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ABSTRACT

Peer assessment has gained wider attention as a formative practice in mathematics education. Recent studies
describe peer review as a process that deepens reflection during classroom assessment. The approach allows
learners to examine peer responses, discuss errors, and apply shared judgement criteria. This review article examines
how peer assessment contributes to mathematics learning outcomes among secondary school students. Attention is
directed to mathematics test scores, problem solving ability, computational accuracy, and procedural correctness. The
review also considers feedback exchange, learner interaction, and assessment criteria as supporting classroom
processes. A structured review procedure was used to identify, screen, and synthesize relevant literature for the article.
The reviewed evidence suggests that peer assessment can support improvement across several mathematics
outcomes. However, the strength of this contribution depends on how carefully the practice is organized in classrooms.

Keywords: Peer assessment; mathematics learning outcomes; mathematics test scores; problem solving ability;

computational accuracy

INTRODUCTION

Mathematics remains one of the core school subjects
because it supports reasoning and disciplined thinking
among learners. Recent literature shows that
mathematics learning strengthens analytical judgement
in classroom and daily contexts (Arthur et al., 2024).
The subject also builds a foundation for science,
technology, and numeracy based decision making in
later education. Other authors note that mathematical
learning supports interpretation of quantities, patterns,
and relationships during school tasks (Biton, 2025c).
These abilities are important because they extend
beyond examination performance into wider academic
and social life. Strong mathematics learning also
prepares learners for complex study demands in
advanced levels of education (Chang et al., 2021). For
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this reason, mathematics continues to occupy a central
place in secondary school curricula. This importance
makes persistent weakness in mathematics learning a
serious educational concern.

Despite this importance, many secondary school
students continue to experience weak mathematics
learning outcomes across different contexts. Studies
report that many learners struggle to reach expected
levels of understanding in mathematics classrooms
(Pericleous et al., 2025). Difficulties often appear when
students are required to solve unfamiliar problems or
explain their reasoning clearly. Related work shows that
learners face challenges when applying concepts in
classroom exercises and written tasks (Patchan et al.,
2022). These problems are reflected in weak
confidence, low persistence, and reduced readiness for
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advanced study. Other studies further indicate that
students frequently make avoidable computational
errors during mathematics activities (Mawak & Odulum,
2024). When such weaknesses persist, they limit both
academic progression and sustained interest in the
subject. This pattern creates a strong need for
classroom practices that can improve mathematics
learning outcomes.

In response to this concern, schools have increasingly
turned to learner centred approaches within
mathematics teaching and assessment. Current
evidence indicates that learner centred classrooms
encourage active participation during the learning
process (Arthur et al., 2024). These approaches invite
students to discuss ideas, test interpretations, and
construct understanding through direct engagement.
Other studies connect such engagement with improved
conceptual clarity and stronger involvement in lesson
activities (Baiduri, 2022). Classroom interaction also
gives learners opportunities to explain methods and
compare ways of solving problems. Research further
links learner interaction with stronger academic
performance during cooperative mathematics tasks
(Biton, 2025a). These benefits explain why teachers
continue to explore participatory assessment practices
in mathematics lessons. Within this broader movement,
peer assessment has emerged as one important
classroom strategy.

Peer assessment has gained attention because it
moves learners from passive reception toward active
academic  judgement. Research shows that
participation in peer review improves awareness of
evaluation standards and expected quality (Ayalon &
Wilkie, 2021). In this process, students review peer
responses by using agreed criteria or teacher guided
expectations. Other studies show that peer evaluation
can improve clarity of assessment criteria during
mathematics activities (Chang et al., 2021). Learners
therefore examine solutions, compare methods, and
identify strengths or errors in presented work.
Interaction during peer review has also been linked with
improved reasoning processes among mathematics
learners (Veuillez-Mainard & Modeste, 2023). These
features make peer assessment more than a marking
exercise because it creates a learning opportunity. That
opportunity has important implications for mathematics
learning outcomes in secondary schools.

Peer assessment also functions as a social learning
process through which students exchange feedback
and negotiate meaning. Studies explain that feedback
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exchange helps learners identify mistakes and refine
understanding of mathematical ideas (Panadero et al.,
2022). Comments from peers can guide revision,
encourage comparison, and draw attention to expected
solution quality. Scholars further note that reviewing
peer work promotes deeper cognitive processing during
mathematical tasks (Double et al., 2020). This deeper
processing occurs because students must judge
responses rather than simply produce answers. The
use of shared assessment criteria also supports
consistency and fairness during peer judgement
activities (Tai et al., 2023). Together, these processes
connect peer assessment with better reasoning,
correction, and reflective learning. Such links justify
closer review of how peer assessment contributes to
mathematics learning outcomes.

Although peer assessment is widely discussed, the
reported outcomes are often described in broad and
general terms. Several studies associate peer
assessment with better mathematics performance
without specifying clear outcome measures (Patchan et
al., 2022). This makes it difficult to determine exactly
what aspect of learning improves through peer
evaluation. Other accounts report positive achievement
patterns but do not separate test performance from
broader classroom improvement (Biton, 2025c).
Without clearer outcome indicators, the practical value
of peer assessment remains harder to interpret. Further
literature also shows variation in reported effectiveness
across different classroom settings (Zulliger et al.,
2022). These weaknesses create the need for a more
organized review of evidence around distinct learning
outcomes. This article responds by focusing on
measurable dimensions of mathematics learning.

The present article is written as a review paper that
aligns its structure with a journal style model. Review
literature emphasizes that systematic organization
strengthens clarity and trust in scholarly synthesis
(Onwuegbuzie & Frels, 2016). For that reason, the
discussion is organized around clear sections that
move from background to findings. Methodological
guidance also stresses explicit identification, selection,
and synthesis of included studies (Moher et al., 2010).
The article therefore combines conceptual discussion
with a structured review procedure and thematic
analysis. Reporting guidance further encourages
transparent presentation of search, screening,
extraction, and interpretation processes (Page et al.,
2021). This structure helps the reader follow how
evidence was assembled and interpreted across the
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article. It also prepares the ground for a focused
discussion of mathematics learning outcomes.
Purpose of Study

This review article examines how peer assessment
contributes to mathematics learning outcomes among
secondary school students. Existing literature often
reports improvement in performance without identifying
specific outcome dimensions clearly (Pericleous et al.,
2025). That tendency leaves uncertainty about what
exactly changes when peer assessment is used in
mathematics classrooms. Other studies discuss gains
in achievement but give limited attention to task based
evidence of change (Mawak & Odulum, 2024). The
present review therefore concentrates on four outcome
areas that can be discussed in clearer terms. Relevant
literature also suggests that these areas are influenced
by feedback, learner interaction, and assessment
criteria (Panadero et al., 2022). The review focuses on
test scores, problem solving ability, computational
accuracy, and correct mathematical procedures. This
focus offers a clearer basis for interpreting the
contribution of peer assessment in mathematics
learning.

Conceptual Framework

The conceptual framework of this article views peer
assessment as an interactive classroom process that
connects judgement with learning. Feedback exchange
is central because it helps learners recognize mistakes
and improve responses (Panadero et al., 2022). Within
this process, students comment on peer work, explain
corrections, and suggest ways of improving solutions.
Learner interaction is also important because
discussion strengthens clarification and shared
interpretation of mathematics ideas (Double et al.,
2020). These interactions allow students to compare
methods and internalize standards of acceptable
mathematical work. Assessment criteria complete the
framework by guiding judgement through explicit
expectations and fair comparison (Tai et al., 2023).
Together, these elements connect peer assessment
with stronger understanding, correction, and reflective
engagement during tasks. The framework therefore
links classroom review practices with measurable
mathematics learning outcomes.

METHODOLOGY

Sources and Search Procedures
The search process followed a structured procedure
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aimed at identifying relevant studies on peer
assessment and mathematics learning outcomes. The
process began with a keyword search conducted
across academic databases and journal repositories.
Keywords used in the search included peer
assessment, mathematics achievement, problem
solving ability, computational accuracy, and secondary
students. These terms were combined in different ways
to capture a wide range of related studies. The initial
search yielded a total of 58 records. All identified
records were compiled into a single list for screening.
No duplicate records were identified at this stage. The
screening process then involved reviewing titles and
abstracts to determine relevance to the focus of the
review. During this stage, 27 records were excluded
because they did not address mathematics learning
outcomes or did not involve peer assessment.

The remaining 31 articles were subjected to full-text
assessment. Each article was carefully examined to
determine whether it met the inclusion criteria. During
this stage, 14 articles were excluded because they
lacked sufficient focus on the identified outcome areas
or did not provide adequate detail on peer assessment
processes. The final stage resulted in 17 studies that
were considered suitable for inclusion in the review.
This process ensured that only relevant and focused
studies were retained for analysis. The review process
has been illustrated in figure 1.

Data Extraction

After the selection of studies, data extraction was
conducted in a systematic manner. Each article was
reviewed in detail to identify key information relevant to
the purpose of the review. Information extracted
included the focus of the study, the context in which it
was conducted, and the main findings related to peer
assessment. Attention was also given to how peer
assessment was implemented in each study. This
included identifying the form of assessment used, the
nature of feedback, and the role of learners during the
evaluation process. Extracted data were recorded in a
structured format to allow comparison across studies.
The extracted information was then organized
according to the four outcome areas guiding the review.
These included mathematics test scores, problem
solving ability, computational accuracy, and correct
mathematical procedures. This organization supported
consistency in the subsequent analysis.
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Identification

Records identified through database searching
(n=58)

l

Screening
Records screened Records excluded based on
(n=58) title and abstract (n = 27)

l

Eligibility

Full-text articles assessed
for eligibility (n = 31)

Full-text articles excluded
(n=14)

!

Included

Studies included in the final review (n = 17)

Figure 1. Summary of the search and screening procedure

Data Analysis

The analysis followed a thematic approach based on
the identified outcome areas. Extracted data were
grouped into themes corresponding to the four areas of
interest. Within each theme, findings from different
studies were examined and compared to identify
patterns. The analysis focused on identifying both
supportive and contrasting evidence across the studies.
Similar findings were grouped together to highlight
consistent patterns, while differences were examined to
understand variation in results. Attention was also given
to conditions under which peer assessment appeared
to be effective or less effective. The process further
involved linking findings across themes to provide a
comprehensive understanding of the contribution of
peer assessment. This approach allowed the review to
present a coherent synthesis of evidence. The analysis
therefore produced a structured interpretation of how
peer assessment influences mathematics learning
outcomes.

Data Extraction
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used in the review article

Each selected study was read carefully so that
comparable information could be extracted across the
review. Methodological guidance states that extraction
should capture the features most relevant to the review
question (Hallinger, 2014). Attention was given to study
focus, context, reported outcomes, and the classroom
processes discussed. Critical appraisal work also
emphasizes the need for extraction that is clear enough
to support reliable synthesis (Hong & Pluye, 2019).
Special emphasis was placed on evidence about test
scores, problem solving, computational accuracy, and
procedural correctness. Review tools further
recommend attention to conceptual and methodological
details that explain reported findings (Rouleau et al.,
2023). Evidence on feedback, interaction, and criteria
was also extracted because these processes recur
across the literature. This stage produced an organized
evidence base for thematic interpretation in the article.
Data Analysis

The extracted studies were analyzed through thematic
synthesis in line with the purpose of the review. Review
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scholars explain that synthesis should organize
evidence around concepts that answer the guiding
question (Hallinger, 2014). The analysis therefore
grouped the literature according to the four
mathematics learning outcomes under review.
Transparent synthesis also helps reveal recurring
patterns, tensions, and uncertainties across selected
studies (Hong & Pluye, 2019). Within each theme, the
discussion considered supportive evidence, weak
areas, and conditions affecting reported results.
Methodological commentary further notes that
interpretation becomes stronger when similarities and
contrasts are both examined (Rouleau et al., 2023). The
final discussion then connected these patterns to the
broader idea of peer assessment as guided classroom
learning. This approach made the review coherent and
suitable for journal style presentation.

RESULTS AND DISCUSSIONS

The reviewed literature reveals several recurring
patterns regarding peer assessment and mathematics
learning outcomes. Many studies link peer assessment
with measurable improvement in specific mathematics
related indicators (Pericleous et al., 2025). At the same
time, the evidence also shows variation in strength,
clarity, and classroom conditions. Other studies caution
that positive outcomes depend on how the assessment
process is implemented and guided (Zulliger et al.,
2022). The discussion below therefore presents both
the positive contribution and the conditions surrounding
that contribution. Related literature further suggests that
feedback quality and assessment criteria influence the
depth of improvement (Panadero et al., 2022). The
findings are organized under headings that reflect the
major mathematics outcomes reviewed in the article.
This arrangement allows the evidence to be interpreted
in a more focused and useful way.

Mathematics Test Scores

A major pattern in the reviewed literature is the
association between peer assessment and better
mathematics test scores. Studies report that rubric
guided peer review can improve mathematics
outcomes among learners in classroom settings
(Pericleous et al.,, 2025). When students examine
responses closely, they become more aware of correct
answers and expected performance standards. Other
literature also identifies a positive relationship between
peer assessment scores and formal examination
results (Biton, 2025c). This suggests that peer review
can support stronger preparation for assessed
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mathematics tasks. Peer supported evaluation has
likewise been linked with improvement in mathematics
related performance measures (Patchan et al., 2022).
These repeated patterns indicate that peer judgement
may contribute to stronger test related achievement.
The evidence therefore supports a positive connection
between peer assessment and mathematics test
scores.

A further issue concerns how peer assessment
strengthens test performance through repeated
engagement with response quality. Studies on
sustained participation show that repeated assessment
involvement can improve academic achievement over
time (Baiduri, 2022). When learners review several
responses, they become better at recognizing accurate
work and weak reasoning. Other studies also note that
repeated attention to criteria can strengthen alignment
between judgement and performance (Chang et al.,
2021). This repeated practice appears to improve
preparedness for tests because learners internalize
expectations gradually. Related evidence further
associates peer review with improvement in
mathematics tasks that resemble examination
demands (Mawak & Odulum, 2024). Such improvement
is important because it links classroom interaction with
visible academic results. Repeated peer assessment
may therefore strengthen test performance through
continued comparison and correction.

Even so, literature on test scores also reveals some
caution that must be considered during interpretation.
Several studies discuss performance gains broadly
while offering limited detail about the exact measures
used (Patchan et al., 2022). This makes it difficult to
judge how large the contribution to test performance
really is. Other authors report that weak learner
feedback can reduce the value of peer review activities
(Panadero et al., 2022). When comments are too brief,
students may not know how to revise or improve future
answers. Variation in classroom conditions has likewise
been associated with uneven assessment outcomes
across settings (Zulliger et al., 2022). These cautions
do not remove the positive pattern, but they qualify its
strength and consistency. Test score gains remain
promising, yet they depend on how well peer
assessment is organized.

Problem Solving Ability

The reviewed literature also shows a meaningful
connection between peer assessment and problem-
solving ability in mathematics. Studies indicate that
learner centered assessment can support improvement
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in mathematical problem solving processes (Ukobizaba
et al., 2021). Problem solving improves when students
compare several solution paths rather than relying on
one familiar approach. Other work links interaction
during peer review with stronger reasoning and
explanation during mathematics activity (Veuillez-
Mainard & Modeste, 2023). Through such interaction,
learners begin to notice why certain procedures work
better in specific problems. Research further associates
evaluation of peer work with deeper engagement in
mathematical tasks and ideas (Biton, 2025a). These
features show that peer assessment can open space
for richer mathematical reasoning. The evidence
therefore supports a positive contribution to students'
problem solving ability.

Another important pattern concerns the role of
comparison in shaping problem solving during peer
assessment. Studies report that discussing alternative
approaches can strengthen engagement with
mathematical reasoning (Husband & Nikfarjam, 2022).
Students benefit when they observe that the same
problem may be solved through different, yet valid,
methods. Other literature also links analysis of peer
solutions with improved reasoning processes during
task completion (Veuillez-Mainard & Modeste, 2023).
This comparison widens learners' understanding of
strategy choice and helps them reflect on efficiency.
Related research further associates evaluation of
different strategies with improved analytical thinking in
mathematics settings (Brignell et al., 2019). Such
experiences are valuable because problem solving
depends on flexible thinking rather than memorized
steps alone. Peer assessment can therefore strengthen
problem solving by exposing learners to multiple
solution strategies.

At the same time, some uncertainty remains regarding
the measurement of problem solving improvement
across studies. Several authors discuss reasoning
growth without specifying how problem solving ability
was measured in practice (Baiduri, 2022). This makes
comparison across studies more difficult and weakens
precision in interpretation. Other reports also
emphasize reflective thinking while giving less attention
to observable task performance (Mgllersen & Micheron,
2025). As a result, the literature sometimes shows
cognitive improvement more clearly than measurable
outcomes. Variation in reported effects has also been
noted across classrooms using different assessment
arrangements (Arthur et al., 2024). These limits suggest
the need for careful reading of positive claims about
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problem solving gains. Even so, the overall trend still
points to a meaningful contribution of peer assessment.
Accuracy in Mathematical Computations

The literature further indicates that peer assessment
can contribute to accuracy in mathematical
computations. Studies have reported close alignment
between peer generated scores and teacher scores in
mathematics tasks (Chang et al., 2021). That alignment
suggests that learners can recognize correct and
incorrect calculations with reasonable consistency.
Other research also shows stable scoring patterns
when peer assessment is conducted under structured
classroom conditions (Zulliger et al., 2022). Such
stability matters because computational accuracy
depends on attention to detail and careful correction of
errors. Related studies also associate engagement in
peer assessment with improved academic correctness
in mathematics work (Mawak & Odulum, 2024). These
findings support the view that peer review can
strengthen accuracy during classroom computation.
The contribution appears especially relevant where
learners repeatedly check and revise each other's work.
Accuracy may improve because peer assessment
requires students to notice mistakes that might pass
unnoticed in individual work. Research suggests that
feedback exchange draws attention to errors and
supports  revision of mathematical responses
(Panadero et al.,, 2022). When students explain
corrections, they become more aware of the steps that
produced an inaccurate answer. Other studies also link
identification of knowledge gaps with peer interaction
during mathematics learning (Mgllersen & Micheron,
2025). This process helps learners move from careless
computation toward more deliberate and checked
performance. Related work further notes that peer
engagement can improve recognition of errors during
mathematical activity (Biton, 2025a). These processes
give computational accuracy a practical route through
review, discussion, and correction. Peer assessment
can therefore strengthen accuracy by making error
detection a shared learning task.

However, improvement in computational accuracy is
not automatic in every peer assessment setting. Some
studies note that learners may misjudge errors when
their own mathematical understanding remains weak
(Tai et al, 2023). This means inaccurate peer
comments can sometimes confirm rather than correct a
wrong answer. Other reports show that outcomes vary
when assessment procedures are applied unevenly or
without training (Arthur et al., 2024). Where guidance is
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limited, students may focus on final answers without
understanding the underlying calculations. Variation in
effectiveness has also been reported across
instructional settings using different peer assessment
routines (Zulliger et al., 2022). These cautions suggest
that computational gains depend on support, clarity, and
student readiness. Accuracy can improve through peer
assessment, but only when the process is carefully
guided.

Use of Correct Mathematical Procedures

Another strong theme in the literature concerns the use
of correct mathematical procedures during task solving.
Studies link engagement with peer work to stronger
attention to procedural steps in mathematics tasks
(Biton, 2025a). During review, learners examine how an
answer was reached rather than looking only at the final
result. Other research also associates awareness of
expected procedures with better judgement of solution
steps (Ayalon & Wilkie, 2021). This attention is valuable
because many mathematics tasks require correct
method as well as correct answer. Rubric guided peer
review has further been linked with improved
application of correct procedures during tasks
(Pericleous et al., 2025). These patterns show that peer
assessment can direct learners toward procedural
accuracy and discipline. The evidence therefore
supports a positive contribution to correct mathematical
procedures.

Repeated engagement with peer review may also
strengthen procedural understanding over time. Studies
on repeated participation report improvement in
achievement among learners engaged in peer and self
assessment (Baiduri, 2022). With continued exposure,
students become more familiar with the sequence and
logic of acceptable solution steps. Other literature also
reports a positive relationship between peer
assessment scores and academic performance in
mathematics (Biton, 2025c). That relationship suggests
that repeated review can help learners internalize
appropriate methods more securely. Related classroom
evidence further associates peer interaction with
improved mathematics performance among school
learners (Ngonche, 2020). These findings imply that
procedural strength develops when students repeatedly
judge how solutions are constructed. Peer assessment
may therefore support correct procedures through

repeated exposure to structured mathematical
reasoning.
Yet, the literature also shows that procedural

improvement depends strongly on the quality of
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assessment criteria. Studies indicate that clear criteria
help learners evaluate mathematical work more
consistently during peer review (Chang et al., 2021).
When criteria are vague, students may approve an
answer even when the method is incorrect. Other
authors also note that peer assessment increases
awareness of expected standards and procedures
(Ayalon & Wilkie, 2021). That awareness becomes
useful only when learners can apply it accurately during
judgement of peer solutions. Inconsistent use of criteria
has further been linked with incorrect judgement of
procedures in peer assessment (Double et al., 2020).
These limits show that procedural gains are not
automatic products of participation alone. Correct
procedures improve more convincingly when review
criteria are explicit and consistently used.
Implementation Conditions across Outcomes
Across all four outcomes, the reviewed studies show
that implementation quality influences the strength of
peer assessment effects. Several studies report limited
improvement where classroom conditions weaken the
assessment process itself (Zulliger et al., 2022). Such
conditions include weak feedback, unclear criteria,
uneven participation, and limited learner preparation.
Other studies show stronger results where learner
centred assessment is organized carefully and used
consistently (Arthur et al., 2024). This contrast suggests
that peer assessment is not effective merely because it
is introduced into a lesson. Evidence shows that good
feedback practices are necessary for meaningful peer
judgement and learning support (Panadero et al.,
2022). Implementation quality therefore acts as a bridge
between the method and the learning outcomes
discussed. Without that bridge, the contribution of peer
assessment becomes less reliable and less visible.

A related issue is that the same classroom processes
appear repeatedly across the four mathematics
outcomes reviewed. Feedback exchange is repeatedly
identified as a mechanism that improves correction and
understanding during peer assessment (Panadero et
al., 2022). Learner interaction also appears important
because discussion opens space for clarification and
shared reasoning. Other studies connect peer
interaction with stronger cognitive processing and
problem solving during mathematics learning (Double
et al., 2020). Assessment criteria form another recurring
process because they guide judgement and support
fairness in evaluation. Research further emphasizes
that criteria help learners judge peer work against
agreed academic standards (Tai et al., 2023). These
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shared processes explain why peer assessment can
influence several learning outcomes at the same time.
They also show that implementation quality must be
considered in any interpretation of the review findings.

CONCLUSION

Peer assessment remains a meaningful classroom
practice for strengthening mathematics learning
outcomes among secondary school students. The
reviewed literature supports positive links with test
scores, problem solving ability, computational accuracy,
and procedural correctness. These gains appear to

develop through feedback exchange, learner
interaction, and sustained attention to expected
standards. Students benefit when they compare

responses, explain errors, and judge work through clear
assessment criteria. The review also shows that
positive outcomes are strongest when teachers guide
the process carefully. Weak feedback, unclear criteria,
and limited preparation can reduce the value of peer
assessment activities. For that reason, peer
assessment should be treated as a guided instructional
strategy rather than a simple classroom routine. When
it is organized well, it offers practical support for
stronger mathematics learning in secondary education.
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