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Student feedback literacy is vital for effective use of feedback. While
traditional peer review activities provide opportunities for students to practice
giving and receiving feedback, their effectiveness is sometimes undermined
because of interpersonal factors, such as friendship and psychological safety.
Generative artificial intelligence (GenAl) offers a promising new avenue by
providing adaptive and instant feedback; however, its effectiveness compared
to traditional peer interaction and the underlying mechanisms remain
underexplored and warrant further investigation. This study used a mixed-
methods design with first-year undergraduates to explore the effect of GenAl
and human peer feedback on student feedback literacy development. The
study also analyzed the role of students’ self-regulated learning (SRL) as
a mechanism explaining how these two feedback sources contribute to
enhancing feedback literacy. The results revealed that GenAl yielded a small
but significant improvement in developing feedoack literacy compared to
human peers. Qualitative analysis clarified this finding by uncovering behavioral
differences between the two groups, highlighting GenAl's specific support
for the SRL process, especially in goal setting, planning, critical evaluation,
and immediate self-reflection. These findings suggest that GenAl is powerful
in fostering feedback literacy because it facilitates self-regulatory behaviors
essential for effective interaction with feedback. Educators can strategically
integrate GenAl in classroom activities to scaffold self-regulatory behaviors,

fostering student feedback literacy development.
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1 Introduction

Feedback literacy
needed to make sense
(Carl

refers to students’ “understandings, capacities and dispositions
of information and use it to enhance work or learning strategies”

ss and Boud, 2018, p. 1316). Feedback-literate students can make good use of

feedback, which is essential (o their learning. Since students are not born wilh the capacity
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to effectively interact with feedback, they need to engage with
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Student feedback literacy could be developed through

well-designed activities (o develop feedback literacy. T
peer teview activities can enhance student feedback literacy by
giving students opportunities to make judgments and act on
feedback (Carless, 2022); however, peer feedback is not always
available, and students may hesitate due to concerns about their
peers’ different levels of proficiency (Panadero et al, 2023). The
recent development of generative artificial intelligence (GenAl)
presents new opportunities by providing students with immediate
and personalized feedback, potentially facilitating student feedback
literacy (Oktarina et al, 2024). However, the comparative
effect between GenAl and human peers in student feedback
literacy " is underexplored,
the underlying mechanism of how they make feedback effective
remains a critical question.

One of the factors that is vital for effective interaction with
feedback and feedback literacy development lies in the students’
own self-regulated learning (SRL) (Khuder, 20:
Broadbent, 2018). Self-regulated learners set learning goals, apply
learning strategies, monitor the learning process, and process and
enact feedback to achieve the goals and final learning outcomes
(Butler and Winne, 1995). Emerging research suggests GenAl can
effectively scaffold students’ SRI processes (Qi et al, 2025); hence,
it is expected that the use of GenAl will promote student feedback
literacy as they become increasingly self-regulated learners. Taking
a more nuanced view, Zhan et al. (2025) conceptualized students’
processes in regulating their interactions with GenAl feedback,
including feedback forethought, feedback control, and feedback
retrospect. However, limited empirical evidence exists, particularly
in contrast to their interactions with peer feedback. Understanding
these different self-regulatory behaviors could provide valuable
insights into the distinct ways in which GenAl and peer
feedback contribute to the development of student feedback
literacy.

By conducting a mixed-method study with first-year
undergraduates in China, the current study aims to explore how
GenAl can foster student feedback literacy and support students’
self-regulated feedback behaviors in comparison to human peers.

and more i

Panadero and

2 Literature review

2.1 Student feedback literacy

Student feedback literacy is vital for effective feedback use, as
it is students themselves who take actions to improve learning
(Carless and Boud, 2018). Sutton (2012) defined feedback literacy
from an academic literacy perspective as the ability to read,
interpret, and use wrillen feedback. Based on this, Carless
and Boud (2018) extended the definition and suggested four
features of feedback-literate students: (1) appreciate feedback,
recognizing the value of feedback and understanding their active
role in feedback processes; (2) make judgements about the
quality of their own work and others, (3) manage affect in the
feedback process, and (4) act on feedback information they have
received. The first three features are interrelated and, together,
positively influence students’ behaviors in taking action to provide
feedback.
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formative
students with a chance to enhance feedback literacy as they need
to engage with external feedback for effective self-assessment
(Yan and Carless, 2022). Peer assessment is another important
learning activity for advancing student feedback literacy (Hoo
elal, 2022; Ketonen el al., 2020). During peer assessment, students
learn to apply assessment criteria to make judgments on peers’
work and their own work (Nicol et al, 2014), through which
they internalize standards of quality, transfer what they learned
from others’ work on their own task, and develop evaluative
judgment (Tai et al., 2018). Providing peer feedback is often more
beneficial than receiving it, as it is more cognitively demanding,
involving higher-order processes such as identifying errors in
a peer’s work, correcting those errors, and monitoring whether
similar issues exist in their own work (Carless and Boud, 2018;
Sato, 2017). However, students challenges in peer assessment,
particularly distrust and friendship bias (Panadero ct al,, 2023),
may lead to students’ disengagement in the peer review process,
reducing the effect of peer assessment on student feedback literacy
development. Training for peer review needs to be provided to
students; otherwise, the expected gains may not occur (Tai et al,
2016). Only when students value peer feedback and are scaffolded
in the process can peer review activity show potential for student
feedback literacy development (Carless and Boud, 2018). Hence,
innovative approaches are required to better foster feedback
literacy.

practice. Self activities provide

2.2 Student feedback literacy
development in the GenAl context

To address these challenges associated with peer feedback,
researchers have turned fo integrating technology in feedback
practices, which has been shown to effectively develop student
feedback literacy, as it can provide timely and contextualized
feedback  that greater student in the
feedback process (Wood, 2021). The emergence and development
of GenAl further transform feedback processes. GenAl uses
machine learning models “to learn the patterns and relationships in
a dataset of human-created content” and “use the learned patterns
to generate new content” (Google, 2023, How does generative Al
work? section, para. 1). Its capacity (o generate new content makes
it distinctive from traditional Al technology. GenAl can provide
students with instant and adaptive feedback, which is vital for
their continuous engagement with learning (Fscalante et al,, 2023),
thereby bearing the potential to promote their feedback literacy.
Recent empirical studies have shown that GenAlI generally
exerts a positive cffect on students development of feedback
literacy. After using ChatGPT, 18 English as a Foreign Language
(EFL) students in Indonesia improved their feedback literacy,
particularly in the dimension “feedback processing” (Gozali et al.,
2024). Similarly, Zhan and Yan (2025) discovered that, after
receiving ChatGPT feedback on their writing, students constantly
made judgments about the feedback quality by comparing it with
previous teacher feedback and self-assessment, a characteristic
of feedback-literate students, However, the integration of GenAl
is not without its pedagogical challenges. When investigating
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how ChatGPT feedback may shape students’ evaluative judgment
compared to peer feedback, Xic et al. (2025) found that doctoral
students in a statistical analysis course reported a lack of confidence
in verifying the accuracy of ChatGPT feedback. Researchers
also express concerns that GenAls responses are not always
reliable and accurate (Lodge et al, 2023). Students’ overreliance
on technology may negatively influence students by increasing
cognitive offloading (Ma et al, 2025). This externalizing of
mental cffort can impede the development of critical thinking
skills (Sardi et al,, 2025) and lead to metacognitive laziness (Fan
el al. 2025). It may also threaten feedback literacy, as students
may skip the evaluative judgment making process required to
become feedback literate. Moreover, GenAl may also not fully
replicate the human feedback interaction process because of the
importance of mutual recognition (Corbin ct al., 2025) and student
assessors’ context-specific awareness (Usher, 2025) in-effective
feedback. Therefore, it is crucial to understand not only the
comparative eflectiveness of GenAl and human peers but also how
students’ self-regulated interactions with these two feedback types
differ.

2.3 Self-requlated learning as a
mechanism in feedback literacy
development

Student feedback literacy is closely linked to self-regulated
learning (SRL), which can be viewed as cither a cognitive skill
or a self-directed process (Qi et al, 2025). Despite differences
in their conceptualizations, SRL models typically share similar
phases or processes, such as goal setting, self-monitoring, and
adjusting learning strategies to align with learning goals (Panadero,
2017). As one of the most influential models in the field of SRL,
Zimmerman’s (2000) SRL model depicts SRL as a cyclical process
including three interrelated phases: 1) forethought phase where
students set goals and plan for learning, 2) performance phase
where students self-monitor and adjust their behaviors to align with
learning goals, and 3) self-reflection phase where students critically
evaluate their performance after completing the task. During this
process, students need to employ a variety of (meta) cognitive
and motivational regulation skills to adapl to achieve learning
outcomes.

While student feedback literacy could influence their SRL
process (Jin et al, 2025), students’ self-regulated learning ability
is crucial for their sustained interaction with feedback over
time (Carless et al, 2011; Winstone et al, 2017). Molloy
et al. (2020) emphasized that students engagement with goal
selling, planning, and monitoring is necessary for effective use
of external feedback. Previous studies have shown that using
SRL strategies can foster student feedback literacy, including
abilities such as making evaluative judgements (Panadero and
Broadbent, 2018) and secking feedback (Khuder, 2025). Chen
et als (2025) quantitative data from 1,975 Chinese university
students explicitly revealed that SRL can support feedback literacy
in blended learning environments through various links; for
instance, students’ self-evaluation predicts their appreciation of
feedback and the ability to make evaluative judgements, while goal
setting and task strategies predict feedback uptake. Hence, fostering
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3 Methodology
3.1 Contexts and participants

This study was conducted in two parallel English classes in a
university in Guangdong, China. To achieve sufficient statistical
power, G*Power software revealed that at least 25 students are
required following the convention in the social science field
(a = 0.05, power = 0.8) (Tomczak et al, 2014) and an expected
effect size of 0.59 from previous sclf-assessment rescarch (Yan et al.,
2022).

Participants were recruited through convenience sampling,
Based on their lecture time, 118 first-year undergraduates were
assigned to the GenAl group or the Peer group. The GenAlI group
consisted of 56 students, including 31 female students (55.36%),
with a mean age of 18.04 (SD = 0.33); the Peer group consisted of 62
students, including 37 female students (59.68%), with a mean age of
18.05 (SD  0.61). Mandarin is their first language. The instructor
assessed students baseline writing skills through a writing test as a
standard procedure at the beginning of the semester, and the results
indicated no significant differences between the two groups. All
students were taught by the same English instructor, who had over
20 years of teaching experience.

3.2 Measurements

3.2.1 Student feedback literacy

Feedback literacy was measured by the feedback literacy
behavior scale (Dawson et al,, 2024). The original scale includes
five subscales, but the subscale “provide feedback information” was
excluded since students did not provide feedback to GenAl outputs.
Consequently, the quantitative measure specifically targeted the
receptive and processing dimensions of feedback literacy (secking,
making sense, using information, and managing atfect), rather than
the dimension of feedback provision. The final scale included 19
items, that is, five items for seek feedback information (e.g., I reflect
on the quality of my own work and use my reflection as a source
of information to improve my work), four items for make sense
of information (e.g., I carefully consider comments about my work
before deciding if I will use them or not.), five items for use feedback
information (e.g., | check whether my work is better after | have
acted on comments.), and five items for manage affect (c.g, T am
open to reasonable criticism about my work.). Students self-rated
the frequency of their feedback literacy behavior based on this six-
point Likert scale (1 = never, 6 = always). To assess the reliability
of the overall scale, a Cronbach’s alpha was calculated based on
the sample in this study. The scale demonstrated excellent internal
consistency (o = 0.904)

3.2.2 Students’ self-regulated interaction with
feedback

Students’ interactions with feedback were explored through
individual semi-structured interviews. Malecka et al’s (2022
s feedback cycle was used to develop the
interview protocol, while Zhan et al’s (2025) self-regulation
feedback model was used to explore how students engage with and
potentially self-regulate their feedback interactions. Students were

“clicit-pro

i3
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student self-regulated learning can enhance students’ capacity to
wiilize feedback independently and effectively.

Existing research has shown that GenAl can support student
self-regulated learning. Though not typically programmed to
facilitate student SRL, GenAl can be prompted to provide feedback
for co-regulation (Lodge et al., 2023). Sardi et al’s (2025) review
revealed an overall influence of Gen Al on SRL, with the majority of
studies reporting Al's positive cffect on SRL through personalized
learning, metacognitive scaffolding, and adaptive feedback. Qi et al.
(2025) conducted a systematic review that further explored specific
processes and found that GenAl can support SRL throughout
the three phases: particularly, scarching for information in the
forethought phase, seeking strategies for problem-solving in
the performance phase, and gaining feedback and carrying out
self-assessments in the self-reflection phase. Chiu’s (2024) case
study also found that GenAl could foster students’ SRL through
conducting experiments and obtaining feedback. GenAl’s support
for student self-regulated learning shows potential to foster student
feedback literacy development.

While these studies provide evidence for GenAT's broad support
for SRL, Zhan et al. (2025) proposed a more focused model
to understand the detailed process involved when students self-
regulate their interactions specifically with feedback. Based on
Zimmerman’s (2000) SRL model, Zhan et al.’s (2025) self-regulated
feedback model includes three phases: (1) feedback forethought
phase, where students set goals and plans based on their needs
and understand GenAl’s capabilities and limitations; (2) feedback
control phase, where students monitor and regulate the interaction
with feedback; and (3) feedback retrospect phase, where students
reflect on this process. In this cyclical self-regulation feedback
model, students actively engage with GenAl feedback, improving
learning outcomes and feedback literacy. This framework explains
how GenAI not only supports general SRL but also specifically
enhances self-regulated feedback behaviors, which are crucial for
developing feedback literacy. Therefore, this study used Zhan
et al’s (2025) self-regulation feedback model to explore students’
self-regulation in different feedback interactions. Although this
framework was developed in the GenAlT context, it can be applied
in broader contexts where students interact with external feedback.

2.4 Research aims and questions

Despite the potential of GenAl in enhancing student feedback
literacy, few studies have compared this novel technology with
peer feedback and explored how students’ self-regulated feedback
interactions may influence their feedback literacy development.
This study aims to address these gaps. The main objective
of this research is to examine how students’ self-regulated
interactions with Generative Al and peer feedback contribute to
the development of their feedback literacy. The specific research
questions (RQs) are as follows:

RQL: How does the development of student feedback literacy
differ when students’ self-regulated learning is scaffolded by GenAT
versus human peers?

RQ2: How do students’ self-regulated feedback interactions
differ when engaging with GenAl versus human peers across the
forethought, control, and retrospect phases?

frontiersin.org

10.3389/feduc.2025.1736446

also asked to provide examples of their experience when interacting
with feedback (Appendix A).

3.3 Procedure

Over one semester of an English course, students participated
in three cycles of self-
to interact with external feedback. Students attended a 25-
minute training before the intervention, with the GenAl group
being trained to use ChalGPI-do and the peer group being
instructed to carry out peer review. A self-reflection worksheel,
a peer review worksheet, and GenAl prompt guidelines were
also designed according Lo the features of cach feedback source
and distributed to students to scaffold the feedback interaction.
More specifically, for the peer group, students completed a
structured peer review worksheet that required them (o address
specific dimensions (wiiting strengths, weaknesses, and future
strategies) to facilitate students’ participation and increase the
qualily of peer comments. For the GenAl group, the model
was pre-trained on  specific writing topics and assessment
rubrics to optimize its understanding and reduce students’
burden in prompl engineering
with prompt guidelines to facilitate effective interaction (e.g.
“Which is the weakest part of my writing based on the
rubrics?”). To ensure a valid comparison between the two
groups, the prompt guidelines covered the same core feedback
dimensions as the peer group. However, to maintain ecological
validity. the design avoided artificially restricting the human-Al
interaction. Students could extend their feedback seeking beyond
the guidelines (e, requesting multiple sample essays) based on
their own needs.

In ecach activity, students spent around 45 min interacting
with external feedback, self-reflecting on and revising their writing.
For the GenAl group, students interacted with GenAl and for
the Peer Group. they evaluated each other’s work with a high-
quality exemplar as a reference. Through these designed activities,
students had lots of chances Lo engage with feedback. To enhance
the internal validity of this quasi-experiment, the two groups of
students received identical instruction from the same teacher, used

ment activities where they had

Students were also provided

the same curriculum. and were allocated equal instructional time.
During the feedback activities, the instructor did not intervene
or provide scaffolding, allowing students to engage freely with
GenAl and their peers. This ensured that the observed learning
outcomes could be primarily attributed to feedback sources rather
than instructional variance.

Students completed the pre- and post-surveys on feedback
literacy in 15 min before and after the intervention. Then, at the
end of the semester, nine students from each group with varying
English proficiency levels were invited to an interview (20-30 min).
The interviews were conducted in the participants’ first language,
Mandarin, and were recorded and transcribed.

3.4 Data analysis

Regarding the comparison of student feedback literacy
development between two treatment groups, we used analysis of
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covariance (ANCOVA) to compare the post-survey scores after
controlling for the pre-survey effect

Adopting a themalic analysis approach (Braun and Clarke,
2012), we utilized Zhan et al’s (2025) self-regulation feedback
model, integrated with Malecka et al.’s (2022) feedback processes,
to explore how students self-regulate their feedback behaviors.
The students’ responses were coded according to three phases:
feedback forethought, feedback control, and feedback retrospect.
Then, for each phase, we analysed and compared the responses of
the wo groups (o investigate their interactions with GenAl and
peer feedback, both si and differen,

4 Results

4.1 Effects on student feedback literacy

Descriptive statistics about student feedback literacy of the two
groups before and after the intervention were presented in Table 1.

For the between-group difference, one-way ANCOVA was
conducted on post-test scores of student feedback literacy, with pre-
test scores as covariates (o account for between-group differences
before intervention. The homogeneity of variance was not violated
after checking via Levenes test (F = 0.57, p = 0.45), and the
homogeneity of regression slopes was confirmed (F = 0.20, p = 0.65)
(Keppel, 1991). As shown in Table 2, the main effect of group was
signilicant (F 3.96,p  0.019), indicaling a statistically significant,
albeit small, difference between the post-survey scores in the two
groups after controlling for pre-survey scores. Table 3 showed
that the parameter for the group was 0.17 (p = 0.049), indicating
the post-test of feedback literacy scores for the GenAl group was
0.17 higher than that for the peer group after controlling for the
pre-survey scores, with a small effect size (n:: = 0.03) (Cohen,
1988).

4.2 Students’ self-regulated interaction
with different feedback

Using Zhan et als (2025) self-regulation feedback model, we
explored how students self-regulated their interactions with Gen Al
and peer feedback and how this process contributed to students’
feedback literacy development. The behaviors and perceptions
of the two groups of students were presented under each self-
regulation feedback stage.

Students’ pseudonyms starting with “A” indicate that they
are from the GenAl group, while those starting with “P” are
from the peer group.

4.2.1 Feedback forethought phase
4.2.1.1 GenAl feedback

Students were aware of the importance of prompts for eliciting
intended feedback. Alice had a clear mindset to prompt sample
work from GenAl aligning with her learning habits:

In my past studies, I usually learned by imitating sample

essays, so I elicited exemplars from GenAL (Alice)
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TABLE1 Pretest-posttest comparisons on feedback literacy.
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Students also prompted GenAl fecdback when they identified
writing weaknesses but had no idea about how to improve, for
instance:

‘When I used some words, I could tell they didn’t fit, but I didn’t
have enough knowledge to replace them. Then T asked GenAl
10 help me improve. (Amy)

If I want to polish my essay from certain aspects but don’t
know how to do it, then I would ask for feedback. (Aurora)

Moreover, students elicited GenAl feedback tailored to their
learning goals. To improve her score quickly, Aurora said that
she first sought feedback on basic writing aspects (e.g., grammar
and expressions) before considering additional feedback on
content. These proactive planning behaviors demonstrate students’

ppreciation of feedback as a goal-oriented tool, a of
feedback literacy.

Students also actively and iteratively adjusted prompts to get
uscful feedback, showing their awarencss of trying to best interact
with GenAL for example:

At first, T found it impressive. Later, T got used to it and started
asking questions to see if there were better ways to improve my
writing. (Ashley)

Ashley further explained that, at first, she focused only on
fixing small mistakes, such as spelling errors; later, she paid more
attention to deeper aspects, including the logical flow between
paragraphs, the connections between sentences, and whether her
essay met the requirements of the rubric. This iterative behavior
shows the development of evaluative judgment, as the students
internal standards for “good writing” became more sophisticated.

4.2.1.2 Peer feedback
Students created their own peer review groups. Most students
ed peer feedback from those who sit near them (i.c.. Patrick),
with a similar major (i.c., Pluto), or roommates (i.c., Paul)
Students first reviewed peers work before receiving feedback
comments. Some students reviewed peers’ work based on needs;

o

for instance, Paula noted that she often used simple sentences
in her writing, which motivated her to study sentence structures
while reviewing her peers work. llence, as feedback givers,
self-regulated students learned from others' work aligned with
their feedback goals.

As feedback receivers, however, only a small number of students
were clear about what they wanted or not from peers, as Phillip
noted that he hoped to improve his writing through aspects other
than content:

Once T decide how to write, T don’t usually change it, so T
seldom revise the content of my writing. (Phillip)

Most students in the peer group may not have clear feedback
goals regarding the specific aspects they want to receive feedback

on. Instead, students were guided by the worksheet, which provided
an overview of their strengths and weaknesses. As Pluto said, he
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Measure/ group Pre-test Mean difference
) M )
Feedback literacy
Gendt group [ so [ em [ sw | e | amw | oss
e group | | as | am | ow | ew | om
TABLE2 One-way ANCOVA on student feedback literacy.
Source Sum of squares df Mean square F P
nreept 5 . 709 <000
Pre_FL 6741 1 6.741 31.086 <0.001
group 0859 1 0.859 3560 0.049
Error 24938 1s 0217
o Reuared 0261 (ustod Ruared_ 0251, B vilu indcte gt 00 e,
TABLE Summary of parameters of one-way ANCOVA on student feedback teracy.
Variable Parameter B Standard error t | » "
edback licacy e 2514 0 5785 <000: 02
Pre L 0.0 0o 5575 <0001 o
Group. 0174 0088 1990 0049 0033

appreciated that his peers could give him some feedback, as he
sometimes did not know how to improve.

Though without specific fecdback goals, students could receive
diverse feedback on their work. When Peter talked about the
feedback he received from his peers in three activities, he noted:

My peers focused on different writing aspects. Lor instance,
one classmate did well in structure and transitions, so he
focused more on these aspects when reviewing my work. But
another peer didn’t comment much on these. (Peter)

Peter did not specify his preference for feedback content, but he
appreciated the diverse perspectives from different peers, showing
his increased awareness of eliciting feedback from diflerent people
after identifying feedback goals in the next feedback cycle.

Students in the peer group also expressed some concerns about
showing their work to their peers and disturbing others:

[ don't usually feel comfortable. I feel a bit bad about wasting
others’ time by asking them to help me improve my writing.
(Phoebe)

If Task someone T don’t know well for a peer review, T worry
about whether they'll agree to review or have other concerns.
(Pluto)

These concerns in eliciting peer feedback highlight  the
challenge of managing affect, a crucial component of feedback
literacy, which was more prominent in peer interaction than
human-GenAl interaction.
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4.2.2 Feedback control phase
4.2.2.1 GenAl feedback

During this stage, students actively monitored the
feedback process Lo examine whether they got whal they
GenAL  Ashley complained that sometimes
GenAl would completely change the sentence
only wanted to know where exactly she had gone
sentence.

Students assessed the GenAl feedback quality, such as grammar
and vocabulary accuracy, for instance:

needed  from
when she
wrong in a

I checked online when GenAl gave me advice on grammar,
such as “to do” or “doing’” “with” or “on.” I learned a lot in
this process. (Amy)

Twill check the phrase GenAl suggested, such as the context in
which it should be used, and its meaning. (Alice)

These actions of verifying GenAl feedback clearly exemplify
how students practiced their cvaluative judgment, a key
component of feedback literacy. Sometimes students identified
and corrected inaccurate information in GenAl output, as April
noted:

Once, it gave me a list of grammar errors in my writing, but
one of them looked wrong. I challenged it, and it admitted its

mistake. (April)

Apart from accuracy, students also evaluated whether GenAl
gave feedback clearly, for instance:

frontiersin.org
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It always said my essay lacked fluency, but didn’t explain how
to improve. I only learned what fluency was by asking it to
generate a sample essay, but I still didn’t understand why my
writing was not fluent. (Alice)

April agreed that after GenAl gave feedback, she would
consider the points she had not previously thought of and further
ask why it made those comments and how to make improvements.

However, students reported difficulties in evaluating GenAl
feedback because of their current English level, showing a
metacognitive awareness of the limits of ones own evaluative

judgment, for instance:

Sometimes, Al translates directly, but since one Chinese word
can have multiple meanings, just like English words, it can lead
to inaccuracies, (Alice)

Students also carefully considered whether they could apply
GenAI feedback to their learning. Amy hoped that GenAI was
helping her better express her ideas:

Iwould consider if its output was aligned with my ideas and if
I could write it myself. I may skip points I didn’t think of, but
if it repeated ideas I already considered but didn’t express well,
I rephrased them to clarify. (Amy)

April compared the revised version GenAlI put forward with
the original version to check whether the coherence of her essay
improved. Angelia also carefully considered whether she used
GenAl feedback in her writing:

Some words were beyond my current vocabulary level, but I
felt that I should try to improve my writing within my existing
vocabulary range. I also mainly used feedback about words,
collocations, and expressions, as they were easier to improve
and made my writing more engaging. (Angelia)

‘When GenAl feedback could not be used in the writing
task, students (i.e, Alice) noted it down and considered using
it in subscquent writing. These behaviors illustrate that students
strategically take action upon feedback, selectively incorporating it
or planning to use it at a later stage.

4.2.2.2 Peer feedback
Some students critically assessed peer feedback, for instance:

I didn’t check if I felt confident, but when I had doubts, I
looked them up to verify. I used tools like Youdao Dictionary.
(Pluto)

Similar to the GenAl group, students also reported difficulties
in cvaluating peer feedback. Peggy felt upset when she had
different opinions from her peers. They struggled to understand
the standards, so Peggy had no idea how to improve her essay.
This difficulty demonstrates challenges in both managing affect
and exercising evaluative judgment, which can directly impede
students' effective use of peer feedback
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Amy was motivated to take action upon GenAl feedback to
figure out the arcas for improvement, showing the characteristic of
feedback-literate students.

However, students acknowledged the importance of taking an
active role in the learning process; otherwise, the feedback was not
effective:

T haven't resalved all the problems it pointed out, probably
because I didn't figure them out myself. (Albert)

These acknowledgments revealed that students show deep
appreciation of feedback, while recognizing the learner’s central
role in taking action.

Several students also demonstrated awareness of the cognitive
costs associated with GenAl feedback, for instance:

Sometimes I realized I could write those good expressions if I
relied on my own effort. But after using GenAl I just let it do
the thinking for me. Tworry that if I keep relying on it, my own
skills will become worse. (Amelia)

Amelia - acknowledged GenAls advantages in - providing
exemplary refinement strategies and improving her writing;
however, she also recognized the risk of cognitive offloading,
perceiving il as an “external brain® hat somelimes induced

i She the need for self-
regulation, trying to step away from GenAl sometimes and
practice on her own.

laziness.

4.2.3.2 Peer feedback
Students felt that peer review activity increased their writing
proficiency, as Peter said that peer feedback served as a reminder:

Next time I work on my essays, Il pay closer attention to the
feedback I received earlier from my peers. (Peter)

In addition, Pearl also el that peer review helped her improve
her writing because she used a sentence structure recommended
by her peer in the final exam, a characteristic of feedback-literate
students who took action by transferring learning from a feedback
activity to a summative assessment.

Students also showed preferences when considering the
effectiveness of different types of feedback information (i.c., peers'
comments, peer work, and high-quality sample work). Several
students appreciated the development of cvaluative judgment
facilitated by reviewing others’ work, as Peter said:

T evaluated peers’ work by comparing their writing with my
own, such as vocabulary and grammar, to see if they have any
strengths that T haven't thought of or that catch my eye. (Peter)

Pluto also expressed his preference for reviewing peers’
work over receiving feedback from others. However, most
students explicitly stated that they preferred high-quality sample
work provided by the researcher, as they did not need to
evaluate it and knew that the work was of high quality,
allowing them to learn from it, as Paul mentioned. This
preference may indicate a desire to bypass the cognitively
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Tlowever, some students (i.c., Paula) explicitly stated that she
did not judge her peer's comments because of their friendship.
As most students in this study formed their groups with
friends on their own, the friendship effect may hinder the
development of their impartial evaluative judgment, preventing
the development of feedback literacy. Patrick also said that
he often trusted his peers because he felt that they had a
higher English level. He only checked when he believed he had
not made a mistake.

Students also considered whether they could use what they
learned from peers work in their learning, for instance:

Since identifying my own problems is sometimes challenging,
reviewing my peers’ essays helped me notice mistakes more
easily and encouraged me to reflect on my own weaknesses.
(Pluto)

4.2.3 Feedback retrospect phase
4.2.3.1 GenAl feedback

During this stage, students reflected on which specific writing
aspects and learning strategies were more effectively addressed by
GenAl feedback:

Enhancing vocabulary and sentence structures takes ongoing
effort. T get little feedback on fluency, likely because it's more
abstract. For structure, the revised essays show a clear pattern
that I can imitate in future writing. (Alice)

T used to prioritize advanced vocabulary, but after receiving
feedback, I found that the overall coherence is more important.
Once it only used a mid-level word, I felt the quality of my
essay improved. (Amy)

tudents al

reflected on th f different prompts.
For instance, Alice preferred prompting direct feedback on her
writing rather than asking GenAl to generate sample work,
because she hoped to achieve a high score according to her
own logic, rather than adopting the structure suggested by the
sample work. Similarly, Angelia favored direct feedback for its
focus on her writing weaknesses, which she felt helped her learn
more effectively.

Apart from the types of prompts used, students also
emphasized the importance of language when interacting with
GenAL Ashley felt that using English instead of her native language
could lead to errors in translation and interpretation.

In addition, GenAl facilitated students’ self-reflection by giving
immediate responses to confirm whether the expected outcomes
were achieved, for instance:

T kept improving my essay and found that it gave me a score
from 8 to 10. If it still gave the same score after the revision, I'd
wonder whether the problem was in other arcas or aspects. So
I'd try adding things in places I wouldn’t usually think of, even
if it meant revising sentences I'was originally satisfied with, just
10 see if I could get a higher score. (Amy)
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demanding process of making judgments, highlighting a key area
for development.

Students in the peer group also admitted the importance of
agency in making peer feedback effective, as sometimes they knew
the problem but did not seriously try to overcome it (i.e., Pluto).
This highlights students’ awareness of the critical role of taking
action in the effective use of feedback.

5 Discussion

5.1 How students’ self-regulated
interactions with GenAl and peer
feedback contribute to feedback literacy
development

This study showed that GenAl enhanced student feedback
literacy compared to human peers, though the small effect size
needs to be interpreted with caution. This result echoes previous
studies that have revealed a positive effect of GenAl on student
feedback literacy development (Gozali et al., 2024; Zhan and Yan,
2025). Appendix Table 1 in Appendix B summarizes the self-
regulated learning behaviors observed across phases and groups.
Below, we highlight the most salient contrasts that inform our
interpretation.

During the feedback forethought phase, the two groups showed
different behaviors. Most students in the GenAl group were
clear about what feedback they wanted to obtain from GenAl,
selectively using the provided prompts based on their learning
needs and adjusting those that were ineffective. However, in the
peer group, students mainly sought feedback based on social
convenience rather than learning goals. Although students valued
peers’ diverse perspectives on their work in helping them raise
audience awareness
work based on their learning needs; most did not have specific
feedback goals for their own work and appearcd to receive feedback
from their peers passively. The differences in feedback secking
hetween the two groups may reflect the different nature of the
feedback source and instructional scaffolding. Since GenAl requires
prompting to provide feedhack (odge et al., 2023), students must
take a more active role in the feedback process and strategically plan
what they want from GenAL Deliberate goal setting and planning
can facilitate students’ engagement with feedback (Winstone et al,,
2017). On the one hand, prompting feedback tailored to their
learning needs helps students better incorporate feedback, since
goal setting is highly related to the uptake of feedback (Chen et al.,
2025). Moreover, this process encourages students to appreciate
feedback as a tool and consider how to approach feedback
effectively, which are essential components of feedback literacy.
While prompt guidelines encourage the GenAl group to exercise
agency based on their learning needs, the structured peer review
worksheet, though important for facilitating peer involvement, may
have constrained students’ agency by limiting their attention to
specific writing aspects. Furthermore, since students often express
concerns when seeking feedback from peers, GenAl may mitigate
these interpersonal barriers by providing a psychologically safe
learning environment, encouraging students to seek feedback with
reduced anxiety about being judged by others (Zhan et al., 2025).

only a few students reviewed their peers
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During the feedback control phase, both groups assessed
feedback quality and considered whether (o apply feedback to their
learning. Students constantly judged the quality of GenAl feedback
and monitored their feedback process, echoing the findings in
Zhan and Yan’s (2025) study. However, students” evaluation of
peer feedback could be influenced by interpersonal factors, such
as friendship, as revealed in both students’ interviews and the
previous review (Panadero et al, 2023). Hence, by eliminating
negative interpersonal effects, GenAl enables students to interpret
and evaluate feedback more critically, a key component of feedback
literacy. Although both groups reported some difficulties in
evaluating feedback, the peer group seemed to experience more
challenges. On the one hand, critically assessing peers’ work and
giving peer feedback can help students identify weaknesses in their
own wriling; on the other hand. students fell more difliculties in
explicitly evaluating peers’ work, particularly when the students
involved had similar levels of proficiency. This result differs from
Xie etal’s (2025) finding that students lack confidence in evaluating
ChatGPT feedback compared to peer feedback, probably because
of the discipline and students’ academic levels. When considering
whether to utilize feedback, the GenAl group demonstrated more
considerations, such as whether the suggested expressions fell
within Vygotsky's (1978) Zone of Proximal Development (ZPD)
and which issues should be addressed first. The abundant feedback
from GenAlL compared to that from human peers, required
students to be more selective and thoughtful in deciding whether
to incorporate feedback into their learning, thereby supporting the
development of feedback literacy.

During the feedback retrospect phase, both GenAl and peer
groups considered the effectiveness of feedback and interaction
with GenAl or human peers. Students also emphasized the
importance of agency in making feedback effective, demonstrating
their awareness of the need to take action on feedback, a
characteristic of feedback-literate students. Regarding students’
reflections, GenAl’s immediate responses could help students
determine whether their work has improved after applying
feedback, facilitating them to adjust their feedback goals in the
next self-regulation cycle. However, the reflection within the peer
group could be constrained because they did not receive enough
information to foster deep reflection. Students might only become
aware of the effects of peer feedback during exams or future
writing assignments, and this delayed awareness can impede their
understanding and hinder their ability to eflectively utilize the
feedback. Considering the importance of external feedback in
student self-reflection (Yan and Brown, 2017), GenAl's immediate
and iterative nature facilitates students’ reflection process and
fosters the habit of immediately taking action on feedback. GenAT's
instant feedback facilitates students active iterative engagement
with feedback, encouraging their metacognitive reflection in the
learning process (Qi et al. 2025). However, as noted in the
interviews (e.g, Amelia), the convenience of GenAl may lead to
cognitive offloading, a concern shown in the extant literature (Va
et al. 2025). Therefore, metacognitive awareness is vital in this
phase so that GenAl can serve as a scaffold for reflection rather than
a substitute for critical thinking, which would otherwise impede
student feedback literacy development.

Notably, the comparative advantages of GenAl in scaflolding
self-regulated learning and feedback literacy do not negate the
unique benefits of peer interaction. While the Feedback Literacy
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uptake, while peer review could be reserved to require students
to practice making evaluative judgments by acting as feedback
providers.

5.3 Limitations and future studies

While this study provides valuable initial evidence, several
limitations inform future rescarch directions. ‘The primary
methodological challenge is the non-random  assignment
design, which, alongside the small effect size, could threaten
internal validity due to potential unmeasured group differences.
Furthermore, the generalizability of the findings is constrained by
the specific context. Future research could replicate this design
in other disciplines or with larger and more diverse samples to
establish the generalizability of these findings. Future rescarch
could also move beyond comparative studies to explore optimal
blended models that strategically integrate GenAl and peer
feedback to support learners at different stages of learning. Another
limitation is the short intervention period (ie. three feedback
cycles over one semester). The limited intervention time and
the nascent integration of GenAl in education could introduce
a novelty effect, a phenomenon also observed by Huang and Chen
(2025). Future studies could extend the intervention period beyond
asingle semester to mitigate the novelty effect on student behaviors.
Finally, the reliance on self-reported surveys for feedback literacy
and retrospective interviews for self-regulated feedback behaviors
suggests a need for more objective measurement. Future studies
could employ methods such as stimulated recall tasks and learning
analytics to objectively assess changes in students’ feedback literacy
and self-regulated learning.

6 Conclusion

“The current study found that interacting with GenAl offers
distinct advantages for enhancing student feedback literacy,
particularly by scaffolding students to seek, process, and utilize
feedback. Students’ interviews further revealed that GenAl fosters
a self-regulatory environment that enables learners to actively
engage with feedback compared to the peer interactions observed
in this context. As GenAl tools become increasingly integrated
into education, this research highlights that the value of these
technologies lies not only in their ability to provide feedback but
also in their potential (o foster students’ selfl-regulatory skills, which
empower students to make full use of the feedback information.
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Behavior Scale primarily measures students’ self-reported capacity
to seek, process, and utilize feedback information to enhance their
work (Dawson et al, 2024), the qualitative data highlight that the
peer group still developed feedback literacy, especially in making
evaluative judgments through giving feedback. For instance, one
student explicitly stated that reviewing peers’ work facilitated self-
reflection on their own writing weaknesses, resonating with the
distinct value of providing feedback in peer assessmeat activities
(lon et al, 2019; Nicol et al, 2014; Sato, 2017), which could
not be achicved through merely interacting with GenATI feedback.
Therefore, while GenAl may be a more efficient tool for scaffolding,
the technical and self-regulatory aspects of feedback use, peer
feedback remains essential for developing other learning skills.

5.2 Implications

The positive results of GenAl in student feedback literacy
development suggest that integrating this novel technology into
formative assessment activities can be a strategic approach to
promote lifelong, self-directed learning. Although the partial eta-
squared value s small (17 = 0.03) based on Cohen’s (1988)
benchmarks, the results are still meaningful in the educational
context (Kraft, 2020). By providing immediate and personalized
feedback, GenAl can effectively mitigate the logistical and
interpersonal challenges often associated with traditional peer
review activities. However, the small effect size also highlights
that GenAT’s advantage may not be transformative on its own. As
shown by previous research (Lodge et al, 2023) and this study,
GenAl can somelimes generale inaccurate information. While this
uncertainty has the potential to develop evaluative judgment in
students, a risk remains that some learners will accept the feedback
without making a judgment. Similarly, while some students
demonstrated an awareness of the threat of cognitive offloading,
notall students have this crucial metacognitive awareness. Students”
variation in cognitive engagement and metacognitive awareness
necessitates teachers’ scaffolding when students implement GenAl
tools. Instructors can provide scaffolding, such as training, prompt
guidelines, and worksheets, to facilitate students” self-regulated
interactions with GenAl feedback.

While GenAl s more effective in developing feedback literacy,
it cannot replace human peers, as suggested by previous researchers
(Zhang et al, 20 ‘he unique strengths of peer interaction
(e.g, raising audience awareness, identifying one’s own weaknesses
through giving feedback) highlight the value of human peers in
student feedback literacy development, and the two approaches
are complementary. Hence, to better facilitate student self-
regulation in the peer review process, the challenges students
meet in peer review should also be addressed. For instance,
the peer review activity could be redesigned to better support
SRL through anonymous feedback (Rotsaert et al., 2018), thereby
mitigating friendship bias and providing structured support to
facilitate active goal setting, planning, and reflection. Moreover,
rather than viewing GenAl and peer feedback as competing
modalities, educators should design multi-stage learning activities
that combine their strengths (Usher,
2025). For instance, GenAl can be utilized to provide immediate
and psychologically safe scaffolding for feedback processing and
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Appendices

Appendix A

Interview questions

1. How did you get feedback from GenAl/peers?
2. What types of feedback did you get from GenAl/peers? Which kind of feedback do you think is more useful or not useful?
3. How did you process feedback from GenAl/peers? How did you evaluate its quality?
4. How did the feedback from GenAlfpeers help you reflect on your writing?

5. How did the feedback from GenAlpeers influence your future writing?

Appendix B

Appendix Table 1 Students' self-regulated feedback behaviors in two groups.

Phase/group| Feedback forethougl

Feedback control

10.3389/feduc.2025.1736446

Feedback retrospect

needs
« Appreciate feedback from diverse
perspectives, but most may not have specific
feedback goals

« Interpersonal harrier and social anxiety

GenAT group « Proactive and goal oriented promr .G feedback qual  Consider the effect of feedback
based on own learning needs/learning (accuracy and clarity)  Consider the interaction with GenAl
habits/learning goals ‘« Monitor whether get what need (prompt design and feedback understanding)
. of| . pp  Immediate, lerative feedback loop enables
learning needs feedback to their learning: rapid confirmation of improvements
« ngagement within a psychologically safe ~within ZPD) « Ilighlight the student agency and active
environment —align with own thoughts self regalation (¢.g, avoiding cognitive
—easler to make revisions and improve offloading) to make feedback effective
~ accumulate for next writing  Consider the learning srategies used
« Diffculties in evaluating feedback
Peer group . based peer selection | e Variable eval feedback, often  Consider the effect of different feedback
Some reviewed peer work based on learning | influenced by friendship bias or perceived peer | information

proficiency
‘» Consider whether to apply feedback to their
learning

d weaknesses through givin

‘ Prefer high-quality sample work over peer
‘comments to bypass cognitive load, despite
valuing practice in evaluative judgement

 Delayed Keffe

feedback
~difficulty resolving disagreements may lead to
feedback inaction

 Difficulties in evaluating feedback

often not realized until later tasks
« Highlight the student agency to meke
feedback effective
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