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Abstract: The increasing availability of artificial intelligence (Al) tools has transformed
how EFL students engage with academic reading, yet little is known about how Al shapes
learners’ metacognitive processes during reading. This qualitative study conceptualizes
Al as a metacognitive mirror and investigates how EFL students use Al to monitor and
repair reading comprehension breakdowns. Data were collected from undergraduate EFL
students at a public university through academic reading tasks, screen recordings, think-
aloud protocols, Al interaction logs, and stimulated recall interviews. Thematic analysis
revealed that students used Al to externalize comprehension monitoring by confirming
interpretations and articulating sources of confusion. Al also supported comprehension
repair through strategy-specific and iterative regulation, enabling learners to request
paraphrases, examples, and simplified explanations in response to perceived difficulties.
However, the findings also indicate tensions between productive metacognitive support
and uncritical reliance on Al, particularly when learners accepted Al-generated
explanations without verification. The study contributes to Al-assisted reading research
by shifting attention from learning outcomes to metacognitive processes and learner
agency. Pedagogical implications highlight the importance of guiding students toward
reflective and responsible Al use to support academic reading comprehension.

Keywords: artificial intelligence, EFL reading, learner agency, metacognition, self-
regulated learning

INTRODUCTION

The rapid integration of artificial intelligence (Al) tools into educational contexts has
significantly reshaped how students engage with texts, particularly in English as a Foreign
Language (EFL) learning environments. Al-powered tools such as large language models,
intelligent tutoring systems, and automated explanation generators are increasingly used
by students to support reading comprehension, offering features such as summarization,
paraphrasing, vocabulary explanation, and question answering (Hsiao & Chang, 2023;
Qassrawi & Al Karasneh, 2025; Srinivasan & Murthy, 2021). While a growing body of
research has examined the effectiveness of Al in improving reading outcomes, far less
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attention has been paid to how students actually use Al during the reading process and
how such use shapes their metacognitive engagement with texts.

Reading comprehension is not merely a cognitive activity but a metacognitive one,
requiring learners to monitor their understanding, recognize comprehension breakdowns,
and deploy appropriate strategies to repair meaning (Andersen et al., 2022; Aziz &
Rawian, 2022; Peng et al., 2024). In EFL contexts, these demands are intensified by
linguistic complexity, unfamiliar discourse structures, and limited background
knowledge. Students often struggle not because they lack decoding ability, but because
they fail to notice when comprehension breaks down or do not know how to address such
difficulties strategically (Ortiz-Goémez et al., 2025; Tarchi & Casado Ledesma, 2024).
Consequently, metacognitive awareness and regulation have long been recognized as
central to successful reading comprehension.

Traditional research on metacognition in reading has emphasized learners’ ability to plan,
monitor, and evaluate their comprehension through strategies such as self-questioning,
summarizing, rereading, and using contextual clues. However, the emergence of Al tools
introduces a new mediational layer into this process. Rather than relying solely on internal
strategies or teacher feedback, students can now externalize their comprehension checks
by consulting Al tools in real time (Shafiee Rad, 2025; Wangdi & Shimray, 2025; Yuan,
2025). This development raises important questions about how Al reshapes
metacognitive practices, particularly whether it supports or undermines learners’ ability
to monitor and regulate their own understanding.

Existing studies on Al-assisted reading in EFL settings have largely focused on
measurable learning gains, comparing test scores between Al-supported and non-Al-
supported groups (Alazemi, 2024; Alshakhi, 2025; Wang, 2025). While such studies
provide valuable evidence of effectiveness, they often treat Al as a uniform intervention
and overlook the variability in how students engage with it. This outcome-oriented
approach risks obscuring the complex processes through which Al mediates reading
comprehension, including moments of uncertainty, decision-making, and strategic
adjustment. As aresult, there is a growing call for process-oriented research that examines
learners’ interactions with Al in situ, especially during cognitively demanding tasks such
as academic reading.

One underexplored dimension of Al-assisted reading is its potential role in metacognitive
monitoring. When students ask Al to summarize a paragraph, confirm their interpretation,
or explain a confusing sentence, they are not only seeking information but also engaging
in a form of self-checking (Khojasteh et al., 2025; Thongsan & Anderson, 2025). In this
sense, Al can function as a “metacognitive mirror” that reflects learners’ understanding
back to them, making comprehension more visible and explicit. Through interaction with
Al learners may become more aware of what they understand, what they misunderstand,
and what requires further attention (Yin et al., 2025; Xu et al., 2024; Yang & Xia, 2023).
However, the extent to which students consciously use Al for monitoring purposes, rather
than as a shortcut to answers, remains insufficiently examined.
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Equally important is how students use Al to repair comprehension breakdowns once they
are identified (Thiis et al., 2024). Comprehension breakdowns may arise from lexical
difficulty, syntactic complexity, dense information, or lack of background knowledge. In
traditional reading instruction, learners are encouraged to deploy repair strategies such as
rereading, slowing down, using reference materials, or seeking clarification from peers
or teachers (Habok et al., 2024; Hassan et al., 2025). With Al, students can request
paraphrases, examples, simplified explanations, or conceptual links across text segments
(Nguyen et al., 2024). These actions potentially represent a new form of strategy
regulation, where learners coordinate their reading behavior in response to Al-generated
feedback. Yet, it is unclear whether such practices enhance learners’ strategic repertoire
or foster dependence on external assistance.

Another critical issue concerns learner agency and self-regulation in Al-mediated
reading. The presence of Al does not automatically lead to effective metacognitive
engagement. Students must decide when to consult Al, how to phrase their prompts, and
how to interpret and evaluate the responses they receive (Liu & Wang, 2024). These
decisions reflect learners’ beliefs about reading, their confidence in their own
understanding, and their epistemic trust in Al-generated explanations. Some learners may
use Al selectively to confirm understanding, while others may defer prematurely to Al,
bypassing opportunities for productive struggle (Canonigo, 2024; Fan et al., 2025).
Understanding these variations is essential for developing pedagogically responsible
approaches to Al integration.

Despite increasing interest in Al literacy and responsible Al use in education, empirical
research that captures learners’ real-time metacognitive interactions with Al during
reading remains limited (Lin et al., 2025). Much of the existing literature relies on self-
report surveys or post-task interviews, which may not fully capture the dynamic nature
of comprehension monitoring and repair. There is a need for studies that examine how
students interact with Al moment by moment, particularly at points where comprehension
falters and strategic decisions are required.

In EFL higher education contexts, this gap is especially significant. University students
are frequently required to engage with complex academic texts in English, often with
limited instructional support. Al tools are increasingly used independently by students
outside the classroom, making their practices largely invisible to teachers (Buele et al.,
2025). Investigating how EFL students use Al to monitor and repair reading
comprehension breakdowns can therefore provide valuable insights into both learner
behavior and pedagogical implications. Such insights can inform instructional design,
helping educators guide students toward metacognitively productive uses of Al rather
than uncritical reliance.

Against this backdrop, the present study conceptualizes Al as a metacognitive mirror that
mediates students’ awareness and regulation of reading comprehension. Rather than
evaluating whether Al improves reading performance, this study focuses on how students
use Al to (1) monitor their understanding and identify comprehension breakdowns and
(2) repair comprehension difficulties and regulate their reading strategies. By adopting a
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qualitative, process-oriented approach, the study seeks to illuminate the metacognitive
functions that Al serves during academic reading tasks and the ways learners exercise
agency in Al-mediated environments. Specifically, the study is guided by the following
research questions:

1. How do EFL students use Al tools to monitor their understanding and identify
reading comprehension breakdowns while engaging with academic texts?

2. How do EFL students use Al-generated responses to repair comprehension
difficulties and regulate their reading strategies?

By addressing these questions, the study aims to contribute to a deeper theoretical
understanding of metacognition, self-regulated learning, and Al mediation in EFL
reading. It also seeks to offer practical insights for educators and researchers interested in
fostering critical, strategic, and responsible Al use in language learning contexts.

LITERATURE REVIEW
Analytical Lens

This study is analytically grounded in theories of metacognition, self-regulated learning,
and mediated cognition, which together provide a robust framework for understanding
how EFL students use AI during reading comprehension. At its core, reading
comprehension is a strategic and reflective process that requires learners to actively
monitor their understanding, evaluate meaning construction, and regulate strategies when
comprehension difficulties arise (Ruffini et al., 2025). Metacognition, commonly defined
as knowledge about one’s cognitive processes and the regulation of those processes, is
therefore central to successful reading (Ghimire & Mokhtari, 2025; Juhkam et al., 2023).

Within reading research, metacognition is often conceptualized through two interrelated
components, namely metacognitive knowledge and metacognitive regulation.
Metacognitive regulation encompasses monitoring, control, and evaluation. Monitoring
refers to learners’ awareness of their current level of understanding, control involves
decisions about strategy use, and evaluation concerns judgments about the effectiveness
of those strategies (Mustopa et al., 2024; Tibken & Tiffin-Richards, 2025; Wang et al.,
2023). In EFL reading contexts, learners frequently struggle with monitoring
comprehension accurately, which can result in either unrecognized misunderstanding or
unnecessary reliance on external support (Allehyani, 2025). This study focuses
particularly on monitoring and repair as observable manifestations of metacognitive
regulation during reading.

Self-regulated learning theory further extends this perspective by emphasizing learners’
active role in managing their learning processes. Self-regulated readers set goals, deploy
strategies, monitor progress, and reflect on outcomes (Chang et al., 2023; T. Wang et al.,
2023). Importantly, self-regulation is not an entirely internal process but is shaped by
available tools, contextual affordances, and learners’ beliefs. In Al-mediated reading
environments, Al tools become part of the regulatory system, influencing how learners
plan, monitor, and adjust their reading strategies (Jin et al., 2023; Wolters et al., 2023).
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From this perspective, students’ decisions to consult Al, the timing of such consultation,
and their interpretation of Al-generated responses reflect varying degrees of learner
agency and self-regulatory competence (Fitriati & Williyan, 2025).

To account for the role of Al in shaping metacognitive activity, this study also draws on
sociocultural and mediated cognition perspectives (Wheaton et al., 2024). These
perspectives view learning as mediated by cultural tools that shape cognitive activity
rather than merely supporting it. Al tools, particularly those capable of generating
explanations and feedback, function as mediational artifacts that externalize cognitive and
metacognitive processes (Igbal et al., 2025; Yang & Xia, 2023). By prompting learners
to articulate confusion, test interpretations, or request clarification, Al can make
otherwise implicit metacognitive processes visible and negotiable. This mediational role
underpins the concept of Al as a “metacognitive mirror,” reflecting learners’
understanding back to them and enabling heightened awareness of comprehension states.

To clarify the analytic scope of this metaphor, this study defines “Al as a metacognitive
mirror” in a restricted and operational sense. Al use is considered metacognitive mirroring
only when learners engage in monitoring, control, or evaluation of their comprehension
as a result of interacting with Al This includes instances where learners explicitly assess
whether they understand a text, diagnose sources of confusion, or regulate reading
strategies based on Al-generated feedback. In contrast, Al use that merely supplies
information, such as providing definitions, paraphrases, or summaries without evidence
of learner evaluation or strategic decision-making, is treated as cognitive assistance rather
than metacognitive mirroring. Analytically, Al interactions were therefore coded as
metacognitive mirroring only when they were embedded in observable cycles of
comprehension monitoring, strategy adjustment, or evaluative judgment, rather than as
standalone information-seeking acts.

At the same time, mediated cognition theory cautions against assuming that tools
automatically lead to higher-order regulation (Reinhold et al., 2024). The quality of
mediation depends on how learners appropriate the tool and the purposes for which it is
used (Xu et al., 2025). Al may support metacognitive monitoring when learners use it to
confirm or question their understanding (Raitskaya & Tikhonova, 2025), but it may also
reduce metacognitive effort if learners defer prematurely to Al-generated interpretations
(Fan et al., 2025). Therefore, this analytical lens emphasizes the interaction between
learner agency and technological affordances, rather than attributing outcomes solely to
the presence of Al

Metacognition, self-regulated learning, and mediated cognition provide a coherent
framework for examining Al-assisted reading as a dynamic process. This framework
allows the present study to investigate not only what students do with Al, but how and
why they do so at moments of comprehension difficulty. It also foregrounds the
importance of learners’ strategic decision-making and reflective engagement, which are
central to the study’s research question.
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Previous Studies

Research on reading comprehension in EFL contexts has long highlighted the importance
of metacognitive strategies such as self-questioning, summarizing, inferencing, and
monitoring comprehension (Momdjian & Chidiac, 2024; Noipa & Phusawisot, 2024).
Studies consistently show that learners who actively monitor their understanding and
employ repair strategies achieve higher levels of comprehension than those who read
passively (Ghimire & Mokhtari, 2025; Muche et al., 2024). However, many EFL learners,
particularly at the tertiary level, demonstrate limited metacognitive awareness and
struggle to identify comprehension breakdowns independently (Alfahad, 2025; Anggia &
Habok, 2023). This challenge has prompted interest in instructional and technological
supports that can scaffold metacognitive engagement.

With the rise of educational technologies, digital tools have increasingly been used to
support reading comprehension. Early studies examined hypertext glosses, online
dictionaries, and multimedia annotations, finding that such tools can facilitate vocabulary
learning and local comprehension (Rohollahzadeh Ebadi, 2025; Udry & Berthele, 2025;
Zhu et al., 2024). More recent research has shifted toward Al-powered tools, including
intelligent tutoring systems and large language models, which offer more flexible and
interactive forms of support (Benvenuti et al., 2023; Brod, 2024). These tools can generate
explanations, summaries, and answers to learner-generated questions, making them
particularly attractive for independent reading.

Despite this growing interest, much of the literature on Al-assisted reading remains
outcome-focused. Numerous studies compare reading comprehension scores between
students who use Al tools and those who do not, often reporting positive effects
(McCarthy & Yan, 2024; Wei, 2023). While these findings suggest that Al can be
beneficial, they provide limited insight into the underlying processes through which Al
influences comprehension. As a result, it remains unclear whether improved performance
reflects deeper understanding, improved strategy use, or surface-level dependence on Al-
generated explanations.

A smaller but growing body of research has begun to examine learners’ interactions with
Al more closely. Some studies have analyzed students’ prompts and chat logs, revealing
wide variation in how learners engage with Al (Giiner & Er, 2025; Kim et al., 2025). For
example, higher-performing learners tend to ask clarification and confirmation questions,
while lower-performing learners are more likely to request direct answers or summaries.
These findings suggest that Al use is closely tied to learners’ metacognitive awareness
and strategic competence (Yang & Xia, 2023). However, such studies often focus on
writing tasks or problem-solving contexts, with relatively limited attention to reading
comprehension.

Research explicitly addressing metacognition in Al-assisted reading is still emerging. A
few studies indicate that Al can support comprehension monitoring by providing
immediate feedback and alternative explanations (Lee & Moore, 2024; Shafiee Rad,
2025). Learners report using Al to check whether their interpretation is correct or to
identify which parts of a text they do not understand. However, these insights are typically
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derived from self-report questionnaires or interviews conducted after task completion.
Such methods may not fully capture the moment-to-moment processes of monitoring and
repair that occur during reading.

Another strand of research has raised concerns about overreliance on Al and its potential
impact on learner autonomy. Some studies suggest that frequent Al use may reduce
learners’ willingness to engage in effortful reading strategies, particularly when Al
provides fluent and authoritative explanations (Essien et al., 2024; Fan et al., 2025). This
concern is closely related to issues of epistemic trust and metacognitive control. When
learners accept Al responses uncritically, monitoring and evaluation processes may be
diminished. These findings underscore the need to examine not only whether learners use
Al but how they evaluate and regulate its use in relation to their own comprehension.

In EFL higher education contexts, research on students’ informal and independent use of
Al for reading remains particularly limited. Many studies focus on classroom-based
interventions, overlooking the fact that students often use Al outside institutional settings
to cope with academic reading demands. This gap is significant, as out-of-class Al use
may shape learners’ reading habits and metacognitive development in ways that are
invisible to teachers. Understanding these practices requires qualitative, process-oriented
methodologies that can capture learners’ real-time interactions with Al.

Existing research points to the potential of Al to support reading comprehension, while
also highlighting unresolved questions about metacognitive engagement, learner agency,
and strategic regulation. There is a clear need for studies that move beyond performance
outcomes to examine how learners use Al to monitor and repair comprehension
breakdowns as they occur. By focusing on these processes, the present study seeks to
extend previous research and contribute a nuanced understanding of Al as a
metacognitive mediator in EFL reading contexts.

However, even existing qualitative and interaction-focused studies on Al-assisted
learning remain limited in important ways. Prior research has tended to analyze prompts,
chat logs, or retrospective interviews without systematically tracing the temporal
sequencing of comprehension monitoring and repair as it unfolds during reading.
Moreover, much of this work focuses on writing or problem-solving tasks rather than
extended academic reading, where comprehension breakdowns emerge incrementally and
require ongoing regulation. As a result, we still lack fine-grained, moment-by-moment
accounts of how learners diagnose breakdowns, decide to consult Al, and regulate their
strategies in response to Al-generated feedback while reading. Addressing this gap, the
present study uniquely captures real-time metacognitive regulation during academic
reading by integrating screen recordings, think-alouds, Al interaction logs, and stimulated
recall interviews, thereby illuminating how Al functions as a metacognitive mirror in situ
rather than through retrospective or outcome-based lenses.
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METHODS
Research Design

This study adopted a qualitative, process-oriented research design to explore how EFL
students use Al tools to monitor and repair reading comprehension breakdowns while
engaging with academic texts (Crompton et al., 2024). Rather than examining learning
outcomes or causal effects, the design focused on capturing learners’ real-time
interactions with Al and their metacognitive decision-making during reading. This
approach is appropriate given the study’s emphasis on metacognitive processes, learner
agency, and strategy regulation, which are not easily observable through quantitative
measures alone.

A task-based qualitative design was employed, in which participants completed an
academic reading task while having access to an Al tool of their choice (Lai, 2024;
Mulyadi et al., 2023) . The reading task was designed to simulate authentic university-
level reading demands, requiring students to engage with a dense expository text relevant
to their field of study. By embedding Al use within a meaningful reading activity, the
study aimed to capture naturalistic patterns of monitoring and repair as comprehension
challenges emerged. Although participants used different Al tools, the study did not aim
to compare tools or evaluate their technical features. Instead, variability in Al systems
was analytically bracketed, and the unit of analysis focused on learners’ actions, prompts,
and regulatory decisions when interacting with Al, rather than on the affordances of
specific tools. This approach allowed the analysis to foreground metacognitive processes
that cut across different Al platforms.

To gain insight into both observable behavior and learners’ reflective reasoning, the study
integrated multiple qualitative data sources, including screen recordings, Al interaction
logs, think-aloud protocols, and stimulated recall interviews. This methodological
triangulation enhanced the credibility and depth of analysis by allowing cross-validation
of findings across different data types. The design was guided by an interpretive
paradigm, recognizing that learners’ use of Al is shaped by subjective meanings, beliefs,
and contextual factor.

Participants

The participants were undergraduate EFL students enrolled at a public university. A
purposive sampling strategy was used to select participants who met three criteria. First,
participants had to be non-native speakers of English who used English primarily in
academic settings. Second, they had to have prior experience using Al tools for academic
purposes, particularly for reading or studying. Third, they were required to be currently
enrolled in courses that involved regular engagement with English academic texts.

A total of 18 students participated in the study. This number was considered sufficient for
in-depth qualitative analysis while allowing for variation in Al use practices and reading
strategies. The participants represented diverse academic majors, including education,
social sciences, and applied linguistics, which ensured exposure to different types of
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academic texts. Their English proficiency ranged from lower-intermediate to advanced,
as indicated by institutional placement records and self-reports.

Prior to data collection, all participants provided informed consent. They were informed
that their participation was voluntary, that they could withdraw at any time, and that all
data would be anonymized. Ethical approval was obtained from the university’s research
ethics committee. To protect participants’ privacy, pseudonyms were used in all
transcripts and reports, and no identifying information was included in the presentation
of findings.

Data Collection

Data collection took place over a four-week period and consisted of four main stages. In
the first stage, participants completed a background questionnaire designed to gather
information about their English learning history, prior experience with Al tools, and
general reading habits. This information was used to contextualize participants’ Al use
and reading strategies during analysis.

In the second stage, participants were asked to complete an individual academic reading
task. Each participant read a selected English academic text of approximately 1,200 to
1,500 words. The texts were chosen to be moderately challenging, containing complex
syntax and discipline-specific vocabulary, while remaining accessible to participants’
proficiency levels. During the task, participants were allowed to use any Al tool they
normally used for academic reading. No specific instructions were given regarding when
or how to use Al, in order to preserve naturalistic behavior.

While completing the reading task, participants’ screens were recorded using screen
capture software. The recordings captured scrolling behaviour, pauses, highlighting, Al
consultations, and prompt formulation. Participants were also asked to verbalize their
thoughts using a think-aloud protocol, particularly when they encountered difficulty or
decided to consult Al. The think-alouds were audio-recorded and later transcribed
verbatim. To minimize disruption to natural reading, think-aloud prompts were used
sparingly and only when participants paused for an extended period or initiated Al use.
Prompts were non-directive in nature, such as “Please say what you are thinking right
now” or “What is going through your mind at this point,” and participants were not
required to verbalize continuously throughout the task.

In the third stage, Al interaction logs were collected. These logs included participants’
prompts, follow-up questions, and Al-generated responses during the reading task. The
logs provided direct evidence of how participants articulated comprehension problems,
monitored understanding, and sought repair through AI. Together with the screen
recordings, the logs allowed for detailed reconstruction of reading episodes involving
comprehension breakdowns.

In the final stage, stimulated recall interviews were conducted within 48 hours of the
reading task. During the interviews, participants were shown selected excerpts from their
screen recordings and Al interactions. They were asked to explain what they were
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thinking at specific moments, why they decided to consult Al, and how they interpreted
the Al’s responses. The interviews lasted approximately 30 to 45 minutes and were audio-
recorded and transcribed. This stage was critical for accessing participants’ metacognitive
reasoning that may not have been fully articulated during the think-alouds.

Data Analysis

Data analysis followed a thematic analysis approach, informed by the study’s analytical
lens and research questions (Roseveare, 2023). Analysis began with data familiarization,
during which all transcripts, screen recordings, and Al logs were reviewed multiple times.
The researcher created detailed analytic memos to document initial observations,
recurring patterns, and notable moments of comprehension monitoring and repair.

In the first coding phase, open coding was conducted across all data sources. Segments
of data were coded for instances of comprehension monitoring, breakdown identification,
Al consultation, and strategy use. Codes captured both actions, such as requesting a
summary or paraphrase, and reflective statements, such as expressing uncertainty or
confidence. Al prompts were treated as metacognitive artifacts, providing insight into
how learners externalized their comprehension checks.

In the second phase, codes were grouped into broader categories through axial coding.
These categories included types of monitoring behaviors, forms of breakdown diagnosis,
Al-mediated repair strategies, and patterns of strategy regulation. Particular attention was
paid to the sequencing of actions, such as what prompted Al use and how learners
responded after receiving Al feedback. This process allowed the researcher to trace
metacognitive cycles within and across participants.

In the final phase, themes were developed that captured recurring patterns of Al use as a
metacognitive mirror. Themes were refined through constant comparison across
participants and data sources to ensure internal coherence and analytic depth. Negative
cases and variations were actively sought to avoid overgeneralization. To enhance
trustworthiness, approximately one-third of the data corpus was independently coded by
a second researcher with expertise in qualitative analysis and EFL learning. Coding
discrepancies were discussed through iterative meetings until analytic consensus was
reached, and the agreed-upon coding framework was then applied to the remaining data.

Although the study did not aim to compare participants by proficiency level or confidence
systematically, analytic attention was paid to variation across cases. Patterns emerging
from cross-case comparison suggested that learners who demonstrated stronger self-
regulatory confidence tended to use Al for confirmation, evaluation, and reflective
monitoring, whereas others engaged in more retrospective or answer-oriented Al use.
These observations are presented as interpretive patterns rather than categorical claims,
intended to illuminate the range of Al-mediated metacognitive engagement observed in
the data rather than to establish subgroup differences.

Throughout the analysis, reflexivity was maintained by acknowledging the researcher’s
role in interpretation and by grounding claims in rich, representative excerpts. The
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integration of multiple data sources enabled triangulation, strengthening the credibility of
the findings. The analysis ultimately aimed to illuminate how EFL students monitor and
repair reading comprehension breakdowns through Al-mediated interaction, in direct
response to the study’s research questions.

FINDINGS

This section presents the findings of the study, organized according to the two research
questions. The analysis reveals how Al functioned as a metacognitive mirror, enabling
students to externalize, inspect, and regulate their reading comprehension processes.
Rather than using Al merely to obtain meanings or summaries, participants engaged with
Al in ways that reflected varying levels of metacognitive awareness, strategic control,
and agency. Across both research questions, monitoring and repair emerged not as
isolated behaviours but as interconnected phases of a recursive metacognitive cycle, in
which awareness of understanding prompted regulation, and regulatory actions reshaped
subsequent monitoring.

RQ1 Findings: Al Use for Monitoring Understanding and Identifying Comprehension
Breakdowns

Analysis of screen recordings, think-alouds, Al interaction logs, and interviews revealed
that participants used Al primarily as a tool for monitoring their understanding and
identifying comprehension breakdowns. Three interrelated themes emerged, namely
confirmation-based monitoring, articulation of uncertainty, and delayed recognition of
breakdowns. Collectively, these themes illustrate variation in learners’ metacognitive
monitoring, defined as their ability to assess the adequacy of comprehension during
reading.

Confirmation-Based Monitoring

A common pattern across participants was the use of Al to confirm existing
interpretations rather than to replace reading. Participants frequently consulted Al after
reading a paragraph or section to check whether their understanding was accurate. This
behavior reflected an awareness that comprehension is fallible and requires verification.
Typical prompts included requests such as “Is my understanding correct?”” or “Can you
check if this paragraph means what I think it means?”” One participant explained during a
stimulated recall interview:

“I felt I understood it, but I was not fully confident. So I asked the Al to
explain it and then I compared it with my understanding.”

This form of confirmation-based monitoring positioned Al as a reflective surface through
which learners could inspect their comprehension. Rather than signaling confusion, Al
use in these instances marked a strategic pause in reading, where learners actively
evaluated their cognitive state. Screen recordings showed that participants often returned
to the original text after receiving Al feedback, suggesting that Al did not replace
engagement with the text but supported metacognitive evaluation. This pattern was
observed across the majority of participants, indicating that confirmation-based
monitoring constituted a dominant mode of Al use in this dataset.
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Articulation of Uncertainty Through Al Prompts

A second theme concerned how Al enabled participants to articulate uncertainty that
might otherwise remain implicit. During think-aloud sessions, several participants
struggled to verbalize what exactly they did not understand until they began formulating
Al prompts. The act of writing prompts required learners to specify whether their
difficulty was lexical, syntactic, or conceptual.

For example, one participant initially stated, “This paragraph is confusing,” but then
refined the prompt to ask, “Why does the author connect these two ideas about policy and
identity?” This shift from vague confusion to targeted questioning indicated an emerging
metacognitive awareness. As one participant noted:

“When I write the question to Al I realize what part is actually confusing.
Before that, 1 just feel lost.”

In this way, Al prompts functioned as metacognitive scaffolds that supported the
diagnosis of comprehension breakdowns. The findings suggest that the process of
interacting with Al can itself prompt reflection, independent of the AI’s response.
Although this behaviour was not observed in every case, it appeared repeatedly across
participants and was analytically salient for understanding how Al interaction
externalized metacognitive awareness.

Delayed Recognition of Comprehension Breakdowns

Despite these productive uses, the analysis also revealed instances of delayed recognition
of comprehension breakdowns. Some participants continued reading without consulting
Al, only to realize later that their understanding was incomplete or inaccurate. In these
cases, Al was used retrospectively to reconstruct meaning rather than to monitor
comprehension in real time. One participant reflected:

“I thought I understood it, but later when the next section did not make
sense, I realized I missed something. Then I asked Al to explain the earlier
paragraph.”

This pattern indicates that while Al was available, not all learners consistently monitored
their comprehension at appropriate moments. The findings highlight variability in
metacognitive sensitivity, suggesting that access to Al alone does not guarantee effective
monitoring. Instead, learners’ awareness of breakdowns and willingness to pause reading
played a crucial role. Delayed recognition occurred in a smaller subset of cases, but it
provides important contrast to more proactive monitoring behaviors and helps delineate
limits of Al-supported regulation.

RQ2 Findings: Al Use for Repairing Comprehension Difficulties and Regulating Reading
Strategies

With regard to RQ?2, the findings show that participants used Al-generated responses in
diverse ways to repair comprehension difficulties and regulate their reading strategies.
Three main themes were identified, namely strategy-specific repair, iterative regulation
through follow-up prompts, and tension between support and overreliance.
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Strategy-Specific Repair of Comprehension

Participants employed Al to support specific repair strategies rather than to address
comprehension globally. When facing lexical difficulty, they asked for simplified
definitions or contextualized meanings. For syntactic complexity, they requested sentence
breakdowns or paraphrases. For conceptual difficulty, they asked for examples or
background explanations. One participant described this selective use as follows:

“If it is vocabulary, I just ask for the meaning. But if the idea is complex, I
ask for an example so I can understand it better.”

Screen recordings confirmed that participants often resumed reading immediately after
receiving targeted explanations. This behavior suggests that Al-supported repair was
integrated into the reading process rather than treated as a separate activity. The findings
indicate that Al facilitated flexible strategy regulation by allowing learners to match
specific problems with appropriate forms of support. This strategy-specific use of Al was
evident in most participants’ reading sessions, indicating a broadly shared regulatory
orientation toward Al-mediated repair.

Iterative Regulation Through Follow-Up Prompts

Another prominent theme was the iterative nature of Al-mediated repair. Participants
rarely accepted Al responses at face value. Instead, they engaged in follow-up questioning
to refine explanations or adjust the level of detail. This iterative interaction reflected
ongoing evaluation and control, core components of metacognitive regulation.

For instance, one participant first asked for a summary of a paragraph and then followed
up with, “Explain it in simpler terms” and “How does this relate to the previous section?”
During interviews, the participant explained:

“The first answer was still difficult, so I asked again. I wanted to make sure
I really understood.”

This pattern illustrates how Al enabled a dialogic form of strategy regulation, where
learners adjusted their requests based on perceived comprehension. Such interactions
support the view of Al as a metacognitive mirror that responds dynamically to learners’
regulatory decisions. Although the depth of iteration varied, follow-up prompting was
observed across multiple cases and represents a recurring regulatory practice rather than
an isolated behaviour.

Tension Between Support and Overreliance

Despite the generally strategic use of Al, the findings also revealed moments of
overreliance that potentially limited metacognitive engagement. In some cases,
participants accepted Al explanations without cross-checking them against the text,
particularly when the explanation was fluent and confident. This was more common
among participants with lower self-reported confidence in academic reading. One
participant admitted:

“Sometimes I just trust the Al explanation because it sounds clear, and I do
not go back to the text.”

13



Duties: Education and Humanities International Journal, 2(1), 01-24

Such instances suggest that Al-mediated repair can reduce the need for active evaluation
if learners perceive Al as authoritative. This tension highlights a critical boundary of Al
as a metacognitive mirror. While Al can support regulation, it can also short-circuit
reflective processes when learners disengage from independent verification. Although
less frequent than reflective uses, these cases were analytically significant because they
illuminate epistemic risks associated with Al-mediated repair.

DISCUSSION

The findings demonstrate that Al served as a metacognitive mirror by enabling EFL
students to monitor their understanding, articulate comprehension breakdowns, and
regulate repair strategies during academic reading. However, the effectiveness of this
mediation depended on learners’ metacognitive awareness, confidence, and agency. Al
supported both productive reflection and, in some cases, uncritical reliance, underscoring
the need for pedagogical guidance in fostering metacognitively responsible Al use. At the
same time, it is important to delimit the scope of this claim. Not all Al-supported
comprehension activities observed in this study constitute metacognitive regulation.
Some instances represent cognitive assistance that may facilitate immediate
understanding without necessarily fostering durable metacognitive development.
Accordingly, references to Al as a metacognitive mirror in this discussion are restricted
to cases in which learners actively evaluated their understanding, diagnosed confusion,
or regulated strategy use in response to Al interaction.

This study set out to explore how EFL students use Al as a metacognitive mirror to
monitor and repair reading comprehension breakdowns during engagement with
academic texts. Rather than evaluating the effectiveness of Al in improving reading
performance, the discussion focuses on how Al reshapes metacognitive processes, learner
agency, and strategy regulation. This process-oriented focus responds to calls in recent
Al-assisted reading research to move beyond outcome-based comparisons and examine
learners’ real-time engagement with Al tools during cognitively demanding tasks
(McCarthy & Yan, 2024; Shafiee Rad, 2025).

One of the most significant contributions of this study lies in its demonstration that Al
facilitates the externalization of metacognitive monitoring. Traditionally, monitoring
comprehension has been treated as an internal and often tacit process that is difficult for
learners to articulate and for researchers to observe (Ghimire & Mokhtari, 2025; Tibken
& Tiffin-Richards, 2025). The findings indicate that Al prompts function as external
representations of learners’ internal monitoring processes. When students formulate
prompts to confirm understanding or identify confusion, they make their metacognitive
judgments explicit, supporting earlier claims that Al interactions can surface otherwise
invisible regulatory processes (Yang & Xia, 2023; Khojasteh et al., 2025).

This externalization aligns with mediated cognition perspectives, which argue that
cognitive and metacognitive processes are shaped by the tools available to learners rather
than operating solely within the individual (Wheaton et al., 2024; Reinhold et al., 2024).
In this study, Al served as a mediational artifact that enabled learners to pause reading,
reflect on comprehension, and test interpretations, echoing findings that generative Al
can act as a reflective interface for learner thinking (Igbal et al., 2025; Xu et al., 2024).
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Importantly, monitoring was not triggered by the Al itself but by learners’ recognition of
uncertainty. This suggests that Al amplifies metacognitive awareness rather than
generating it independently, supporting arguments that learner agency remains central in
Al-mediated learning environments (Jin et al., 2023; Liu & Wang, 2024).

At the same time, the findings reveal that access to Al does not guarantee accurate or
timely monitoring. Instances of delayed recognition of comprehension breakdowns
highlight the limits of technological mediation. These cases are consistent with previous
research showing that many EFL learners struggle to detect comprehension failure even
when support tools are available (Allehyani, 2025; Ortiz-Gomez et al., 2025). The
findings reinforce the view that metacognitive monitoring is a skill that must be developed
and cannot be fully outsourced to Al, even in highly supportive digital environments (Fan
et al., 2025).

The findings also extend existing understandings of metacognitive repair by illustrating
how Al enables a dialogic form of strategy regulation. Rather than applying fixed
strategies such as rereading or dictionary consultation, learners engaged in iterative
interactions with Al, adjusting their requests in response to perceived comprehension.
This dynamic process reflects a shift from static strategy use to adaptive regulation, which
has been identified as a hallmark of effective self-regulated reading (Chang et al., 2023;
Wolters et al., 2023).

From a self-regulated learning perspective, this dialogic repair process demonstrates
learners’ control over strategy selection and modification. Al did not dictate strategies but
responded to learners’ regulatory decisions, consistent with research emphasizing that Al
tools function most productively when they remain responsive rather than directive (Jin
et al., 2023; Nguyen et al., 2024). The ability to request paraphrases, examples, or
simplified explanations allowed learners to tailor support to specific comprehension
problems. This flexibility may be particularly valuable in EFL academic reading, where
difficulties vary across lexical, syntactic, and conceptual levels (Habok et al., 2024;
Hassan et al., 2025).

However, the dialogic nature of Al-mediated repair also raises questions about the
boundaries between support and substitution. While iterative prompting reflects active
regulation, repeated reliance on Al explanations may reduce opportunities for
independent meaning construction. This concern aligns with emerging evidence that
fluent and authoritative Al responses can encourage epistemic passivity and reduce
evaluative effort (Essien et al., 2024; Fan et al., 2025). The findings suggest that the
pedagogical value of Al lies not in the availability of explanations, but in how learners
engage with them as part of a broader regulatory cycle.

From an epistemic cognition perspective, these patterns point to a critical risk in Al-
mediated reading. In cases where learners accepted Al output without cross-checking it
against the text, Al functioned less as a metacognitive mirror and more as an epistemic
authority. The fluency, coherence, and confident tone of Al-generated explanations may
suppress productive struggle and reduce learners’ willingness to question interpretations
or tolerate ambiguity. Such reliance can narrow opportunities for evaluative judgment,
shifting the locus of epistemic responsibility away from the learner and toward the tool.
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Another key insight from this study concerns the role of learner agency in Al-mediated
reading. The findings reveal considerable variation in how students decided when to
consult Al, what to ask, and how to interpret Al responses. These decisions reflect
learners’ beliefs about reading, their confidence in their own comprehension, and their
epistemic trust in Al-generated knowledge, echoing earlier observations that Al use
patterns are closely tied to metacognitive awareness and self-regulatory competence
(Gtliner & Er, 2025; Kim et al., 2025).

Students who used Al as a metacognitive mirror tended to treat Al responses as
provisional rather than authoritative. They compared Al explanations with the text,
adjusted their reading accordingly, and continued monitoring their understanding. In
contrast, instances of overreliance were characterized by uncritical acceptance of Al
output and reduced engagement with the text. This distinction highlights the importance
of epistemic cognition in Al use, supporting concerns raised in prior literature about
uncritical trust in Al-generated explanations (Raitskaya & Tikhonova, 2025; Liu &
Wang, 2024).

These findings contribute to ongoing debates about Al and learner autonomy. Rather than
framing Al as either empowering or undermining autonomy, the study suggests that Al
amplifies existing patterns of agency. Learners with stronger self-regulatory skills used
Al to enhance reflection, while those with lower confidence were more likely to defer to
Al, consistent with earlier research on differential Al use across learner profiles (Wei,
2023; Canonigo, 2024). This reinforces the view that Al integration must be accompanied
by explicit attention to metacognitive and epistemic development (Xu et al., 2025).

The transferability of these findings should be interpreted in relation to the study’s
institutional and cultural context. The participants were EFL university students operating
in an academic environment characterized by high reading demands, assessment-driven
literacy practices, and relatively unrestricted access to generative Al tools. These
contextual conditions likely shaped both the frequency and purposes of Al use,
particularly the tendency to consult Al during moments of uncertainty or perceived
comprehension failure. In educational settings where Al access is limited, assessment
norms differ, or independent reading is less emphasized, patterns of Al-mediated
monitoring and repair may manifest differently. Therefore, while the conceptual insights
regarding Al as a metacognitive mirror may be transferable, their pedagogical
implications depend on institutional policies, instructional expectations, and learners’
prior experiences with Al

The concept of Al as a metacognitive mirror invites a rethinking of what it means to
comprehend a text in Al-mediated environments. Reading is no longer a solitary
interaction between reader and text but a triadic interaction involving the reader, the text,
and an intelligent tool. Similar shifts have been noted in recent discussions of Al-
supported literacy practices, where comprehension emerges through human—Al
collaboration rather than individual cognition alone (Thiis et al., 2024; McCarthy & Yan,
2024).

However, this does not necessarily diminish the cognitive demands of reading. Instead, it
shifts some of the effort from decoding and inference to evaluation and regulation.
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Learners must decide when Al input is needed, how much to rely on it, and how to
integrate it with textual evidence. These decisions represent higher-order metacognitive
challenges that are increasingly central to academic literacy in Al-rich environments (Xu
et al., 2025; Qassrawi & Al Karasneh, 2025).

The findings also suggest that Al-supported reading may blur the distinction between
comprehension and learning. When learners use Al to clarify meaning, they may achieve
local understanding without fully internalizing strategies for future reading, echoing
concerns in prior research about cognitive offloading and surface-level understanding
(Igbal et al., 2025; Essien et al., 2024). This underscores the importance of pedagogical
interventions that encourage learners to reflect on how Al supports their comprehension
and how similar strategies can be applied independently.

The study has several implications for pedagogy. First, educators should explicitly frame
Al as a metacognitive tool rather than a shortcut to comprehension, aligning with
recommendations from Al literacy and self-regulated learning research (Chang et al.,
2023; Xuetal., 2025). Instruction can focus on teaching students how to use Al to monitor
understanding, formulate diagnostic questions, and critically evaluate responses. Second,
reflective activities such as prompt analysis or post-reading journals can help learners
become more aware of their metacognitive use of Al, as suggested in prior work on
reflective Al engagement (Raitskaya & Tikhonova, 2025). Third, guidance is needed to
help learners balance Al support with productive struggle, ensuring that Al enhances
rather than replaces strategic reading (Fan et al., 2025; Hassan et al., 2025).

For research, the findings highlight the value of process-oriented methodologies that
capture real-time interaction with Al, addressing limitations of survey-based and
outcome-focused approaches identified in previous studies (Lin et al., 2025; Shafiee Rad,
2025). Future studies could examine how metacognitive Al use develops over time or
how instructional scaffolding influences learners’ regulatory practices. Comparative
studies across proficiency levels or disciplinary contexts would further enrich
understanding of Al as a metacognitive mediator in EFL reading.

CONCLUSION

This study examined how EFL students use Al as a metacognitive mirror to monitor and
repair reading comprehension breakdowns during engagement with academic texts. By
adopting a process-oriented qualitative approach, the study revealed that Al-mediated
reading is not simply a matter of accessing explanations, but a metacognitive activity
shaped by learners’ awareness, agency, and strategic regulation. The findings show that
Al can support comprehension monitoring by enabling learners to externalize
uncertainty, confirm interpretations, and diagnose sources of difficulty. Al also
facilitated flexible repair strategies through dialogic interaction, allowing learners to
adjust their reading approaches in response to perceived comprehension needs. However,
the study also highlights important tensions, particularly the risk of uncritical reliance on
Al, which may weaken independent evaluation and reduce engagement with the text.
These insights underscore the need to conceptualize Al not as a replacement for reading
strategies, but as a mediational tool whose value depends on how learners appropriate it.
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Conceptually, the notion of Al as a metacognitive mirror is proposed as an analytical lens
rather than a fully specified theoretical construct. It extends existing models of
metacognition and self-regulated reading by foregrounding the role of external, dialogic
tools in making monitoring and regulation processes observable and negotiable in real
time. Whereas traditional models typically conceptualize metacognition as an internal
cycle of planning, monitoring, and evaluation, this study highlights how Al-mediated
interaction enables learners to externalize metacognitive judgments, test interpretations,
and reflect on comprehension through interaction with an intelligent artifact. In this
sense, Al does not generate metacognition but amplifies learners’ awareness of their own
regulatory processes, thereby reshaping where and how metacognition is enacted during
reading. This positioning allows the concept to function as a heuristic for analyzing Al-
mediated literacy practices without reifying Al as an autonomous cognitive agent.

Although participants were allowed to use Al tools of their choice in order to enhance
ecological validity, the analysis did not aim to compare tools or isolate the effects of
specific technical features. Al systems were treated analytically as mediational artifacts
rather than as distinct technological designs. Nevertheless, most observed interactions
reflected large language model-based tools characterized by open-ended, dialogic
response generation. As a result, the findings should be interpreted primarily as reflective
of LLM-style Al interaction, and caution is warranted when transferring them to Al
systems with more constrained or task-specific affordances.

Building on these findings, future research should investigate how metacognitive uses of
Al in reading develop over time and whether explicit instructional guidance can
strengthen learners’ monitoring and regulatory skills. Longitudinal studies could
examine how repeated Al-mediated reading experiences influence learners’ independent
strategy use and epistemic judgment. Further research is also needed to explore variations
across proficiency levels, academic disciplines, and learning contexts, particularly in
informal or out-of-class reading environments where Al use is largely invisible to
teachers. Finally, comparative studies examining different types of Al tools and prompt
designs would deepen understanding of how specific affordances shape metacognitive
engagement in reading. Such research would contribute to more pedagogically
responsible and theoretically informed integration of Al in EFL literacy education.
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