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Abstract
Online peer feedback has proven to be practically useful for instructors and to be useful for 
learning, especially for the feedback provider. Because students can vary widely in skill 
level, some research has explored matching reviewer and author by performance level. 
However, past research on the impacts of reviewer matching has found little effect but used 
a simple binary high–low approach, which may mask the relative benefits of performance 
matching. In the current study, we leveraged a large dataset involving three large biology 
courses implementing multiple assignments with online peer feedback. This large dataset 
enabled dividing students into four levels of relative task performance to tease apart the 
relative contributions of providing and receiving feedback within the 16 different author–
reviewer performance pairings. The results reveal that changes in task performance over 
assignments attributable to reviewing experiences vary by these finer-grained prior per-
formance distinctions. In particular, providing to students at the same performance level 
appears to be beneficial, and receiving feedback from students at the same level is help-
ful except for very low-performing students. A simulation was used to examine the com-
bined effects of receiving and providing under different algorithms for assigning reviewers 
to documents. The simulations suggest a matching algorithm will produce overall better 
outcomes than a random assignment algorithm for students at each of the four performance 
levels.
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Introduction

Peer review involves students responding to work completed in the same class (Chien 
et al., 2020; Vanhorn et al., 2019), whether the student work be essays (Oppermann et al., 
2019; Yim & Warschauer, 2017), video presentations (Min, 2016), design projects (Kim 
& Ketenci, 2019), or computer code (Seifert & Feliks, 2019; Wang & Sun, 2018). Peer 
review can involve evaluative ratings (often called peer assessment) as well as written or 
verbal comments provided to the author of the work (often called peer feedback) in-person 
or through computer-mediated forms. There are a wide number of reasons for wanting to 
include peer review in coursework. Pragmatically, particularly when implemented with 
supporting technologies, it allows for more assignments involving complex work because 
of unsustainable grading loads. More importantly, there are substantial learning benefits 
from participating in peer review as established in multiple meta-analyses (Chang et al., 
2021; Huisman et al., 2019; Li et al., 2020), especially from the aspect of students provid-
ing feedback to peers (Zong et al., 2021).

An obvious but nontrivial issue in peer review is that there can be large differences 
within a course in the foundational skills of students that can influence the quality of 
the peer reviews (e.g., review length, rating accuracy, helpfulness for revision). Students 
often voice concerns that their peers are not competent enough to provide useful feedback 
(Shang, 2022), and that grading should be the instructor’s task (Adachi et al., 2018; Daw-
son et al., 2019). Indeed, studies of peer review have revealed that the quality of peer feed-
back received by students sometimes depends upon the prior achievement of peers assigned 
to the reviewing task (e.g., Patchan & Schunn, 2015; Huisman et al., 2018), and the issues 
are about ignoring challenging problem topics or not offering solutions rather than offering 
incorrect advice (Patchan et al., 2018; Ramachandran et al., 2017;  Wu & Schunn, 2021a).

However, although there are widespread concerns about differences in students’ 
achievements influencing review quality, few studies have systematically examined the 
extent to which involving reviewers of higher or lower achievements enhances learning 
(i.e., whether differences in the contents of reviews result in observable changes in later 
task performance). Furthermore, since the difficulty of assignments will tend to vary 
greatly between more introductory versus more advanced courses, the concern is not for 
the absolute level of student task performance within a discipline, but rather the level of 
performance relative to others in the class: do students have sufficient understanding of 
the current task and the kinds of problems that students in that class have so that they are 
able to provide feedback that is useful; are peers discussing issues that are an appropriate 
focus for a given learner? Therefore, it is necessary to consider the relationship between 
students’ own achievements and the achievements of their peers.

One potentially relevant classroom teaching strategy that might address variation in stu-
dents’ achievements is to use a matching strategy: group students according to achieve-
ment. In online peer feedback, it is relatively easy to create algorithms that group students 
by prior performance (Abrache et  al., 2021). Outside of peer feedback, this matching 
approach has received some support in improving learning. For example, grouping students 
can improve students’ confidence and concentration (Casserly et al., 2019) or team perfor-
mance (Hastings et al., 2022; Wen et al., 2017). Note that we are not discussing grouping 
by general cognitive ability, such as whether students classified as gifted/talented or having 
special learning needs should be working in mixed or separated classrooms or groups.

Student grouping by task performance has been explored in peer feedback research, 
considering benefits of prior performance matching (e.g., Patchan et al., 2018; Huisman 



Does matching peers at finer‑grained levels of prior performance…

1 3

et al., 2018) and in creating systems that implement matching (e.g., Abrache et al., 2021). 
However, the empirical research on grouping in peer feedback by prior performance has 
tended to focus on relatively gross student performance level distinctions (i.e., only a high/
low binary distinction). Further, much of the research examined process characteristics 
(e.g., how much feedback was received, what kind of feedback was received) rather than 
the benefits of such grouping on changes in students’ later task performance. The current 
work explores matching by four levels of performance rather than only two levels (using 
mean peer ratings as the measure of task performance), and it examines the impacts of var-
ious forms of match/mismatch (within both receiving and providing) on students’ gradual 
improvements in later task performance across assignments. Understanding the benefits of 
mismatches as well as exact matching can support the development of new, more effective 
reviewer assignment algorithms. Further, understanding the separable benefits/challenges 
from both a providing and receiving perspective can illustrate areas in need of further com-
puter supports during the peer feedback process.

Theoretical background

Zone of proximal development and peer review

In prior research, many theoretical approaches have been applied to investigating peer feed-
back, including theories of deliberate practice (e.g., Kellogg & Whiteford, 2009) and self-
regulated learning (e.g., Alemdag & Yildirim, 2022; Yang et al., 2006). However, the most 
commonly cited theoretical foundation to educational applications of peer feedback is the 
Zone of Proximal Development, which is defined as “the distance between the actual devel-
opmental level as determined by independent problem-solving and the level of potential 
development as determined through problem-solving under adult guidance or in collabora-
tion with a more capable peer” (Vygotsky, 1978, P. 86). In contrast to instructor feedback, 
the feedback from peers can be thought of as providing students with learning opportuni-
ties within their zone of proximal development (De Guerrero & Villamil, 2000; Warwick 
& Maloch, 2003; Yu & Hu, 2017). That is, peer feedback activities ask students to evaluate 
and provide constructive criticism on topics/issues that are often just beyond what they can 
reliably do on their own (Wu &  Schunn, 2020). However, this simple conceptualization 
treats all students within a class as functionally identical: they are all working with a shared 
zone of proximal development. In many classroom contexts, there can be large differences 
in the achievement levels of peers, meaning that particular pairings of students within a 
class may not be within the right zone. Students and instructors often worry whether stu-
dents with lower current performance can provide meaningful evaluations and feedback to 
students with higher current performance (Brown et al., 2016; Hsiao & Brusilovsky, 2011).

Beyond peer feedback, many studies have examined the quality of interaction within 
collaborators of different prior achievements, including interactions between experts (very 
high-level achievement) and novices (very low-level achievement), as well within interac-
tions between novices and novices. Some studies found that both “expert” companions and 
“novice” companions can support student learning by asking questions, suggesting possi-
ble solutions, and encouraging practice through repetition (Shooshtari & Mir, 2014; Storch, 
2018). However, some studies have also found that “expert” companions are indispensable. 
For example, in the absence of “expert” companions, learners’ learning of content may be 
poor (Schmid & Finzel, 2020; Tsui, 2011). Overall, researchers and practitioners have used 
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the zone of proximal development as providing a theoretical basis for grouping students 
according to higher versus lower achievement categories. By contrast, an alternative rec-
ommendation could be to make sure that each author receives feedback from at least one 
high achieving student.

However, there are often wide differences in students’ knowledge and skills. A two-level 
higher versus lower achievement distinction, such as the expert versus novice distinction, 
can be a very gross approximation of the full range of achievement differences within a 
course, especially large courses. Both expert companions and novice companions can be 
further divided, such as dividing relative experts into highest versus higher achievement 
and relative novices into lowest achievement and lower achievement groupings. From a 
zone of proximal development perspective, optimal zones of feedback are likely narrower 
than a simple higher/lower division. On the other hand, precise matching to the exact same 
achievement level is unlikely to be feasible nor necessary.

General pros and cons of achievement grouping

As a way of within-class grouping, achievement grouping is defined as forming groups 
according to students’ achievement differences within a specific or individual class (Hattie, 
2009; Hollifield, 1987). Unlike ability grouping that is conceptualized as more fixed over 
time, achievement grouping is conceptualized as being more fluid and based upon spe-
cific tasks (Hattie, 2009). A number of positive aspects to achievement grouping have been 
identified beyond the context of peer feedback. As a way of supporting interactive learning, 
grouping students by achievement level allows different students to have greater freedom 
to choose learning materials to suit their group’s learning speed, and further improve stu-
dents’ task performance (Buttaro & Catsambis, 2019; Francis et al., 2019). Grouping can 
improve friendships in a class (Kim et  al., 2020). Grouping can also help students who 
lack motivation or interest in subject learning and provide them with additional support 
(McKeen, 2019). Students struggling in a particular subject area will not feel pressure and 
anxiety from having to catch up with accomplished peers when they are grouped with like 
peers, and students with stronger achievement can also gain a sense of accomplishment 
through achievement grouping (Matthews et al., 2013). These arguments have been used 
to support the creation of online peer feedback environments that automatically group stu-
dents by achievement (e.g., Abrache et al., 2021; Giannoukos et al., 2010).

However, a number of concerns about achievement grouping have also been identified 
in general learning research. Achievement groups can have more peer conflict (Kim et al., 
2020). Slavin (1993) noted that grouping according to achievement visibly tags students in 
way that can limit their potential. Further, students in low-achievement groups may experi-
ence reduced learning opportunities and therefore show reduced progress compared with 
students in high-achievement groups (Buttaro & Catsambis, 2019). A number of studies 
have found that low-achievement students have been found to do better in heterogeneous 
groups than homogeneous achievement groups, whereas high-achievement students did 
equally well in the other grouping format (Kanika et al., 2022; Saleh et al., 2005). Low-
achievement groups may not be able to spot problems in their peers’ work or provide high-
quality feedback (Ariawan, 2018). Finally, students in low-achievement groups may have 
lower academic engagement (Steenbergen-Hu et al., 2016).

There are also logistical challenges to achievement grouping. Teachers may not have 
enough information to accurately group students for a particular task; it should be their 
task-specific achievements rather than broader achievements/academic performance that 
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matter. As a dynamic set of achievements unfolding over time, teachers may struggle to 
keep re-grouping appropriately (Sheppard  et al., 2018). A meta-analysis on within-class 
grouping shows that achievement grouping only has a slight advantage over nongrouping 
(d = 0.17; Hattie, 2009; Hattie, 2012), and the effect occurs predominantly in larger classes 
(Lou et al., 1996). Some have argued that inconsistent effects of grouping may be caused 
by inaccurate group assignment (Buttaro & Catsambis, 2019). On the other hand, new 
algorithms can be created to dynamically assess student performance and create appro-
priate groups in each assignment. A number of researchers have examined learner group-
ing using computer algorithms (e.g., Henry, 2013; Klein et al., 2009; Wang et al., 2007) 
to improve pairwise transactivity (Wen et al., 2017), tie strength within teams (Salehi & 
Bernstein, 2018), course commitment, and compatible schedules (Hastings et al., 2022).

Achievement grouping and peer review

Although within-class grouping has been extensively studied in general, the applications 
of those general findings to peer feedback, in particular, are still unclear. First, multipeer 
feedback lies somewhere between pairs (because the initial author–reviewer interaction is 
a dyadic interaction) and groups (authors and reviewers interact with more than one other 
student in a round of reviewing). Second, peer feedback, especially computer-mediated 
peer feedback, is also highly focused on peer interaction processes per se. That is, a group 
working on a mathematics task in class can choose to work in parallel or let one student 
carry the primary workload, but peer feedback requires interaction. On the other side, the 
interaction in peer feedback is relatively brief, and opportunities to negotiate shared mean-
ings within received feedback can be limited. These differences can greatly alter the rela-
tive advances of homogeneous versus heterogeneous grouping.

In peer review, the feedback comments, rather than the ratings, are regarded as particu-
larly important for improving task performance (Cho & MacArthur, 2011; Wooley, 2007). 
Providing feedback to peers or receiving feedback from peers as part of revision work has 
been shown to promote learning (e.g., Chang et al., 2021; Tsivitanidou et al., 2018; van 
Popta et al., 2017). More recent studies applying regression analyses have provided some 
insights as to why: only the more active learning activities (providing comments, acting 
on received comments) produce learning; just receiving comments or just reading other 
students’ documents as models, per se, are passive learning activities that produce little 
observable changes in a student’s own task performance (Wu & Schunn, 2023a). A number 
of studies have examined how the amount of feedback provided or received is influenced 
by the relative achievements of authors and reviewers, typically using a higher versus lower 
achievement dichotomy (Wu & Schunn, 2021b; Day et al., 2022; Hsia et al., 2016; Zhang 
& McEneaney, 2020).

From a receiving feedback perspective, higher achievement authors are reported 
to receive a similar amount of critical feedback from lower or higher achievement review-
ers, whereas lower-achievement authors receive more critical feedback from higher-
achievement reviewers (Patchan et al., 2018; Huisman et al., 2018). In terms of impact on 
student revisions, mixed findings have occurred. In one study, lower-achievement authors 
implemented more of the feedback they received in their revisions when the feedback came 
from higher-achievement reviewers (Sunahase et al., 2019), but other studies found lower-
achievement authors implemented more of the feedback from lower rather than higher-
achievement peers (Huisman et al., 2018, 2019). Further, revisions were of a higher quality 
when based upon feedback from students of a similar achievement level than when based 
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upon feedback from students of a different achievement for both higher- and lower-achieve-
ment students (Ariawan, 2018; Patchan et al., 2018). Thus, from a receiving feedback per-
spective, there is mixed support for same achievement grouping.

From a feedback providing perspective, a number of overall achievement effects have 
been documented: lower-achievement reviewers provide more praise while higher-achieve-
ment reviewers provide more criticism (Cho & Cho, 2011). Having engaged deeply with 
the reviewed documents through providing comments, the reviewers with low achieve-
ments imitated the reviewed tasks as though they were  models, while the reviewers 
with high achievements reconstructed and applied knowledge by providing suggestions, 
which shapes the learning opportunities of the reviewers. There has also been an interac-
tion between reviewer and author achievement, higher-achievement reviewers note more 
issues in lower quality documents  than higher-quality documents, while lower-achieve-
ment reviewers tend not to notice more problems in documents from authors with different 
achievements (Patchan & Schunn, 2015).

No studies to date have taken a finer-grained examination of the effects of relative 
achievement on the impact of providing or receiving peer feedback, likely because of 
concerns about statistical power (i.e., having enough students for each specific matched 
and mismatched achievement groupings): Two achievement levels produce 4 groups 
(high–high, low–high, high–low, low–low), three achievement levels produce  9  groups, 
and four achievement levels produce 16 groups. Unfortunately, the binary split (i.e., higher 
versus lower) on student achievement could significantly misrepresent the benefits of 
mismatching. Student performance within a class is often normally distributed, meaning 
most students are near the midpoint. Thus, many of the pairings of “higher” and “lower” 
achievement students might actually involve two students of very similar achievements 
(i.e., close to an average level). Second, small versus moderate versus large differences in 
achievement may matter. For example, when students as reviewers are only moderately 
higher, they may focus on useful issues and provide clear guidance; but when they are 
much higher, students may focus on issues that are “beyond” the zone of proximal develop-
ment for the feedback recipient. In the current era where peer assessment is taking place 
with increasing frequency due to the growth of online peer assessment systems, it is now 
possible to conduct more fine-grained analyses with sufficient statistical power afforded by 
large datasets.

In addition, as mentioned earlier, although scholars have conducted extensive research 
on the general effect of peer feedback on changes in task performance, no research has 
examined the impact of the characteristics of peer feedback (e.g., number, length, quality) 
on changes in task performance with more fine-grained ability matching in peer review. 
In theory, receiving more comments leads to more revisions and more revisions lead to 
greater learning (Wu & Schunn, 2020), but not all peer feedback assignments require stu-
dents to revise. Similarly, providing more comments is associated with greater learning 
gains (Zong et al., 2021; Cho & Cho, 2011). However, the relative learning benefit of each 
comment provided could vary by relative achievement differences. For example, provid-
ing feedback to lower achievement peers could simply involve practicing well-honed skills 
(i.e., contain relatively low benefits) whereas providing feedback  to higher-achievement 
peers could involve extensive planning and thought. However, providing feedback to much 
higher-achievement peers could involve giving incorrect advice.

Conceptually, we extend the notion of a zone of proximal development to make an 
initial similar prediction of approximate match effect in terms of four achievement lev-
els, which we argue captures noticeably different performance levels in larger classes 
without having to examine very small performance differences (e.g., the difference 
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between a student receiving a 78 versus a student receiving a 79 on an assessment). 
That is, the benefit of providing or receiving feedback will be best when students are at 
the same level within a four-achievement level distinction. Figure 1 shows the predicted 
changes in students’ subsequent task performance for providing and receiving under this 
“match” hypothesis. However, the mixed prior findings in the literature suggest actual 
results are likely to be more complicated. First, adjacent achievement groupings may 
also be beneficial. Second, the benefits of providing are likely to be different from the 
benefits of receiving, both overall and from a matching/mismatching perspective. Note 
that changing task performance from one assignment to the next is a slow process given 
the wide range of skills, knowledge and dispositions students are trying to master, and 
that transfer of gains in skills, knowledge, and dispositions from one learning task (i.e., 
just receiving or just providing feedback) to improved performance in a later task are 
often small for a number of reasons. Thus, the relative impacts of matching within 
one assignment are likely to be small, and only grow in importance when accumulated 
across assignments.

Study aims

Based on critical gaps in the literature on peer feedback, this study explores major open 
questions about whether and why achievement pairings influence growth in students’ 
performance across assignments through a combination of disciplinary learning and 
motivational changes. In particular, the study asks three exploratory research questions 
about the impact on growth in task performance across assignments of reviewer–author 
pairings using four levels of task performance:

Fig. 1  According to a strong matching hypothesis, the predicted marginal means for performance benefit as 
a function for the level of reviewers’ prior performance and authors’ prior performance when considering 
four achievement levels
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RQ1: To what extent does amount of change in task performance across assignments 
from providing feedback and of receiving feedback vary by pairings using four achieve-
ment levels?
RQ2: To what extent does the amount of feedback provided/received vary by pairings 
using four achievement levels?
RQ3: Taking into account both providing and receiving feedback effects, what are 
the cumulative effects on gains in task performance across a number of assignments 
of using an algorithm that matches students using four performance levels (reassessed 
within each assignment) rather than being randomly assigned?

Methods

Course setting and participants

Peer feedback and task performance gains across assignments was examined for 766 under-
graduate students, the enrollees of three large biology courses (n = 274, 296, and 196, 
respectively) at two public research-oriented universities in the USA. These larger enrol-
ment courses all made extensive use of peer assessment across the semester, collectively 
producing a sufficiently large amount of data to support statistical analyses of the benefits 
of participating in peer feedback within a variety of author–reviewer pairings using four 
student performance levels. Students rarely provided demographic details since that step 
was optional and entirely avoided when the instructor had accounts automatically created in 
the system by linking to the university learning management system. Publicly listed enrol-
ment information for undergraduates at the two universities was as follows. The first uni-
versity, the site of the first course, had undergraduate enrolment of approximately 55,000, 
who were 58% White, 25% Latinx, 9% Asian, 2% Black, and 3% two or more races. The 
second university, the site of the second and third courses, had an undergraduate enrolment 
of approximately 30,000, who were 44% Asian, 30% Latinx, 15% White, 2% Black, and 
6% two or more races.

All the courses also used the same online peer assessment system, Peerceptiv, which 
collected all study data. Each course had four or five biology-related assignments of mod-
erate difficulty involving analyzing research articles or writing up plans for experiments or 
results of studies, orchestrated to develop students’ scientific analysis and communication 
skills. To complete a given assignment, students were required to participate in each stage 
of a peer review process: (1) completing and submitting task documents to the online sys-
tem for peer review; (2) reviewing four peers’ submissions and providing ratings and com-
ments; and (3) rating the helpfulness of all feedback received to encourage higher-quality 
reviewing. This process was repeated across the four or five assignments in the course. 
Figure  2 shows a simplified representation of the multipeer reviewing situation and the 
way that it unfolded across assignments. In assignments, students at varying performance 
levels (different circle thicknesses) are assigned to provide feedback to students at vary-
ing performance levels in a random way, and the amount of feedback provided to/received 
from different students varies (different line thicknesses). Across assignments, students can 
improve or decline in task performance level and will thus be assigned different students to 
review. The diagram is simplified in terms of (1) only showing fours students in the class 
rather than hundreds and (2) only showing two reviews received/provided in each assign-
ment rather than four.
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Figure 3 shows the main student reviewing interface, which gave guidance on the com-
ments provided as well as a number of analytic rubrics for providing ratings. Students 
needed to give at least one comment for each aspect of the reviewing task (e.g., concise 
writing, quality of evidence), there were no requirements for the number of words in a 
given comment.

Measures

The student reviewing behaviors (ratings and comments) were used as the basis for all the 
measures used in the current study (see Table 1 for an overview). Each measure was based 
upon the behaviors within a particular reviewing assignment, so that the reviewing experi-
ences from one round could be associated with changes in task performance (the main 
dependent variable) from one assignment to the next assignment. In other words, the ana-
lytic approach involved a time-series analysis. Independent variables involved the amount 

Fig. 2  A conceptual diagram showing the evolution of multipeer reviewing across four assignments in 
which students provide and receive to students at different current performance levels and then provide/
receive varying amounts of feedback in those assigned reviewing pairs

Fig. 3  The reviewing interface within Peerceptiv at the time of this study. A pdf document viewer is on the 
right, and interleaved comment textboxes and pulldown rating menus are on the left



 Z. Zong, C. D. Schunn 

1 3

Ta
bl

e 
1 

 Q
ua

nt
ita

tiv
e 

m
ea

su
re

m
en

t v
ar

ia
bl

es
 fo

r e
ac

h 
co

ns
tru

ct
 a

nd
 th

ei
r d

efi
ni

tio
ns

C
on

str
uc

t
M

ea
su

re
D

es
cr

ip
tio

n

Ta
sk

 p
er

fo
rm

an
ce

Z-
sc

or
e J

A
 st

ud
en

t’s
 ta

sk
 sc

or
e 

on
 th

e 
Jt

h 
as

si
gn

m
en

t (
i.e

., 
m

ea
n 

ra
tin

gs
 a

cr
os

s r
at

er
s a

nd
 ra

tin
g 

ru
br

ic
s)

, 
st

an
da

rd
iz

ed
 w

ith
in

 th
at

 a
ss

ig
nm

en
t (

m
ea

n =
 0,

 S
D

 =
 1)

Th
e 

le
ng

th
 o

f f
ee

db
ac

k 
co

m
m

en
ts

 p
ro

vi
de

d
Le

ng
th

 p
ro

vi
de

d J
Th

e 
to

ta
l n

um
be

r o
f w

or
ds

 p
ro

vi
de

d 
on

 th
e 

Jt
h 

as
si

gn
m

en
t

Ve
ry

-lo
w

 le
ng

th
 p

ro
vi

de
d J

Th
e 

to
ta

l n
um

be
r o

f w
or

ds
 p

ro
vi

de
d 

on
 th

e 
Jt

h 
as

si
gn

m
en

t t
o 

stu
de

nt
s w

ith
 v

er
y 

lo
w

 p
er

fo
rm

an
ce

Lo
w

 le
ng

th
 p

ro
vi

de
d J

…
to

 st
ud

en
ts

 w
ith

 lo
w

 p
er

fo
rm

an
ce

H
ig

h 
le

ng
th

 p
ro

vi
de

d J
…

to
 st

ud
en

ts
 w

ith
 h

ig
h 

pe
rfo

rm
an

ce
Ve

ry
-h

ig
h 

le
ng

th
 p

ro
vi

de
d J

…
to

 st
ud

en
ts

 w
ith

 v
er

y 
hi

gh
 p

er
fo

rm
an

ce
Th

e 
le

ng
th

 o
f f

ee
db

ac
k 

co
m

m
en

ts
 re

ce
iv

ed
Le

ng
th

 re
ce

iv
ed

J
Th

e 
to

ta
l n

um
be

r o
f w

or
ds

 re
ce

iv
ed

 o
n 

th
e 

Jt
h 

as
si

gn
m

en
t

Ve
ry

-lo
w

 le
ng

th
 re

ce
iv

ed
J

Th
e 

to
ta

l n
um

be
r o

f w
or

ds
 re

ce
iv

ed
 o

n 
th

e 
Jt

h 
as

si
gn

m
en

t f
ro

m
 st

ud
en

ts
 w

ith
 v

er
y 

lo
w

 p
er

fo
rm

an
ce

Lo
w

 le
ng

th
 re

ce
iv

ed
J

…
fro

m
 st

ud
en

ts
 w

ith
 lo

w
 p

er
fo

rm
an

ce
H

ig
h 

le
ng

th
 re

ce
iv

ed
J

…
fro

m
 st

ud
en

ts
 w

ith
 h

ig
h 

pe
rfo

rm
an

ce
Ve

ry
-h

ig
h 

le
ng

th
 re

ce
iv

ed
J

…
fro

m
 st

ud
en

ts
 w

ith
 v

er
y 

hi
gh

 p
er

fo
rm

an
ce

Ro
un

d
Ro

un
d

Th
e 

se
qu

en
tia

l a
ss

ig
nm

en
t n

um
be

r i
n 

a 
co

ur
se

C
ou

rs
e

C
ou

rs
e

C
at

eg
or

ic
al

 d
um

m
y 

in
di

ca
to

r (
1 

fo
r fi

rs
t c

ou
rs

e,
 2

 fo
r s

ec
on

d,
 a

nd
 3

 fo
r t

hi
rd

)



Does matching peers at finer‑grained levels of prior performance…

1 3

of feedback provided and received in the prior assignment, either overall or to/from stu-
dents at particular task performance levels.

To match what would typically happen in a computer environment implementing a match-
ing algorithm, task performance in the prior assignment was used to categorize students (as 
receivers and as a providers) in terms of relative achievements into four performance levels 
(very low, low, high, very high) at the time of the reviewing task. Four performance levels 
were used considering measurement precision (current student performance is measured with 
some noise and is only an approximately of underlying skills) and the idea of a zone in the 
zone of proximal development theory. Note that students themselves could change categories 
from assignment to the next as their task performance levels changed.

Procedurally, learning is inherently a complex construct to measure and typically 
requires some mathematical operations to approximate it. Some researchers measure learn-
ing in terms of a single assessment, but this approach assumes that performance was at 
chance or equivalent across learners’ pre-tests. More typically, there is a pre–post change 
score to measure learning, but this change score approach requires relatively strict meas-
urement equivalence between pre- and post-test. Another approach uses a regression that 
predicts post-test while controlling for pre-test, which does not require a strict measure-
ment equivalence. Our time-series analysis is conceptually similar to the regression-pre-
dicting-post-while-controlling-for-pre approach. The approach, however, fails when the 
pre-test is a poor predictor of post-test. In our case, prior assignment performance gen-
erally was a good predictor of performance on the subsequent assignment, providing an 
important check of the underlying assumptions of the analytic approach.

A question that arises in all measurement approaches is whether there was knowledge 
gain/skill development or a motivational change. We argue that a motivational change is 
important and falls under broader definitions of learning, unless the motivational change 
is a relatively temporary change, like situational interest (Hidi & Renninger, 2006) or 
task achievement goal (Urdan & Kaplan, 2020). A recent meta-analysis revealed that peer 
reviewing can improve student motivation, such as self-efficacy, in addition showing gains 
in performance assessments (Li et al., 2021). Since there were weeks between assignments 
in the studied courses, if the basis of the observed relationships in the current study were 
motivational, it was not a temporary motivational change.

Another question that arises is whether the underlying changes driving task perfor-
mance differences are relatively narrow in scope (such as facts in skills closely related 
to the assignment/assessment) or broader in scope, such as a general trait, for example, 
brain training in various forms, targeting working memory, attentional control, or frontal 
lobe development (Gobet & Sala, 2023). However, meta-analyses suggest such broad abil-
ity changes are weak, and they always require very intense activity across many sessions 
(Sala & Gobet, 2020a, b). Therefore, the experiences from peer reviewing a few peers’ 
documents are unlikely to reflect general ability changes and we assume instead observed 
changes in task performance reflect changes in discipline and genre-specific knowledge, 
skills, and attitudes (e.g., related to research writing in biology).

Task performance In these three courses, task performance was evaluated by four peers 
using detailed rubrics that had five to six different ratings, which are easily and automati-
cally obtained performance estimates for large numbers of students across many assignments. 
Obtaining expert ratings for so many students across so many assignments would be very dif-
ficult to obtain, and even automated essay scoring systems would require many expert scores 
to support their training across so many different writing assignments. The large number of 
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peer ratings per document (four peers multiplied by four to six ratings dimensions per review) 
produced an overall score for the task. In each assignment, students are randomly assigned 
to a new set of peer reviewers, so the relative matching status from the prior assignment 
(the IV) would not influence measurement characteristics of the outcome variable, which 
is performance in the next assignment. Further, more recent studies show little relationship 
between students’ own performance and the accuracy of their reviews when given a good 
rubric (Xiong & Schunn, 2021, Wu & Schunn, 2023b). Finally, the use of the regression 
approach rather than a change-score approach to measuring task performance improvements 
means that small systematic bias in prior assignment grades would have relatively little influ-
ence on the regression outcomes. A number of studies, including a meta-analysis (Li et al., 
2016), have established that such an approach (online multipeer assessment using well-struc-
tured, multipart rubrics) typically produces valid and reliable mean ratings, often at the same 
level of validity as trained expert raters. With the accountability mechanisms which produce 
higher levels of validity in Peerceptiv (accuracy grades for consistent scoring and helpfulness 
grades for comments perceived to be useful), reliability and validity even at the individual 
rating dimensions is typically adequate (e.g., ICCs and validity correlations averaging around 
0.45 across thousands of rubrics; Wu & Schunn, 2021b).

To nuisance variance due to differential complexity of each assignment and changes to 
aspects of the rubrics (e.g., adding or deleting rubric dimensions; changing level expecta-
tions within a rubric dimension), we calculated a Z-scoreJ, a standardized score of the task 
on that Jth assignment within a course (total task score minus assignment-specific mean 
and then divided by the assignment-specific standard deviation).

The length of feedback comments provided Within the peer review system, students 
were required to provide comments to each peer along a number of reviewing prompts. But 
the structure of the comments varied widely, including aspects studied by prior research: 
namely, simple versus elaborated (Strijbos & Sluijsmans, 2010), general versus specific solu-
tions, and descriptions versus explanations (Cho & MacArthur, 2011; Tseng & Tsai, 2007). 
However, such variations in content will likely be correlated with the length of comment 
(e.g., Patchan et al., 2018, Wu & Schunn, 2021b) such that longer comments likely had more 
features that make comments useful. In addition, students sometimes entered multiple com-
ments in one comment box or separated comments across multiple comment boxes. There-
fore, we defined the measure to be based upon the total number of words summed across 
comment boxes rather than number of comments or mean number of comments per box.

Further, it was expected that the total length of comments provided by students in a par-
ticular review would vary depending on the quality of the task reviewed and the students’ 
ability to detect problems related to each rubric dimension, provide possible solutions, and 
explain their reasoning. In other words, the pairings of student author/reviewer according 
to their task performance level was expected to influence length provided/received, which 
then is expected to shape the learning opportunity.

A prior study applying meta-regression to data from 2421 students across 13 courses 
revealed that the length of comments provided (total number of words provided across 
reviews) in particular is a highly consistent and powerful predictor across course contexts of 
growth in academic performance across the semester, even when including a wide range of 
controls (Zong et al., 2021). As a result, the contents of peer feedback (provided and received) 
are viewed as the main source of learning. Further, to ground the simulation we created in 
the second part of this study to test the predicted effects of matching reviewers across assign-
ments, it was important to estimate the specific per-word benefits of providing and receiving.
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For the analyses of the effects of feedback provided within different author–reviewer 
performance pairings, a four-level achievement distinction was used to capture the amount 
of feedback provided to authors at a given level. In particular, we classified the students 
according to their different task performance on the prior assignment and then calculated 
the length of feedback provided by specific learners to authors at different performance 
levels: the length of feedback comments provided to students at each of four different per-
formance levels: very low, low, high, and very high performance (using quartiles applied to 
the Z-score task performance measure). The amount provided by a reviewer to a particular 
author achievement level was a function of how much reviews the reviewer was assigned, 
how many they actually completed, the number of problems that existed in each reviewed 
document, and the reviewer’s tendency to provide in-depth reviews.

The length of feedback comments received Not surprisingly, peer feedback received also 
influences student performance, and prior research has established that the total length of feed-
back received from peers is often a predictor of gains in students’ performance, although often 
a weaker predictor than feedback provided and sometimes a negative predictor (Zong et  al., 
2021), presumably because receiving a large amount of critical feedback can be demotivat-
ing. Similar to the feedback provided, we calculated four measures that involved the length of 
feedback received from students of different performance levels on the prior assignment, again 
using the same four performance levels (very high, high, low, and very low).

Comment features To provide qualitative data to deepen the findings of this primarily 
quantitative investigation, ten randomly selected long feedback comments were selected 
for each of the four extreme group achievement pairings (very low and very high review-
ers matched to very low and very high authors) for text analysis. Focusing on long com-
ments (defined as length of having at least 40 words) enabled examination of whether more 
extended comments were different in nature depending upon the achievement pairing. In 
particular, these selected long comments were coded for four different components that 
they could have contained: criticism, suggestion for revision, explanation of issues, and 
praise. The specific components have been regularly examined in resource of peer feedback 
(e.g., Patchan et  al., 2018; Huisman et  al., 2017) and have been implicated in influence 
revision behavior and changes in task performance of providers (Zong et al., 2021). Some 
reviews have multiple or even all features, while others may have only two or even one fea-
ture (see Table 2 for examples of each feature).

Analyses

The primary analysis approach involved multiple regression to examine the extent to which 
the reviewing experiences in one assignment (i.e., amount of provided and received com-
ments) predicts improvements in task performance in the next assignment. It has already 
been established across a wide range of courses that the length of comments provided and 
received are robustly the best predictors of improvements in task performance in the next 
assignment (Zong et al., 2021). At issue in the current set of analysis is the relative con-
tributions of reviewing experiences under different author–reviewer performance pairings. 
Four separate regressions focus on the level of the author themselves (i.e., one regression 
for authors who were very low in the prior assignment, a second regression for authors 
who were low in the prior assignment, etc.), and then four different predictors consider 
either the level of the provider of the comments (for the Received variables) or the levels 
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of the recipient of the comments (for the Provided variables). Note that separate models 
were used to estimate level-specific providing and receiving effects to avoid unstable mod-
els with too many simultaneous predictors. However, every model had both providing and 
received feedback predictors—what was varied was the level of detail in each predictor.

The dependent variable, the standardized task performance in a given task (Z-scoreJ), 
is a continuous variable with normal distribution. Therefore, linear regression models 
were used, with the Z-scoreJ as the dependent variable, Z-scoreJ-1 as its baseline in the 
time-series model, and then very-low length provided/receivedJ–1, low length provided/
receivedJ–1, high length provided/receivedJ–1, very-high length provided/receivedJ–1 as the 
core predictors, and total length provided/receivedJ–1, round, as additional control varia-
bles. Dummy codes for each course were also included in the regression. The Stata code 
implementing these regressions is presented in Appendix C. Appendix Table 5 shows the 
mean and standard deviations for each variable. No predictor had restricted range issues. 
Appendix Tables 6, 7 shows the correlations among predictors, separately by each author 
performance level, since separate regressions were conducted for each author performance 
level. Variance inflation factors were examined to address concerns about multicollinearity, 
and no predictors showed concerning values (all VIFs < 2.0).

To follow-up the quantitative findings, we then examined patterns in the comment fea-
tures that tended to be found in the long comments of various reviewer pairings. For exam-
ple, did changes in comment features provide potential explanations for differences in ben-
efits of providing or receiving in various achievement pairings?

The results of the multiple regression analyses described above tested the relative con-
tribution to task performance growth per word provided (or per word received), ignoring 
how many words are typically produced in each achievement pairing; this tests whether the 
contents of the comments provide a learning opportunity in the zone of the learner. But the 
number of words provided and received were also expected to vary substantially accord-
ing to the performance levels of authors and reviewers (i.e., lower performing authors were 
expected to receive more comments and higher performing reviewers were expected to pro-
vide more comments). Thus, the net effect of author–reviewing matching is also expected 

Table 2  Peer feedback coding scheme. Italicized text highlights the aspects of the examples that best 
matched the feedback code

Type of feedback Example

Criticism I feel your lay summary was too vague. Although this is supposed to be written for a lay 
audience, it does not mean that they are incapable of understanding scientific material. 
I feel you went too broad and should have included more detail

Suggestion One way to perhaps address this issue is to think about the following questions: what 
is the purpose of understanding sleep drive? Why does the lay audience need to be 
aware of these major concepts? If the writer is explaining the paper for the first time 
to a friend, how would the writer breakdown scientific information to keep his or her 
friend interested and scientifically aware?

Explanation I gave this paper this grade because I think that it shows deep understanding of the 
material presented. It showed great transition from general topic to focused back-
ground topic and was great in elaborating the data from the studies

Praise I really liked and was inspired by your second paragraph. I always wanted to do some-
thing similar to you and your plan gave more ideas and inspired me for my future. 
I also really liked your idea regarding the medical camp and I also wanted to do 
something like this as well
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to be importantly modulated by the amount of feedback provided/received rather than just 
being placed in a given experiential context. We therefore also calculated how many words 
are produced on average in each of the 16 author–reviewer achievement pairings to provide 
a more complete picture about the learning opportunities by author-reviewer pairing. A two-
way repeated measures ANOVA (four author levels × four reviewer levels) was applied to the 
number of words found in a review to test the statistical significance of observed patterns.

Simulation

Finally, based on the estimated effect values obtained from empirical results described above 
(i.e., per word benefit of providing/receiving and amount of provided/received feedback within 
each of the 16 author–reviewer performance level combinations), we conducted a simulation 
implemented in Python 3.7 to make predictions for overall growth across multiple peer review-
ing assignments in students with different initial performance levels (very low, low, high, very 
high) as a function of two different methods for assigning students to reviewing tasks (random 
assignment and matching performance levels) to test whether students would experience greater 
overall growth in task performance if consistently matched with peers at their same level. In 
particular, the simulation provides an integrative understanding of the joint effects of reviewer 
assignment matching on (1) learning from receiving and learning from providing comments, 
(2) opportunity to learning from amount of comment words received and provided, and (3) the 
cumulative effects from being consistently matched across multiple assignments.

As an input to the simulation, the estimated per-word effects (as unstandardized betas) 
were multiplied by the estimated mean number of words provided/received to produce esti-
mated effects for providing in one assignment and receiving in one assignment. Then, the 
cumulative effects from both providing and receiving across five assignments (each assign-
ment involving students being assigned to four peer reviews) were calculated using the 
simulation. In the case of the random assignment algorithm, the simulation was run 1000 
times since each run involves noise due to the inherent randomness of this approach. The 
simulation code is included as an online attachment.

Results

Per‑word learning benefits from providing and receiving feedback

Table 3 presents the standardized betas from the multiple regression models estimating the 
benefits of providing feedback to students in each performance level, separately for students 
with different starting performance levels, controlling for differences in amount of received 
feedback. Note that this regressions measures “transfer” of experiences in reviewing in just 
one assignment to growth in task performance in the next assignment, and they test the 
separable benefits from minor variations of the same learning opportunity (learning from 
providing) in a multiple experience content. Thus, it is to be expected that the effect sizes 
of each predictor are relatively small, given the challenges of finding transfer and separat-
ing out the growth into related competing predictors. These small individual effects none-
theless can accumulate to pragmatically meaningful effects across assignments, as will be 
tested by the simulation. Further, of particular interest is the pattern of effects across all the 
16 author–reviewer pairings rather than the statistical significance of any one regression coef-
ficient, therefore, post hoc corrections for number of statistical tests were not applied.
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In all cases, providing feedback to students at the same performance level appears to be 
beneficial. In addition, for the reviewers with very-low or low prior performance, three of 
the four core predictors are significant (i.e., the lower performing students generally benefit 
from providing feedback to others). For the reviewers with higher prior performance, the 
benefits of reviewing are more restricted. In the case of high prior performance reviewers, 
only providing to same achievement peers was statistically significant. In the case of very-
high prior performance reviewers, providing benefits were seen for both same achieve-
ment (low) and opposite achievement (very low). It is also interesting that total number 
of received comments had a sizeable negative effect, but only for the very-low reviewers, 
potentially speaking to a negative motivational effect to such students who presumably 
received a lot of criticism and relatively little praise.

Table 4 presents the standardized betas from the multiple regression models in which 
students within different prior assignment performance groups received feedback from 
students in each prior performance level, controlling for differences in total amount of 
provided feedback. Although there continued to be evidence of strong overall benefits 
of providing feedback (the cumulative effects of providing to students at various lev-
els), the general effects of receiving feedback were rarely statistically significant, and 
the effects were negative when the effects were statistically significant for particular 
matching groups. As a pattern, the lower the prior performance group of the feedback 
receiver, the more subgroups of feedback providers showed negative effects and the 
larger the negative effects on the feedback receiver. There was no specific pattern in 
which same achievement pairings were a particularly bad choice.

The variation in standardized betas by student performance levels presented in Tables 3 
and 4 could potentially be explained by variation in the relative amounts of feedback 

Table 3  For students reviewers starting at the four different relative performance levels in the prior assign-
ment, standardized betas from the multiple regressions predicting improvements in assignment performance 
as a function of providing comments to authors at varying performance levels, along with regression N 

***p < 0.001, **p < 0.01, *p < 0.05, tp < 0.1

Predictor Relative performance group of reviewers in prior assignment

Very low Low High Very high

Baseline
  Z-scoreJ–1 0.07* 0.06* 0.01 0.11***

Core predictors (to whom provided)
  Very-low length providedJ-1 0.11** 0.06 0.03 0.10**
  Low length providedJ-1 0.01 0.07* 0.06 0.05
  High length providedJ-1 0.07* 0.07* 0.08*  − 0.001
  Very-high length providedJ-1 0.08* 0.08* 0.04 0.06t

Control variables
  Total length receivedJ-1  − 0.19***  − 0.01  − 0.05 0.07
  Round 0.06*  − 0.01 0.07*  − 0.04

  Course (versus Course 1)
    Course 2  − 0.09 0.13* 0.05 0.18***
    Course 3 0.02 0.17* 0.01 0.11t

N 937 963 945 957
R2 0.05 0.02 0.02 0.06
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provided/received (i.e., from restricted range issues) or in the benefits of feedback pro-
vided/received. To isolate the effect components, we next examined the unstandardized 
regression coefficients from the same regressions (i.e., the per-word benefit of comments 
provided and received; see Fig. 4). For the per-word effect of providing feedback (Fig. 4 
top), the marginal benefits of reviewers providing feedback to students at the same level 
(indicated with large circles) are relatively higher than those of students at other levels. 
This matching performance level effect is particularly large for very-low reviewers. How-
ever, for students with very-high prior performance, providing feedback to students with 
very-high performance appears to be less beneficial than providing to students with very-
low or low performance. Trending in the same direction, high reviewers also appear to 
benefit from providing to low and very-low authors. Finally, the variation in amount of 
benefit is substantial across the groupings: the highest per-word benefit is roughly four to 
five times the lowest per-word benefit. Note that the “anti-match” cases (i.e., extreme mis-
matches; very-low students providing feedback to very-high students or vice versa) were 
not especially bad; the specific worst cases followed a more complex pattern.

Turning to the per-word benefit of receiving, we again see that receiving more feed-
back often has a negative effect on future performance, with only three exceptions: 
high or very-high authors experienced benefits from receiving more feedback from 
very-high reviewers, and very-high authors experience benefits from receiving more 
feedback from low reviewers). There is also one salient main effect: receiving from 
very-low reviewers generally has the largest negative per-word effect. This general pat-
tern suggests the negative effect of receiving is unlikely to only be a negative reaction 
to receiving too much criticism because the very-low reviewers are unlikely to be the 
ones that provided the most critical long feedback. Instead, it may also be the case that 

Table 4  For student authors starting at the four different relative performance levels in the prior assign-
ment, standardized beta coefficients from the multiple regressions predicting improvements in assignment 
performance as a function of receiving comments from reviewers at varying performance levels along with 
regression N 

***p < 0.001, **p < 0.01, *p < 0.05

Predictor Relative performance group of authors in prior assignment

Very low Low High Very high

Baseline
  Z-scoreJ-1 0.08* 0.07* 0.01 0.11***

Core predictors (from whom received)
  Very-low length receivedJ-1  − 0.09*  − 0.07*  − 0.01  − 0.03
  Low length receivedJ-1  − 0.04  − 0.01  − 0.04  − 0.03
  High length receivedJ-1  − 0.09*  − 0.07*  − 0.02 0.02
  Very-high length receivedJ-1  − 0.09* 0.06  − 0.03 0.05

Control Variables
  Total length providedJ-1 0.20*** 0.20*** 0.13** 0.18***
  Round 0.05  − 0.01 0.07*  − 0.13***

  Course (versus Course 1)
    Course 2  − 0.09 0.11* 0.05 0.18**
    Course 3 0.02 0.14* 0.01 0.11*

N 937 963 945 957
R2 0.05 0.03 0.02 0.06
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receiving too much praise reduces motivation to improve. Instead, it may be that feed-
back needs to be balanced to consistently lead to improvements. Alternatively, it may 
be that very-low reviewers are less likely to provide suggestions for how to improve or 
they may provide explanations and suggestions that are not useful for learning. These 
alternatives are examined in further depth in the next section.

Qualitative differences in comments provided

To understand whether the contents of long comments differed across pairings, we exam-
ined variation in the contents of long comments in the four extreme group pairings: very 
low to very low, very high to very high, very low to very high, and very high to very low. 
Figure 5 shows that long comments almost always contain three features regardless of pair-
ing: criticism, suggestion, and explanation. The only thing that is less routinely found in 
long comments and varies substantially by pairing is praise: praise occurred in long com-
ments less than half of the time. Further, as one would expect, compared with very-low 
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Fig. 4  The estimated per-word benefit of feedback provided (top) and received (bottom) as a function of 
reviewers’ prior performance and authors prior performance. Matching achievement cases are shown with 
larger dots



Does matching peers at finer‑grained levels of prior performance…

1 3

performance authors, very-high performance authors were more likely to get praise (and 
equally so from very-low and very-high reviewers). Thus, the generally substantial nega-
tive effect of receiving more feedback from very-low reviewers is unlikely the result of 
too little criticism or too much praise. Further, since the benefits of providing feedback 
have previously been established to reside predominantly from constructive criticism with 
supporting explanations (Wu & Schunn, 2021b), the variation in degree of benefit from 
providing across the various author–reviewer matchings are unlikely to stem from the form 
of the content provided.

Amount of feedback provided and received

The prior analyses examined the per-word effects and contents of long comments. 
Another critical variable in understanding benefits is variation in the amount of feed-
back provided and received as a function of author–reviewer pairings. Figure 6 shows 
the mean total number of works provided/received within each pairing per comment 
dimension inside a review; note that providing and receiving are collapsed here because 
the amount provided is necessarily equal to the amount received within a student per-
formance level pairing. Quantitatively, the results of repeated measures ANOVA found 
only two statistically significant main effects. First, there was a large effect of reviewer 
performance level (η2 = 0.11, p < 0.001): the higher the reviewer performance level, 
the longer the feedback provided (mean number of words: very low = 44; low = 47; 
high = 50; very high = 55). Second, there was a moderate effect of author performance 
level (η2 = 0.06, p < 0.01): the lower the quality of the document being reviewed, the 
longer the feedback it received (means: very low = 54; low = 49; high = 47; very 
high = 47). The interaction of reviewer performance by author performance was very 
small and not statistically significant (η2 = 0.01, p > 0.9). These two main effects on the 
amount provided did not correspond to the variation in effects in the per-word ben-
efits, suggesting that restricted range or other explanations of amount provided could 
not explain the variation in per-word benefits.
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Simulation results

Integrating the per-word effects and total number of words produced/received estimated in 
the prior analyses, the results of the simulation (see Fig. 7) revealed the expected changes 
in performance for students starting at different levels as a result of experiencing one of 
two different reviewer assignment methods (matched or random) across five assignments 
with peer reviewing. The findings of the simulation are presented as estimated effects from 
providing, estimated effects from receiving, and total effects from the combination of pro-
viding and receiving.

As an overall orientation, the estimated providing effects (thick solid lines) were all var-
ious degrees of improvements in task performance, and estimated receiving effects (dotted 
lines), with one exception, were all various degrees of reductions in task performance. The 
combined effects of both providing and receiving (lines with squares) were always small 
positives.
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From the receiving perspective, in two cases (very low and low), the negative effects 
were larger with matching, and in the other two cases (high and very high), the negative 
effects were weaker with matching or even more positive with matching. From the pro-
viding perspective, the matching reviewer assignment algorithm always produced larger 
estimated benefits than does the random assignment algorithm. When considering both 
receiving and providing effects, the combined effects always favored the matching algo-
rithm. The difference between the algorithms at the level were relatively small (approxi-
mately 0.15 SD) for very-low and low students and moderate (approximately 0.25 SD) for 
high and very-high students. In other words, at least for high and very-high students, the 
cumulative effects of the matching algorithm were estimated to be pragmatically mean-
ingful across assignments when considering both providing and receiving effects, despite 
the relatively small per-assignment effects of just providing or receiving effects, per word 
and total words, in isolation.

General discussion

The main aim of this study was to uncover the changes in student performance over 
time, associated with providing and receiving peer feedback within different prior stu-
dent performance pairings when implemented as four performance levels rather than 
the typical high/low binary studied in the past. The study revealed important variations 
by four-level distinctions in student performance and generally supported the need to 
attend to author–reviewer relative performance levels within both providing and receiv-
ing feedback. Here, we consider the theoretical and practical implications of these 
findings.

Theoretical implications

For theories of computer-supported peer assessment, the current findings highlight 
importance of separate consideration of providing from receiving effects. In both the 
research literature and in the examined courses in the current study, providing feed-
back was associated with improvements in student performance. Prior research has 
long acknowledged that receiving is less beneficial than providing (e.g., Li et  al., 
2010; Lundstrom & Baker, 2009), but only relatively recently have negative impacts of 
receiving extensive feedback been acknowledged (Zong et al., 2021). Presumably very 
different mechanisms underlie these effects: providing influences performance gains 
via conceptual understanding and practice mechanisms (Wu & Schunn, 2023a; Chang 
et  al., 2021), whereas receiving feedback  may lead to reductions in performance via 
motivational mechanisms. The patterns of findings across performance pairings further 
highlight the importance of the receiving versus providing separation. For example, 
very-low performing students showed the highest gains from providing feedback in the 
exact match case but also the worst declines from receiving in the exact match case. 
If there was one underlying mechanism for both providing and receiving effects (e.g., 
practice opportunities), then there should have been more symmetry in the patterns 
within providing and receiving.

The particular patterns of relative gains and relative declines in performance associ-
ated with providing and receiving feedback now serve as a challenge for theories of peer 
feedback. There was some support for the general zone of proximal development theory 
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in that the exact match case was frequently more beneficial/less harmful. Furthermore, 
through the creation of groups by four levels of achievement, this study confirms that 
there is a stepped development zone in peer review, and students can gradually catch up 
to higher achievement peers with the help of peers with the same achievement. How-
ever, the support was far from a strong endorsement of that theory. Most critically, 
sometimes anti-match was actually more helpful than intermediate author–reviewer 
performance mismatches. Refinements to theories of learning from peer feedback are 
required to explain these patterns. Past studies using interviews and surveys with stu-
dents suggested support for both learning from negative exemplars and positive exem-
plars during providing feedback (Schunn et al., 2016). Potentially, the variation in stu-
dents’ performance levels influenced their ability to notice positive and negative aspects 
of a peers’ contribution (Huisman et al., 2018).

Better theoretical understanding of the basis of overall gains/declines from peer feed-
back experiences and relative gains/declines from peer feedback with different perfor-
mance matchings is important to producing improvements in scaffolding with online peer 
feedback systems. For example, if the total amount of received feedback tends to over-
whelm some learners, only a subset of the feedback could be presented. Alternatively, if 
some author–reviewer performance pairings lead reviewers to focus on problems outside 
of their zone of proximal development, rubrics within peer assessment could be dynami-
cally adapted to the author-reviewer pairing.

Practical implications

At the broadest level, the findings of the current study providing additional support for 
the value of peer feedback for student performance outcomes. Meta-analyses have con-
sistently found learning benefits of peer feedback in general (e.g., Li et al., 2020), and 
computer-supported peer feedback in particular (e.g., Chang et al., 2021). The current 
study adds to this research by suggesting that peer assessment is overall positive in its 
effects across student performance levels within a course. Regardless of where students 
started, both random-assignment and matching-assignment algorithms were associated 
with positive effects over time. This finding addresses student and instructor concerns 
that peer feedback helps lower-performing students at the cost of higher-performing 
students.

The results of the simulation also suggest that an achievement matching algorithm for 
reviewer assignment would generally lead to better outcomes than would the standard ran-
dom-assignment algorithm. The benefit for matching over random was larger for higher-
performing students but students in all four performance groupings showed the relative 
benefit of matching over random. Since the empirical patterns of providing, receiving, 
and amount of feedback were more complex than simply supporting a precise matching 
benefit, it is likely that more complex algorithms could be developed to further optimize 
outcomes.

Finally, the study pointed to the importance of long comments. Part of the value of com-
puter-supported peer feedback is that mechanisms can be embedded to encourage students 
to provide longer comments: anonymity, grades for helpful feedback (Patchan et al., 2018), 
or automated feedback on the contents of a comment (e.g., Ramachandran, et al., 2017). 
The current findings suggest that lower performing students will especially be in need of 
support for producing longer feedback.
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Limitations and future research

It is worth noting that the current study used correlational rather than experimental 
methods, so the causal relationship between experience and providing feedback is not 
fully established. However, prior experimental studies have already established the over-
all causal relationship between providing peer feedback and student outcomes (Li et al., 
2020). Further, the regression approach did use a time-varying method and included 
many important control measures to address concerns about reverse causality and many 
third variable confounds. However, future research using experimental manipulations 
of different reviewer assignment algorithms will be helpful to fully establish the causal 
nature of relatively benefits/harms of different reviewer pairings.

It is also important to note the lack of measures of student motivation. The nega-
tive effects associated with receiving feedback were hypothesized to be caused by moti-
vational mechanisms, but no direct assessment of changes in student motivation were 
included in the study. It is challenging to included multiple rounds of motivational 
assessments in the kinds of large courses needed to uncover effects of finer-grained 
author–reviewer pairings. However, the current study suggests that such an investiga-
tion will be needed to better understand how motivation is changing with peer feedback 
experiences.

Finally, the current study was done with university students in science courses using 
one online peer feedback system. The complexity of the assignments, the relative moti-
vation levels of the students, and the supports included in the online peer feedback sys-
tem could all shape the benefits of providing and receiving feedback, which could then 
shape the patterns of results in author–reviewer pairings. However, the study did find 
general consistency in the general pattern of results across the three courses that were 
examined.

Conclusions

The current study reveals that an approach to relative student performance levels 
using four achievements levels can inform the likely benefits to be obtained from 
peer feedback. In particular, providing feedback to students at the same performance 
level within four achievement levels appears to be especially helpful, but receiving 
feedback from students at the same level is not consistently better. Second, there 
appear to be simple main effects of both author performance levels and reviewer per-
formance levels, rather than interactions involving relative match between the two, 
on the amount of feedback provided/received. Third, providing feedback, regardless 
of pairing, is associated with improvements in students’ task performance to vary-
ing degrees, whereas receiving feedback, with only one exception, is associated with 
varying degrees of reductions in task performance. Finally, matching reviewers to 
authors by achievement level using four levels is expected to produced better out-
comes in task improvement across courses than from randomly assigning reviewers, 
and more online peer assessment systems should explore adding matching algorithms 
as an option.
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Appendix C Stata code for regressions

Regressions in Table 3: bys performance-level: reg Z-Score Z-ScoreJ-1 Very-low Length 
providedJ-1 Low Length providedJ-1 High Length providedJ-1 Very-high Length provid-
edJ-1 Total Length receivedJ-1 i.Course Round, beta

Regressions in Table 4: bys performance-level: reg Z-Score Z-ScoreJ-1 Very-low Length 
receivedJ-1 Low Length receivedJ-1 High Length receivedJ-1 Very-high Length receivedJ-1 
Total Length providedJ-1 i.Course Round, beta

Data Availability The data presented in this study are available upon request from the corresponding author. 
The data are not publicly available for reasons of privacy.
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