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Abstract
Students benefit from receiving and providing peer feedback, but the degree of participa-
tion limits the benefit. Further, students sometimes resist participation, providing few or 
only short comments. Prior researchers have examined the role of general attitudes toward 
peer feedback in limiting participation. However, little research has examined how peer 
feedback experiences predict the subsequent amount of feedback that students provide 
to peers. Data on peer feedback experiences and behaviors across multiple assignments 
were taken from students across two psychology courses (N = 360), two biology cours-
es (N = 483), and one astronomy course (N = 170). The zero-inflated negative binomial 
(ZINB) regression analyses reveal that receiving fewer critical peer comments in the prior 
assignment, recognition for higher quality feedback in the prior assignment, and stronger 
performance on the current assignment predicted higher participation in peer feedback, but 
norm-setting did not appear to have a role. Implications for practitioners are discussed.

Keywords Peer assessment · Peer feedback · Peer recognition · Participation in peer 
feedback

Introduction

Peer review is a teaching method that can address insufficient teaching resources in higher 
education while also using an effective pedagogical technique (Topping, 1998). As a result, 
peer review has become an indispensable part of instruction using complex artifacts, such 
as essays (Applebee & Langer, 2011; Valero Haro et al., 2019), video presentations (Min, 
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2016), design projects (Rodriguez et al., 2018; Whicher et al., 2018), or computer code (Bal-
lantyne et al., 2002; Wang et al., 2012). Peer review is often called peer assessment when 
focusing on the peers’ numerical ratings and peer feedback when focusing on the peers’ 
comments. Participating in peer feedback is generally found to be beneficial for students 
(van Zundert et al., 2010; Chang, 2016; Rotsaert et al., 2018; Zong et al., 2021a).

The validity or reliability of peer assessment has been an essential line of peer review 
research for over two decades (Haaga, 1993; Stefani, 1994; Marcoulides & Simkin, 1995; 
Mowl & Pain, 1995; Cheng & Warren, 1999; Cho et al., 2006; Cho & MacArthur, 2011; 
Schunn et al., 2016). A meta-analysis of these studies revealed an adequate average validity 
of peer assessments (Li et al., 2016). High reliability and validity were consistently found 
when peer assessment is: supported by a rubric, done online rather than on paper, and com-
bined as ratings and comments rather than ratings alone. There has also been significant 
research examining the learning benefits of participating in peer feedback (e.g., Cho and 
Schunn, 2007; Lundstrom and Baker, 2009; van Zundert et al., 2010; Crinon, 2012; Adachi 
et al., 2018; Deiglmayr, 2018; Huisman et al., 2018; Martin and Evans, 2018; Zong et al., 
2021a). A recent meta-analysis of the learning benefits of peer feedback (Li et al., 2020) 
revealed positive effects on average and strong learning benefits when: using a rubric, com-
pleted online, done anonymously, and implemented in higher education. Peer assessment 
with these characteristics is becoming increasingly popular through support from several 
widely available tools, such as CPR (calibrated peer review, http://cpr.molsci.ucla.edu), 
Peerceptiv (https://peerceptiv.com), Kritik (https://kritik.io), EliReview (https://elireview.
com), EduFlow (https://eduflow.com), and FeedbackFruits (https://feedbackfruits.com).

However, all of these positive outcomes depend upon students’ willingness to participate 
actively in peer feedback and provide in-depth comments to their peers. Unfortunately, stu-
dents sometimes provide no feedback or only minimal amounts of feedback (Liu & Carless, 
2006; Feng et al., 2019). The greater the amount of peer feedback provided by students, 
the more the feedback recipients revise (Popp & Goldman, 2016; Zhang et al., 2017; Wu & 
Schunn, 2021), and the more the providers improve their writing (Cho & MacArthur, 2011; 
Wu & Schunn, 2021).

Students’ attitudes toward peer assessment are often mixed (Zou et al., 2018), which 
can limit their participation in the peer feedback process (van Zundert et al., 2010; Chang, 
2016). Because of the relatively low level of their peers’ current expertise, students usually 
do not think that their grades should be determined by their peers (Kaufman & Schunn, 
2011), or they worry that the feedback they receive will not meet their curriculum needs 
(Mangelsdorf, 1992; Liu & Carless, 2006). Previous studies have investigated students’ 
concerns about motivation to participate and encouraged students to actively participate in 
peer evaluation by providing training (e.g., Sluijsmans et al., 2002) or providing informa-
tion about peer assessment reliability (Jones & Alcock, 2014).

However, the existing literature rarely pays attention to students’ actual experience with 
the peer feedback process. Some scholars suggest that such experience may ease negative 
attitudes caused by the simple lack of familiarity with peer feedback (Kankanhalli et al., 
2005; Liu & Carless, 2006). Training does improve the validity of student feedback (Sluijs-
mans et al., 2002; Schunn et al., 2016). However, the claim that simple experiences with 
peer feedback will change participation is relatively untested, and it is unclear what kinds 
of experiences will be more critical (e.g., observing good models or being rewarded for fair 
reviewing). This study considers how experience with peer feedback shapes the willingness 
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to provide feedback in later assignments. Once this relationship is established, it will be 
possible to create new interventions that will help to ensure stronger and more consistent 
participation in peer feedback.

Theoretical background

Experiences that lead to self-regulation in peer feedback. Repeated experience with a peer 
review system can be conceptualized as a feedback-practice cycle (Berg, 1999; Min, 2016) 
or a kind of agentic engagement with feedback (Winstone et al., 2017). Over peer review 
cycles, students can regularly observe peer comments, receive evaluations of their perfor-
mance on the writing tasks, and receive evaluations of their reviewing performance, and 
each of these experiences can shape their future reviewing behaviors. Such experiences 
that iteratively guide changes in behavior can be conceptualized in terms of self-regulation, 
a framework that has previously been invoked as relevant to peer review (Harris et al., 
2015; Brown et al., 2016; Meusen-Beekman et al., 2016). Self-regulation can involve three 
levels of change (Zimmerman & Risemberg, 1997; Dinsmore et al., 2008; Chen & Chiu, 
2016): personal regulation, which refers to attitudinal regulation like changing self-effi-
cacy; behavioral regulation, which relates to modifying task behaviors like changing levels 
of participation in providing peer feedback (e.g., providing more/fewer comments or lon-
ger/shorter comments); and environmental regulation, which involves seeking social sup-
ports and creating a more productive task environment. The three levels are thought to be 
interdependent. For example, changes in task behaviors can come about from self-efficacy 
changes, such as being less willing to participate in peer feedback with low self-efficacy for 
the feedback topic. Two of these levels are particularly relevant to student participation in 
peer feedback.

Within assignments involving peer review, students receive multiple sources of infor-
mation that can shape their self-efficacy. Individuals with high self-efficacy for a domain 
are more likely than individuals with lower self-efficacy to complete tasks related to that 
domain. In surveys and interviews, students often mention concerns about their abilities in 
the domain as a reason for wanting to avoid participating in peer review (Liu & Carless, 
2006; Kaufman & Schunn, 2011; Moore & Teather, 2013). Through peer review processes, 
students can receive task evaluations that further shape their self-efficacy (To & Panadero, 
2019). For example, if a student receives many negative comments on one assignment, 
their self-efficacy for the general topic (or even the course overall) may decline. Moore and 
Benbasat (1991) found that when participants perceived their contributions to be relatively 
strong, they were more inclined to participate in community knowledge exchange. Thus, we 
hypothesize that students who receive negative evaluations (e.g., more negative comments 
or lower ratings) from each peer in a prior assignment might provide less peer feedback 
(fewer comments and shorter comments) to each peer in the next assignment because of a 
decrease in self-efficacy. An examination of the contents of a random selection of long com-
ments from a stratified random sample of 40 students (sampled from extreme-group cases of 
very high and very low performing author and reviewer pairs) revealed that long comments 
(i.e., those having at least 40 words) almost universally included criticism (i.e., between 
95% and 99% of comments, depending upon author-reviewer pairing). Therefore, the total 
number of comments is expected to be highly correlated with the number of negative com-
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ments. Similarly, when comments are negative, they tend to be longer, then the average 
length of comments might be substantially correlated with the negativity of comments. In 
a particular course, comments may tend towards negative if the reviews are anonymous 
(Rotsaert et al., 2018; Panadero & Alqassab, 2019) or if training directs students to attend 
to problems (Sluijsmans et al., 2002; Min, 2016; van Blankenstein et al., 2019). Thus, we 
proposed that:

H1: High task quality in the prior assignment will predict more active participation in 
peer review.

H2: More feedback (which is predominantly negative) in the prior assignment predicts 
less active participation in peer review.

Another factor that influences self-efficacy involves mastery experiences. In completing 
an assignment (that will later undergo peer review), students will have a sense of struggle or 
success (i.e., engage in an implicit self-assessment, Winstone et al., 2017), which then influ-
ences their self-efficacy for the underlying domain (Margolis & McCabe, 2003; Zeldin et 
al., 2008). That self-efficacy change would then similarly influence participation in the peer-
reviewing phase of that assignment. Thus, we hypothesize that relative performance on the 
assignment undergoing peer review will predict the level of participation in peer feedback 
(number of comments and length of comments provided) in that assignment:

H3: Higher task quality in the current assignment will predict more active participation 
in peer review.

In addition to peer feedback connections to self-efficacy changes, there are connections 
between peer feedback to norm-setting effects (Flower et al., 1986; Abubakar et al., 2019) 
and reinforcement feedback (Daniels, 2016) on behavioral regulation. In general, organiza-
tions often rely on peer feedback to improve their members’ performance through norm-
setting and reinforcement feedback (VanStelle et al., 2012; Wang et al., 2017; Fernandes et 
al., 2019). From this more general research on peer feedback, we hypothesize that students 
can learn how much feedback is expected to be provided through the amount of feedback 
they receive from others as a kind of norm-setting (i.e., when receiving more or longer 
comments, they will provide more or longer comments in the next assignment). However, 
note that norms for a particular kind of activity tend to be set early on within a context, in 
this case, the ways in which peer review should be conducted (Kaufman & Schunn, 2011). 
Thus, norms may play little role in changes in the amount of feedback provided from one 
assignment to the next:

H4: Greater amounts of feedback received in the prior assignment (both amount and 
length) predicts more active participation in peer review.

We also hypothesize that peers’ positive recognition of comments previously provided 
to peers serves as a kind of reinforcement feedback (i.e., when receiving praise for prior 
comments provided, they will provide more or longer comments in the next assignment). 
Rewarding students for more helpful feedback increased the length of comments that peers 
produced in their peer feedback (Patchan et al., 2018), but that study did not examine 
change over time with experience. In research on peer feedback on computer programs, 
Zong et al. (2022) found that when students were recognized for especially good reviews 
in a prior assignment, they tended to provide longer feedback to peers on the next assign-
ment, but only if they were poorer-performing students. However, the particular system 
had quite infrequent feedback on this dimension from students. A more common approach 
across online peer feedback systems is to have all received comments rated for helpfulness. 
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A more robust effect could be observed with this more in-depth and consistent feedback to 
reviewers. Thus, we hypothesized that:

H5: Higher helpfulness ratings from peers for provided feedback in the prior assignment 
will predict more active participation in peer review.

In sum, we hypothesize that students learn to regulate their degree of participation in peer 
feedback through three sources (see Fig. 1): (1) updates to self-efficacy via feedback or mas-
tery experiences with task success in the prior or current assignment; (2) norm-setting via 
the amount of feedback they receive, and (3) reinforcement messages regarding the value of 
the prior feedback provided to their peers. To test these three hypotheses, we conduct analy-
ses of gradual growth and decline in the amount of feedback provided from one assignment 
to the next due to their prior and current assignment experiences.

Dimensions of behavioral regulation in peer feedback. As noted earlier, we make hypoth-
eses about two aspects of participation in peer feedback: the number of comments provided 
and the length of comments provided. Why those two dimensions? The degree of participa-
tion in peer feedback can be conceptualized and measured in a variety of ways. Provided 
feedback can be of varying accuracy and varying impact on the feedback recipient. How-
ever, the feedback provider can only indirectly control those aspects. For example, a student 
could try to participate to a greater extent but still not provide more impactful or accurate 
feedback because of a lack of knowledge. Alternatively, the degree of participation could 
be conceptualized in more simple quantitative terms, and this dimension of participation is 
more directly under the feedback provider’s control. We, therefore, test these hypotheses at 
this more quantitative level. In particular, we conceptualize the degree of participation in 
terms of the number of comments provided to peers (Min, 2005, 2006; Zong et al., 2021b) 
as well as the length of comments provided (Hamer et al., 2015; Paltridge, 2015; Patchan et 
al., 2018). The norm-setting measures will consist of the number of comments received and 
the length of comments received for parallel form.

Fig. 1 Hypothesized effects of personal regulation and behavioral regulation on the amount of participa-
tion in peer feedback
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Methods

Course setting and participants

Peer feedback from 1,033 undergraduate students was examined: 360 students (74% female; 
82% Caucasian, 10% African American, and 8% Asian; median age 21) across two offerings 
of a mid-level introductory psychology course entitled Introduction to Cognitive Psychol-
ogy, 170 students (45% female; 95% Caucasian; median age 21) from a mid-level introduc-
tory astronomy course, entitled Contemporary Astronomy, and 483 students (59% female; 
69% Asian, 18% Hispanic/Latino, 12% Caucasian; median age 21) across two offerings of 
a writing-intensive course for biology majors in biology entitled Scientific Writing. The two 
offerings of a given course were in different years.

The courses were from different universities, but all three universities were large 
research-oriented, selective public universities in the US. These three in-person courses 
were selected to test the generality of patterns in how students change their willingness to 
give peer feedback. These courses utilized the same online peer assessment system, Peer-
ceptiv, as described below, to produce directly comparable measures of peer feedback per-
formance. Among the many courses using Peerceptiv, these three were selected to represent 
various disciplines while focusing on larger courses (to increase statistical power) that also 
had at least four writing assignments (to study change across writing assignments). Based 
upon the number of courses using Peerceptiv at these universities and the common use of 
peer feedback in 1st year writing courses in US universities, it is likely that most students 
had some familiarity with face-to-face peer feedback but little prior experience with Peer-
ceptiv in particular. Variations in prior experiences with peer feedback may shape initial 
variation in the amount and length of peer feedback provided.

The number of writing tasks varied across the courses, but all involved in-depth writing 
about scientific content from a particular discipline. The psychology courses involved six 
assignments with peer review: one year, two drafts each of three different writing assign-
ments, and in the other year, it was one draft each of six different writing assignments. 
In both cases, the writing assignments were similar: choose from a fixed set of writing 
prompts that apply concepts from the course to specific situations. The astronomy course 
had one larger semester-long project involving data analysis and argumentation, divided 
into four parts, one writing assignment per part. The biology course involves five assign-
ments, four of which are components of one larger research project: writing about post-
graduation plans; describing a novel research question and hypothesis; summarizing two 
research articles related to the research question; describing a novel experiment designed to 
test the hypothesis; a longer paper integrating introduction through research methods.

Materials

Students did all reviewing activities via Peerceptiv, which is commonly used with writ-
ing-based assignments. The system has the following features, which were all used in the 
selected courses: (1) asynchronous reviewing (i.e., via forms, not interactive), (2) reviewing 
including both numeric evaluation and open-response feedback comments, (3) double-blind 
reviewing (i.e., reviewers and authors are anonymous), (4) multiple reviews per document 
(i.e., 4 to 5 reviews per document, provided and therefore also received), (5) dimension-
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specific reviewing prompts; and 5) mechanisms in the system to encourage more construc-
tive suggestions (i.e., authors judge whether the feedback was helpful, which produces a 
grade for the reviewer; Patchan et al., 2018). These standard features are found in many 
online peer assessment systems (e.g., Calibrated Peer Review, Chapman and Fiore, 2000; 
ELI Peer Review, McLeod et al., 2013). Most saliently, for the current study, the students 
could submit a variable number of comments within each review, which is a critical variable 
in the current study. Figure 2 presents the student interface pages in Peerceptiv. Particularly 
important to this study is the presence of multiple textboxes per reviewing dimension for 
entering comments; students only had to submit one comment per dimension, but they could 
provide more comments.

Measures

The current study uses a large dataset automatically collected within Peerceptiv: hundreds 
of thousands of comments from tens of thousands of reviews. The analyses are based upon 
measures derived from this dataset that is organized by assignment (e.g., the total amount of 
feedback provided on one assignment across reviews). Thus, the dataset size for the regres-
sions is the number of students multiplied by the number of assignments in the course minus 
one (because the first reviewing assignment serves as the baseline). Since the two courses 
in psychology and biology are relatively homogeneous (similar assignment types, similar 
reviewing focus, similar student populations) and the courses showed identical patterns in 
pilot data analyses, the data across both course offerings were combined into one dataset for 
each context. In terms of the number of comments produced after removing cases in which 
students did not submit a task or participate in a round: across both psychology courses, 
N = 1,506 produced by six assessments with 360 students; in the astronomy course, N = 508 
produced by four assessments with 170 students; and across both biology courses, N = 1,920 
produced by five assessments with 483 students.

The specific measures were defined as follows (see Table 1 for a summary and Table 2 
for the maximum, means, and SDs of each variable in each course context). The outcome 
variable was defined based on the reviewing behavior on the Jth assignment, where J is the 
assignment number. Predictor variables were defined in terms of the (J-1)th assignment’s 
reviewing behaviors and the Jth assignment’s submission performance.

There were two participation measures in peer feedback serving as the study’s primary 
outcome measures: the number of comments and the average length of comments.

Number of comments provided. In the system, students enter comments into text boxes 
for each reviewing dimension. There are multiple available textboxes for each dimension 
(as shown in Fig. 2). Thus, a student had to provide at least one comment per dimension but 
could give more than one comment. Collectively, across the documents they were assigned 
to review, reviewers could produce many more comments than the minimum required. For 
the time-series analysis, #ProvidedJ refers to the number of comments provided on the Jth 
assignment. This variable is calculated for assignment 2 through N as a dependent variable 
and for assignment 1 through N-1 as the baseline predictor variable. Note that sometimes 
students addressed more than one topic (i.e., gave multiple comments) within one comment 
box. Given the very large size of the dataset, it was not feasible to manually segment all of 
the comments into idea units. A given student’s tendency to include multiple ideas in one 
comment is regressed in the regression approach. Further, the inclusions of both the number 
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of comments and length of comments capture behavioral variation regardless of whether it 
occurs inside each textbox or across text boxes.

Length of comments provided. There was no standard minimum length for a given com-
ment beyond needing to include at least one word. Reviewers could choose whether or not 
to identify a problem clearly, explain the problem’s nature, provide suggested revisions, 
and praise the submission (overall or in some aspect). Given the complexity of the writ-
ing, one comment could involve a long paragraph. A mean comment length (in words) 
was calculated per comment provided across all dimensions and reviews on assignment 
J (Length-ProvidedJ). The length of comments provided is calculated for assignments 2 

Fig. 2 Top: The major student reviewing interface within Peerceptiv. Students enter open-ended com-
ments in the text boxes on the left organized by reviewing prompt and interwoven with drop-down ratings 
for each reviewing dimension. Bottom: The interface showing the summary of helpfulness ratings for 
each completed review (averaged across reviewing dimensions)
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Measure Definition Hypothesis 
connection

Dependent Variables
#ProvidedJ The number of peer feed-

back comments provided 
by a student across the 
completed reviews on the 
Jth assignment.

Length-ProvidedJ The mean number of words 
provided by a student 
per comment on the Jth 
assignment.

Independent Variables
Low-ScoreJ−1 1 if the document score 

on the (J-1)th assignment 
is lower than the me-
dian score, and 0 otherwise 
(higher or not submitted)

H1: Self-
efficacy

#ReceivedJ−1 The number of peer feed-
back comments received 
by a student on the (J-1)th 
assignment.

H2:Self-
efficacy 
H4:Norm-
setting

Length-ReceivedJ−1 The mean number of words 
received by a student per 
comment on the (J-1)th 
assignment.

H2:Self-
efficacy
H4:Norm-
setting

#ProvidedJ−1 The number of peer feed-
back comments provided 
by a student across the com-
pleted reviews on the (J-1)th 
assignment.

Length-ProvidedJ−1 The mean number of words 
provided by a student per 
comment on the (J-1)th 
assignment.

Z-ScoreJ The standardized score of 
the student’s document on 
the Jth assignment (i.e., 
score minus mean assign-
ment grade / SD of assign-
ment grade, then divided 
into 5 levels according to 
the size of the value)

H3: Self-
efficacy

RecognitionJ−1 The mean helpfulness rating 
(Peerceptiv) received by a 
student for their reviewing 
on the (J-1)th assignment.

H5: Rein-
forcement

Course Arbitrary indicator for a 
course section within a 
course discipline. 0 = 1st 
course, 1 = 2nd course

J The assignment number

Table 1 Definition of each mea-
surement variable, along with the 
connection to tested hypotheses
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through N as a dependent variable and for assignments 1 through N-1 as the baseline predic-
tor variable.

There was a range of predictor variables related to the hypotheses as well as several 
control variables important to addressing confounds and allowing for the combination of 
assignments into a single regression.

Number of comments received. In a complementary way, students also received a varying 
number of feedback comments on a given assignment submission, summed across review-
ing dimensions and from multiple reviewers. If no document was submitted, the value was 
treated as missing. For the time-series analysis, #ReceivedJ refers to the number of com-
ments provided on the Jth assignment.

Length of comments received. As a possible source of change, a mean comment length (in 
words) was also calculated for reviews received (Length-ReceivedJ) across all dimensions 
and reviews on assignment J. If no document was submitted for review on a given assign-
ment, the value was treated as missing.

Recognition for helpful feedback. The Peerceptiv system has a mechanism by which each 
student, as a document author, evaluates the helpfulness of the comments they received on 
their document, called back evaluations, which can be thought of as direct performance 
feedback on the quality of the provided peer comments. In particular, each document’s 
author rated helpfulness on a 1 to 5 scale. A mean rating was calculated across all provided 
reviews for each assignment J and was called RecognitionJ. When authors failed to com-
plete the back-evaluation step for a given review, the value was treated as missing, and a 
mean was calculated based on available data.

Low prior assignment score. Through the multi-peer feedback process, students receive 
an assessment of their mastery of course content and enhance their ability to write about 
course content, shaping their confidence in providing feedback to peers. Assessments based 
on detailed rubrics and multiple peers are likely to be valid and reliable (Li et al., 2016), par-
ticularly when given vital rubrics and incentives to seriously take the task (Cho & Schunn, 
2007; Patchan et al., 2018). However, the students’ memory of their exact scores for a spe-
cific prior assignment is likely to be imperfect, especially by the time they are reviewing 
for the next assignment (potentially three weeks or more later). Thus, for this study, relative 
performance on the prior assignment was treated as a categorical indicator variable instead 
of a continuous measure. In particular, Low-ScoreJ-1 was set to 1 if the score on the (J-1)th 
assignment was below the class median and 0 otherwise. Moreover, the use of a categori-
cal indicator reduces multicollinearity problems with the measure of current assignment 
performance.

Current assignment score. Although students will not have received performance feed-
back on the current assignment by the time they are reviewing, they likely would have a 
sense of their overall performance, perhaps from how long it took to complete the assign-
ment or how often they felt confused. Further, their mastery of the current assignment will 
likely shape how easily they can find problems and suggest solutions. Thus, the relative 
score (Z-ScoreJ) from the peer ratings on each given assignment was calculated as follows: 
(score obtained by the reviewer on assignment J – mean score for assignment J) / standard 
deviation of scores for assignment J. It was treated as missing if there was no submission 
for the current assignment.
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Assignment round. To account for general temporal trends in reviewing behaviors, vari-
able J was the reviewing assignment number (2 to 6 in psychology, 2 to 4 in astronomy, and 
2 to 5 in biology).

Course. It accounts for small differences in mean values in the variables across the two-
course offerings within the psychology and biology courses. A Course indicator variable 
was created: set to 0 for the first-course offering and 1 for the second-course offering.

Fig. 3 Frequency histograms 
for the number of comments 
provided on the Jth assignment 
within each course
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Analyses

The closest non-outlier value replaced outlier values in each continuous predictor variable. 
Such outliers occurred for at most 0.4% of values on any given variable and less than 0.1% 
of values on most variables.

The overall analytic approach was to use multiple regression, with ProvidedJ 
and Length-providedJ as the dependent variables respectively, ProvidedJ−1 and 
Length-providedJ−1 as the baseline control respectively (Barnett et al., 2005), ReceivedJ−1, 
RecognitionJ−1, Low-ScoreJ−1, and Z-ScoreJ as core predictors, and N and Course as addi-
tional control variables. Separate regressions ran for each course context: (psychology 
courses vs. astronomy course vs. biology courses) given the substantial differences in stu-
dent background and objects being reviewed.

Since the dependent variables, the number of feedback comments and the number of 
words per comment provided by a student, are count variables, they had non-normal dis-
tributions with a large right (positive) skew. Thus, traditional linear regression was not the 
best modeling method. For such positive skew cases involving count data, either Poisson 
regression or negative binomial regression distribution is recommended. Poisson is the 
appropriate choice when the outcome variable mean and variance (SD squared) are equal 
(Grogger & Carson, 1991; Gardner et al., 1995). Since the variance for the number of pro-
vided comments and the mean comment length were generally much larger than their cor-
responding mean values in each course (see Table 2), it was likely that negative binomial 
regression would be the better choice. Indeed, negative binomial models had better model 
fit values (Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and 
log-likelihood).

Another consideration was the relative frequency of zeroes in the dependent variable. 
When there are significantly more zeroes than the rest of the distribution would suggest 
they should occur, adjustments to the modeling approach are needed. As shown in Fig. 3, 
there were more zeroes than would be expected from the rest of the distribution, especially 
for the astronomy and psychology courses. Particularly when it makes theoretical sense that 
there are two separate processes in play, one producing the zeroes and another producing 
the non-zero quantities, then zero-inflated negative binomial (ZINB) regression is recom-
mended. In the current context, it is plausible that students might be deciding whether to 
do any reviewing before beginning the reviewing task and then later deciding how many 
comments to provide if and when they are doing reviews. Based on these considerations and 
examination of model fit statistics, ZINB was selected as the primary modeling approach. 
This approach produces two settings of regression weights for each predictor: one for the 
relative relationship to zero comments and another weight for the close connection to the 
number of comments when they are greater than zero. Pseudo-R2 is reported to show model 
quality separately for predicting zeroes (a logistic regression) and predicting the quantity in 
the non-zeroes (the negative binomial component). Considering that zero comment length 
is a missing comment (part of # of comments) rather than a comment whose length is zero, 
simple negative binomial regression was used for mean comment length, and zeroes were 
treated as missing (i.e., dropped from the mean calculation).

Finally, to verify the linearity of continuous variables’ effects and visualize the relative 
strength of effects across courses, we also created bins representing roughly a third of each 
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continuous variable’s distribution (low, medium, and high) and then plotted the marginal 
average for that bin.

Results

The Pearson correlations among the predictors for each course are shown in Table 3. None 
of the core predictors were more than moderately correlated with one another (see upper 
boxes for each course in Table 3), suggesting no multicollinearity problems. As expected, 
an examination of the variance inflation factors (VIF) also suggested that multicollinearity 
was not a significant problem.

Tables 4 and 5 present the results of the regression models for the three courses. Since 
several of the amount variables (length and number) typically involved much larger num-
bers than many of the other variables, it is to be expected that they had smaller regression 
coefficients (i.e., the incremental impact of just one additional comment in an assignment or 
one additional word within a comment is expected to be small). The difference between the 
two tables is the choice of dependent variables: number of provided comments (Table 4) vs. 
length of provided comments (Table 5). The coefficients for zero inflation are presented with 
a reversed sign to make it easier to see positive effects across the two outcomes. Thus, the 
inflation coefficient now corresponds to the likelihood of providing at least one comment. In 
order to better understand effect sizes, the incidence ratio rates (corresponding to the expo-
nent of the beta coefficient) for each core predictor are presented at the bottom. For example, 
in the psychology and biology courses, having a one-point higher helpfulness rating in the 
prior assignment more than doubled the likelihood of making at least one comment. A num-
ber of comment effects are transformed to be the change with each additional ten comments 
in one assignment, and the length of comments is transformed to be the change with each 
additional ten words in one comment.

The number of comments provided on the prior assignment was a good baseline predic-
tor of whether any comments were submitted and the number of comments submitted in the 
psychology course but not in the other two courses. There may be an effect of the details in 
the papers to be reviewed (i.e., how many detected problems there are to discuss varying 
substantially across assignments). By contrast, in all courses, the length of provided com-
ments is a good baseline predictor, reflecting a general individual difference in commenting 
depth.

Related to the impact of receiving more feedback (either norm-setting or self-efficacy), 
receiving more comments in the prior assignment was significantly related to providing 
fewer comments in the next assignment (see Table 4), supporting a self-efficacy effect. 
Receiving longer comments was related to producing longer comments in two courses (see 
Table 5; only one effect was significant), providing partial support for norm-setting.

Related to recognition, students who obtained higher helpfulness evaluations in the prior 
assignment’s reviews were consistently more likely to provide at least some comments to 
their peers (see Table 4) and to provide longer comments (see Table 5). The effect of helpful-
ness ratings from the prior assignment is visualized in Fig. 4. Note that these are estimated 
means after controlling for the effects of other variables, including in the regression. Failing 
to submit any comments was relatively rare in the biology course, so the effect was small 
in that class.
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Related to mastery experiences, students who did well on the current assignment consis-
tently were more likely to provide at least some comments to their peers (see Table 4) and 
to provide longer comments (see Table 5). Further, in the astronomy class, doing well on 
the current assignment also predicted the number of comments given, in addition to submit-
ting at least some comments. Interestingly, there appears to be no additional effect of task 
score from the prior assignment (Low-ScoreJ−1) on the number of comments provided or the 
length of the comments provided. Figure 5 visualizes the effects of the score on the current 
assignment on provided length, and Fig. 6 visualizes the effects of the prior helpfulness of 
provided length. Note that the effects were always monotonic and very close to linear, sup-
porting the use of linear regression models.

For the control variables (see Tables 4 and 5), the course offerings within a discipline 
sometimes differed in the number of comments, with one of the courses producing more 
comments than the other. Additionally, sometimes commenting behaviors change across 
assignments, but in relatively variable ways. In the astronomy course, students increased 
the number of comments provided across assignments but then gave shorter comments. In 
psychology, students just gave shorter comments in later assignments. In biology, students 
gave fewer but longer comments in later assignments.

General discussion

The goal of this study was to uncover experiential factors that could explain variation in stu-
dent levels of participation in providing peer feedback comments so that future interventions 
could be designed to ensure more equitable experiences for peer feedback receivers. This 
study tested three hypotheses involving the relationships of different experiential aspects 
during peer feedback cycles to changes in whether feedback was provided and how much 
feedback students provided to their peers (number of comments and length of comments). 
The study used a strong context variation strategy (different kinds of courses in different 
disciplines in different universities) to uncover patterns that are, therefore, more likely to be 
generally observed across contexts. Table 6 summarises the results of the hypothesis-testing 
results.

Evaluating each tested hypothesis

There was weak support for norm-setting: just one positive result for comment length. The 
relationship to the number of comments was significantly negative in all three courses, sup-
porting the alternative hypothesis related to self-efficacy effects. A lack of a significant rela-
tionship, particularly in a single study, must be interpreted with caution: perhaps the effect 
is small, and the power of the study was not large enough to detect such a small effect. How-
ever, the N within two of the three contexts was quite substantial, suggesting that any effect 
would not be practically meaningful even if eventually statistically significant. A possible 
interpretation is that norm-setting likely does still occur but at a different temporal scale. 
For example, perhaps the norms are set early on (Turpen & Finkelstein, 2010) and then not 
substantially changed with additional experience in a given context. Similarly, norms may 
be set at a slower time scale (e.g., based on the amount of feedback received in the last three 
or four assignments, not just the last assignment).
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Table 4 For the zero-inflated negative binomial (ZINB) regression models predicting the number of provided 
comments (Count) and the presence of any provided comments (Not Zero), the estimated coefficients for 
each predictor, the overall model fit statistics, and the effect sizes for core predictors (incidence ratio rate) 
within each course
Predictor Psychology Astronomy Biology

Count Not Zero Count Not 
Zero

Count Not 
Zero

Baseline
# ProvidedJ−1 0.03*** 0.06* -0.01*** -0.04 0.00 -0.02
Core predictors
#ReceivedJ−1 -0.004*** -0.003 -0.01*** 0.04 -0.003* -0.02
RecognitionJ−1 0.01 0.77* 0.05*** 0.05* 0.02 0.77*
Low-ScoreJ−1 -0.003 -0.42 -0.03 -0.79 0.003 0.04
Z-ScoreJ -0.023 0.24* 0.04** 0.37* 0.005 0.49*
Control variables
Course -0.05* 0.38 NA NA -0.12*** -2.9**
J 0.08 -0.15 0.34*** -0.14 -0.10*** 0.05
N 1,506 373 1,849
Pseudo R2 0.09 0.09 0.10 0.09 0.06 0.17
Effect sizes (incidence ratio rate)
#ReceivedJ−1/10 0.96 0.97 0.90 1.49 0.97 0.82
RecognitionJ−1 1.01 2.16 1.05 1.05 1.02 2.16
Low-ScoreJ−1 1.00 0.66 0.97 0.45 1.00 1.04
Z-ScoreJ 0.98 1.27 1.04 1.45 1.01 1.63
Note: ***=p < .001, **=p < .01, *=p < .05, NA = Not applicable

Table 5 For the negative binomial regression models predicting the length of provided comments, the esti-
mated coefficients and fit statistics within each course
Predictor Psychology Astronomy Biology

Coef. Sig. Coef. Sig. Coef. Sig.
Baseline
Length-ProvidedJ−1 0.002 *** 0.0002 *** 0.0001 ***
Core predictors
Length-ReceivedJ−1 0.0002 * 0.003 t -0.00
RecognitionJ−1 0.10 *** -0.04 * 0.04 *
Low-ScoreJ−1 0.005 0.001 -0.02
Z-ScoreJ 0.02 *** 0.04 ** 0.06 ***
Control variables
Course 0.008 NA NA 0.02
 J -0.04 *** -0.10 *** 0.05 ***
N 1,472 349 1,835
Pseudo R2 0.09 0.10 0.06
Effect sizes (incidence ratio rate)
Length-ReceivedJ−1/10 1.01 1.03 1.00
RecognitionJ−1 1.11 0.96 1.04
Low-ScoreJ−1 1.01 1.00 0.98
Z-ScoreJ 1.02 1.04 1.06
Note: ***=p < .001,**=p < .01, *=p < .05, t=p<.1, NA = Not applicable
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There was strong support for reinforcement: in all three courses, being recognized for 
good reviewing predicted growth in the number of comments provided, and there was also a 
significant growth in comment length in two of the three courses. This finding suggests the 
prior weak support obtained by Zong et al. (2022) may have been due to the rare and binary 
nature of recognition for good reviewing that was found in that system, in contrast to the 
common and more nuanced recognition for good reviewing found in systems like Peercep-
tiv, ELI Peer Review, and Kritik. However, there might have been other differences at play: 
cultural contexts or programming vs. writing. Future research will have to examine possible 
explanations for variations in effect sizes.

The relationship of predictors to outcomes for the self-efficacy-related pathways was 
mixed. Students submitted shorter comments and were less likely to submit any comments 
when they performed poorly on the current assignment. Although self-efficacy was not 
directly measured, this effect was expected as a kind of self-efficacy/personnel regulation 
effect. Self-efficacy has been raised in interviews and survey studies of peer assessment (Liu 
& Carless, 2006; Kaufman & Schunn, 2011). The current study adds behavioral indicators 
to studies of this effect and clarifies that the results seem to be most relevant to deciding 
whether to provide any feedback, in contrast to the location of the recognition effect.

Performance evaluations on the prior task did not relate to the number of comments or 
comment length in any of the three courses. The lack of this effect was interesting, while 
there was an effect for current assignment evaluations. It may be that confidence varies sub-
stantially from assignment to assignment based on various possible factors (e.g., different 
content or skills assessed by the assignment, level of investment in the assignment), and that 
confidence-informing experience in the current assignment is what matters most. Alterna-

Fig. 4 Within each course, the percentage of students submitting any comments on the Jth assignment 
(with SE bars) as a function of having received a low, medium, or high amount of recognition for provid-
ing helpful reviews on the (J-1)th assignment, controlling for other predictors
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tively, it could be that the comments mattered more than the ratings in the prior assignment 
to shape student confidence. This would explain why the number of comments but not the 
ratings were significant negative predictors.

Contextual variation

Three relationships of recent experience with providing feedback were observed only within 
one of the three contexts: receiving more words on the prior round (Length-ReceivedJ−1) 
predicted giving more words (Length-ProvidedJ) only in the psychology courses (see 
Table 5); having a high self-evaluation score on the current assignment indicated giving 
more occasional comments only in the astronomy courses (see Table 4); being recognized 
for providing high-quality comments was associated with being more likely to provide 
more comments in astronomy (see Table 4). One of the three significant relationships was 
only significant at the p < .05 level, which might be a false positive. However, it was in the 
expected direction. Another of the three involved a relationship that could have meaning-
fully been positive or negative based on different underlying mechanisms (norm-setting or 

Fig. 5 Within each course, the number of words per comment provided on the Jth assignment (with SE 
bars) as a function of whether the student’s contribution on the same assignment received a low, medium, 
or high score, controlling for other predictors
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self-efficacy influencing), and this effect was significant at p < .001. This effect, therefore, 
was unlikely to be a false positive. Further, the estimated coefficients in the non-significant 
cases were quite different from the estimated coefficients in the significant cases (and out-
side each other’s 95% confidence intervals). Thus, there appears to be a meaningful varia-
tion of effects by context.

Assuming the relationships varied by context are indeed types of relationships that do 
regularly depend upon context factors, it now becomes a new research question to under-
stand what the moderators are and why they occur. Theoretically, varying amounts of struc-
ture and support comment contents might play an important role. For example, if there is 
clear guidance on what to include within a comment, the length of the comment may vary 
less across reviews. Similarly, if there is clear guidance on which issues to discuss or the 
focus is on a smaller set of issues, the number of comments may vary less across reviews. 
The selected courses did vary substantially in the amount and kinds of details included in 
the peer feedback rubrics.

Fig. 6 Within each course, the mean number of words per comment provided to peers on the Jth assign-
ment (with SE bars) as a function of whether the student’s comments provided on the prior assignment 
received recognition as being of low, medium, or high helpfulness from the comment recipients, control-
ling for other predictors
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Other explanations of contextual variation are also possible, particularly ones that use the 
type of course (general education with a broad set of student backgrounds vs. majors-only 
courses with a narrower set of backgrounds) or the discipline or writing task. In the more 
objective natural sciences disciplines, feedback on accuracy could have stronger effects on 
student self-efficacy (i.e., there is less room for disagreement). Alternatively, the breadth of 
student backgrounds in the course (e.g., the substantial number of non-majors in the psy-
chology and astronomy courses) may also increase the likelihood that students, especially 
those with weaker backgrounds in the course discipline, will have self-efficacy concerns.

Practical implications

Peer reviewing has proven to assess student performance effectively and provide a robust 
platform for students to learn from one another. Nevertheless, the willingness to participate 
at all (Liu & Carless, 2006; Huisman et al., 2018) or with substantial levels of feedback 
(Cho & MacArthur, 2011; Tsivitanidou et al., 2018) has proven to be a common bottleneck. 
With online peer assessment, interfaces can be adapted to increase the amount of feedback 
that students give (e.g., through minimum word counts in CPR or the minimum number 
of comments in Peerceptiv), but still, other strategies to improve participation are needed.

While not conclusive, the current research provides some suggestions for directions that 
are more likely to be productive. In particular, it is unlikely that simple exposure and expe-
rience with peer feedback systems will gradually improve student participation. Allowing 
for the possibility of rewards for reviewing can increase the quality of comments/length 
of comments (Patchan et al., 2018; Zong et al., 2021b). Using systems like Peerceptiv or 
Kritik, which directly recognize review quality, involves an easy-to-implement instructor 
action. A related strategy might encourage students to express gratitude more commonly for 
the feedback received, as opposed to only complaining about problems in the feedback they 

Hypotheses Results of hypothesis 
tests in three courses
# of 
comments

Length of 
comments

H1 (self-efficacy): High task quality in the 
prior assignment will predict more active 
participation in peer review.

3– 3–

H2 (self-efficacy): More feedback (which 
is mostly negative) in the prior assign-
ment predicts less active participation in 
peer review

3+ 3–

H3 (self-efficacy): Higher task quality in 
the current assignment will predict more 
active participation in peer review.

3+ 3+

H4 (norm-setting): Greater amounts of 
feedback received in the prior assignment 
predicts more active participation in peer 
review

3– 1 + 2–

H5 (reinforcement): Higher helpfulness 
ratings from peers in the prior assignment 
will predict more active participation in 
peer review.

3+ 2 + 1–

Table 6 Summary of hypotheses 
tests in three courses

Note: “+” = supported “–” = not 
supported
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received. Alternatively, automated systems could be used to give students praise for produc-
ing longer, more in-depth feedback (Ramachandran et al., 2017).

However, the recognition effects were relatively small; only the effect on choosing to 
submit any comments at all was large. Instead, the current study suggests that student self-
efficacy is a crucial factor to target, with larger and more consistent effects on comment 
length and more consistent effects on whether to submit any comments at all. Thus, when 
students are lagging in producing any reviews or just a small number of reviews, instructors 
might intervene with comments about the effectiveness of the comments they did produce in 
this round or prior rounds. Alternatively, the instructor could provide some training on what 
makes for effective feedback (Berg, 1999; Sluijsmans et al., 2002; Min, 2016).

Other possible strategies might involve avoiding the overall effect of fatigue from too 
many peer assessment assignments alongside a greater workload across courses later in the 
semester, as students in these courses either reduced the number of comments they provided 
or reduced the length of the comments they provided in later assignments. Instructors might 
reduce the number of reviews that are assigned or focus the reviews on smaller sections of 
a submitted assignment. Another strategy might involve small reductions in assignments’ 
difficulty to reduce students’ self-efficacy concerns for these assignments, thereby increas-
ing students’ feedback.

Limitations and Future Research

The current study was fundamentally correlational in examining the role of experience in 
shaping the amount of feedback provided and its investigation of moderation of findings by 
course context. Therefore, strong causal claims cannot be made based on the current data. 
However, as an initial exploration of a novel research topic, the study has provided evidence 
in an externally-valid way (with real interfaces on real classroom assignments) of poten-
tially important empirical phenomena. Further, by examining change over time with various 
statistical controls, the reverse causality and obvious third-variable confounds have been 
ruled out (e.g., general differences across reviewers in the amount of feedback provided), 
at least for the role of experience factors. Future studies should be conducted that more 
carefully control student experiences (e.g., by experimentally manipulating recognition or 
relative performance feedback) to directly test the causal status of these factors.

Another open question relates to the underlying causes. We have posited that self-
efficacy could explain the observed patterns in the current data, but self-efficacy was not 
directly measured. This is particularly important to understand the effects of receiving more 
comments. It would be challenging to measure self-efficacy across many assignments in 
an actual classroom regularly, but the role of feedback on self-efficacy could be tested on a 
smaller number of assignments or within an experimental study. The current findings justify 
the investment in such future empirical work.

A third open question relates to other dimensions of feedback quality. Here we have 
focused on the amount of feedback provided in terms of the number of comments. Comments 
can vary substantially in terms of their depth (e.g., with or without explicitly identifying the 
problem, explaining the situation, providing a constructive suggestion, and explaining the 
constructive suggestion; Wu and Schunn, 2020). These comment elements also shape the 
learning opportunities for feedback providers and receivers (Cho & Schunn, 2007; Wu & 
Schunn, 2023). Feedback experience could shape whether and how much reviewers include 
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these elements in their comments as well. Pragmatically, automated systems could be devel-
oped to automatically classify these aspects of peer feedback (Ramachandran et al., 2017) to 
make it pragmatically possible to do such research on the scale of large classes with multiple 
peer feedback assignments.
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