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Abstract: Effective peer feedback is fundamental to nursing students’ clinical
training, yet its provision is often constrained by peer expertise and feedback
training. Generative artificial intelligence (GenAl) can support peer feedback
by offering timely guidance, but concerns remain about how it shapes students’
learning processes. This study examined whether metacognitive scaffolding
could improve nursing students’ use of metacognitive strategies during
GenAl-assisted peer feedback. A three-week quasi-experimental study involved
66 undergraduate nursing students assigned to a scaffolding group or a
non-scaffolding group. Learning process data were collected from Moodle logs,
behavioural traces, and interviews. Overall feedback quality did not differ
between groups. However, the experimental group showed more metacognitive
activities, with a significantly higher level of monitoring. These findings
highlight the role of metacognitive scaffolding in shaping learning processes in
GenAl-assisted peer feedback.

Keywords: generative artificial intelligence; GenAl; metacognition; epistemic
network analysis; ENA; peer feedback; scaffolding.
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1 Introduction

Effective feedback is crucial for enhancing nursing students’ learning gains in clinical
settings (Carless and Boud, 2018; Clynes and Raftery, 2008; Hattie and Timperley,
2007). However, due to large class sizes and demanding clinical learning requirements,
providing timely and high-quality teacher feedback to each student has become
increasingly challenging, hindering the professional development of future nurses
(Er et al., 2021; Wong and Shorey, 2022; Yoong et al., 2023). As a result, peer feedback
is increasingly viewed as a viable alternative to teacher feedback (Valero Haro et al.,
2023). It can enhance learning performance, self-regulation, and metacognition by
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stimulating deep learning processes such as comparison, evaluation, reflection, and
higher-order thinking (Lerchenfeldt et al., 2019; Noroozi et al., 2023; Yu and Schunn,
2023). Evidence also suggests that giving feedback may be more beneficial than
receiving it, as it enhances students’ self-efficacy and ability to revise future work (Lee
and Evans, 2019). Nevertheless, the quality of peer feedback is still limited by peers’
professional knowledge and feedback training levels Alfehaid et al., 2018; Loda et al.,
2020; Valero Haro et al., 2023). Additionally, students tend to seek high-quality,
practical, detailed, and personalised feedback (Dawson et al., 2019; Valero Haro et al.,
2023), but in practice, peers often struggle to provide such support (Nelson and Schunn,
2009; Noroozi et al., 2016). Therefore, it is necessary to utilise instructional scaffolding
to provide structured support for the peer feedback process, helping students clarify
objectives, apply evaluation criteria, and engage in deep reflection (Alemdag and
Yildirim, 2022; Loda et al., 2020).

Although faculty, peer, and self-generated feedback each have limitations, GenAl
offers unique advantages as an innovative feedback source (Banihashem et al., 2024;
Jarveld et al.,, 2023; Molenaar, 2022; Wan and Chen, 2024). Recent studies have
demonstrated the potential of generative Al to support competency development and
clinical learning in nursing education (Chang et al., 2024b; Chang et al., 2022; Han et al.,
2022; Mollick and Mollick, 2023). For example, Chang and Su (2025) found that
GenAl-supported instructional strategies could enhance students’ competency
development and learning engagement in nursing-related tasks. In addition, Chang et al.
(2024a) showed that generative Al-based learning approaches can facilitate self-directed
learning, reflective thinking, and empathy development in long-term care education.
Accordingly, we conceptualise GenAl-assisted peer feedback as a dynamic process in
which students enhance the provision of feedback by comparing and integrating their
own understanding or performance with reference information generated by GenAl
chatbots (Banihashem et al., 2025; Hattie and Timperley, 2007; Nicol, 2021). Previous
empirical evidence indicates that GenAl-assisted peer feedback can improve feedback
quality (Darvishi et al., 2024; Escalante et al., 2023; Guo et al., 2024b; Steiss et al.,
2024). Recent reviews have shown that generative Al is increasingly used to support
personalised learning, feedback generation, and collaborative knowledge construction
across educational settings (Tu and Lu, 2025). Despite these benefits, the deployment of
GenAl introduces pedagogical and ethical concerns, including information bias,
misinformation, academic plagiarism, and overreliance on technology (Barrot, 2023;
Kasneci et al., 2023). A randomised experiment employing frequency analysis and
process mining found that when learners depend heavily on GenAl for task completion,
their metacognitive monitoring and evaluation behaviours decline significantly,
illustrating the phenomenon of ‘metacognitive laziness’ in hybrid intelligence
environments (Fan et al., 2024). Scholars have warned that this laziness may evolve into
dependence on Al, leading learners to outsource metacognitive activities such as
planning, monitoring, and evaluating to GenAl, which may undermine their higher-order
thinking abilities (Fan et al., 2024; Zhai et al., 2024). Therefore, nursing students using
GenAl should emphasise metacognitive strategies rather than depend solely on the
convenience of GenAl-assisted problem solving (Hwang et al., 2026; Urban et al., 2024).
This underscores the urgent need to implement metacognitive strategies that enable
students to critically evaluate GenAl generated suggestions, engage in reflective
reasoning, and minimise potential risks (Yao et al, 2025). Prior studies have
demonstrated that the use of metacognitive strategies in nursing education not only
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enhances learning gains and self-regulated learning abilities (August-Brady, 2005) but
also enables the tracing of nursing students’ cognitive processes to identify
misconceptions and knowledge gaps (Church and Carroll, 2023). Metacognitive
strategies involve nursing students deliberate regulation of their own cognitive activities,
encompassing three interrelated dimensions: planning, monitoring, and evaluating
(Flavell, 1979; Ku and Ho, 2010).

Within peer feedback practices, metacognitive strategies not only improve the quality
of feedback but also foster more structured thinking when students’ judge, compare, and
reflect on peers’ work (Molenaar et al., 2010). Nursing students with advanced
metacognitive skills exhibit more sophisticated reasoning patterns in clinical contexts and
manage complex patient scenarios more effectively (Zeb et al., 2020). However, there
remains a lack of research systematically integrating metacognitive strategies into peer
feedback practice, limiting educators’ insights into how students employ each
sub-dimension of these strategies to shape their clinical reasoning (Church and Carroll,
2023). (Allison et al., 2025) further argued that educational computing research should
pay greater attention to how learners critically interact with Al-generated content rather
than passively accepting machine-generated outputs. Designing and providing
metacognitive scaffolding can maximise the learning gains for feedback providers within
this practice (Gatrell et al.,, 2025). Research indicates that metacognitive scaffolding
significantly enhances students’ higher-order thinking and efficiency in problem-solving
contexts (Shin et al., 2023; Wang et al., 2023; Zheng et al., 2023). However, learners’
adoption of metacognitive scaffolding is constrained by instructional design and
accessibility: students tend to favour familiar scaffold types and overlook their
pedagogical value (Zheng et al.,, 2023). Prior studies have identified planning,
monitoring, and evaluating as the most critical metacognitive activities during learning
(Ku and Ho, 2010), and emphasise that providing targeted support during these phases
promotes metacognitive skill development (Shin et al., 2023). At the same time, the
learning environment itself-through exemplars, textbooks, peer work, instructor
comments, and rubrics can serve as scaffolding or comparator that support the generation
and delivery of GenAl-assisted peer feedback (Banihashem et al., 2025; Lipnevich et al.,
2014; Vandermeulen et al., 2023). Accordingly, the metacognitive scaffolding designed
for this study aims to guide nursing students along the three dimensions of planning,
monitoring, and evaluating within the GenAl-assisted peer feedback giving (Shin et al.,
2023):

1 clarifying the objectives of feedback and maintaining focus

2 making strategies required to achieve these objectives

3 engaging in self-monitoring and self-evaluation throughout task execution

4 reflecting on feedback effectiveness by concentrating on controllable factors to foster

the implementation of metacognitive strategies.

To clarify how metacognitive scaffolding influences nursing students’ feedback giving,
this study employs epistemic network analysis (ENA) to compare the internal structure,
temporal co-occurrence patterns, and between-condition differences of students’
epistemic networks under scaffolding and non-scaffolding conditions, with the aim of
generating evidence-based recommendations to improve feedback quality in nursing
education. The study addressed the following research questions:
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RQ1 To what extent do metacognitive scaffolding contribute to better feedback quality
and greater use of metacognitive strategies with GenAl-assisted peer feedback
giving?

RQ2 Ifyes, why?

2 Method

2.1 Study design and context

This study implemented peer feedback giving tasks supported by metacognitive
scaffolding. The scaffolding was designed to guide nursing students in applying
metacognitive strategies — planning, monitoring, and evaluating-when providing feedback
to peers within a GenAl-assisted learning environment. To examine the effectiveness of
this approach, a quasi-experimental study was conducted in nursing clinical training. The
study analysed how nursing students employed metacognitive strategies during the
GenAl-assisted peer feedback giving tasks.

The study sample included 66 undergraduate nursing students from a large public
open university in southern China (see Table 1). Participants were assigned to either an
experimental group (n = 32) or a control group (rn = 34). Both groups were taught by the
same instructor, who had over ten years of experience in digital nursing education.
Eligibility criteria included:

1 sufficient nursing knowledge relevant to the study context
2 successful completion of the Fundamentals of Nursing course with credit
3 demonstrated ability and willingness to participate peer feedback giving tasks.

The participants’ ages ranged from 21 to 24 years (M = 22.30, SD = 0.841). All students
reported prior experience with digital learning and peer feedback, though their use of
GenAl tools such as chatbots for learning purposes was relatively limited. Notably, no
statistically significant differences were identified between the two groups in terms of
age, gender, peer feedback experience, or prior GenAl use.

2.2 Clinical case description

The clinical case focused on a 68-year-old female patient presenting with acute heart
failure symptoms (see Figure 1). Students were required to identify two key aspects:

1 whether the peer’s work provided a comprehensive account of both objective data,
(e.g., vital signs, laboratory results) and subjective data (e.g., patient-reported
symptoms and experiences)

2 whether abnormal data were accurately identified and appropriately analysed in
relation to the patient’s medical history.

They were tasked with completing peer feedback activities within a learning management
system (Moodle), which provides access to instructor exemplars, rubric, peer work, and
textbooks (Banihashem et al., 2025; Camarata and Slieman, 2020; Lipnevich et al., 2014;
Vandermeulen et al., 2023), and prompts students to selectively draw on these resources
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as needed. This case was selected because it aligns with nursing competencies and
supports the development of clinical reasoning skills.

Table 1 Demographic information of participants in the study (n = 66)

Mean + SD/frequency (%)

Variable Experimental group Control group
(n=32) (n=34)
Age (years) 21.94 (£0.669) 22.65 (£0.849)
Gender
Female 26(81.2%) 26(76.5%)
Male 6(18.8%) 8(23.5%)
Peer feedback experience
Never 12.50% 17.6%
Rarely 50% 47.1%
Sometimes 18.8% 23.5%
Often 6.2% 5.9%
Always 12.50% 5.9%
Prior GenAl use frequency
Never 12.50% 5.9%
Rarely 12.50% 23.5%
Sometimes 31.3% 41.2%
Often 31.3% 23.5%
Always 12.50% 5.9%

Figure 1 Example of GenAl-assisted peer feedback provided after clinical reasoning training in
the LMS (screenshot of the Moodle) (see online version for colours)

2.3 GenAl-assisted peer feedback giving task

Following the case analysis, nursing students completed GenAl-assisted peer feedback
giving task structured around metacognitive strategies (see Figure 2). The task aimed to
enhance students’ nursing plans and reasoning through peer feedback. The experimental
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group completed the GenAl-assisted peer feedback giving task with metacognitive
scaffolding, whereas the control group completed the same task without metacognitive
scaffolding.

Figure 2 GenAl-assisted peer feedback giving task in the LMS (screenshot of the Moodle)
(see online version for colours)

SIS am 4 — e

Goals for GenAl- X e
assisted peer P [—

feedback giving task | (EEEEGD

R

Requirements for
GenAl-assisted peer
feedback giving task

= OIS v

Py

i

2.4 The metacognitive activities in Moodle

Metacognitive scaffolding was embedded in Moodle as multiple-choice forms (see
Appendix A), with response options mapped to distinct dimensions of metacognitive
strategies (Zheng et al., 2022). The multiple-choice format was adopted for its
pedagogical and cognitive advantages:

1 itreduces cognitive load, allowing students to reflect without the pressure of writing
open-ended answers

2 it provides structured guidance for using metacognitive strategies, helping students
engage more purposefully in the feedback process

3 it enhances usability through its familiar format, making the task more accessible and
engaging.

By selecting from options such as ‘completeness of objective data’ and ‘abnormal data
analysis’, students were guided to identify two key aspects in the clinical case task. This
process helped them clarify how to set appropriate goals within the peer feedback activity
(see Figure 3).

2.5 Experimental procedure

This study adopted a three-week quasi-experimental design (see Figure 4). In week 1, the
instructor introduced the goals of clinical reasoning training and the requirements of peer
feedback. After a brief orientation on metacognitive strategies, Moodle operation, and
GenAl-assisted feedback giving tasks, students practiced planning, monitoring, and
evaluating during the clinical reasoning activity.

In week 2, students completed peer feedback tasks guided by metacognitive strategies
(see Figure 5). During planning, they clarified task requirements and prepared feedback
drafts with GenAl support (see Figure 6). In monitoring, they reviewed progress, aligned
goals, and revised content and tone. In evaluating, they reflected on the process and
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outcomes, considering how GenAl interactions influenced feedback quality. This activity
lasted 120 minutes.

Figure 3 Example of metacognitive scaffolding in the LMS (screenshot of the Moodle)
(see online version for colours)
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Figure 4 Diagram of the experiment design (see online version for colours)

Week1 Briefings and introducions 60mins
¢ 0
Experimental group (N=32) Control group (N=34)
Week2 GenAl-assisted peer feedback GenAl-assisted peer feedback 120mins
giving with metacognitive giving without metacognitive
scaffolding scaffolding
L 4
Week3 Measurement of peer feedba)ck quality )
Semi-structured interviews 90mins

Figure 5 Screenshot of the student completed peer feedback task (see online version for colours)

data such as vital signs and symptoms

The student was reading a detailed “nursing analysis assignment” submitted by a peer ,which included assessment

PaRInE

In week 3, two nursing instructors independently rated the quality of peer feedback
produced by both groups using the predetermined rubric. Additionally, a subset of 16
students drawn from both groups participated in semi-structured interviews to elaborate
on their peer feedback experiences. These qualitative data served to complement and
enrich the interpretation of quantitative results. This activity lasted 90 minutes.
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Figure 6 Screenshot of student prepared feedback drafts with GenAl support (see online version
for colours)
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2.6 Data collection

To address the first research question, a coding scheme for evaluating students’ peer
feedback quality was developed, grounded in the Clinical Reasoning Rubric and
informed by previous studies (Panadero and Lipnevich, 2022; Ramazanzadeh et al., 2023;
Valero Haro et al., 2023). The feedback quality was characterised by three features: level
of detail, comprehensibility, and tone (Lipnevich and Smith, 2022). Specifically, a score
of 1 indicated no relevant feedback; 2 reflected feedback that was difficult to understand,
lacked detail, or demonstrated an unprofessional tone; 3 indicated feedback that was clear
and professional but lacked sufficient analytical depth; and 4 represented feedback that
was detailed, easily comprehensible, professional in tone, and demonstrated rigor and
attention to detail. The scores from these two variables were aggregated to represent the
overall quality of peer feedback provided by each student.

Then, to address the second research question, this study employed a data
triangulation approach, integrating multiple data sources to conduct a comprehensive and
in-depth investigation of students’ metacognitive strategy use during the peer feedback
process. Specifically, the data sources comprised three layers:

1 Moodle logs: objective data were collected from the Moodle platform to record
students’ interaction patterns and time allocation.

2 Behavioural trace data: a combination of screen recording software (EV) and a
keylogging tool (Spyrix Personal Monitor) was utilised to capture participants
complete operational processes, keyboard inputs, and screen content.

3 Semi-structured interviews: grounded in the understanding that metacognitive
strategies are typically held in working memory and can be effectively verbalised in
the short-term (Fleiss et al., 2003), audio-recorded interviews were conducted to
elicit students’ metacognitive strategy use.

The coding scheme for analysing metacognitive strategies in GenAl-assisted peer
feedback giving was developed in two stages. In first stage, established frameworks of
metacognitive strategies (Bagga and McKee, 2024; Flavell, 1979; Ku and Ho, 2010) were
examined and integrated into three core dimensions: planning, monitoring, and
evaluating. These dimensions captured the metacognitive activities involved in feedback
processes. In the second stage, two coders independently applied the scheme to pilot data,
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and differences were discussed until agreement was reached. Moodle logs and
behavioural trace data were organised in Microsoft Excel, highlighting reflective
statements and observable actions related to metacognitive activities. Clear operational
definitions and examples were provided to ensure coding consistency (see Table 2).

Table 2 Description and examples of the three dimensions and seven activities of
metacognitive strategies

Dimensions  Metacognitive activities Description
Planning Setting goal Clarifying task requirements and setting feedback
(SG) goals.
Making plan Making plans about how to reach the goals, including
(MP) selecting strategies and setting timelines.
Executing strategy Advancing and explaining feedback plans;
coordinating conflicts.
(ES)
Monitoring Tracking Tracking task progress and indicating comprehension
(TK) status.
Validating Detecting errors and checking feedback coherence.
(VD)
Evaluating Review Assessing the current solution and reflecting on
(RW) feedback goals and progress.
Revision Adjusting feedback content, goals, plans, or strategies
(RN) as needed.

Note: Detailed examples (including Moodle logs, behavioural trace data, and interview
excerpts) for each activity are provided in Appendix B.

Subsequently, two experienced nursing lecturers independently coded all 1,676 data
segments generated during the peer feedback giving tasks, using the coding scheme
outlined in Table 2. Inter-rater reliability was calculated, yielding a Cohen’s kappa
coefficient of 0.81, which exceeds the recommended threshold of 0.70 and indicates
strong reliability (Fleiss et al., 2003). Following independent coding, the researchers
reviewed the discrepancies, resolved conflicts through discussion, and reached consensus
on all codes before proceeding with further analyses.

2.7 Data analysis

This study employed a Mann-Whitney U test to compare the experimental and control
groups in terms of feedback quality. These two variables were selected because they
represent key indicators of the effectiveness of peer feedback processes, particularly in
contexts where GenAl may influence both the content and the depth of student
interaction (Guo et al., 2024a).

A coding-and-counting method and descriptive statistical analysis was utilised to
compare the distribution of metacognitive strategies between the experimental group and
control group. ENA was applied to visualise structural relationships among three
metacognitive dimensions (planning, monitoring, evaluating), capturing internal
connections, temporal co-occurrence patterns, and group differences across seven codes.



Scaffolding GenAl-assisted peer feedback provision through metacognitive 11

Coded data segments were processed in the ENA Web Tool
(http://www.epistemicnetwork.org/), treating activity codes as nodes and calculating
co-occurrences within stanzas. A stanza size of four was set, meaning every four
consecutive activities in Moodle logs and screen recordings constituted an
analytical unit. ENA generated binary adjacency matrices per stanza (1 = co-occurrence,
0 = non-co-occurrence), aggregated into a global network where node connections
reflected co-occurrence frequency (Shaffer et al., 2016). Dimension reduction retained
two principal components (X-axis: maximum explained variance; Y-axis: second
highest).

3 Result

The data presented in Table 3 indicate that Mann-Whitney U tests identified no
significant difference emerged for the aggregated measure of overall feedback quality.
Taken together, these results suggest that the metacognitive scaffolding aggregate
feedback quality did not differ significantly between conditions in a short period of time.

Table 3 Differences in feedback quality by experimental group and control group
Variable Groups N Mean Sum of U Wilcoxon Z value
rank ranks w
Feedback  Experimental group 32 35.19 1,126 490 1,085 -0.717
quality Control group 34 3191 1,085

Coded frequency analysis (Table 4) showed the experimental group produced more
metacognitive strategy activities (z = 1,236) than the control group (n = 440), suggesting
a positive effect on the overall frequency of metacognitive engagement. Z-tests (Table 2)
found a significant group difference in monitoring (EG 28.64%, n = 354 vs. CG 21.82%,
n =96; z=2.77, p = 0.006), indicating improved real-time monitoring. By contrast, no
significant differences emerged for planning (EG 46.44%, n = 574 vs. CG 49.09%,
n = 216; z = -0.956, p = 0.339) or evaluating (EG 24.92%, n = 308 vs. CG 29.09%,
n=128; z=-1.713, p = 0.087). Because counts miss temporal dynamics (Csanadi et al.,
2018), we combined ENA with qualitative methods to examine co-occurrence patterns.
Figure 7 shows the centroid distribution and structural differences of metacognitive
strategy networks in the experimental and control groups during peer feedback. In this
visualisation, weaker connections were subtracted from stronger ones, with the resulting
differences represented by both line colour and thickness. Specifically, blue lines indicate
connections stronger in the experimental group, red lines indicate those stronger in the
control group, and the thickness of each line reflects the magnitude of the coefficient
(Csanadi et al., 2018). Each dot is a participant’s network centroid. Each square is the
group mean centroid in the two-dimensional ENA space. Dashed squares show 95% Cls.
Blue marks the experimental group; red marks the control group. Node size shows
activity frequency. Line thickness shows co-occurrence, or tie strength (Shaffer et al.,
2016). The experimental network is more balanced. Its centroid is left of the Y-axis,
closer to executing strategy (ES), tracking (TK), revision (RN), and validating (VD). The
control centroid is right of the Y-axis, nearer to setting goal (SG), making plan (MP), and
review (RW). The ENA model explained 24.1% of the variance on X and 27.7% on Y,
which indicates moderate fit and captures key group differences. These patterns suggest



12 S. Wei et al.

that scaffolding guided students toward a fuller pathway, with stronger execution and
verification.

Table 4 Frequencies and distributions of metacognitive activities
i Experimental Control group
Dimension Metac.ogr.utlve Code group (EG) €6 zZ P
activities
(F) (%) (F) (%)
Planning Setting goal SG 92 7.44% 48 1091% -0.956 0.339

Making plan MP 316 25.57% 122 27.73%
Executing strategy ES 166 13.43% 46 10.45%

Monitoring Tracking TK 214 17.31% 66 15.00% 2.773 **0.006
Validating VD 140 11.33% 30 6.82%

Evaluating Review RW 206 16.67% 94  21.36% -1.713 *0.087
Revision RN 102 8.25% 34 7.73%

Note: *p <0.05, **p < 0.01.

Figure 7 Differential epistemic network of metacognitive strategy activities in the experimental
and control groups (see online version for colours)
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Conversation: Condition EG.CG. > UserName f

Note: Planning (SG = Setting goal, MP = Making plan, ES = Executing strategy),
monitoring (TK = Tracking, VD = Validating), evaluating (RW = Review,
RN = Revision).

A comparison of the two epistemic networks reveals clear structural differences (see
Figure 8). The left network represents the EG (blue), and the right network represents the
CG (red), allowing for a direct visual comparison of their distinct internal structures. The
size of each node is proportional to the frequency of the corresponding activity, while the
thickness of the connecting lines reflects the co-occurrence frequency of two activities,
indicating the strength of their relationship (Csanadi et al., 2018). In the experimental
group, the central nodes shifted toward ES, VD, and TK, with concentrated edge weights.
This indicates that the experimental group significantly strengthened their metacognitive
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activities along the ES-VD-TK chain, forming a more cohesive network structure. Such a
pattern suggests that metacognitive scaffolding effectively guided students toward a more
complete behavioural pathway, enhancing their capacity for task execution and strategy
verification. By contrast, the control group’s network remained centered on MP and RW,
with connectivity largely confined to the planning dimension (e.g., MP—-RW, MP—SGQG).
This suggests that the control group’s metacognitive activities were primarily
concentrated in the planning dimension, without forming a closed loop of metacognitive
strategy activities, resulting in a looser network structure. Collectively, the observed
differences in node positioning and connection patterns underscore the positive impact of
metacognitive scaffolding on students’ metacognitive strategy activities.

Figure 8 A comparison of structural differences of epistemic networks of the experimental and
control groups (see online version for colours)

EG CG

mP

These patterns were further substantiated by qualitative evidence. Analysis of task videos
and Semi-structured interviews indicated that students in the experimental group, guided
by scaffolding, more frequently monitored the progress of peer feedback giving tasks.
They often advanced to subsequent phases even before fully resolving prior difficulties.
For instance, Student G1 noted: “Because of the prompts from the metacognitive
scaffolding, I was more proactive in checking the completion process of the feedback
task, although it was a bit troublesome”. Student G3 echoed this view, stating that the
scaffolding made him realise “There were many aspects I had previously overlooked”.
Similarly, Student G4 commented: “I usually check my work as a habit, but if time
allows, the strategies provided by the scaffolding are worth trying-especially when it
suggests using Al to validate abnormal data, such as blood pressure or heartbeat counts”.
In contrast, reflections from the control group were largely limited to planning. Student
G7 remarked: “I usually don’t think about how much time the feedback task will take,
nor do I check every step. Instead, I just focus on the requirements and try to complete
the task”. Likewise, Student G10 explained: “It takes time for the Al to understand the
requirements of the task, so I need to develop a plan and gradually design the questions
until the task is finished”.

4 Discussion

We compared experimental and control groups on three dimensions: overall feedback
quality, the frequency and distribution of metacognitive activities, and the epistemic
network structure of metacognitive strategy use. This study gives multiple pieces of
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evidence about the role of metacognitive scaffolding in GenAl-assisted peer feedback.
The findings indicate that metacognitive scaffolding did not produce a significant
improvement in overall feedback quality. One possibility is that both groups completed
the peer feedback task with GenAl support. Table 1 shows no significant differences in
peer feedback experience or prior GenAl use, suggesting comparable prompt skills and
Al literacy across groups. Such similarity may have limited the incremental effect of
scaffolding on final output quality. This interpretation aligns with prior work showing
that GenAl-assisted feedback often increases textual consistency and can reduce
between-group variance (Usher, 2025). Another factor concerns domain knowledge and
sustained practice. Improvements in feedback quality commonly depend on deeper
disciplinary knowledge and repeated practice, implying that metacognitive scaffolding
alone may have limited influence on the cognitive dimension of feedback. Shin et al.
(2023) similarly observed that when novices engaged in cognitively demanding
tasks such as programming, even structured guidance produced constrained
improvements in knowledge performance. A further explanation relates to feedback
providers’ self-efficacy. Prior studies show that students with lower self-efficacy are less
likely to engage in deep reflection and tend to offer repetitive, surface-level comments
that focus on language rather than diagnostic reasoning or evidence integration (Wei
et al., 2024). To address this limitation, metacognitive scaffolding may be integrated with
feedback literacy, clinical training, and exemplar-based calibration.

Although no significant differences were found in feedback quality, the experimental
group demonstrated significantly higher levels of monitoring-related metacognitive
activities. The frequencies and distributions of metacognitive activities (see Table 4)
indicate that the experimental group generated 1,236 metacognitive activities, compared
with 440 activities in the control group, suggesting that the intervention positively
influenced the overall frequency of metacognitive activities. This increase was most
pronounced in the monitoring dimension. Prior research has similarly shown that
structured scaffolding can stimulate learners’self-regulatory behaviours in peer feedback
processes (Nicol, 2021; Panadero and Lipnevich, 2022), which helps explain why the
intervention affected monitoring more strongly. By contrast, we observed no clear group
differences in planning and evaluating activities. One plausible explanation is that
students without the support of scaffolding may have required additional time to interpret
and understand requirements of the task (Camarata and Slieman, 2020; Xu et al., 2025).
However, promoting more advanced evaluative practices may require continuous and
sustained interventions.

Our ENA findings further visualised the structural differences in metacognitive
strategy activities between the experimental and control groups. Notably, the
experimental group demonstrated stronger interconnections among executing strategy
(ES), tracking (TK), and validating (VD), whereas the control group exhibited higher
connection coefficients among setting goal (SG), making plan (MP), and review (RW).
These patterns indicate that scaffolding not only increased the frequency of strategy use
but also enhanced the coherence among different strategies, guiding students to construct
a more complete behavioural pathway across planning, monitoring, and validating. In
particular, the strengthening of the ES-VD-TK chain (see Figure 7) highlights how
scaffolding supported students in transitioning from the planning to monitoring and
evaluating, thereby facilitating self-regulated learning. This aligns with prior research
showing that metacognitive scaffolding helps learners integrate multiple strategies and
sustain monitoring continuity throughout task completion (Li et al., 2023). By contrast,
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the control group revealed stronger within-planning connections, (e.g., SG-MP,
MP-RW), suggesting that without scaffolding, students often concentrated their efforts in
the planning dimension while insufficiently activating monitoring and validation
processes. Such reliance on preliminary planning is consistent with previous findings
indicating that in the absence of scaffolding, learners tend to remain at the surface level
of goal-setting and plan review, with limited engagement in deeper self-regulatory cycles
(Li et al., 2023).

The findings of this study carry several important implications for nursing education.
First, embedding metacognitive scaffolding into GenAl-assisted peer feedback can foster
deeper engagement by encouraging students to actively monitor and regulate their
learning processes in real-time. Second, the results underscore the need to evaluate
peer feedback not only by outcome-oriented quality indicators but also through
process-oriented measures. Third, although the intervention substantially enhanced
monitoring strategies, its influence on planning and evaluation was limited. Finally, the
observed role of metacognitive scaffolding in reshaping epistemic networks suggests its
potential to reduce overreliance on GenAl and mitigate tendencies toward metacognitive
laziness.

5 Conclusions

This study examined the multifaceted role of integrating metacognitive scaffolding into
GenAl-assisted peer feedback giving. The intervention substantially increased the
frequency and structural integration of monitoring strategies. ENA further revealed that
metacognitive scaffolding supported the construction of more cyclical and coherent
metacognitive regulation pathways. Overall, these results suggest that metacognitive
scaffolding can help nursing students develop more integrated self-regulatory processes
and offer practical guidance for instructional design in clinical training.

This study has several limitations. One limitation is the modest sample size, which
limits the generalisability of the findings. Another limitation is that, although
metacognitive scaffolding supported students’ monitoring and validation efforts, the
quality of feedback may still be affected by students’ prompting skills and their GenAl
literacy. A further limitation is the study’s focus on nursing clinical training, while
authentic and cognitively demanding may restrict the transferability of the findings to
other disciplines or less-structured tasks. Future research should also seek to validate
these results with larger and more diverse samples across institutions and nursing
programs, as well as to explore hybrid models that integrate GenAl-assisted feedback
with expert.
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Appendix A
Scaffolding Condition Forms Content
lype
Planning e When nursing Multiple- 1 When providing feedback on a nursing
scaffolding students do not choice assessment assignment, which of the
know how to questions following goals should serve as core
set goals objectives? (Select up to 2)

o After reading a  Evaluate completeness of objective
the data documentation
peer-feedback b  Evaluate completeness of
task subjective data documentation

¢ Assess accuracy in identifying and
analysing abnormal data
d  Assess accuracy in analysing
patient-reported data
2 When developing a feedback plan for a
nursing assessment, which steps/
strategies should be included? (Select
up to 3)
a  Clarifying objectives and task
breakdown
b  Detailed time allocation strategy
¢ Professional discussion with Al
assistant
d  Structured feedback design
e  Feasibility evaluation and timely
adjustment
Monitoring e When nursing Multiple-  After completing feedback, which
scaffolding students check choice self-checks should you perform? (Select up
latest progress questions  to 4)

e If no activity
for 10 min

o After 10 min
of task
enactment

a  Confirm clear labelling of all data
omissions

b  Verify integration of abnormal
signs with patient history

¢ Validate textbook citation accuracy

d  Review feedback tone for
constructiveness

e  Ensure actionable improvement
suggestions

f  Check for anticipation of potential
complications

g Assess clinical logic consistency
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Appendix A (continued)

Scaffolding Condition Forms Content
lype
Evaluating e When average Multiple- 1 For this task, what problems or
scaffolding score did not choice difficulties did you encounter? (Select
meet expected questions up to 3)
outcome
e When nursing a  Insufficient feedback
students reflect comprehensiveness
on the b Unprofessional or inconsistent
peer-feedback feedback tone
process .
¢ Challenges evaluating goal
attainment
d  Misinterpretation of grading
criteria
e  Poor time management and task
progression control
f  Inadequate documentation of
operational issues
g  Lack of resource support or

external guidance

2 Which statements accurately describe
your approach in this feedback task?
(Select up to 3)

a

Clearly identified strengths and
explained their value

Provided detailed, actionable
improvement suggestions

Used a respectful, constructive
tone

Directly addressed assignment
requirements without digressing

Motivated peer toward
improvement

Offered practical revision
pathways rather than vague
directives
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Appendix B
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Description and examples of the three d

Table B1

metacognitive strategies
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Description and examples of the three dimensions and seven activities of

metacognitive strategies (continued)

Table B1
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