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Learning to improve the quality peer feedback through
experience with peer feedback

Zheng Zonga, Christian D. Schunnb and Yanqing Wanga

aSchool of Management, Harbin Institute of Technology, Harbin, China; bLearning Research and
Development Center, University of Pittsburgh, Pittsburgh, PA, USA

ABSTRACT
Peer review is regularly found to be a powerful and efficient technique
for assessment and feedback, but many students are inexperienced and
sometimes struggle to provide meaningful feedback. It is considered
best practice to provide students with some training on how to be a
good reviewer, but few classes can afford to devote much time to such
training, and the assumption is that review quality will improve with
experience. This study directly examines what kinds of experiences dur-
ing peer feedback activities improve reviewing quality. In particular,
organized by theories of norm-setting and practice-based learning, it
examines the relationship of the amount of provided and received feed-
back on one assignment to improvements in the quality of feedback on
the next assignment. Data on peer feedback experiences and behaviors
across multiple assignments were taken from students across two intro-
ductory level undergraduate courses (N¼ 360). Multi-regression analyses
reveal that the number and length of feedback provided predicted
growth in helpfulness rates, and both improvements in domain per-
formance and the reviewer’s preference for length explains the effects
on review helpfulness. Further, compared with high-performing stu-
dents, low-performing students show more remarkable growth in help-
fulness from providing feedback.

KEYWORDS
Peer assessment; peer
feedback; students’
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Introduction

Peer feedback involves qualitative comments from peers within a course to evaluate and
improve performance. The use of peer feedback is argued to be an essential contributor to learn-
ing, whether the student work involves essays (Cho and Schunn 2007; Schunk and Zimmerman
2007; Applebee and Langer 2011), video presentations (Min 2016), design projects (Grabe and
Kaplan 1996; Gatfield 1999) or computer code (Ballantyne, Hughes, and Mylonas 2002; Wang
et al. 2012). Peer feedback is also considered to be a challenging learning method that requires
development through extensive experience (Ruiz, Candler, and Teasdale 2007). As an interactive
evaluation mode that can address a specific task/product, processes of learning or personal
evaluation (Hattie and Timperley 2007), peer feedback attempts to expand the informational
interaction between learners which can improve course performance (Ericsson and Charness
1994; van Gog et al. 2005).

Extensive prior research on peer feedback has revealed how its value can be influenced by
various factors such as feedback content (Tseng and Tsai 2007; Nelson and Schunn 2009; Lu and
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Law 2012), students’ individual differences (Liu and Carless 2006; Weaver 2006; Winstone et al.
2017), and students’ perceptions towards peer feedback (van der Pol et al. 2008; Strijbos, Narciss,
and D€unnebier 2010). Extensive research has also demonstrated the effectiveness of peer feed-
back: students can increase knowledge and skills by receiving and providing feedback
(Lundstrom and Baker 2009; Tsivitanidou, Zacharia, and Hovardas 2011; Huisman et al. 2018;
Wichmann, Funk, and Rummel 2018; Wu and Schunn 2020a).

However, peer review has also encountered difficulties in practice. Since many students have
not had much experience with and rarely received training on peer feedback, they still have
much to learn about how to produce helpful feedback (Watson, Bishop & Ferdinand-James,
2017). Both students and teachers are concerned about whether assessment from their peers is
reliable compared to assessment by teachers (Kaufman and Schunn 2011). Many scholars have
studied the reliability of peer assessment and found that the evaluations from peers (at least
when combining multiple peer assessments) are at least as reliable as teacher assessments
(Yang, Badger, and Yu 2006; Par�e and Joordens 2008; Bai 2012). There are also concerns about
whether peers have sufficient professional knowledge to provide helpful qualitative feedback
(Winstone et al. 2017), although peer feedback is quite helpful in practice (Cho, Schunn, and
Charney 2006; Cho and Schunn 2007).

While it is clear that students can provide useful feedback to their peers, it does not mean
that peer feedback is always useful (Nilson 2003; Zacharias 2007). There have been many studies
examining the role of motivation in shaping the amount of feedback provided (Liu and Carless
2006; Kaufman and Schunn 2011; Zhao, Ha, and Widdows 2013; Zou et al. 2018).
Correspondingly, some approaches have been used to hold peer reviewers accountable for the
quality of their feedback in order to improve the overall quality (Patchan, Schunn, and Clark
2018). However, far fewer studies have examined how students learn to become better reviewers
through experience with peer feedback (Price, Handley, and Millar 2011). It is considered best
practice to provide some training on peer assessment (Nicol, Thomson, and Breslin 2014;
Wichmann, Funk, and Rummel 2018). It is also the case that students learn from the experience
of participating in peer feedback, just as learning in any domain. However, little is known about
how peer feedback quality improves from the reviewer’s or reviewee’s experience of participat-
ing in peer feedback.

Theoretical background

What is helpful feedback in peer review?

There are many different approaches to conceptualizing and measuring the quality of peer feed-
back. Some researchers have focused on easily quantified aspects such as the number of com-
ments or length of comments (e.g. Patchan, Schunn, and Clark 2018). Fewer comments or a
shorter number of characters often lack sufficient persuasion to enable students to accept and
recognize the reviewer’s point of view (Gibbs and Simpson 2004; Price, Handley, and Millar
2011). Another approach focuses on the accuracy of the comments: are the critical problems in
the document addressed by the feedback (Gao, Schunn, and Yu 2019)? Other researchers have
examined the form of the comments in terms of whether they include features generally
thought to be helpful, such as identifying the problem, explaining the problem, or including a
suggestion for improvement (Nelson and Schunn 2009; Patchan, Charney, and Schunn 2009;
Wichmann, Funk, and Rummel 2018; Wu and Schunn 2020a). Another approach is to look at the
effect of feedback: did it result in revisions or revisions that improved the document (Cho and
Cho 2011; Patchan, Schunn, and Correnti 2016). A related approach involves judging whether
the feedback is likely to produce improvements (Wu and Schunn 2020c).

The more straightforward methods are easy to implement but likely provide poor approxima-
tions of feedback quality. The other approaches are very time intensive (e.g. hundreds of hours

2 Z. ZONG ET AL.



to systematically evaluate all the comments in a class) and may present narrow perspectives (e.g.
focus only on immediate effects such as document improvement or only on delayed effects such
as learning as shown in future performance).

A straightforward alternative that is easily implemented and integrates multiple facets of feed-
back quality involves collecting helpfulness judgments by the feedback recipient. After receiving
peer feedback comments, the assessee can give a rating of the quality of the review comments
received. The process is sometimes called a back-evaluation (Cho and Schunn 2007; Minami and
Ohura 2015) that can be used a part of an accountability mechanism (e.g. by contributing to
grades for reviewing quality; Patchan, Schunn, and Clark 2018) and as a source of data to study
reviewing quality (Nelson and Schunn 2009; Tillema, Leenknecht, and Segers 2011). Although
subjective, it most directly captures the holistic component of the multi-dimensional aspects of
the helpfulness of feedback in a recipient-centric way: is the feedback understandable, is it edu-
cative, and is it persuasive (Ballantyne, Hughes, and Mylonas 2002; Nelson and Schunn 2009)?

Studies of peer review and performance

What improves peer review performance? One general connection that is often made is between
the reviewer’s overall ability in the domain. Students are more willing to accept feedback from
an expert (Tsui and Ng 2000; Yang, Badger, and Yu 2006; Kaufman and Schunn 2011), and lower
ability students may provide less feedback (Nesbit and Burton 2006; Patchan and Schunn 2015).
Feedback is less persuasive because it is tentative (Shashok 2008) or with missing components
like possible solutions (Ross et al. 2014). Thus, when students have review experiences that
improve their abilities in the domain (such as learning from received feedback or learning from
providing feedback; Lundstrom and Baker 2009; Crinon 2012; Adachi, Tai, and Dawson 2018;
Deiglmayr 2018; Wu and Schunn 2020b), these improvements may also translate into improved
peer feedback quality. Nicol, Thomson, and Breslin (2014) found that receiving feedback can help
students quickly recognize the advantages and disadvantages so that they can focus on areas
that needed improvement and get helpful suggestions, whereas providing feedback exercises
students’ understanding and cultivates their own cognitive process. However, providing feedback
appears to produce a more significant amount of domain learning than does receiving feedback
(Lundstrom and Baker 2009; Wu and Schunn 2020b), so one might expect providing feedback
should produce more improvements in the quality of provided feedback.

Another possible mechanism for learning to improve peer feedback quality comes from expe-
riencing good and poor models of peer feedback. At the level of the domain, Cho and
MacArthur (2011) found that the process of reviewing and providing feedback enables students
to see models of what could be done as well as examples of errors that can be made. A similar
process could also occur regarding the ways of providing feedback: students can see more and
less effective ways of providing feedback from the feedback they receive. For example, they may
notice that overly brief comments, containing no explanations or possible solutions, are just not
helpful (Kaufman and Schunn 2011).

A third possible mechanism for improving peer feedback quality involves practice, and the
more practice the better (Ericsson 2006). Thus, when peers provide more feedback, they will
likely learn more about how to provide higher quality feedback. Providing feedback is a cogni-
tively-demanding activity that extends students’ understanding and abilities (Falchikov 2006;
Roscoe and Chi 2007; Wooley et al. 2008). However, very brief feedback likely requires little
reflection, and thus it may be that it is only the amount of in-depth feedback (rather than any
kind of feedback) that is a good learning opportunity for improving feedback quality.

Finally, there is the role of norm-setting. Guidance on best practices for using peer feedback
involves setting classroom norms (Chang 2004). One way of learning norms is through observa-
tion (Martin and Double 1998; Blackmore 2005). Students have been found to be influenced by
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how much help they provide their peers based on the amount of help they receive (Wasko and
Faraj 2000). Thus, the amount of peer feedback that students receive and the quality of the peer
feedback that students receive could shape the perceived norms for peer feedback in the given
classroom, thereby shaping the quality of the feedback produced.

In sum, although not directly studied before, experiencing peer review across assignments in
a course should shape the quality of provided feedback through a variety of possible mecha-
nisms. The current study tests these possible mechanisms by testing the empirical relationship of
five measures: amount, length and helpfulness of received feedback; amount and length of pro-
vided feedback. Three specific research questions are examined: (RQ1) what experiences are asso-
ciated with improvements in review quality? (RQ2) through what mechanism do those effects
appear to occur? (RQ3) are the experience effects more vital for weaker students? Two potential
mechanisms are formally tested: improvements in feedback quality through improvements in the
underlying domain (i.e. improved submitted documents) and improvements in feedback quality
through changes in reviewing approach (i.e. tendency to provide longer or more in-depth feed-
back). Interactions with student ability are tested because review quality concerns are especially
severe for lower ability students.

Methods

Course setting and participants

There were 360 (74% female) undergraduates across two different sections from different semes-
ters (n¼ 166 and n¼ 194) of a writing-intensive, second-level introductory course call

Figure 1. The main student reviewing interace within Peerceptiv.
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“Introduction to Cognitive Psychology” at a research-oriented university in the Midwestern region
of the US. Students were predominantly second and third-year undergraduates and a roughly
equal number of psychology majors and majors from other disciplines. These two sections had
the same instructor and had similar course contents and requirements.

Materials

In each section, there were six writing tasks with peer review, and students had to complete all
six tasks. In one section, it was two drafts each of three different writing assignments, and in the
other section, it was one draft each of six different writing assignments. In all cases, the writing
assignments were similar: choosing from a fixed set of writing prompts that apply concepts from
the course to specific situations in approximately 1,000 to 2,000 words, using similar evaluation
dimensions in each assignment. The writing prompts were overlapping across the two sections,
with only minor changes.

All participants were required to submit assignments and complete review tasks through a
widely-used, web-based, online peer assessment system call Peerceptiv (https://peerceptiv.com).
For each document/draft, there was the same set of steps: submitting the document, reviewing
peers’ documents, and performing a back-evaluation of the helpfulness of the received com-
ments (i.e. assessing feedback quality). Students were required to complete four reviews per
assignment. The reviewing was randomly assigned for each assignment and anonymous: authors
were identified by a pseudonym and reviewers by a number.

Figure 2. The Peerceptiv interface showing received helpfulness ratings and optional comments for each completed review
dimension. Only one review dimension is shown in the figure. The reviewer can see the ratings for their own review along-
side what other reviewers for the same document said and the back-evaluations and accompanying comments those
reviews received.
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Figure 1 (top) shows the main student reviewing interface. The students can see the docu-
ment (right) while they complete the review (left). The review is divided into five separate
dimensions (concise writing, quality of evidence, explanations, word choice/language use, and
conventions) that were selected based on student surveys for areas of importance for their
expected future careers. For each dimension, students entered some open-response comments
based on a brief prompt for that dimension (with a minimum of one comment per dimension).
Students also made 1-to-2 Likert ratings per dimension based on rubrics that were specific to
each dimension. These ratings were used by the system to produce document scores using an
algorithm that weighted each reviewer’s ratings by their overall accuracy as a reviewer.

After the reviewing deadline had passed, and all reviews for a given document were distrib-
uted, authors were required to rate the helpfulness the comments they received. This step con-
sisted of a 5-point Likert rating per comment dimension per review, along with an optional
comment that explained the rating. The scale was: 5 - much more helpful than average, 4 -
slightly more helpful than average, 3 - average helpfulness, 2 - a little less helpful than average,
1 - very unhelpful. Once the back-evaluation period had finished, reviewers could see what other
reviewers had said about the same documents they had reviewed and the detailed explanations
(see Figure 2).

Measures

The overall analytic approach organizes the data as a time-series within each student (i.e. meas-
ures of experiences and behaviors of each student in each assignment) in order to be able to

Table 1. Definitions of student and context level variables, along with indicators of whether the variable is defined in ana-
lysis in terms of the prior assignment, the current assignment, or both (if applicable).

Measure Definition Prior Current

Student-level variables
Provided HelpfulJ The mean helpfulness rating for the comments

received by the student for their provided peer
review comments on the Jth assignment.

� �

Received HelpfulJ The mean helpfulness rating for the comments
provided by the student for their received peer
review comments on the Jth assignment.

�

#ProvidedJ The number of peer feedback comments provided by
a student on the Jth assignment.

�

#ReceivedJ The number of peer feedback comments received by
a student on the Jth assignment.

�

Length ProvidedJ The mean number of characters within peer feedback
comments provided by the student on the
Jth assignment.

�

Length ReceivedJ The mean number of characters within peer feedback
comments received by the student on the
Jth assignment.

�

%Provided LongJ Percentage of total comments provided by the
student that were long (> 50 words ) for the
Jth assignment.

� �

%Provided ShortJ Percentage of total comments received by the
student that were short (< 10 words) for the
Jth assignment.

� �

Z-ScoreJ Standardized score of the student’s document on the
Jth assignment (i.e., score minus mean assignment
grade / SD of assignment grade)

�

Low ScoreJ 1 if the student’s document score on the Jth

assignment is lower than the median score, and
0 otherwise.

�

Context variables
J The assignment number (1–6) �
Course Dummy indicator (0 for first course, 1 for second) NA
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examine the relationship of improvements in review quality on one draft (assignment J, varying
from 1 to 6) to reviewing experiences (giving and receiving feedback) on the prior draft (i.e.
assignment J� 1). Each of the measures summarizes an aspect of reviewing experiences for a
given round, and often the analyses involve including a given measure defined for both one
round and the prior round (e.g. the mean helpfulness rating in the current assignment and the
mean helpfulness rating in the prior assignment). The measures, their definitions, and whether
the analyses used the current assigned or lagged assignment measure (or both) are shown in
Table 1. Since analyses based on lagged data cannot include the first round, this should produce
roughly 1,800 data points (360 participants� five assignments). However, students occasionally
did not submit or review for a given assignment, and thus the maximum number of datapoints
was 1,634. Table 2 lists the observed maximum, mean and standard deviation for each variable.
Since current and lagged variables use a different set of assignments (i.e. 2–6, 1–5 respectively),
separate descriptions are presented for both where appropriate.

Review helpfulness
Across all helpfulness ratings (one rating for each dimension in each review), a mean helpfulness
rating was computing on the 1–5 scale (dropping missing values when the author did not com-
plete the back-evaluation step). The mean helpfulness for all the reviews a student completed
for assignment J was called Provided HelpfulJ, and the mean helpfulness for all the reviews a stu-
dent received for assignment J was called Received HelpfulJ.

Number of feedback comments
Students were required to provide at least one comment for each dimension, but they had the
option of providing additional comments. Further, students sometimes did not complete all of
the required reviews. ProvidedJ and ReceivedJ refer to the number of comments provided and
received, respectively, across reviews on the Jth assignment. ReceivedJ was set to missing when
no document was submitted.

Length of feedback comments
In addition to varying in how many separate comments occurred, the open-ended comments
could also widely vary in length (e.g. from one word to a long paragraph). Also, words could be
less meaning-rich short words or more substantive long words. By combining these aspects, a

Table 2. Mean and standard deviations for each predictor variable, along with maximum observed values on each variable
for J¼ [2,6].

Variable Max Mean SD

Comment helpfulness
Provided HelpfulJ�1 5 4.4 0.5
Received HelpfulJ�1 5 4.4 0.5

Document Quality
Z-ScoreJ 2.5 0.0 1.0
Low ScoreJ�1 1 0.53 0.50

# of Comments
#ProvidedJ�1 55 21.9 10.7
#ReceivedJ�1 34 13.0 5.0

Comment Length
Length ProvidedJ�1 1331 272 152
Length ReceivedJ�1 716 265 84
%Provided LongJ�1 1 34% 28%
%Provided ShortJ�1 1 9% 16%
%Provided LongJ 1 31% 28%
%Provided ShortJ 1 11% 17%
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mean total comment length (in characters) was calculated per review, once for reviews provided
by the student (Length ProvidedJ), and once for reviews received (Length ReceivedJ) on assign-
ment J.

Relative frequency of short and long comments
Since the effects of comment length may be non-linear, comment length was also analyzed by
length categories. This analytic approach also allowed for orthogonal measures of the number of
comments as well as examining the role of comment length within comment helpfulness. To
this end, each comment was classified according to the number of characters in short, medium
and long comment categories. Histograms of comment length were examined, and thresholds of
10 words for short comments and 50 words for long comments were used. The percentages of
comments provided for assignment J that were long and short were calculated (%Provided LongJ,
%Provided ShortJ).

Document score
A document score for each assignment was generated from the mean peer ratings across review
dimensions and reviews. Prior studies have shown that the ratings produced by multiple peer
review are reliable and valid scores (Li et al. 2016), particularly when given strong rubrics and
incentives to take the task seriously (Patchan, Schunn, and Clark 2018). In taking into account dif-
ferences in assignment difficulty, scores were normalized (subtract assignment mean score and
divide by assignment SD) to produce the variable Z-ScoreJ (the relative score for an individual
compared to the class average score for that assignment). Further, a binary indicator (Low ScoreJ)
was created to identify lower-performing students (i.e. all students whose document score was
below the median for that assignment).

Assignment
In accounting for changes in reviewing behaviors across the assignments, an indicator variable J
was created to represent the assignment number (1–6).

Course
Two different sections of the same courses were combined in the dataset. For controlling pos-
sible differences within the course or across the student cohorts, a Course indicator variable was
created: the first course was set to 0, and the second was set to 1.

Analyses

The primary analyses correspond to three research questions. For research question 1, to identify
the experiences that predict improvements in review helpfulness in a later round of peer review,
the relative frequency of different provided and received reviewing experiences are tested
through multiple regression. The dependent variable, mean helpfulness rating across all the
reviews submitted in a given assignment (Provided HelpfulJ), is a continuous variable with roughly
normal distribution; thus, traditional linear regression was selected. The models predict Provided
HelpfulJ controlling for Provided HelpfulJ�1. This approach is conceptually similar to predicting
gain scores, but it is preferred over models predicting gain scores from one round to the next
because of artificial regression-to-the-mean phenomena associated with gain scores (Barnett, van
der Pols, and Dobson 2005). J, Z-ScoreJ, and Course are included as additional control variables
for gradual changes across assignments, the different kinds of feedback documents of higher
and lower quality receive, and context effects across courses. Note that separate models for each
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course produced similar results; we present the analyses from the combined dataset because of
the greater statistical power to allow for controlling more potential confounds at once.

This part includes three regression models (Models 1–3). Model one includes the helpfulness
of received comments, the number of provided and received comments, and the length of the
provided and received comments. Because predictors may be correlated with one another,
Model two tests the stability of the regression coefficients after removing non-significant varia-
bles from Model 1. Model three then further explores length (focusing on the length variable
that was significant in Models 1 and 2) to test the different negative effects of very short com-
ments from the positive effects of very long comments.

In addressing the second research question regarding mediators of the effects, potential
mediators are included in isolation and then together, and the changes in predictor strength are
examined (comparing Models 5–7 to baseline Model 4). The mediators are: 1) improvements in
understanding of the assignment (Z-ScoreJ), and 2) changes in the length of provided comments
(increases in the tendency to give longer comments or decreases in the tendency to give shorter
comments). A formal mediation test is also conducted using the process macro (Hayes 2013) to
estimate the size of the indirect effect, focused on the predictors showing sensitivity to inclu-
sions of mediating variables.

Finally, to address the third research question, for whom are these experiences especially cru-
cial in predicting changes in reviewing helpfulness, moderation analyses were conducted. Three
models were created (Models 8 through 10) that each tested the potential interaction of being a
higher or lower scoring author in the prior round, with each of the main predictors found to be
significant in Model 2.

Results

Predictors of change in comment helpfulness

Table 3 shows the Pearson correlations amongst the predictors. Given the large N, most correla-
tions are statistically significant. However, most of the correlations are relatively small. The largest
correlations involve variations of the length provided variables (e.g. Length ProvidedJ�1 and
%Provided LongJ�1/%Provided ShortJ�1), and these variables do not appear in the same regression
analysis. Thus, multicollinearity problems were not expected. Indeed, an examination of variance
inflation factors (VIF) confirms there were no multicollinearity problems (i.e. all VIFs < 2). Most of
the predictor variables were correlated with the outcome variable (see bottom row of Table 3).
However, since most of the variables were also correlated with the baseline version of the out-
come variable (i.e. Provided HelpfulJ�1, see left column of Table 3), multiple regression controlling
for the baseline is needed to identify the associates of growth in helpfulness.

Table 4 presents the results of the multiple regression models testing the relationship of the
critical predictors to growth in helpfulness in various combinations. In all three models, the prior
helpfulness baseline is a significant predictor of later helpfulness, but this relationship is only
moderate in size, indicating that there is also substantial variation in helpfulness from one task
to the next. Also consistent across all three models, students were more likely to provide helpful
feedback after they received helpful feedback and after they had provided more feedback in the
prior round.

In the first model focused on the total length of the feedback provided and received, only
the total length of feedback provided predicted later helpfulness. Figure 3 presents this relation-
ship graphically by grouping different amounts of feedback provided on the prior round in dif-
ferent frequency bins. Neither the number of comments received, nor the length of comments
received, predicted later helpfulness. Thus, receiving some helpful comments appeared product-
ive, but the amount received did not matter. In models 2 and 3, the amount received variables
were therefore dropped, and the estimates for the remaining variables were stable.
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In model 3, the length provided variable was replaced with percent short and percent long
predictors. Notably, the predictiveness of the number provided increased once the character of
the comments was included in the model, and both %long and %short variables predicted
growth in helpfulness (with %short having the expected negative relationship to growth). Thus,
giving short comments appeared to be harmful to growth in helpfulness, but, even more so, giv-
ing long comments appeared to be helpful to growth in helpfulness. Combining the effects of
comment frequency and length, Figure 3 presents the relationship between the number of long
comments in the prior round and estimated helpfulness in the next round (controlling for prior
helpfulness and other predictors).

Note that the three control variables included in Models 1, 2, and three were consistent pre-
dictors. In particular, students provided more helpful feedback when they did well in that same
round on the assignment, in later rounds (likely reflecting larger patterns of learning to review),
and in one of the two courses (perhaps reflecting the difficulty of providing helpful comments
on the 2nd draft of an assignment).

Mediators of change in comment helpfulness

Table 5 presents the results of mediation analyses, focused on the tested key predictors found to
be significant in the prior set of analyses, with Model four serving as the baseline model (i.e. no
included mediators). As revealed by the results of Model 5, the introduction of the mediator of
Z-ScoreJ slightly weakened the effect of the prior provided feedback variables. Thus, some of the
benefits of providing more feedback may come from better mastery of the underlying task. As
revealed in the results of Model 6, adding in the typical length of the current round significantly
reduced the predictiveness of providing longer feedback in the prior round. Thus, it appears
more likely that feedback quality later improves when students give longer feedback because
they are more likely to keep providing more feedback in the next round.

To more directly estimate the size of the mediation effects of each pathway controlling for
the other effects, mediation analyses were conducted considering the effects of both providing
long comments and short comments in the prior round on later comment quality via the pos-
sible mediators of better task mastery (as indicated by Z-ScoreJ) and similarly sized comments in
the current round (%Provided Long J for %Provided Long J�1 and %Provided Short J for %Provided
Short J�1). All four indirect effects were statistically significant (see Table 6). However, the benefit

Table 4. Standardized Beta coefficients for each predictor of Provided HelpfulJ along with N and fit statistics from the mul-
tiple regression models testing key predictors.

Predictor Model 1 (length, full) Model 2 (length, reduced) Model 3 (% long)

Baseline
Provided HelpfulJ�1 0.17��� 0.17��� 0.14���

Core predictors
Received HelpfulJ�1 0.05� 0.05� 0.05�
#ProvidedJ�1 0.07�� 0.07�� 0.10���
#ReceivedJ�1 �0.003
Provided length J�1 0.17��� 0.17���
Received length J�1 0.01
%Provided Long J�1 0.18���
%Provided Short J�1 �0.08��

Control variables
Z-ScoreJ 0.10��� 0.10��� 0.09��
Course 0.34��� 0.34��� 0.38���
J 0.10��� 0.10��� 0.12��

N 1,397 1,397 1,395
R2 0.26 0.26 0.27
���p<.001,��p<.01,�p<.05.
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of long comments or the harm of short comments via task mastery were both small effects, and
the effect of providing short comments via mastery is just on the edge of statistical significance.
By contrast, the indirect effects via the tendency to give similarly sized comments in the next
round were much larger. Further, the negative impact of short comments was twice as large as
the positive impact of long comments. Figure 4 shows the mediation relationships, showing the
relatively large stability of comment length tendencies from one round to the next, the moder-
ate relationship of comment length to comment helpfulness, and the much smaller relationships
of comment length to task mastery or task mastery to comment helpfulness.

Moderators of change in helpfulness

Three moderation models were conducted to see whether the benefit of prior reviewing experi-
ences depended upon whether the student was relatively strong or relatively weak. These mod-
els involved the interaction with an indicator variable for having a below-average document
score in the prior round (Low-ScoreJ�1). The three models respectively focused on the three main
predictors that were overall statistically significant: %Provided LongJ�1, Receiving HelpfulJ�1, and
#ProvidedJ�1. Only the interaction with the relative length was statistically significant (see Table
7). As shown in Figure 5, there was an effect of %Provided LongJ�1 for both stronger and weaker
students, but the effect of %Provided LongJ�1 was larger for weaker students. The bins for differ-
ent levels of %Provided LongJ�1 were defined based on inspection of the frequency histogram:
zero (no long comments provided), rare (some long comments were provided, but not more
than the mean value, 34%) and common (more than the mean value, 34%, of provided com-
ments were long).

Figure 3. The estimated mean helpfulness rates on the Jth assignment (with SE bars) as a function of the number of long
comments provided by student on the (J� 1)th assignment, controlling for other predictors.
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General discussion

The primary purpose of this study was to uncover information about how students improve the
quality of the feedback they provide to their peers through experiences with providing and
receiving peer feedback. This topic is of central importance to formative assessment in higher
education because educators struggle to provide formative feedback on complex tasks in a
timely fashion (Hattie and Timperley 2007; Shute 2008; Topping 2009; Gielen and De Wever
2015). Also, peer assessment is widely applicable, being an approach to formative assessment
problems (Hattie and Timperley 2007; Topping 2009; Applebee and Langer 2011).

The study took a ‘micro’ lens, examining how performance in one assignment was related to
performance in the next assignment. We examined seven specific measures that capture differ-
ent aspects of three kinds of experiences: quality of received feedback, quantity of received feed-
back, and quantity of provided feedback. Two of the three were consistently found to predict
growth in feedback quality across all of the specific experience measures that were explored:
quality of received feedback (one measure) and quantity of provided feedback (four measures).
The strongest relationship was with providing long comments, and this relationship was stron-
gest for students showing weaker performance on the assignments. No measure of the quantity
of received feedback received any support.

Why might providing long comments be helpful for reviewing quality in later assignments?
Conceptually, providing longer feedback could provide an opportunity to learn the underlying
domain content (Crinon 2012; Adachi, Tai, and Dawson 2018; Deiglmayr 2018), and having a bet-
ter understanding of the underlying domain content might enable students to provide more
helpful comments (Patchan and Schunn 2015). Providing feedback is more consistently associ-
ated with learning outcomes than is receiving peer feedback (Lundstrom and Baker 2009; Wu
and Schunn 2020b), which would then explain why the amount of provided rather than the
amount of received feedback was predictive of reviewing quality. The results of the mediation
analyses provided some support for this underlying mechanism. However, that pathway was rela-
tively weak because the performance on an assignment did not have a strong relationship to
review quality, similar to what some other researchers have found (Leckey and Neill 2001; Lin,
Liu, and Yuan 2001).

Another possible mechanism involved establishing behavioral patterns. In general, longer
comments will tend to contain more helpful components (Wu and Schunn 2020a), and develop-
ing the pattern of having longer comments in one assignment could then continue in later

Table 5. Standardized Beta coefficients for each predictor of Provided HelpfulJ along with N and fit statistics from the mul-
tiple-regression models testing possible mediators, alone and in combination.

Predictor Model 4 (Base) Model 5 (Score) Model 6 (Length) Model 7 (Both)

Baseline
Provided HelpfulJ�1 0.14��� 0.14��� 0.14��� 0.13���

Core predictors
#ProvidedJ�1 0.12��� 0.11��� 0.12��� 0.11���
%Provided Long J�1 0.19��� 0.17��� 0.05 0.04
%Provided Short J�1 �0.10��� �0.09��� 0.04 0.04

Mediators
%Provided Long J 0.17��� 0.17���
%Provided Short J �0.20��� �0.20���
Z-ScoreJ 0.09�� 0.08���

Control variables
Course 0.39��� 0.39��� 0.39��� 0.39���
J 0.11��� 0.11��� 0.13��� 0.14���

N 1,503 1,494 1,499 1,490
R2 0.27 0.28 0.31 0.31
���p<.001,��p<.01,�p<.05.
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assignments. The results of the mediation analyses provided strong support for this mechanism,
and indeed there was a robust relationship between tending to provide long comments in one
assignment with tending to provide long comments in the next assignment. Note that there was
also a similar pattern for the tendency to provide especially short comments, which was very
unhelpful to the recipients of the feedback.

The lack of any relationship of growth in helpfulness to the amount of feedback received,
along with a relatively weak relationship to helpfulness in quality of feedback received, sug-
gests that norm-setting is not an essential aspect of learning to provide helpful comments.
The norms of feedback might be established in the initial training sessions or conveyed by the
peer review rubrics such that there was no additional norm-setting effect from later experien-
ces with peer feedback. Alternatively, it could be that norm-setting is important in determining
the amount of peer feedback each student provides or stylistic components of peer feedback
rather than the quality of each piece of peer feedback. Thus, the current results do not rule
out the role of norm-setting in peer feedback more generally, but instead argue against a
strong role in the narrower relationship between experience within a class and growth in peer
feedback quality.

Table 6. Estimated indirect effects (and 95% CI of the effect) from the mediation analysis predicting Provided HelpfulJ.

Predictor Mediator Indirect effect Indirect CI

%Provided Long J�1 Z-ScoreJ 0.02 [0.01, 0.04]
%Provided Long J�1 %Provided Long J 0.21 [0.13, 0.29]
%Provided Short J�1 Z-ScoreJ �0.02 [�0.05, �0.003]
%Provided Short J�1 %Provided Short J �0.39 [�0.56, �0.24]

Figure 4. The mediation pathways for the positive relationship of long comments and negative relationship of short com-
ments on later helpfulness improvements via changes in assignment performance and comment length. Grey lines indicate a
non-significant relationship and dotted lines indicate a negative relationship.
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Practical implications

Uncovering the predictors of growth in reviewing helpfulness and their underlying mechanisms
can help develop or improve training conditions to guide students to provide helpful feedback
better, and thereby become an excellent reviewer. Educators can encourage students to actively
provide more and longer comments because longer comments not only contain more opinions
or ideas but also enable students to improve their own performance in the process of providing
comments. There will be reciprocal effects, as the higher helpfulness produced by some students
appears to result in higher helpfulness in the comments produced by the recipients in the next
assignment. Thus, comment length is an ideal target from multiple perspectives.

Table 7. Standardized Beta coefficients for each predictor of Provided HelpfulJ along with N and fit statistics from the mul-
tiple-regression models testing interactions with low document performance.

Predictor
Model 8

(Score � %Long)
Model 9

(Score � RHelpful)
Model 10

(Score � #Provided)

Baseline
Provided HelpfulJ�1 0.16��� 0.23��� 0.23���

Core predictors
#ProvidedJ�1 0.09��� 0.05��� 0.05��
%Provided Long J�1 0.16���
Received HelpfulJ�1 0.03
Low-ScoreJ�1 �0.11�� �0.06 �0.08

Interactions
Low-ScoreJ�1

� %Provided LongJ�1 0.09��
Low-ScoreJ�1

� Received HelpfulJ�1 0.00
Low-ScoreJ�1

� #ProvidedJ�1 �0.02
Control variables
Course 0.36��� 0.31��� 0.32���
J 0.11��� 0.07��� 0.07���

N 1,503 1,404 1,507
R2 0.27 0.22 0.23
���p<.001,��p<.01,�p<.05; RHelpful means Received Helpful.

Figure 5. Separately for authors with high and low document scores on the prior assignment, the estimated mean helpfulness
scores on the Jth assignment (with SE bars) as a function of the percentage of long comments provided by student on the
prior assignment, controlling for other predictors. Zero, rare, and common levels were created by inspecting the fre-
quency histograms.
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In terms of how to improve comment length, there are multiple possible strategies to pursue.
As both Carlson et al. (2000) and Ballantyne, Hughes, and Mylonas (2002) pointed out, the atti-
tude of educators towards peer feedback plays a vital role in improving the quality of student
feedback. Giving students clear guidance in training and reviewing rubrics on the components
each comment should contain (e.g. clearly identifying the problem, explaining the problem, mak-
ing constructive suggestions) will encourage longer comments (Cho, Schunn, and Charney 2006;
Ekşi 2012). Similarly, providing grading incentives to reviewers for providing longer comments
(e.g. via helpfulness ratings that turn into reviewing grades; Patchan, Schunn, and Clark 2018)
may be effective. Some online systems allow instructors to set minimum word counts on review
length (ex. Calibrated Peer ReviewTM by Robinson (2001), http://cpr.molsci.ucla.edu; and TurnItIn,
https://turnitin.com), although this might produce extra superficial verbiage in the comments.

It is also important to note that this study found that low-performing students were especially
affected by peer review experiences. Lower-performing students gave less helpful comments,
but in general the effect size of this relationship was small. That is, low-performing students are
capable of being good reviewers, and it appears they are simply choosing not to submit longer
comments rather than not being able to submit longer comments. Further, not providing
enough comments or providing shorter comments are core reasons why low-performance stu-
dents do not produce very helpful or constructive comments. For these students, providing com-
ments is not just a process to help peers, but also a process to improve their own
understanding of domain content. Such students may be especially reticent to provide much
feedback to their peers (Miller and Geraci 2011). Thus, educators need to encourage low-per-
forming students to participate actively and reap more benefits from the peer review process.

Limitations and future research

This study suggests that when students provide long comments, they tend to continue to do so
and also produce more helpful feedback and do better in later assignments. Such relationships
are likely mediated by the contents of the feedback (the specific ideas, the inclusion of con-
structive suggestions or explanations for problems, and the inclusion of mitigating praise) rather
than the length per se. However, this study did not directly examine the contents contained in
comments of different lengths. Future research should examine the contents of comments in
greater depth to see whether students learn different contents through different mechanisms.
For example, the style of mitigating praise (i.e. positive statements added to balance critical com-
ments; Nicol, Thomson, and Breslin, 2014) might be learned through receiving feedback with mit-
igating praise.

The current study used a regression approach to building statistical models of the relation-
ships between past experiences and changes in behaviors. The advantage of such an approach
is that authentic learning environments can be studied in a way that does not add artificial ele-
ments for experimental reasons that could systematically change the behaviors in question (e.g.
forcing students to make longer comments in artificial ways could produce ineffective long com-
ments). Another advantage is that many possibly relevant experience dimensions can be studied
at once, whereas an experimental approach necessarily needs to focus on a smaller set of dimen-
sions to manipulate. Statistical confounds are partially addressed through the inclusion of control
variables and then further reduced by looking at the relations between past experiences and
future behaviors rather than concurrent variables. However, causality is best confirmed through
an experimental approach, and future research will need to verify the causal role of longer com-
ments. However, before investing in such an experiment, additional correlational studies should
be conducted to tease apart the difference between the effects of length per se versus including
particular components in the comments.
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The current study also focused exclusively on helpfulness ratings obtained within the online
peer feedback tool as a measure of peer feedback quality in an attempt to capture author-cen-
tric dimensions of helpfulness holistically. The use of this measure is easily adopted by other
researchers to efficiently replicate the current study in other contexts and explore the effects of
various training and support tools or interventions aimed at improving comment quality.
However, subject ratings are potentially biased, and thus future work should complement the
current study with objective measures (e.g. minimum amounts of feedback known to be helpful,
components of feedback known to be helpful, impact on later reviewee performance).
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