPT use

Daily 8 7 15

Weekly 19 18 37

Monthly 12 13 25

Rarely 8 9 17

Never 3 3 6
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Essays were scored using an analytic rubric covering analysis, evaluation, and creation (Table 2). 
Three experts evaluated the prompts and rubric descriptors, yielding Aiken’s V values of .89 and .91, 
respectively. Two trained raters independently scored all essays, and final scores were calculated by 
averaging their ratings. Inter-rater reliability was estimated using ICC(2,k): .86 for analysis, 95% CI 
[.80, .90]; .88 for evaluation, 95% CI [.83, .92]; .87 for creation, 95% CI [.82, .91]; and .90 for the total 
score, 95% CI [.86, .93]. Because the rubric was applied to argumentative essays, the scores represent 
performance-based HOT in EFL argumentative writing rather than general HOT ability.

Both the experimental and control groups completed the 11-item ChatGPT Dependency Scale adapted 
from Goh et al. (2025) and the 12-item AI Literacy Scale adapted from Wang et al. (2023) at base-
line and after the intervention. The instruments assessed dependency, AI awareness, use, evaluation,  
and ethics using five-point Likert scales. Items were contextualized for EFL learning, translated into 
Indonesian, independently back-translated, and reviewed by three experts. Cronbach’s alpha coeffi-
cients were .88 for dependency and .91 for AI literacy at baseline and .90 and .92, respectively, after 
the intervention. Subscale coefficients ranged from .81 to .89. Subscale and total scores were calcu-
lated as item means. The questionnaire scores provided complementary descriptive information on 
students’ AI literacy and ChatGPT dependency across the study period.

Data Collection

Data were collected in three stages. Before the intervention, all participants completed a supervised 
HOT argumentative essay pretest, the AI Literacy Scale, and the ChatGPT Dependency Scale. During 
the 11 instructional weeks, the experimental group completed structured ChatGPT-supported tasks, 
while the control group completed comparable activities through printed materials, peer discussion, 
lecturer guidance, and conventional feedback. Experimental-group students also submitted interaction 
logs, revision records, and brief reflections explaining how they evaluated and used ChatGPT sug-
gestions. In Week 12, all participants completed a comparable supervised HOT argumentative essay 
posttest and completed the AI Literacy Scale and ChatGPT Dependency Scale again. ChatGPT and 
other AI tools were prohibited during both the pretest and posttest. Baseline and post-intervention 
questionnaire scores were used to characterize students’ AI-related dispositions and examine descrip-
tive changes across the intervention period. Questionnaire scores were treated as secondary descriptive 
evidence.

The study comprised 11 instructional weeks followed by a supervised posttest in Week 12. Week 1 
introduced ChatGPT ethics and prompting; Weeks 2–4 focused on analysis; Weeks 5–7 on evaluation; 
Weeks 8–10 on counterargument and creation; and Week 11 on integrated essay writing. In Week 12, 
all participants completed the supervised posttest without AI assistance. The detailed study schedule 
is presented in Table 3.

Data Analysis

Data analysis proceeded in two stages. First, essay scores were screened for missing values, outliers,  
normality, and homogeneity of variance. Baseline equivalence was examined using independent- 
samples t-tests. To answer RQ1, ANCOVA compared posttest HOT performance while controlling for 
pretest scores. Separate models were estimated for the total score and the dimensions of analysis, eval-
uation, and creation. Holm-adjusted p-values were reported for dimension-level comparisons, partial 
eta squared was used to describe the magnitude of the adjusted group differences, and HOT gain was 
calculated by subtracting pretest from posttest scores. Because each condition comprised one intact 
class, instructional condition and class membership could not be separated. The ANCOVA therefore 
estimated adjusted between-class differences at the individual level, and these differences were inter-
preted associatively rather than causally.
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To answer RQ2, ChatGPT interaction logs, revision records, reflection notes, interview transcripts, and 
observation notes were analyzed using a hybrid deductive-inductive procedure. During each of the ten 
core sessions from Weeks 2 to 11, experimental-group students were required to export and submit the 
complete ChatGPT interaction record associated with the assigned focal task. The submitted record 
included the initial prompt, all follow-up prompts, ChatGPT responses, and the corresponding revi-
sion evidence. Students were not permitted to select only particular exchanges from a conversation  
thread. This procedure reduced the risk of selective submission and enabled the analysis to capture 
both reflective-evaluative and product-oriented patterns of ChatGPT use.

For coding purposes, the unit of analysis was a traceable prompt-response-revision sequence linked 
to the assigned focal task. Each task-specific interaction record was treated as one coded sequence. 
When a record contained multiple turns, the initial prompt, follow-up prompts, ChatGPT responses, 
and linked revision were read together and coded as a single sequence because they addressed the 
same focal task. Follow-up turns informed the coding of the sequence rather than being counted as 
separate units. Of the 500 required task-specific interaction records, 486 were submitted (97.2%). 
Thirty-eight students submitted all ten records, ten submitted nine records, and two submitted eight 
records because of absence during one or two sessions. Fourteen records were excluded because the 
ChatGPT response could not be linked reliably to a subsequent revision decision. Consequently, 472 
valid prompt-response-revision sequences were retained, representing 94.4% of the required records 
and 97.1% of the submitted records. All valid records were analyzed; no student-selected sampling of 
interaction exchanges was applied.

Each of the 472 valid prompt-response-revision sequences was independently coded by two  
researchers using a predefined codebook. Before coding the main dataset, the coders reviewed the 
operational definitions and independently coded 50 practice sequences drawn randomly from the valid 
records. Disagreements in the calibration subset were discussed to refine the codebook and clarify 
borderline cases. Both researchers then independently coded all 472 sequences before any consensus 
discussion, yielding an initial agreement of 91.3% and a Cohen’s κ of .81, indicating almost per-
fect agreement. Disagreements were resolved through discussion and re-examination of the original 
prompt, ChatGPT response, linked revision record, and reflection note. 

A sequence was coded as reflective-evaluative when the student used ChatGPT to examine assump-
tions, compare viewpoints, evaluate evidence, identify weaknesses, generate counterarguments, or 
improve reasoning, and the revision trace showed selective acceptance, modification, or rejection of 
AI-generated suggestions based on their relevance, accuracy, or argumentative value. A sequence was 
coded as product-oriented when the student requested a complete answer, ready-to-submit paragraph, 
or direct task completion and reproduced the AI-generated response with limited evaluation. Direct 
copying referred to reproducing AI-generated text with little or no change. Minimal transformation 
included lexical, grammatical, or formatting changes without substantive restructuring, whereas sub-
stantive revision involved changes to reasoning, evidence, organization, or argumentative position. 
Borderline cases involving partial copying or limited modification were coded as reflective-evaluative 
only when a clear evaluative decision or substantive transformation was traceable; otherwise, they 
were coded as product-oriented. Reflection notes, interview transcripts, and observation notes were 
used to contextualize the coded patterns.

ChatGPT-use patterns were classified based on the proportion of coded prompt-response-revision 
sequences. The classification was based on observable interaction and revision behaviours, while cog-
nitive amplification (Salomon et al., 1991) and cognitive offloading (Risko & Gilbert, 2016) informed 
the interpretation of these patterns. A provisional 60% threshold was set a priori as the analytical cri-
terion for identifying a dominant pattern. Students with at least 60% reflective-evaluative sequences 
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were classified as reflective-evaluative dominant, those with at least 60% product-oriented sequences 
as product-oriented dominant, and the remainder as mixed. 

AI literacy and ChatGPT dependency scores were summarized descriptively and analyzed separately 
from the classification of ChatGPT-use patterns. Quantitative and qualitative findings were integrated 
through a joint display. The operational criteria are presented in Table 4.

Ethical Considerations

Ethical approval was obtained from the Ethics Committee of Institut Bina Nusantara under ethical 
clearance number 024/IBN/LPPM/U/I/2026. All participants provided written informed consent before 
data collection and were informed that participation was voluntary, withdrawal was permitted at any 
stage, and their decisions would not affect their academic grades. Participant identities were replaced 
with codes in all datasets, transcripts, quotations, and reports. ChatGPT interaction logs and revision 
records were de-identified and stored in password-protected files accessible only to the research team. 
Students were instructed not to enter names, student numbers, contact details, or other personal infor-
mation into ChatGPT during the intervention. Anonymized data may be made available upon reason-
able request, subject to institutional ethical requirements and participant confidentiality. The authors 
declare that they have no conflicts of interest.

Results

Structured ChatGPT-Supported EFL Learning and Higher-Order Thinking Performance (RQ1)

The first research question examined whether students receiving structured ChatGPT-supported EFL 
instruction achieved higher adjusted HOT performance in argumentative writing than students receiv-
ing conventional EFL instruction. Performance was assessed using an analytic rubric consisting of 
analysis, evaluation, and creation. Each dimension was scored from 1 to 5, producing a total score 
ranging from 3 to 15.

As shown in Table 5, both groups improved, but the experimental group showed larger gains across 
all HOT dimensions, with the largest gain in creation. The groups were comparable at baseline across 
total HOT performance and the three HOT dimensions.

Table 4 Operational criteria for ChatGPT-use patterns

Behavioral pattern Criterion Observable pattern
Reflective-evaluative 
dominant

≥60% reflective-
evaluative sequences

Evaluated AI output, compared viewpoints, identified 
weaknesses, and revised selectively.

Mixed Neither dominant 
criterion reached

Shifted between reflective evaluation and direct task-
completion use.

Product-oriented 
dominant

≥60% product-oriented 
sequences

Requested complete responses or ready-to-submit 
text and made limited substantive revision.

Note: The categories summarize observable patterns of ChatGPT use during the classroom tasks. The 60% 
threshold was used as a provisional a priori criterion for identifying a dominant pattern and requires further 
validation. Cognitive amplification and cognitive offloading were used to interpret these patterns theoretically.
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As shown in Table 6, ANCOVA showed a significant adjusted difference in total HOT performance 
between the two classes after controlling for pretest scores, F(1, 97) = 55.28, p < .001, ηp2 = .363. The 
experimental group achieved a higher adjusted posttest score than the control group. Significant differ-
ences were also found for analysis, evaluation, and creation after Holm adjustment. Among the three 
HOT dimensions, the largest adjusted difference was observed for creation (ηp2 = .334), followed by 
evaluation (ηp2 = .266) and analysis (ηp2 = .234).

Patterns of ChatGPT Use During the Structured Intervention (RQ2)

The second research question examined the patterns of ChatGPT use observed during the structured 
classroom tasks. Table 7 integrates the distribution of the three behavioral patterns with the corre-
sponding prompt-response-revision sequences, revision practices, and representative student accounts.

Reflective-evaluative use was the most common pattern, with 31 students (62%) classified as reflective- 
evaluative dominant, followed by 12 students (24%) showing mixed use and seven students (14%) 
showing product-oriented dominant use. Across the 472 valid sequences, reflective-evaluative engage-
ment was more common than product-oriented engagement. Students showing reflective-evaluative 

Table 5 Descriptive statistics of performance-based HOT pretest, posttest, and gain scores

Variable Group Pretest M Pretest SD Posttest M Posttest SD Gain
Total HOT performance Experimental 8.72 1.08 11.46 1.14 2.74

Control 8.64 1.11 9.76 1.18 1.12

Analysis Experimental 2.96 0.42 3.78 0.47 0.82

Control 2.92 0.44 3.31 0.48 0.39

Evaluation Experimental 2.83 0.46 3.72 0.49 0.89

Control 2.81 0.45 3.18 0.46 0.37

Creation Experimental 2.93 0.43 3.96 0.48 1.03

Control 2.91 0.44 3.27 0.47 0.36

Table 6 ANCOVA results for performance-based HOT posttest scores controlling for pretest scores

Dependent 
variable

Group Estimated 
marginal M

SE 95% CI F (1, 97) p Holm- 
adjusted p

ηp2

Total HOT 
performance

Experimental 11.43 0.16 [11.11, 11.75] 55.28 < .001 — .363

Control 9.79 0.16 [9.47, 10.11]

Analysis Experimental 3.77 0.07 [3.63, 3.91] 29.64 < .001 < .001 .234

Control 3.32 0.07 [3.18, 3.46]

Evaluation Experimental 3.71 0.07 [3.57, 3.85] 35.17 < .001 < .001 .266

Control 3.19 0.07 [3.05, 3.33]

Creation Experimental 3.94 0.07 [3.80, 4.08] 48.63 < .001 < .001 .334

Control 3.29 0.07 [3.15, 3.43]

Note: Holm adjustment was applied to the three dimension-level comparisons. The total HOT score was 
treated as the primary outcome.
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patterns typically examined AI-generated suggestions, compared alternatives, and revised selectively, 
whereas product-oriented use more frequently involved requests for complete responses and limited 
substantive revision. Mixed-pattern students shifted between these forms of engagement across tasks. 
These distributions describe observable patterns of ChatGPT use during the structured classroom 
activities.

AI literacy and ChatGPT dependency were included as secondary descriptive measures alongside the 
behavioral-pattern analysis. Table 8 presents pretest and posttest questionnaire scores for the experi-
mental and control groups.

As shown in Table 8, the experimental group showed larger descriptive increases across all AI literacy 
dimensions, particularly AI evaluation, while ChatGPT dependency decreased slightly. The control 
group showed comparatively modest changes across the same measures.

Table 7 Joint display of ChatGPT-use patterns and revision practices

ChatGPT- 
use  
pattern

Students,  
n (%)

Valid 
sequences, 

n

Reflective-
evaluative 

sequences, 
n (%)

Product-
oriented 

sequences, 
n (%)

Revision practice Representative 
quotation

Reflective-
evaluative 
dominant

31 (62%) 293 236 (80.5%) 57 (19.5%) Students evaluated 
AI suggestions, 
compared 
viewpoints, 
rejected unsuitable 
responses, and 
revised selectively.

“I asked 
ChatGPT 
to show the 
weakness of my 
paragraph, but 
I did not copy it 
directly because 
some examples 
were not related 
to my topic” 
(S07).

Mixed 12 (24%) 113 64 (56.6%) 49 (43.4%) Students shifted 
between reflective 
evaluation and 
direct task-
completion use 
across tasks.

“Sometimes I 
used ChatGPT 
to get ideas, but 
when the task 
was difficult, I 
asked it to make 
the paragraph for 
me first” (S14).

Product-
oriented 
dominant

7 (14%) 66 14 (21.2%) 52 (78.8%) Students more 
frequently 
requested 
complete 
responses and 
made limited 
substantive 
revisions.

“I used ChatGPT 
because it was 
faster. I usually 
followed the 
answer because 
I was not sure 
how to change it” 
(S20).

Total 50 (100%) 472 314 (66.5%) 158 (33.5%) — —

Note: Percentages for reflective-evaluative and product-oriented sequences were calculated within each 
behavioral pattern. Behavioral-pattern classification was conducted at the student level using the criteria 
described in the Methods.
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Discussion

This study examined whether structured ChatGPT-supported EFL learning was associated with stu-
dents’ performance-based higher-order thinking in argumentative writing and how students engaged 
with ChatGPT during the structured intervention. The findings are interpreted in relation to the struc-
tured instructional package in which ChatGPT was combined with guided prompting, evaluation, revi-
sion, and lecturer support.

The first finding showed that students in the experimental group achieved significantly higher HOT 
performance than those in the control group after pretest scores were controlled. The difference was 
found across analysis, evaluation, and creation, with creation showing the largest adjusted difference 
among the three HOT dimensions. The experimental condition combined ChatGPT access with inde-
pendent initial responses, lecturer modelling, guided comparison, selective revision, and reflection. 
Students were required to identify weaknesses in their arguments, compare alternative viewpoints, 
examine possible rebuttals, and revise their final texts. The higher HOT scores occurred within this 
combination of structured activities, lecturer guidance, and feedback. Similar benefits of structured 
ChatGPT integration have been reported for writing and argumentation when AI support is combined 
with instructional guidance rather than used independently (Asadi et al., 2025; Darmawansah et al., 
2025; Mahapatra, 2024).

The largest adjusted difference occurred for creation, showing that the between-class difference 
extended beyond analysis and evaluation to the construction of original responses. This pattern is 
consistent with Asadi et al. (2025), who found that ChatGPT feedback combined with instructional 
support improved EFL argumentative writing. Liu et al. (2024) similarly reported that GenAI-assisted 
composing involved evaluative decisions and the development of new textual elements. The higher 
creation scores were observed alongside AI-supported exploration, repeated revision, and instructional 
scaffolding.

Table 8 Secondary descriptive questionnaire scores by group and time

Measure Group Pretest M Pretest SD Posttest M Posttest SD Mean Change
AI awareness Experimental 3.46 0.55 3.82 0.49 +0.36

Control 3.43 0.54 3.50 0.52 +0.07

AI use Experimental 3.31 0.61 3.86 0.54 +0.55

Control 3.29 0.59 3.38 0.57 +0.09

AI evaluation Experimental 3.20 0.58 3.92 0.50 +0.72

Control 3.18 0.57 3.32 0.55 +0.14

AI ethics Experimental 3.55 0.52 3.88 0.47 +0.33

Control 3.51 0.53 3.57 0.50 +0.06

Overall AI 
literacy

Experimental 3.38 0.30 3.87 0.22 +0.49

Control 3.35 0.31 3.44 0.29 +0.09

ChatGPT 
dependency

Experimental 2.57 0.56 2.43 0.51 -0.14

Control 2.55 0.55 2.52 0.53 -0.03

Note: All questionnaire scores were calculated on five-point scales. Mean change was calculated as posttest 
minus pretest. Both groups completed the AI Literacy Scale and ChatGPT Dependency Scale before and after 
the intervention. Questionnaire results were treated as secondary descriptive measures.
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The log data showed that reflective-evaluative use was more common than product-oriented use 
during the structured intervention. Students frequently examined assumptions, compared viewpoints, 
requested counterarguments, and selectively revised AI-generated suggestions. These behaviours 
emerged within supervised, teacher-designed tasks that explicitly emphasized prompting, evaluation, 
and revision, and therefore reflect students’ engagement within this instructional context. Previous 
research likewise shows that structured and guided ChatGPT use can support idea development, eval-
uation, and revision in EFL writing (Meniado et al., 2024; Shen & Teng, 2024; Werdiningsih et al., 
2024). Reflective-evaluative use was broadly consistent with cognitive amplification because students 
retained control over judgment and revision, whereas product-oriented use was more consistent with 
cognitive offloading because AI played a larger role in task completion (Risko & Gilbert, 2016;  
Salomon et al., 1991). These interpretations are based on the observed interaction and revision patterns.

A smaller group of students showed product-oriented dominant use. These students used ChatGPT 
mainly to save time and complete tasks. Their prompts frequently requested complete responses, while 
their final texts showed limited revision. Related concerns have been reported by Abbas et al. (2024), 
who linked frequent ChatGPT use with procrastination, memory loss, and lower academic perfor-
mance. Zhang et al. (2024) also found that problematic AI use was associated with weaker independent 
thinking and lower information-judgment ability. In the present study, these behaviours reflect greater 
reliance on AI-generated products during the structured classroom tasks and are consistent with greater 
cognitive offloading.

The mixed-use pattern provides another important insight. Some students moved between reflective 
and more direct task-completion use across tasks. This variation suggests that ChatGPT-use behaviour 
was responsive to task and classroom conditions rather than representing a fixed learner characteris-
tic. Task difficulty, time constraints, confidence, and instructional requirements may have influenced 
how students engaged with the tool. Zaim et al. (2024) similarly emphasized that GenAI use is shaped 
by instructional purposes, rules, and learning activities. The process analysis showed how students 
engaged with ChatGPT during the supported classroom activities.

The study contributes to the literature by combining performance-based assessment of HOT with inter-
action and revision evidence of students’ ChatGPT use. HOT was assessed through argumentative essays 
scored for analysis, evaluation, and creation rather than through student perceptions alone. ChatGPT 
interaction records and linked revision evidence were used to identify reflective-evaluative, mixed, and 
product-oriented patterns, which were interpreted in relation to cognitive amplification and cognitive off-
loading. Reflection notes, interviews, and classroom observations further contextualized these patterns. 
Therefore, the findings show that students engaged with ChatGPT in different ways within the same 
structured classroom setting and that their engagement varied across task demands and revision practices.

Beyond these theoretical considerations, the findings offer practical implications for EFL instruction. EFL 
lecturers can structure ChatGPT-supported activities by requiring students to develop an initial response 
before using ChatGPT, document their prompts, evaluate AI-generated suggestions, explain revision 
decisions, and submit evidence of changes made to their texts. Prompt training can emphasize counter-
arguments, evidence checking, alternative viewpoints, and weak assumptions rather than requests for 
complete answers. Reflection notes and revision records can help lecturers examine how students interact 
with AI. The present findings suggest that structured prompting, evaluation, and revision can provide a 
useful framework for integrating ChatGPT while maintaining students’ responsibility for final decisions. 

Conclusion

This study showed that structured ChatGPT-supported EFL learning was associated with higher per-
formance-based HOT in argumentative writing in the participating classes. After pretest scores were 
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controlled, the experimental group achieved higher posttest scores than the control group across analy-
sis, evaluation, and creation, with creation showing the largest dimension-level difference. The experi-
mental condition combined ChatGPT-supported activities with guided prompting, evaluation, revision, 
reflection, and lecturer support. Most students in the experimental group showed reflective-evaluative 
use during the structured tasks, whereas a smaller group showed predominantly product-oriented use. 
These patterns illustrate different forms of engagement with ChatGPT within the classroom context 
and are best understood as context-dependent behaviours rather than fixed learner characteristics.

Because each instructional condition involved one intact class, the group differences are interpreted 
within the context of the participating classes. Process evidence was collected only from the experi-
mental group, and the interaction logs were generated through teacher-designed tasks that explicitly 
emphasized evaluation and revision. These conditions should be considered when interpreting the 
observed ChatGPT-use patterns and questionnaire responses. The 60% threshold was used as a pro-
visional a priori analytical criterion and requires further validation across samples and tasks. Future 
studies could extend this work across multiple classes and institutions, include comparable process 
evidence across conditions, and examine whether the identified behavioural patterns remain consistent 
across tasks and over time. Additional process measures could also examine more closely how these 
behavioural patterns correspond to cognitive amplification and cognitive offloading.
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Appendix A

Examples of ChatGPT Interaction-Log Coding

The unit of analysis was one task-specific prompt-response-revision sequence. When an interaction 
contained multiple turns, the initial prompt, follow-up prompts, ChatGPT responses, and linked revi-
sion were treated as one sequence when they addressed the same focal task. Follow-up turns therefore 
contributed to the interpretation of the sequence rather than being counted as separate units.

Table A1 Reflective-evaluative sequence

Element Record
Student S07
Week 6
Task focus Evaluating alternative viewpoints
Initial 
response

Universities should regulate students’ use of AI in academic writing because students may 
become too dependent on technology. However, banning AI completely is not appropriate 
because students can use it to improve their ideas and language. Universities should provide 
clear rules so students know which uses are acceptable.

Student 
prompt

I wrote this paragraph about whether universities should regulate AI use in academic writing. 
Please identify the weaknesses in my argument. Do not rewrite the paragraph. Focus on the 
logic, evidence, and alternative viewpoints.

ChatGPT 
response

Your position is clear, but the argument could be strengthened in three areas:

1. � The claim that students may become dependent on AI is stated without explanation or 
evidence.

2. � The paragraph mentions that AI can improve ideas and language, but it does not 
explain how this benefit can coexist with regulation.

3. � An opposing viewpoint is missing. For example, some students may argue that 
regulation limits access to useful learning tools. You could also refer to how AI is used 
in professional workplaces, although that example may be less relevant to a paragraph 
focused on university academic writing.

You could strengthen the paragraph by explaining what type of regulation would allow 
educational use while preventing inappropriate dependence.

Follow-up 
prompt

The example about professional workplaces is not related to my topic. What 
counterargument would fit my position better?

ChatGPT 
follow-up 
response

A more suitable counterargument would be that regulation may discourage students from 
experimenting with useful AI tools. You could acknowledge this concern and then argue that 
clear guidelines are different from strict restrictions. Guidelines can allow students to use AI for 
brainstorming or feedback while requiring them to produce and justify their own final work.

Linked 
revision

Universities should regulate students’ use of AI in academic writing because excessive 
reliance may reduce students’ responsibility for developing and evaluating their own 
arguments. However, regulation should not prevent students from using AI for brainstorming, 
language support, or feedback. Although some students may view regulation as limiting 
access to useful technology, clear guidelines can distinguish acceptable learning support 
from inappropriate substitution of students’ own work. Universities should therefore establish 
transparent rules that allow educational use while maintaining students’ responsibility for the 
final submission.

Coding 
rationale

The sequence was coded as reflective-evaluative because the student asked ChatGPT to 
identify weaknesses rather than produce a replacement paragraph, rejected an example 
that was not relevant to the focal topic, requested a more suitable counterargument, and 
selectively incorporated the resulting feedback. The linked revision substantially developed 
the reasoning and counterargument while retaining the student’s original position.

Supporting 
reflection

“I asked ChatGPT to show the weakness of my paragraph, but I did not copy it directly 
because some examples were not related to my topic” (S07).
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Table A2 Product-oriented sequence

Element Record
Student S20
Week 10
Task focus Developing a revised position paragraph
Initial 
response

AI can help university students, but sometimes students use it too much. Universities 
need rules about AI.

Student 
prompt

Write a complete academic paragraph about why universities should regulate 
AI-generated content in student assignments. Make it around 130 words and include a 
clear argument and counterargument.

ChatGPT 
response

Universities should regulate AI-generated content in student assignments to protect 
academic integrity and ensure that students remain responsible for their own learning. 
Although generative AI can support brainstorming, language improvement, and idea 
development, excessive reliance on AI-generated text may make it difficult for lecturers 
to determine whether submitted work reflects students’ actual abilities. Some students 
may argue that regulation limits access to useful educational technology; however, 
regulation does not necessarily mean prohibition. Universities can establish clear 
guidelines that permit AI for appropriate learning support while requiring students to 
disclose its use and independently evaluate generated content. Such policies can 
preserve the educational benefits of AI while reducing inappropriate dependence and 
maintaining meaningful assessment of students’ knowledge and skills.

Follow-up 
prompt

Make it simpler and easier for an EFL student.

ChatGPT 
follow-up 
response

Universities should regulate AI-generated content in student assignments because 
students need to remain responsible for their own learning. AI can help students find 
ideas, improve language, and receive feedback, but using too much AI-generated text 
can make it difficult for teachers to know students’ real abilities. Some students may 
think that AI rules will limit useful technology. However, regulation does not mean that 
AI must be banned. Universities can allow students to use AI for learning support while 
asking them to explain how they used it and check the information carefully. Clear rules 
can help students receive the benefits of AI without depending on it too much and can 
also protect academic integrity.

Linked 
revision

Universities should regulate AI-generated content in student assignments because 
students need to remain responsible for their own learning. AI can help students find 
ideas, improve language, and receive feedback, but using too much AI-generated text 
can make it difficult for teachers to know students’ real abilities. Some students may 
think that AI rules will limit useful technology. However, regulation does not mean that 
AI must be banned. Universities can allow students to use AI for learning support while 
asking them to explain how they used it and check the information carefully. Clear rules 
can help students receive the benefits of AI without depending on it too much and can 
protect academic integrity.

Coding 
rationale

The sequence was coded as product-oriented because the student requested a 
complete paragraph and subsequently asked ChatGPT to simplify the generated 
text. The submitted revision closely followed the generated response, with only a 
minor wording change and no substantive restructuring of the reasoning, evidence, or 
organization.

Supporting 
reflection

“I used ChatGPT because it was faster. I usually followed the answer because I was not 
sure how to change it” (S20).
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Table A3 Mixed ChatGPT-use pattern

Student Valid 
sequences

Reflective-
evaluative

Product-
oriented

Student-level 
classification

S14 9 5 (55.6%) 4 (44.4%) Mixed

Mixed use was determined across a student’s valid sequences rather than assigned to an individual 
interaction. The following two sequences from S14 show the shift between reflective-evaluative and 
product-oriented use.

Sequence A Reflective-evaluative use

Element Record
Week 7
Task focus Evaluating argument strength
Initial 
response

Students should be allowed to use AI in writing classes because it can give fast feedback. 
However, students need to check the feedback because AI does not always understand 
the purpose of an assignment.

Student 
prompt

Can you evaluate this argument? Tell me which claim is weak and why. Please do not 
rewrite it.

ChatGPT 
response

The main position is understandable, but the first claim is too general. Saying that AI 
provides “fast feedback” explains efficiency but not why the feedback improves learning. 
You could clarify what students do with the feedback, such as comparing suggestions 
with their own ideas or deciding whether revisions are appropriate.
The second sentence is stronger because it recognizes a limitation of AI. You could 
connect the two ideas more clearly by arguing that AI feedback is useful only when 
students evaluate it rather than accept it automatically.

Follow-up 
prompt

Is the problem mainly with my first sentence?

ChatGPT 
follow-up 
response

Yes. The first sentence focuses on speed, but speed alone is not a strong educational 
justification. The argument would be stronger if you explained how students actively use 
AI feedback to improve their writing.

Linked 
revision

Students should be allowed to use AI in writing classes because its feedback can help 
them reconsider unclear ideas and identify possible weaknesses in their drafts. However, 
students need to evaluate the feedback because AI does not always understand the 
purpose or context of an assignment. AI feedback is therefore most useful when students 
compare the suggestions with their own ideas before deciding what to revise.

Coding 
rationale

This sequence was coded as reflective-evaluative because the student requested 
evaluation of an existing argument, sought clarification about the weakness identified 
by ChatGPT, and substantially revised the original reasoning rather than reproducing 
generated text.
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Sequence B Product-oriented use

Element Record
Week 9
Task focus Counterargument and rebuttal
Initial 
response

Students can use ChatGPT for university assignments because it can help when they do 
not know how to answer. However, students should not copy everything because they still 
need to develop their own ideas.

Student 
prompt

Make a counterargument and rebuttal paragraph about students using ChatGPT for 
university assignments. About 120 words.

ChatGPT 
response

Some people argue that university students should be free to use ChatGPT for assignments 
because AI tools are becoming part of modern education and professional life. From this 
perspective, restricting ChatGPT may prevent students from developing useful digital skills. 
However, unrestricted use can also encourage students to rely on generated answers 
instead of developing their own reasoning. Therefore, universities should not prohibit 
ChatGPT completely but should establish clear guidelines for its use. Students can use 
ChatGPT to explore ideas and receive feedback, while the final argument and decisions 
should remain their own. This approach allows students to develop AI-related skills without 
weakening their responsibility for academic work.

Linked 
revision

Some people argue that university students should be free to use ChatGPT for assignments 
because AI tools are becoming part of modern education and professional life. Restricting 
ChatGPT may prevent students from developing useful digital skills. However, unrestricted 
use can encourage students to rely on generated answers instead of developing their 
own reasoning. Therefore, universities should establish clear guidelines for ChatGPT use. 
Students can use it to explore ideas and receive feedback, but the final argument should 
remain their own.

Coding 
rationale

This sequence was coded as product-oriented because the student moved from a brief 
initial position to requesting a complete counterargument and rebuttal paragraph, then 
retained most of the generated argument structure and wording. The revision mainly 
shortened the ChatGPT response rather than substantively changing its reasoning.

Student-Level Coding Rationale

Across S14’s nine valid interaction records, five sequences were coded as reflective-evaluative and 
four as product-oriented. Neither category reached the provisional 60% criterion for a dominant  
pattern. S14 was therefore classified as mixed, reflecting variation in ChatGPT use across tasks.

Supporting reflection: “Sometimes I used ChatGPT to get ideas, but when the task was difficult,  
I asked it to make the paragraph for me first” (S14).

Treatment of Multi-Turn Interaction Records

A task-specific interaction record was coded as one sequence when the initial prompt and subsequent 
turns addressed the same assigned focal task and led to the same linked revision. For example, S07’s 
initial request to identify weaknesses and the subsequent request for a more appropriate counterargu-
ment were treated as one sequence because both exchanges contributed to the revision of the same 
paragraph. Follow-up turns were used to determine how the student responded to and evaluated the AI 
output; they were not counted as additional sequences. A separate sequence was recorded only when 
an interaction concerned a different focal task with its own revision evidence.
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Application of the 60% Criterion

The 60% threshold was specified a priori as a provisional analytical criterion for identifying dominant 
student-level patterns. Students with at least 60% reflective-evaluative sequences were classified as 
reflective-evaluative dominant, while those with at least 60% product-oriented sequences were clas-
sified as product-oriented dominant. Students for whom neither category reached 60% were classified 
as mixed. The criterion was used to organize behavioural patterns in the present dataset and requires 
validation across other samples and task settings.
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