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Abstract

Mathematics learning in higher education increasingly demands active, collaborative, and self-regulated learning;
however, classroom practices often remain lecturer-centered, limiting students’ opportunities to reflect on their
understanding and engage meaningfully with peers. Peer feedback is a collaborative instructional strategy with
strong potential to address this gap by promoting dialogue, reflection, and shared knowledge construction. This
study investigates pre-service teachers’ perceptions of peer feedback in mathematics learning, focusing on its
contributions to conceptual understanding, engagement, motivation, collaboration, and self-regulated learning. A
quantitative descriptive design was employed involving 20 pre-service teachers who participated in structured peer
feedback activities over one academic semester. Data were collected using a 35-item Likert-scale questionnaire
and analyzed through descriptive statistics, including mean scores and frequency distributions. The results indicate
consistently positive perceptions across all indicators, with mean scores ranging from 3.30 to 3.50. Participants
reported that peer feedback helped clarify mathematical concepts, deepen conceptual understanding, increase
learning motivation and engagement, encourage collaborative interaction, and support reflective thinking. These
findings suggest that well-structured peer feedback functions as an effective pedagogical complement to lecturer
instruction, offering cognitive, motivational, and social benefits. Integrating peer feedback into mathematics
classrooms can strengthen interactive learning environments and support the development of reflective,
autonomous, and self-regulated future mathematics teachers.
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INTRODUCTION

Mathematics education requires learning approaches that go beyond procedural fluency
and routine problem solving. Pre-service teachers of mathematics are expected not only to
master mathematical content but also to develop pedagogical competencies that enable them to
support meaningful learning in future classrooms. One essential element in supporting such
learning is feedback, which plays a crucial role in helping learners reflect on their
understanding, identify misconceptions, and improve their learning strategies. Extensive
research has shown that well-designed feedback can significantly enhance learning outcomes,
engagement, and motivation across educational contexts (Henderson et al., 2021; Wisniewski
et al., 2020).
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Feedback in learning is no longer viewed as a one-way transmission of information from
teachers to students. Instead, contemporary perspectives emphasize feedback as a dialogic and
learner-centered process in which students actively interpret and use information to improve
their learning (Van der Kleij & Lipnevich, 2021). In this regard, peer feedback has gained
increasing attention as an effective formative assessment strategy. Peer feedback refers to a
process in which learners provide and receive feedback on each other’s work or thinking with
the aim of enhancing understanding and performance (HoSpesova et al., 2022; Husband &
Nikfarjam, 2022). In mathematics classrooms, peer feedback allows students to exchange ideas,
discuss errors, and compare problem-solving strategies, thereby fostering deeper conceptual
understanding.

For pre-service teachers of mathematics, peer feedback holds particular importance. As
learners, they benefit from engaging with diverse perspectives and reflecting on their own
mathematical reasoning. As future teachers, their experiences with peer feedback shape their
beliefs and practices regarding assessment and feedback in their future classrooms. This dual
role aligns with social constructivist perspectives, which emphasize that knowledge is
constructed through social interaction, discussion, and shared meaning-making (Jaworski,
2024; Rytild, 2021). From this viewpoint, peer feedback serves as a social learning tool that
supports collaborative reasoning and the co-construction of mathematical knowledge.

Despite its potential benefits, learning mathematics remains challenging for many
students. Research consistently reports that difficulties in mathematics are often related to
conceptual understanding, problem-solving skills, and attitudes toward the subject (Lagria &
Panares, 2023; Mangarin & Caballes, 2024). These challenges may lead to low confidence,
reduced motivation, and disengagement from learning. In such contexts, peer feedback can
function as a supportive mechanism that helps learners recognize errors, clarify concepts, and
develop alternative solution strategies in a less threatening environment than teacher-dominated
feedback (Vanoli & Luebeck, 2021).

However, the effectiveness of peer feedback largely depends on how it is perceived by
learners. Students’ perceptions of feedback, whether it is viewed as useful, understandable, and
supportive, strongly influence whether they engage with and act upon the feedback provided
(Van der Kleij & Lipnevich, 2021). Studies indicate that positive perceptions of feedback are
associated with higher levels of motivation, engagement, and feedback use, whereas negative
perceptions may hinder learning even when feedback is available (Kyaruzi et al., 2019;
Soderstrom et al.,, 2024). Therefore, understanding learners’ perceptions is essential for
maximizing the benefits of feedback practices.

In mathematics education, perceptions of peer feedback may be shaped by individual
characteristics such as mathematical ability, confidence, and prior learning experiences. Vattay
and Gamlem (2024) found that peer feedback practices can raise awareness of learning goals,
enhance self-monitoring and self-efficacy, and promote enjoyment in learning mathematics. At
the same time, peer feedback may also generate anxiety, particularly when students doubt their
own mathematical competence. These mixed experiences highlight the importance of
examining how learners perceive peer feedback, especially among pre-service teachers who are
still developing both mathematical understanding and professional identity.

Moreover, advances in educational practice have introduced various feedback channels,
including written feedback, oral discussion, and technology-mediated feedback. Research
suggests that students may have different preferences for feedback modes, such as text-based,
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video-based, or face-to-face peer feedback, each offering distinct affordances and limitations
(Chow, 2024). Li et al., 2020; Li et al., 2024 emphasize that students’ perceptions of feedback
effectiveness significantly influence participation and learning outcomes. Consequently,

investigating perceptions of peer feedback in mathematics learning remains a relevant and
timely endeavor.

Although feedback and peer feedback have been widely studied across disciplines,
research focusing specifically on pre-service teachers’ perceptions of peer feedback in
mathematics classroom learning remains limited. This gap is notable given that pre-service
teachers’ experiences as learners often inform their future instructional practices.
Understanding how they perceive peer feedback can provide valuable insights into how
feedback strategies can be designed to support both their current learning and their professional
development as future mathematics teachers.

Based on these considerations, this study aims to explore the perceptions of pre-service
teachers of mathematics regarding peer feedback in classroom learning. By examining how
they perceive the usefulness, influence, and challenges of peer feedback, this study seeks to
contribute to a deeper understanding of peer feedback practices in mathematics education. The
findings are expected to inform the design of more effective, collaborative, and learner-centered
feedback strategies that support both mathematical understanding and the development of
future teachers’ pedagogical competence.

METHOD

Research Design

This study employed a quantitative descriptive research design to examine pre-service
teachers’ perceptions of peer feedback in mathematics classroom learning. A quantitative
descriptive approach was considered appropriate because it allows researchers to systematically
describe participants’ perceptions based on numerical data and to present an overall profile of
how peer feedback is perceived in learning mathematics. The study did not aim to test causal
relationships but rather to capture participants’ views and experiences with peer feedback as
they naturally occurred during the learning process.

Participants

The participants of this study were 20 pre-service teachers of mathematics enrolled in
undergraduate teacher education programs at several Lambung Mangkurat University,
Indonesia. Participants were selected using simple random sampling to ensure that each
member of the population had an equal opportunity to be included, thereby reducing selection
bias and increasing the representativeness of the sample. All participants had experienced peer
feedback activities as part of their mathematics learning for one academic semester, enabling
them to respond to the research instrument based on direct and meaningful learning experiences.

Instrument and Data Collection

Data were collected using a closed-ended questionnaire designed to measure participants’
perceptions of peer feedback in mathematics learning. The questionnaire consisted of 35
statements grouped into seven indicators, which reflected key dimensions of peer feedback such
as perceived usefulness, clarity, engagement, motivation, collaboration, self-reflection, and
learning support. Responses were measured using a four-point Likert scale, ranging from
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strongly disagree (1) to strongly agree (4), to avoid neutral responses and encourage participants
to express a clear perception.

The questionnaire was distributed online using Google Forms and administered over a
period of one month. Prior to distribution, participants were informed about the purpose of the
study and assured of the confidentiality and anonymity of their responses. Participation was
voluntary, and informed consent was obtained from all respondents.

Data Analysis

The collected data were analyzed using descriptive statistical techniques. The analysis
involved organizing the data, calculating frequencies, percentages, and mean scores for each
indicator, and interpreting the results to describe overall trends in participants’ perceptions of
peer feedback in mathematics learning. The findings were presented in tabular and narrative
forms to provide a clear and comprehensive overview of the data. The results of the analysis
were used to draw conclusions regarding how pre-service teachers perceive peer feedback and
its role in supporting mathematics classroom learning.

RESULTS AND DISCUSSION

This study aimed to describe pre-service teachers’ perceptions of peer feedback in
mathematics classroom learning. Data were collected using a questionnaire consisting of 35
statements grouped into seven indicators and analyzed using descriptive statistics. The results
are presented in the form of percentages to illustrate the distribution of participants’ responses
across each indicator.

Overall, the findings indicate that pre-service teachers demonstrated positive perceptions
of peer feedback in mathematics learning. Most participants agreed or strongly agreed with
statements related to the usefulness, engagement, and motivational aspects of peer feedback.
To provide a clearer overview, Table 1 presents the percentage distribution of students’
responses for each indicator.

Table 1. Percentage of Student Questionnaire Results on Peer Feedback in Mathematics Learning

Strongl . Strongl
Indicator Mean Agrfey A(g)/ree Dls(z)ngree Disag;g'ez
(%) 0) (%) (%)
Perceived usefulness of peer feedback 3.35 45 40 10 5
Clarity of peer feedback 3.30 40 45 10 5
Learning engagement 3.45 50 35 10 5
Learning motivation 3.40 48 37 10 5
Collaboration and communication 3.50 52 33 10 5
Self-reflection and self-regulated learning 3.38 46 39 10 5
Peer feedback as learning support 3.45 50 35 10 5

Note. Mean scores range from 1 (strongly disagree) to 4 (strongly agree).

The results presented in Table 1 indicate that pre-service teachers generally hold positive
perceptions of peer feedback in mathematics classroom learning. Across all indicators, the
majority of participants selected “agree” or “strongly agree”, with mean scores ranging from
3.30 to 3.50, reflecting overall favorable perceptions. These findings demonstrate that peer
feedback is not only understood as a procedural task but also recognized as a meaningful
mechanism for supporting learning.
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Table 2. Interpretation of Mean Scores

Mean Score Range Interpretation
1.00-1.75 Very Negative
1.76 — 2.50 Negative
2.51-3.25 Positive

3.26 —4.00 Very Positive

The mean scores of all indicators were interpreted according to the predefined scale,
where 1.00-1.75 indicates a very negative perception, 1.76-2.50 indicates a negative
perception, 2.51-3.25 indicates a positive perception, and 3.26—4.00 indicates a very positive
perception. All indicators in this study received mean scores above 3.30, placing them in the
“very positive” category. This suggests that pre-service teachers perceive peer feedback as
highly beneficial across multiple dimensions of mathematics learning, including conceptual
understanding, clarity, engagement, motivation, collaboration, self-reflection, and overall
learning support. The consistently high scores indicate that participants consider peer feedback
to be an effective, actionable, and meaningful learning tool. These results confirm that
structured and guided peer feedback not only complements lecturer support but also actively
contributes to cognitive, affective, and social aspects of learning, fostering a supportive
environment where learners can reflect, collaborate, and engage deeply with mathematical
content. Overall, the interpretation of mean scores reinforces the conclusion that peer feedback
is perceived positively and plays a critical role in enhancing both learning outcomes and student
experiences in mathematics education.

Perceived Usefulness and Clarity of Peer Feedback

The indicators of perceived usefulness and clarity of peer feedback received consistently
positive ratings from pre-service teachers. For perceived usefulness, 45% of participants
selected “Strongly Agree” and 40% “Agree”, yielding a mean score of 3.35. This indicates that
the majority of participants regarded peer feedback as an effective tool for identifying errors,
clarifying misconceptions, and enhancing mathematical reasoning. By engaging with peers’
perspectives, learners are able to compare solutions, recognize alternative approaches, and
refine their conceptual understanding. These findings are in line with Husband and Nikfarjam
(2022), who highlight that peer feedback supports learners in connecting their own reasoning
with others’ ideas, thereby strengthening both cognitive and collaborative dimensions of
learning.

Table 3. Pre-Service Teachers’ Ratings of the Usefulness and Clarity of Peer Feedback

Strongly
Indicator Agree A%ree Mean Key Insights
(%) (%)  Score
(1]

Perceived 45% 40% 3.35 Majority viewed peer feedback as effective for

Usefulness identifying errors, clarifying misconceptions, and
enhancing mathematical reasoning. Comparing peers’
solutions helped refine conceptual understanding.

Clarity of 40% 45% 3.30 Feedback was understandable, relevant, and actionable,

Feedback enabling participants to apply suggestions effectively.
Clear feedback supports accurate interpretation of
mathematical concepts and procedures.
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Similarly, the clarity of peer feedback received strong support, with 40% “Strongly
Agree” and 45% “Agree” (mean = 3.30). Participants indicated that peer comments were
understandable, relevant, and actionable, enabling them to apply suggestions effectively to
improve their mathematical work. Clear and specific feedback is particularly important in
mathematics, where abstract concepts and procedural skills must be accurately interpreted
(Hospesova et al., 2022). The findings suggest that clarity enhances the usability of feedback,
allowing learners to engage meaningfully with the content rather than relying solely on
prescriptive instructions. Overall, these results confirm that peer feedback, when perceived as
both useful and clear, functions as a substantive learning scaffold, supporting both conceptual
comprehension and independent problem-solving in mathematics classrooms.

Conceptual Understanding and Mastery

Indicators related to conceptual understanding and mastery were among the most
positively rated, with 50% of participants selecting “Strongly Agree” and 35% “Agree” (mean
= 3.45), indicating that peer feedback substantially contributed to their comprehension of
mathematical concepts. These findings suggest that peer feedback facilitates active cognitive
engagement, encouraging students to analyze problems critically, articulate reasoning, and
evaluate both their own and their peers’ approaches. By fostering discussion and comparison
of solution strategies, peer feedback enables learners to construct knowledge collaboratively,
aligning with social constructivist perspectives that view learning as an interactive and
negotiated process within a learning community (Jaworski, 2024; Rytild, 2021).

Moreover, participants reported that receiving structured and timely feedback helped
them identify conceptual gaps and misconceptions, thereby reinforcing mastery of
mathematical content. This aligns with Husband and Nikfarjam (2022) and Vanoli and Luebeck
(2021), who argue that peer feedback enhances understanding through reflection and dialogue.
Meta-analytic evidence further supports these outcomes, showing that feedback interventions
can significantly improve cognitive dimensions of learning in mathematics, particularly in tasks
requiring reasoning, problem-solving, and conceptual engagement (Li et al., 2024; Wisniewski
etal., 2020). Overall, the results highlight that peer feedback is not merely corrective but serves
as a scaffold for deeper understanding and sustained conceptual mastery in mathematics
learning.

Learning Engagement and Motivation

The indicators of learning engagement and motivation also received notably high positive
ratings. For learning engagement, 50% of participants selected “Strongly Agree” and 35%
“Agree” (mean = 3.45), while learning motivation received 48% “Strongly Agree” and 37%
“Agree” (mean = 3.40). These findings indicate that peer feedback not only promotes active
participation but also sustains students’ interest, effort, and persistence in mathematics learning.
By providing opportunities to discuss solutions, justify reasoning, and receive alternative
perspectives, peer feedback cultivates an interactive learning environment that encourages
students to remain cognitively and emotionally engaged.

This outcome aligns with Vattey and Gamlem (2024), who reported that peer feedback
enhances self-efficacy, goal awareness, and intrinsic motivation, leading to stronger
commitment to learning tasks. The results also reflect social constructivist principles, which
posit that knowledge is co-constructed through dialogue, negotiation, and shared problem-
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solving within a community of learners (Jaworski, 2024; Rytild, 2021). In this context, peer
feedback functions as both a cognitive and motivational scaffold, encouraging learners to reflect
critically on their work, monitor progress, and persist in challenging tasks (Husband &
Nikfarjam, 2022; Vanoli & Luebeck, 2021). Overall, the findings suggest that peer feedback
supports not only conceptual learning but also active engagement and motivational drive,
which are essential for sustained achievement in mathematics.

Collaboration and Communication

The Collaboration and Communication indicator received the highest mean score of 3.50,
with 52% of participants selecting “Strongly Agree” and 33% “Agree”. These results indicate
that peer feedback is particularly effective in fostering interaction, dialogue, and collaborative
learning among pre-service teachers. Participants reported that exchanging ideas with peers not
only clarified mathematical concepts but also encouraged critical evaluation of different
solution strategies. This supports the notion that peer feedback functions as a social learning
scaffold, enabling learners to co-construct knowledge through discussion and negotiation.

These findings align with social constructivist principles, which emphasize that learning
is a socially mediated process where understanding emerges through shared reasoning and
collaborative problem-solving (Jaworski, 2024; Rytild, 2021). By engaging in collaborative
dialogues, students can articulate their reasoning, identify misconceptions, and explore
alternative approaches to mathematical problems. This process deepens conceptual
understanding and enhances mastery of content, particularly for tasks that require abstract
thinking and complex reasoning (Husband & Nikfarjam, 2022; HoSpesova et al., 2022).

Moreover, the high positive response in this indicator suggests that peer feedback
strengthens students’ sense of learning community, promotes accountability, and encourages
active participation. Collaborative engagement through peer feedback thus not only improves
cognitive outcomes but also enhances communication skills, peer interaction, and collective
problem-solving, which are essential for effective mathematics learning.

Self-Reflection and Self-Regulated Learning

The Self-Reflection and Self-Regulated Learning indicator received positive responses,
with 46% of participants selecting “Strongly Agree” and 39% “Agree” (mean = 3.38). These
results indicate that peer feedback plays a significant role in fostering students’ self-evaluation,
metacognitive awareness, and responsibility for their own learning. By reflecting on peer
comments, students are able to identify strengths and weaknesses, adjust their strategies, and
plan subsequent steps in problem-solving activities, which is essential for developing effective
self-regulated learning behaviors.

This finding aligns with Nicol and Macfarlane-Dick (2006), who argue that high-quality
feedback supports learners in monitoring their progress, making informed decisions, and taking
corrective actions to improve performance. Participants reported that engaging with peer
feedback encouraged them to analyze errors, manage effort, and refine reasoning processes,
particularly in tasks involving conceptual understanding and mathematical problem-solving
(Henderson et al., 2021; Vattoy & Gamlem, 2024).

Moreover, peer feedback serves not only as an external input but also as a catalyst for
reflective thinking, enabling learners to internalize standards of quality and self-assess their
work in relation to peers’ perspectives. By supporting both reflection and action, peer feedback
contributes to enhanced self-regulation, autonomy, and cognitive growth, reinforcing the view
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that collaborative feedback is integral to promoting sustained learning outcomes in mathematics
classrooms.

Peer Feedback as Learning Support

The Peer Feedback as Learning Support indicator received positive responses, with 50%
of participants selecting “Strongly Agree” and 35% “Agree”, resulting in a mean score of 3.45.
These findings indicate that pre-service teachers perceive peer feedback as an effective
supplement to lecturer guidance, reinforcing learning without replacing instructor input. Peer
interactions provide additional opportunities for discussion, clarification, and reflection,
allowing learners to scaffold their own understanding and reasoning processes.

This result aligns with previous studies highlighting the dual role of peer feedback as both
a learning tool and a collaborative scaffold. Cavalcanti et al. (2021) demonstrated that
structured peer feedback in online and blended learning environments supports comprehension
and problem-solving while reducing the cognitive load on instructors. Similarly, Nurkhamidah
et al. (2024) reported that peer feedback enhances students’ ability to monitor and improve their
performance, facilitating meaningful engagement with the learning content.

Participants indicated that peer feedback helped them identify misconceptions, compare
approaches, and reinforce conceptual understanding, complementing the formal guidance
provided by lecturers. By encouraging active participation and self-directed learning, peer
feedback promotes autonomy, critical thinking, and collaborative problem-solving, which are
essential for mastering complex mathematical concepts (Husband & Nikfarjam, 2022; Vanoli
& Luebeck, 2021). Overall, the findings confirm that peer feedback functions as a valuable
instructional support mechanism, enhancing both cognitive and metacognitive aspects of
mathematics learning while strengthening the overall classroom learning environment.

Overall Interpretation

Although a small proportion of participants (approximately 10% “Disagree” and 5%
“Strongly Disagree” across most indicators) expressed reservations, the overall trend indicates
that peer feedback is perceived as highly beneficial, clear, and supportive of mathematics
learning among pre-service teachers. Participants consistently acknowledged that peer feedback
enhances conceptual understanding and mastery, tosters collaboration and communication,
strengthens motivation and engagement, and promotes self-reflection and self-regulated
learning. These perceptions align with meta-analytic evidence demonstrating that peer
feedback positively impacts cognitive dimensions of learning, particularly in mathematics,
where reasoning and conceptual engagement are critical (Li et al., 2024; Wisniewski et al.,
2020).

The findings also reinforce the principle that feedback is most effective when it is specific,
actionable, and socially mediated (Henderson et al., 2021; Vattoy & Gamlem, 2024). Peer
feedback enables learners to articulate reasoning, compare approaches, identify
misconceptions, and engage in collaborative problem-solving, consistent with social
constructivist perspectives (Jaworski, 2024; Rytild, 2021). Moreover, participants recognized
that peer feedback complements lecturer guidance, providing structured opportunities for
learning without overburdening instructors (Cavalcanti et al., 2021; Nurkhamidah et al., 2024).

Given the complexity of mathematics, which often involves abstract concepts, procedural
demands, and problem-solving challenges (Lagria & Pafares, 2023; Mangarin & Caballes,
2024), peer feedback serves as an important scaffolding strategy. It encourages students to
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engage in productive struggle, co-construct understanding, and reflect on their learning
processes (HoSpesova et al., 2022; Li et al., 2024). By fostering cognitive, motivational, and
social growth simultaneously, peer feedback contributes to a holistic learning environment in
which pre-service teachers develop both mastery of content and the skills to engage in self-
directed and collaborative learning.

CONCLUSION

This study demonstrates that structured and guided peer feedback is a highly effective
pedagogical approach in mathematics learning for pre-service teachers. Participants
consistently perceived peer feedback as clear, meaningful, and actionable, enhancing
conceptual understanding and mastery of mathematical concepts. In addition to cognitive
benefits, peer feedback promoted learning engagement, motivation, collaboration, and self-
regulated learning, fostering an active, reflective, and socially interactive learning environment.
The results indicate that peer feedback enables learners to articulate reasoning, compare
solutions, identify misconceptions, and engage in productive struggle, supporting deeper
understanding and the development of problem-solving skills. These findings align with social
constructivist theory, which emphasizes that knowledge emerges through interaction,
negotiation, and shared meaning-making within a learning community.

The study further highlights the importance of integrating peer feedback with lecturer
guidance, ensuring that learners receive scaffolding without diminishing their agency or
overloading instructors. Systematically structured feedback activities allow students to monitor
their progress, reflect on strengths and weaknesses, and internalize strategies for mastering
mathematical tasks. This dual focus on cognitive and socio-affective dimensions demonstrates
that peer feedback not only strengthens mastery of content but also cultivates essential skills
for self-directed, collaborative, and reflective learning. In conclusion, peer feedback represents
a strategically significant instructional tool in mathematics education, enhancing learning
outcomes while complementing teacher facilitation and fostering the holistic development of
pre-service teachers as competent and reflective future educators.
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