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ARTICLE INFO ABSTRACT

Keywords: To deepen understanding of learning through peer feedback, the current study investigated the relationships
Peer feec?back between different peer feedback activities (organized into constructive vs active activities) and learning (i.e.,
EXPIa“a,“"“s transfer to new tasks), examining the nature of activities within provided feedback, received feedback, and re-
:g?;f;:ns visions in response to feedback. Across five US high schools, 367 students in Advanced Placement classes
Learning participated, implementing common assignments and peer assessment rubrics. Provided/received comments and

revisions in one assignment, and writing improvements observed in a second assignment were exhaustively
coded and subjected to hierarchical model regression analyses. Results showed that constructive activities
(providing explanations and making revisions after receiving explanations or providing suggestions) were
consistently associated with learning, whereas passive (e.g., receiving feedback without making revisions) or
active activities (e.g., implementing specific suggestions) were not. Further, the effects of received feedback on
learning were mediated by the number of revisions. Theoretical and practical implications of the findings are

discussed.

1. Introduction

Feedback has long been considered a central part of teaching and
learning (Hattie & Timperley, 2007; Kluger & DeNisi, 1996; Liu &
Carless, 2006; Topping, 1998). However, accounts of feedback (e.g.,
teacher or automated feedback) often involves conceptualizing the
learner as a recipient of useful information, a passive learning mode. By
contrast, more recent theories of learning have placed greater emphasis
on active, constructive, and interactive processing as especially useful
for learning (Chi et al., 2018; Chi & Wylie, 2014). Peer feedback is an
interesting case of growing importance in classroom instruction and
large-scale online teaching (Liu & Carless, 2006; Wu & Schunn, 2020a).
However, much research has focused either on the passive reception of
peer feedback (e.g., is it as helpful as teacher feedback?; what kinds of
received feedback is more persuasive?) (Leijen, 2017; Nelson & Schunn,
2009) or conceptualized it in simple binary terms (giving vs receiving)
(Huisman et al., 2018; Lundstrom & Baker, 2009; Wu & Schunn, 2020b).
In reality, there are many elements to peer feedback (reading peer’s
documents, evaluating documents in light of criteria, constructing
advice to peers, receiving evaluations, interpreting feedback, revising in
response to feedback provided and received), and several of these

* Corresponding author.

elements require students to act as more than passive recipients of
feedback. Thus, peer feedback is inherently less passive than teacher
feedback because in peer feedback students need to evaluate others’
work as assessors in addition to receiving feedback as assessees. Most
importantly, we argue here that these different peer feedback elements
are varied in their learning affordances, and we report the results of an
empirical investigation based on the ICAP framework (i.e., Interactive,
Constructive, Active, and Passive framework) that tests the learning
effects of different peer feedback elements in terms of this new theo-
retical analysis.

The main aim of the present study is to investigate the relationships
of three types of overt learning activities found within peer feedback to
learning. Although grounded in underlying psychological processes, the
direct empirical focus is on specific overt learning activities because
teachers can directly control such activities, they are easy to unambig-
uously define, and they are easier to empirically study (Chi, 2009).
Therefore, the findings provide teachers with important insights for
designing and implementing peer feedback activities to maximize
learning outcomes. The three types of learning activities examined here
are constructive activities (i.e., revisions after receiving explanations,
providing explanations/suggestions), active activities (i.e., revisions
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after receiving suggestions), and passive activities (i.e., receiving ex-
planations and suggestions without making revisions). Interactive ac-
tivities did not occur in the study, but they are possible in other
configurations of peer feedback and are therefore considered in the
discussion.

2. Theoretical background
2.1. The ICAP framework

The Interactive, Constructive, Active, and Passive (ICAP) framework
characterizes learning opportunities in terms of overt learning activities
and is used here as a theoretical lens through which we explore how
students learn to write from peer feedback. Chi and her collaborators
differentiate four levels of overt learner activities that have been shown
to produce different learning gains: interactive > constructive > active
> passive (Chi, 2009; Chi & Wylie, 2014; Chi et al., 2018).

Passive learning, the lowest level, occurs when learners receive in-
formation without doing anything observable related to learning. The
typical examples of this type include listening to a lecture or reading a
passage without doing anything else (e.g., without active notetaking).

Active learning involves learners who are physically moving,
manipulating some parts of the learning materials. Examples of active
learning activities are taking verbatim notes or highlighting important
information while listening to a lecture or reading a passage. The
physical activity may prevent learners from zoning out during instruc-
tion. Additionally, active learning may not only lead learners to focus
their attention on specific information (e.g., highlighted information
when highlighting text while reading), but may also result in more
rehearsal or practice.

Constructive learning involves learners generating new knowledge
or information beyond what they are receiving from instruction, often
by making connections either across information that was received or by
making connections between information that was received and prior
knowledge. Typical examples of constructive activities include students
taking notes by summarizing or explaining what they are learning using
their own language rather than simply copying presented information.

Interactive activities involve constructive utterances with turn tak-
ing between learners. In other words, learners share information beyond
what is presented in the learning materials (i.e., they are constructive),
and they substantially contribute to a discussion of this information. As a
result, participants can learn new ideas, correct incorrect un-
derstandings, and can reach a deeper understanding of the learning
materials. Typical examples of interactive activities include arguing for
a position or asking-and-answering questions in pairs.

Prior research using ICAP has been used to classify traditional
classroom activities given to students (e.g., Wiggins et al., 2017), teacher
behaviors (e.g., Chase et al., 2019), or focused on online learning (e.g.,
Rakovic et al., 2020; Wekerle et al., 2020). For example, Rakovic et al.
(2020) analyzed ten characteristics of students’ online posts, and found
three characteristics (i.e., disagreeing, comparing, and making claims)
predicted writing performance. Wekerle et al. (2020) found the stron-
gest learning outcomes for interactive digital learning activities and no
learning benefit for passive learning activities. Webb et al. (2021) found
that explaining one’s own ideas and engaging with others’ suggestions
are productive for math learning, especially for less proficient students
in math. The ICAP framework has not previously been used in peer
feedback research, even though the framework seems particularly
relevant to understanding peer feedback.

2.2. Prior research on peer feedback activities

2.2.1. Studies of receiving and providing feedback

Peer review consists of peer assessment (the scoring of documents)
and peer feedback (the comments, written or oral, provided to peers on
their documents). Here we focus on peer feedback because it is

Contemporary Educational Psychology 73 (2023) 102160

theoretically and empirically better connected with learning outcomes
and it enables students to learn about their strengths and weaknesses,
and how to improve their work (Liu & Carless, 2006; Lu & Law, 2012).

Peer feedback has received a lot of attention in both L1 (Hattie &
Timperley, 2007; Kluger & DeNisi, 1996; Topping, 1998; Wu & Schunn,
2022) and EFL/ESL writing instruction (Leijen, 2017; Lundstrom &
Baker, 2009; Wu & Schunn, 2019). The majority of this literature has
focused on the effects of receiving feedback on writing, which we
consider here as a passive activity when considered alone. Some studies
of receiving peer feedback on its own (i.e., received but not actioned
upon) find that it tends not to improve learning outcomes (i.e., perfor-
mance on a new writing task; Wu & Schunn, 2020b). However, a number
of studies have tracked the effects of received feedback into revisions,
finding that receiving peer feedback does lead to revisions and im-
provements in quality of revised drafts (Huisman et al., 2018; Nelson &
Schunn, 2009; Patchan et al., 2016; Wu & Schunn, 2020a).

A few studies have examined the effects of providing feedback on
learning (i.e., assessed on a new writing task). Lundstrom and Baker
(2009) divided students into assessees (received feedback from peers,
did not review, and used feedback to revise papers) and assessors
(reviewed, did not receive feedback, did not revise papers). They found
that assessors made more significant gains on posttest writing than did
assessees. However, those who received feedback and revised on the
basis of the received feedback did also improve, supporting the learning
effects of receiving feedback when accompanied by revising. Prior
research comparing a full reviewing condition, a reading-only condition,
and a no-treatment control found that reviewing was associated with
improvements in writing a new essay (Cho & MacArthur, 2011; Phil-
ippakos & MacArthur, 2016).

Studies have also examined the effects of providing feedback on
revising, finding that students do more revising, producing improve-
ments in essay quality after providing feedback to their peers (Cho &
Cho, 2011; Huisman et al., 2018; Lu & Law, 2012). Further, the amount
of revision that occurs increases when the provided feedback includes
suggestions for how to revise (Lu & Law, 2012) or explanations (Huis-
man et al., 2018).

2.2.2. Studies of explanations and suggestions and learning to write

Peer feedback can include specific features (e.g., mitigation, locali-
zation, praise, explanations, suggestions), but not all features increase
the likelihood of revisions or learning. For example, the number of
praise comments received is not related to (Cho & MacArthur, 2011) or
is negatively related to later writing quality (Cho & Cho, 2011). Narciss
(2008) classified feedback types into 1) simple evaluative feedback (e.g.,
whether the task has been done correctly or incorrectly) and 2) elabo-
rated feedback that includes extra information (e.g., providing expla-
nation, suggestions). Elaborated feedback had a more positive effect on
writing performance than did simple evaluative feedback (Hattie &
Timperley, 2007; Narciss, 2008). For example, assessees are more likely
to revise when they receive suggestions for how to improve (Leijen,
2017; Nelson & Schunn, 2009) or explanations of the problems or sug-
gestions (Gielen et al., 2010; Huisman et al., 2018; Strijbos et al., 2010;
Wu & Schunn, 2020a,c).

Explanations are regularly argued to be an essential component of
feedback that is especially likely to influence whether students follow
the feedback in their revisions. Receiving explanations can enhance
cognitive processes of feedback (Bolzer et al., 2014), and a lack of ex-
planations in received feedback might demand too much effort for stu-
dents to figure out how to integrate peer feedback into the essay (Bolzer
et al.,, 2014). Some research (e.g., Gielen et al., 2010; Huisman et al.,
2018; Wu & Schunn, 2020a,c) found a positive effect for received ex-
planations, while two studies (Nelson & Schunn, 2009; Tseng & Tsai,
2007) reported the opposite. The authors of these two studies argued
that receiving explanatory peer feedback may have hurt student writing
performance because novice writers were not be able to provide high-
quality explanations (Nelson & Schunn, 2009; Tseng & Tsai, 2007).
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Students do not benefit from receiving explanatory feedback when the
explanations are of poor quality (Lu & Law, 2012).

Providing explanatory feedback may also influence assessors’ own
writing. Wooley et al. (2008) found that giving explanations was posi-
tively associated with assessors’ subsequent writing quality. Further,
Cho and MacArthur (2011, p. 78) noted “It [giving explanations] has
larger effects than receiving explanations”. Providing explanations also
is similar to self-explanation, which has long been argued as useful for
learning (Chi et al., 1994).

Receiving feedback with constructive suggestions on how to improve
work can be helpful because students may not know how to revise (Price
et al.,, 2011). Multiple studies have shown that feedback including
suggestions resulted in stronger revisions than when the feedback just
indicated that a response was wrong (Bangert-Drowns et al., 1991;
Nelson & Schunn, 2009; Tseng & Tsai, 2007).

Providing suggestions has also been found to be positively related to
assessors’ revised work (Lu & Law, 2012) or new writing (Cho & Mac-
Arthur, 2011), perhaps because through coming up with suggestions,
students generate new knowledge (i.e., how to solve new problems) and
learn constructively.

2.3. The current study

In the current study, we test an ICAP-based theoretical analysis of
peer feedback activities and thereby address three key gaps in the
literature. First, the study is conducted in the context of reciprocal peer
review where students both receive and provide peer feedback, a
research design with ecological validity. Few studies of peer feedback
have tested the separate effects of providing vs receiving peer feedback
(Double et al., 2020; Wu & Schunn, 2021). Second, feedback with
different features is treated separately in the current study. Prior
research has typically analyzed the learning benefits of received feed-
back and provided feedback in global terms (e.g., Huisman et al., 2018;
Wu & Schunn, 2020b), and therefore the larger effects of provided or
received feedback with specific features might have been masked
(Gielen et al., 2010). Third, we connect specific peer feedback activities
to both revision (i.e., later performance within the same writing task)
and learning (i.e., performance on a new writing task). Most prior
research only investigated whether specific feedback activities resulted
in revisions or improved drafts (e.g., Lu & Law, 2012; Tseng & Tsali,
2007). Even when a writer improves a piece of writing upon receiving
feedback, they may not have learned a concept or mastered a skill such
that it can be applied to a new writing task (DiPardo & Freedman, 1988;
Hu & Lam, 2010; Patchan & Schunn, 2015).

We also examine the effects of peer feedback activities separately for
high-level (e.g., meaning, argument, organization) and low-level (e.g.,
spelling, grammar) aspects of writing. Prior research has observed dif-
ferences in effects on student performance for high-level vs low-level
aspects of writing. For example, students often make more learning
gains through peer feedback on high-level aspects of writing (Cho &
Cho, 2011; Lundstrom & Baker, 2009; Wu & Schunn, 2020b). In addi-
tion, high-level issues may require different supports for learning than
low-level aspects of writing. For example, Liou and Peng (2009) found
that high-level problems needed more explanatory information.

The ICAP framework emphasizes overt learning behaviors: behaviors
that can be observed and explicitly reflect students’ likely engagement
in learning (Chi & Wylie, 2014). Thus, learning activities (like different
kinds of activities or ways of completing an activity within peer feed-
back) can be differentiated by the kinds of overt behaviors that each
activity requires, which are categorized by the cognitive processing they
directly entail. For example, receiving feedback without requiring stu-
dents to highlight parts of the feedback or making any revisions would
be characterized as passive learning because no actions are required.
Students might spontaneously self-explain their received feedback, but
this would likely be uncommon because most students rarely self-
explain during reading and even direct instructions to self-explain are
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often ineffective in practice (Rittle-Johnson et al., 2017; Patchan &
Schunn, 2016), particularly without training on self-explanation
(McNamara, 2004). Similarly, providing feedback would be character-
ized as constructive learning because students must generate feedback
comments rather than just reading essays. Note that ICAP does not
consider cognition and behaviors that students might choose to add on
the own (e.g., choosing to self-explain information that is read, or
choosing to discuss a lecture afterwards with a peer or family member).
Not only are those difficult to observe, but they also are likely rare (Chi
& Wylie, 2014).

2.4. Research questions and hypotheses

We examine a range of typically-occurring peer review-related ac-
tivities (providing, receiving, and revision) in terms of their relative
impacts on learning, teasing apart the relative benefits to particular
kinds of comments (i.e., suggestions and explanations) received and
provided on learning outcomes. Fig. 1 provides a summary, focusing on
the specific peer feedback elements that will be tested.

Receiving feedback tends to be at the lower ICAP levels, but can still
vary depending upon what students do with the feedback. Reading
received peer feedback without making revisions, per se, is a clear
example of passive learning, regardless of the quality or characteristics
of feedback that is received (see upper left of Fig. 1). Received comments
typically indicate that some aspect of the information assessees had
previously stored is incorrect. However, the newly received information
(i.e., the comment) is likely to become inert knowledge if it is not used
(e.g., in a reflection activity, revision plan, or revision behavior), and
therefore is likely to only be accessed when it is specifically activated. If
students highlight parts of the received feedback (not shown on the
figure, which focuses on typically observed peer feedback activities),
this is active learning. When learners receive specific suggestions for
how to revise and then directly implement the suggestions in their re-
visions without considering other possible revisions, this is also a kind of
active learning (see upper right of Fig. 1). Internally, active activities
such as implementing received suggestions in revisions can lead the
assessee to strengthen knowledge through practice or update their
knowledge relevant to the identified problem.

Different from passive learning that tends to store information in
isolation and active learning which may strengthen knowledge or up-
date incomplete schema, constructive learning focuses on general in-
ferences creating new conceptual knowledge and justifications for
procedural knowledge (Chi & Wylie, 2014). We argue that constructive
learning can be said to occur when students provide feedback to their
peers, either in the form of suggestions for how to improve their docu-
ments or in the form of an explanation of the problem or of the sug-
gestion (see lower left of Fig. 1). However, we also note that constructive
learning can also be involved during revising in response to peer feed-
back, particularly when the feedback leads to revision but did not fully
describe the necessary revision. Explanations received from peers
without a specific suggestion are a clear case of feedback requiring
construction by the assessee in order to produce a revision (see upper
right of Fig. 1). Further, providing feedback (explanations or suggestion)
can also motivate revision in the assessor’s own documents, and this
connection is again a form of constructive learning because some ad-
aptations or ideas beyond the given information is likely required in
order to translate problems or solutions that are noted in a peer’s
document to the assessor’s own document. Here providing feedback
with explanations may be particularly helpful in guiding the translation
into revisions in the assessor’s own document (see connection from
lower left to upper right of Fig. 1).

The theoretical analysis using ICAP as summarized in Fig. 1 suggests
that receiving feedback will rarely lead to learning if it does not lead to
revisions, whereas providing feedback will regularly lead to learning,
because it involves both a higher quality direct learning opportunity as
well as having a mediated pathway through revisions. We organize our
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Fig. 1. Empirical tested feedback-to-learning
model. Receiving peer feedback (suggestions
or explanations) without making revisions, per
se, is a passive learning process that is there-
fore unlikely to directly lead to significant
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analyses around the following three research questions. Note that
research question 1 is about predicting revisions rather than learning,
the foundational indirect pathway from reviewing to learning via re-
visions, to establish the first step in the mediation model that is formally
tested in research question 3. Thus, the components of that research
question are not a direct test of ICAP since they are about performance
(i.e., revising), not learning outcomes per se. Also, note that the hy-
pothesis focuses on observables (e.g., number of received explanations,
number of provided suggestions, number of revisions).

1 What types of peer feedback activities are associated with re-
visions? We assumed that:

H1la: Number of received explanations predict number of revisions;

H1b: Number of received suggestions predict number of revisions;

Hlc: Number of provided explanations predict number of revisions;

H1d: Number of provided suggestions predict number of revisions.

2. What types of peer feedback activities are directly associated with
learning? We assumed that only active and constructive activities would
have substantial direct associations with learning:

H2a: Students learning is predicted by number of revisions;

H2b: Students learning is predicted by number of provided
explanations;

H2c: Students learning is predicted by number of provided
suggestions.

3 What are the relative contributions of different peer feedback ac-
tivities to learning through revisions or directly? According to ICAP, we
predicted:

H3a: Weakest associations with received suggestions (one indirect
path, only active learning);

H3b: Weak associations with received explanations (one indirect
path, constructive learning);

H3c: Stronger associations with provided suggestions and explana-
tions (direct and indirect paths, both constructive).

3. Method
3.1. Participants
The participating students came from five high schools. These

schools participated in a larger project studying the use of different
versions of an online peer assessment system. The sample consisted of

to Write

367 students (58% female, 42% male; 51% Caucasian, 20% Asian, 5%
Hispanic/Latino, 5% African American, and 19% no race or ethnicity
reported). The student ages ranged from 16 to 19 years (Mean = 17.2,
SD = 0.5). Forty-nine percent of the participants came from Title I
schools, which receive extra federal financial support because they have
high percentages of students from low-income families (US DOE, 2018) .
The remaining participants were from non-Title I schools (i.e., serving
predominantly middle- and high-income families).

All students were enrolled in Advanced Placement (AP) Language
and Composition, a high school course that is meant to be equivalent to
first-year university writing courses. Over a half-million students took
the AP Language & Composition exams in the 2017-18 school year
(College Board, 2018). Many students struggle with this course; the
mean score is just below a 3, which is the lowest value any university
would accept as equivalent to passing their own course. The writing
challenges coupled with the large volume of students participating in
this course call for more research to be conducted in this context.

Students from a given school were taught by a single instructor
across multiple sections. The schools were located in five different states
(i.e., Kentucky, New York, California, Delaware, and Texas), and the
instructors had taught English and the AP writing course for multiple
years. As a pre-condition for participation, teachers had to have laptops
in the classroom or had access to a computer lab to use the online peer
assessment system, agreed to participate in an “act-as-a-student” online
training exercise, and agreed to implement two shared writing tasks as
designed using a shared peer assessment system at a similar time of year.
The instructors also agreed to use provided scripts (e.g., how to intro-
duce the system and the peer feedback process) in class to have a stan-
dardized invention across classrooms and schools. The instructors had
no knowledge of the specific hypotheses of the current study.

3.2. Materials

Peer assessment tool. The online peer review system, Peerceptiv
(Schunn, 2016), is an online peer assessment system developed to
address the need for large scale writing assessments, and it is being used
by a large number of students in high schools, colleges, and universities
throughout the world. With the system, teachers can assign writing tasks
in large class settings and maintain control over the peer feedback
process. Students can receive feedback from multiple reviewers and
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provide feedback based upon rubrics specified by the teacher; in the
current study, all teachers used the same rubrics. Additional functions
are included to encourage students to provide quality feedback, such as
accountability measures, well-designed rubrics, and suggestions for
including helpful information in feedback (Schunn, 2016). For example,
students as assessees are required to evaluate the quality of the feedback
they received (called back-evaluations). In the current study, these
back-evaluations also provide evidence that assessees received the
feedback their assessors submitted into the system. Indeed, 90% of
students completed their back-evaluations, and thus we can generally
rule out the possibility that students did not revise or learn from received
feedback because they did not even read the feedback provided to them.

The peer assessment process consisted of separate phases. Instructors
assigned the writing task, including assignment details such as essay
topic, length, and submission deadline. Students submitted their essay to
the web-based system, and it distributed the essay to four random peers
at their school. Supported by the rubrics organized into dimensions of
writing, assessors anonymously evaluated their peers’ essays with
qualitative and quantitative components (written comments and
scores).

Writing tasks. A central focus in the AP course is an evidence-based,
analytical writing task, which is challenging for secondary students
(National Center for Education Statistics, 2012). Participants were asked
to read a persuasive source essay and then write a one-page argument
based upon an analysis of the source essay. In particular, students
needed to describe what rhetorical strategies were used, and then
analyze how the strategies were used to support the author’s thesis,
citing evidence from the source essay. For the current study, two such
writing tasks were used (one for pre-assessment and learning opportu-
nity; the other for post-assessment of learning), taken from previous
years’ exams, with the same requirements and identical rubrics. The
only difference between the two writing tasks involved the source pas-
sages, which were of roughly similar length, complexity, and reading
levels. The first was about the separation between people and nature due
to the development of technology, and the second was about the effect of
migrations. As a national and high-stakes exam, the writing tasks were
developed by the College Board to be of similar difficulty. Further,
expert grading of these writing tasks in a larger study with more par-
ticipants across more schools found identical average scores when each
was used as the first writing task (Schunn et al., 2016; Wu & Schunn,
2020a).

The reviewing and grading rubrics of these two writing tasks (see
Appendix A) were adapted from the College Board expert scoring guide
in order to be more student-friendly (Schunn et al., 2016). The
high-level writing rubrics focus on thesis, argument, rhetorical strate-
gies, evidence for claims, explaining evidence, and organization. The
low-level writing rubrics focus on control of language and conventions.
The rubrics students used were specific to the evidence-based analytical
writing task rather than generic writing rubrics disconnected from
context and genre.

Genre-specific rubrics were used to orient students’ attention to the
specifics of the genre and develop their knowledge and skills related to
this genre. Prior research has found positive effects of genre-specific
rubrics on writing of assessors (Philippakos & MacArthur, 2016; Yu,
2021) and assessees (Wu & Schunn, 2020b), although it can be chal-
lenging for students to provide genre-specific feedback (Yu, 2021).
Students received peer review training and were required to conduct
peer review based upon the genre-specific rubrics.

3.3. Measures

Writing quality. Four trained writing experts with years of experi-
ence teaching writing rated all the essays (i.e., first drafts of two
consecutive writing tasks) based on the same 1-to-7 scale rubrics used by
the students (see Appendix A). Each rater gave each essay eight ratings,
six ratings covering high-level dimensions of thesis, argument,
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rhetorical strategies, evidence for claims, explaining evidence, organi-
zation, and two ratings covering low-level dimensions of control of
language and conventions. Ratings across dimensions were averaged to
produce a high-level score and low-level score for each essay. Each essay
was rated by at least two raters with substantial reliability (Kappa = 0.75
for high-level scores and 0.72 for low-level scores; Anthony & Joanne,
2005). High-conflict cases (>1.5 difference) were discussed to resolu-
tion. For low-conflict cases, a mean score was used in analyses. Students’
learning was operationalized as improvement in first-draft quality
across the two consecutive writing tasks.

Amount of feedback provided and received by subtypes. Feed-
back was systematically coded to determine how many comments with
explanations, suggestions, and praise comments each student received
and provided. Although not the primary focus, amount of praise was
included as a statistical control. What students learn from reading good
essays may influence revisions (Lu & Law, 2012; Patchan et al., 2016;
Tseng & Tsai, 2007) and performance on new writing tasks. Provided
praise is an indicator of students noticing positive features in the doc-
uments they read. In the current data set, the quality of a draft judged by
experts was positively related with the number of praise comments
provided on that draft by a given assessor (r = 0.32, p < 0.001).

The first step was to segment the peer comments into independent
units (Kappa = 0.93), defined by a focus on one aspect of writing. The
reviewing interface required students to enter separate comments into
different boxes, so most comments were already segmented. However,
sometimes students combined different issues in one textbox. For
example, “Some of your points were not backed up with direct quotes. In your
third paragraph, you talked about the end of the passage, but did not include
any quotes or direct evidence to support your claims. Throughout the essay,
there were multiple grammatical errors, which at times conflicted with the
readers understanding.” This comment included two idea units, with the
first one (first two sentences) indicating a high-level problem and the
second one (last sentence) on a low-level problem. Then, coders further
segmented the comments including more than one problem when cod-
ing feedback scope and features.

Then the scope of each feedback comment was double-coded by
trained coders: high-level or low-level (Kappa = 0.91). High-level
feedback refers to the feedback on essay content and organization
such as thesis, argument, rhetorical strategies, evidence for claims,
explaining evidence, organization. Low-level feedback includes the
feedback on control of language and conventions.

Then the comments were coded as summary comments, praise
comments (i.e., pure praise comments), and negative evaluative com-
ments by two trained coders (Kappa = 0.93). Only praise comments and
negative evaluative comments were further analyzed because they have
been found to influence learning outcomes (e.g., Patchan et al., 2016;
Tseng & Tsai, 2007; Wu & Schunn, 2021).

All the negative evaluative comments were double-coded by four
trained coders for the presence or absence of three major features:
Explicit identification (Kappa = 0.84), Explanations (Kappa = 0.81),
Suggestions (Kappa = 0.91). Note that explanations could have focused
on either an identified problem or a suggestion, but in practice they were
given almost exclusively for problems. A given negative evaluative
comment could have between one and three of these features. However,
the statistical analyses did not examine explicit identification. First,
identification did not have a strong foundation for changing motivation
the way that praise does or cognitive processing the ways that expla-
nations and suggestions do (e.g., Bolzer et al., 2014; Gielen et al., 2010;
Lu & Law, 2012; Tseng & Tsai, 2007; Wu & Schunn, 2020a). Second,
although a large number of negative comments did not identify prob-
lems explicitly, they indicated problems in an implicit way (e.g., “A
better transition to your thesis statement would be something about how
technology hinders a relationship with nature, as opposed to in the past”.).
See Appendix B for coding definitions and examples of explanations,
suggestions, and praise comments. Disagreements were resolved
through discussion with a third coder. The coders did not know the
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purpose of the study.

Finally, the number of comments containing explanations, the
number of comments containing suggestions, and the number of praise
comments for each student were calculated. This was done once from
the perspective of an assessee (e.g., total number of each that were
received) and again from the perspective of an assessor (e.g., the total
number of each that were provided). For example, if a student provided
6 explanations in comments in their first completed review, and then 7,
3, and 10 explanations in the remaining three reviews they completed,
this would have been aggregated to be 26 total provided comments with
explanations.

Amount of revisions. Students made revisions to the first document
based upon the peer feedback received and provided, or based upon self-
revisions or other sources. The MSWord Compare Documents function
was utilized to identify revisions between the first and second drafts of
the first writing task. Each revision was coded by at least two coders in
terms of its content focus, high-level or low-level (Kappa = 0.71). If a
revision changed the original meaning, it was a high-level revision (see
examples in Appendix B), and otherwise it was coded as a low-level
revision. Revisions in a document were aggregated to create two mea-
sures: number of high-level revisions and number of low-level revisions.

Control variables. In addition to the number of praise comments,
additional variables that have been previously found to be correlated
with students’ writing performance were included as controls: students’
first draft score (i.e., Task 1 score), School Type (Title I or not), and
Gender (Female = 1, Male = 0) (see Appendix C). Task 1 score was
included as a control variable in predicting revisions because students
with high first draft scores had less incentive to revise. Students from
different types of schools and students of different genders might
perform differently in peer feedback and writing (Wu & Schunn, 2020a,
c). Title Iis a federal school type designation in the US frequently used in
educational research. Schools with at least 40% of enrolled students
coming from low-income families can use Title I funds to help students
learn (US DOE, 2018), and Title I school students have been found to be
in need of more assistance in writing (Applebee & Langer, 2011; Wu &
Schunn, 2020b).

3.4. Procedure

At the start of the study, the teachers were trained in the use of the
reviewing system, the shared peer-review rubrics, and how to introduce
the system/process to their students. The teachers participated in an
“act-as-a-student” online exercise, submitting essays to the system and
providing feedback to others. After that, a follow-up online training on
the teacher interface was provided, including walking through simple
procedures for how to teach students use the system. Then teacher
provided their students with an in-class training on how to use the
system and how to provide feedback comments, consisting of two pha-
ses: demonstration and practice. For the demonstration, students read a
sample essay and then were shown example feedback comments for the
essay. Some example comments were helpful (e.g., explanatory and
constructive), while others were not (e.g., general and vague). Then
students discussed as a class what made feedback comments helpful. In
the practice phase, students read the second sample essay and provided
feedback on it with a partner based on the rubrics. The class as a whole
held a discussion on the feedback and ratings that were generated. At
this point, the class discussed the peer review rating scales and students
received calibration feedback on their use.

After submitting first drafts to the system, assessors had one week to
respond to the four peers’ essays at their school using the given rubrics.
They were required to provide at least one comment on each of eight
dimensions and scored each dimension on a 7-point scale. The system
distributed peer feedback to assessees. Assessees then revised their es-
says based on the peer feedback and submitted the revised draft to the
system. After students finished the first writing task, they completed the
second writing task after a one-week interval.
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3.5. Data analysis

Three hundred and sixty-seven students from five schools were
included in the analyses, representing 81% of the students who partic-
ipated in the peer feedback process across the five schools. The research
project initially focused on only two schools and exhaustively coded all
of their data. To improve statistical power and generality, additional
schools were added to allow for multiple Title I and non-Title I schools to
be included. Because the time intensive nature of the coding process, not
all students from the additional school were included. Since the main
outcome variables depended upon access to the submitted draft, we
excluded students who did not submit a first or second draft (as high as
18% for two of the schools). At the third additional school, there was a
large number of students, and consideration from a related research
project led us to select a subset of students (essentially a random half
within each participating class in that school).

The two groups, the selected students and the excluded students,
were compared in terms of their gender, race, school title, age, and task
1 scores. x? tests showed that the two groups were not significantly
different in terms of their gender, race, and school title (see Appendix
D). Independent t-tests indicated no significant differences between the
two groups’ ages and task 1 scores (see Appendix E).

Multilevel regression models including a random intercept for school
were conducted using Stata 16 given the nested structure of the data
(students nested within teachers/schools). Nesting of students within
classrooms was not included because students conducted the peer
feedback online and were placed in one large multi-classroom reviewing
pool across all participating classes at that school (with one participating
teacher per school). Instead, robust standard errors with clustering by
teacher were used to adjust for variation at the teacher level. Indeed, the
ICCs (intraclass correlation coefficient) for both high-level and low-level
learning were 11%, indicating school differences were a factor and
nested structure to the data should be addressed. The variables were
grouped into student-level variables (i.e., # of received explanations/
suggestions/praise comments, # of provided explanations/suggestions/
praise comments, # of revisions, task scores, gender) and a school-level
variable (i.e., school title). Discrete predictor variables (i.e., # of
received explanations/suggestions/praise comments, # of provided ex-
planations/suggestions/ praise comments, # of revisions) and the
continuous variable (i.e., task 1 scores) were grand-mean centered.

Different types of regression analyses depending on outcomes were
conducted to investigate the relationships between amount of feedback
provided and received with specific features, amount of revisions, and
learning. To investigate the associations between feedback variables to
revisions in the same writing task (RQ 1), two sets of multilevel negative
binomial regressions were conducted (see Models 1 and 3 in Table 2).
Number of revisions are count variables, which are typically right
skewed. Because variance and means were not equal (for high-level
revisions, x2(1) = 658.1, p < 0.001; for low-level revisions, x?(1) =
1416.4, p < 0.001), negative binomial regression rather than Poisson
regression was selected (Coxe et al., 2009; Hilbe, 2007). Incidence Rate
Ratios (IRR) were presented as effect size estimates for these regressions
(i.e., values < 1 for negative relationships, values = 1 for no relation-
ship, and values > 1 for positive relationships).

Multilevel linear regression models were used when the outcome was
Task 2 high-level or low-level scores (RQ 2) because those scores were
normally distributed. To measure learning, Task 2 scores were used as
the dependent variable and Task 1 scores were included as predictors.
This approach of controlling for prior performance rather than calcu-
lating improvement scores was used because improvement scores often
produce regression-to-the-mean artifacts in regression analyses. The
data satisfied the homoscedasticity assumption based on the scatterplots
of studentized residuals and unstandardized predicted values. There
were only two outliers (one high-level or one low-level task 2 score)
according to leverage, studentized residuals, and Cook’s D statistics
(Aguinis et al., 2013; Fox, 1991). These outliers were replaced with the
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next-highest scores (Strijbos et al., 2010); however, the results were
identical when scores were left untransformed. Inspection of correla-
tions among predictors and outcomes (see Appendices F and G) revealed
that multiple predictors were correlated with each other and the out-
comes, but no predictors were so highly correlated with one another that
multicollinearity problems would likely occur. However, sensitivity
analyses were performed to test the robustness of the primary findings
concerning revisions and learning by comparing full models including
all predictor variables and reduced models including independent var-
iables of interest or only significant independent variables.

To formally test the mediation effects of feedback to learning via
revisions (RQ 3), multilevel mediation analyses were conducted using
the MLMED macro for SPSS 25 (Hayes & Rockwood, 2020). It employed
10,000 bootstrapped samples to estimate confidence intervals. If the
confidence interval does not include zero, the indirect effect is signifi-
cant. In each case, high-level and low-level aspects of writing were
treated as separate datasets for analysis.

4. Results

Table 1 presented the means and SDs for all main variables in the
analyses. As an indicator that measurable learning had occurred over
this short time-scale, students on average improved their writing per-
formance in Task 2 relative to Task 1: mean first draft ratings were
higher for Task 2 than for Task 1 in both high-level scores (£(366) = 5.29,
p <0.001, d = 0.28), and low-level scores (t(366) = 4.71,p < 0.001,d =
0.24).

4.1. Relationship of feedback activities to revisions (RQ1)

Table 2 presented the specific models used to predict high and low-
level revisions (see Models 1 and 3). Number of received explanations
predicted the number of high-level revisions, partially confirming Hla
because this relationship was not observed for low-level aspects of
writing. Number of provided suggestions predicted the number of re-
visions for both high-level and low-level aspects of writing, confirming
H1d. The effects were generally larger for low-level revisions. H1b was
partially confirmed since number of received suggestions only predicted
number of low-level revisions. Hlc (i.e., number of provided explana-
tions predict number of revisions) was not supported. None of the other
control variables were significant predictors of revisions. Sensitivity
analyses showed that these results were robust for high-level and low-
level revisions across models that removed control variables and non-
significant key predictors (see Tables H1 and H3 in Appendix H). Note
that all the sensitivity analyses were conducted separately for high-level
and low-level aspects of writing.

Table 1
Predictor and Outcome Variable Means and Standard Deviations.

Variable High-level comments Low-level comments
Mean SD Mean SD

Predictors Received

Explanation 6.57 5.46 1.17 1.10

Suggestion 10.43 6.41 1.85 1.43

Praise 7.98 5.35 1.25 1.09

Provided

Explanation 6.91 5.90 1.27 1.40

Suggestion 11.20 7.78 2.04 1.78

Praise 7.75 5.11 1.22 1.17

Control

School title 0.49 0.50 0.49 0.50

Task 1 score 4.62 0.80 4.94 0.84

Gender 0.58 0.50 0.58 0.50

Outcomes

Revisions 4.99 4.92 5.98 6.95

Task 2 score 4.84 0.76 5.13 0.79
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Table 2
Summary of Analyses Predicting Revisions and Learning (i.e., Task 2 Score
Controlling for Task 1 Score).

Model High-level aspects of writing Low-level aspects of writing
Negative Linear Negative Linear
binomial regression: binomial regression:
regression: Learning regression: Learning
Revisions (Model 2) Revisions (Model 4)
(Model 1) (Model 3)

Measure of IRR (SE) Coefficient IRR (SE) Coefficient

effect size [95 % CI] (SE) [95 % CI) (SE)
[95 % CI) [95 % CI)

Predictors

# Received

Explanations 1.042%** —0.009 1.112 (0.08) 0.034 (0.02)
(0.01) (0.01) [0.96, 1.29] [-0.004,
[1.02, 1.06] [-0.03,0.011 p=0.16 0.07]

p = 0.000 p=025 p=0.08

Suggestions 1.00 (0.02) —0.008 1.043* (0.02) 0.055 (0.03)
[0.96, 1.04] (0.01) [1.00, 1.09] [-0.001,

p =099 [-0.02, p = 0.046 0.11]
0.004] p=0.053
(»=0.18)

Praise 0.984 (0.01) —0.003 0.974 (0.05) —0.003
[0.96, 1.01] (0.01) [0.89, 1.07] (0.05)
p=027 [-0.02,0.01] p=0.57 [-0.09, 0.09]

p=0.73 p=0.94

# Provided

Explanations 1.023 (0.01) 0.019* 1.052 (0.04) 0.07* (0.03)
[1.00, 1.05] (0.01) [0.97, 1.14] [0.01,
p=0.07 [0.003, p=020 0.12]

0.03] p =0.02
p=0.02

Suggestions 1.018%** 0.007 (0.01) 1.11%** 0.04 (0.03)
(0.003) [-0.01, 0.02] (0.03) [-0.02, 0.09]
[1.00, 1.02] p=026 [1.05, 1.18] p=017
p = 0.000 p = 0.000

Praise 1.013 (0.01) 0.011 (0.01) 0.932 (0.06) —0.008
[1.00, 1.03] [-0.002, [0.83, 1.05] (0.03)
p=0.07 0.03] p=024 [-0.07, 0.06]

p=0.11 p=0.82

# Revisions 0.029%** — 0.006 (0.01)
— (0.01) [-0.02, 0.03]

[0.02, p=0.60
0.04]
p = 0.000
Controls
School title 0.817 (0.27) 0.15 (0.12) 0.727 (0.25) 0.08 (0.07)
(TitleI=1)  [0.43, 1.55] [-0.09, 0.39] [0.38, 1.41] [-0.07, 0.22]
p =054 p=022 p=0.35 p=20.30

Task 1 score 1.046 (0.07) 0.38%** 0.994 (0.09) 0.46***
[0.92, 1.19] (0.09) [0.83, 1.20] (0.07)
p=049 [0.20, p=0.95 [0.32,

0.57] 0.60]
p = 0.000 p = 0.000

Gender 1.049 (0.11) —0.006 1.06 (0.17) —0.02 (0.08)

(Female = [0.86, 1.28] (0.06) [0.78, 1.44] [-0.17, 0.13]
1) p=0.64 [-0.12,0.11] p=0.70 p=0381
p =093
AIC 1930.39 713.09 2026.62 743.75
BIC 1946.01 763.86 2042.24 794.51
Note: N = 367. *=p < 0.05, **=p < 0.01, ***=p < 0.001, — = not included in
model.

1. Estimates for Model 1 and Model 3 were exponentiated and expressed as
incidence rate ratios (IRR).

2. Robust standard errors (SE) are used to adjust for clustering at the teacher
level.

4.2. Direct relationships of feedback activities to learning (RQ2)

The number of high-level revisions, but not low-level revisions,
significantly predicted learning, partially confirming H2a (see Models 2
and 4 in Table 2). Number of provided explanations significantly
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predicted learning for both high-level and low-level aspects of writing
(confirming H2b). H2c, that learning would be directly predicted by the
number of provided suggestions, was not supported. The number of
received comments was never a significant direct predictor of learning.
Note that the 95% Confidence Intervals for the predictor estimates were
larger for low-level revisions and learning than for high-level revisions
and learning, suggesting that power may have played a role in producing
fewer significant low-level effects. According to the sensitivity analyses,
the results of the primary analyses concerning high-level learning were
robust across models removing control variables and non-significant key
predictors (see Table H2 in Appendix H). When it came to low-level
learning, the regression coefficient estimate for number of provided
explanations changed from marginal to significant in all the other
models in the sensitivity analyses while still having a very similar effect
size (see Table H4 in Appendix H), suggesting a power issue in the full
model. Thus, number of provided explanations for low-level issues was
considered as a meaningful predictor of low-level learning. All other
estimates for low-level learning were stable in the sensitivity analyses.

4.3. Indirect relationships of feedback activities to learning via revision

(RQ3)

The mediation analyses involved five control variables (Task 1 score,
School title, Gender, # of received praise comments, # of provided
praise comments), two independent variables of interest (# of received
explanations, # of provided suggestions), one mediator (# of revisions),
and one outcome (Task 2 scores). Only the significant predictors of
number of revisions (i.e., number of received explanations, number of
provided suggestions) were included. Similarly, mediation analyses
were only conducted for the high-level aspects of writing because the
number of low-level revisions did not significantly predict low-level
learning. In these mediation analyses, both of the feedback variables
were found to be indirect predictors of learning via revisions (see
Table 3). The student-level indirect effect of received explanations on
learning via high-level revisions was significant, indirect effect = 0.007;
SE = 0.0026, 95% CI = [0.0024, 0.0124]; p < 0.01. The student-level
indirect effect of provided suggestions on learning via high-level re-
visions was also significant, indirect effect = 0.003; SE = 0.0013, 95%
CI = [0.0008, 0.0059]; p < 0.05. Thus, both number of received ex-
planations and number of provided suggestions appeared to be benefi-
cial for learning via their effects on revision, partially confirming H3b
and H3c because the mediation pathways were not supported for low-
level aspects of writing.

5. Discussion

Statistically significant relationships are summarized in Fig. 2,
separately for high-level and low-level aspects of writing. To support
reasoning about relative effect sizes, effect sizes of each relationship is
presented on the figure in standardized units: the increase in incidence
rate of revisions or the standard deviations increase in the transfer task
for each standard deviation increase in the predictor. Overall, the
pathways representing constructive learning opportunities had the

Table 3
Within-direct and Within-indirect Effects of Received Explanations and Provided
Suggestions on High-level Learning (i.e., Task 2 score controlling for Task 1).

Within-direct Within-indirect Indirect effect

effect effect (95 % CI)
(SE) (SE)
Received —0.0189 0.007 (10.0024,
explanations (0.009) (0.0026) 0.0124)
Provided 0.0107 0.003 (0.0008,
suggestions (0.0049) (0.0013) 0.0059)

Note: N = 367. Boldface type indicates a significant indirect effect / confidence
interval not including 0.
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strongest relationship to revision and learning outcomes, and the active
pathway (received suggestions that were enacted in revisions) also had
some support. However, the passive pathway (received feedback
directly to learning) was not supported. Thus, this study adds to the
previous research by showing differential effects of specific feedback
activities on revisions and learning along ICAP lines.

5.1. Relationship of feedback activities to revisions (RQ1)

High-level aspects of writing.

It is not surprising that number of received explanations significantly
predicted revisions (Hla, see Fig. 2A) because explanations have been
shown to help clarify problems and persuade students to revise (Huis-
man et al., 2018; Strijbos et al., 2010; Wu & Schunn, 2020a). However,
negative effects of received explanations on feedback implementation
(e.g., Nelson & Schunn, 2009) and quality of revised drafts (e.g., Tseng &
Tsai, 2007) have also been observed. The quality of received explana-
tions may be an important moderator—the current study focused on
students in an Advanced Placement course using a carefully designed
rubric and peer review training before writing, which could produce a
higher average explanation quality. The finding that the number of
provided suggestions significantly predicted revisions (H1d) is also
consistent with prior research that has demonstrated the more sugges-
tions assessors give, the better they perform in their revised drafts (Lu &
Law, 2012). In other words, the skill of providing suggestions to others
could be transferred to and encourage assessors’ own revisions.

The relatively small effect sizes for each of the statistically significant
effects deserves some discussion. The regression approach used in this
study has a number of methodological features that are likely to produce
small effect size estimates: measurement noise from using only one
writing task at pre and post; examining learning at the level of overall
revisions and task scores, rather than within more specific areas of
feedback and revision; and measuring learning from only one round of
feedback and revision. Given these considerations, large effect sizes
were unlikely and the observed coefficients were likely underestimates
of the amount of learning that took place. However, it is also possible
that additional, theoretically-important sources of variance may have
played a role and those should be examined in future research. For
example, the quality of explanations or suggestions was not measured,
and low quality explanations and suggestions are likely a poor source of
learning. In addition, this study focused entirely on the overt process of
peer feedback, but covert processes might also have played a role:
whether alternative revisions were considered by assessors in addition
to the ones provided in the comment; whether authors not only read
received comments but also evaluated them -carefully enough to
consider specific implications/next steps; and whether authors read
comments just from a document revision perspective or also from a
future task perspective. Qualitative data such as think-aloud protocols
and interviews could be collected to elicit information on such covert
processes.

Finding that the number of received suggestions were not predictive
of the number of revisions (H1b) does not match earlier research. For
example, Nelson and Schunn (2009) found that received suggestions
were positively associated with implementation, while Tseng and Tsai
(2007) found an in-between result: received suggestions were only
useful for improving quality of revised drafts in the initial stage rather
than later stage of the revising process. We noted that the current study
focused on the overall number of revisions, rather than the more
frequently-examined rate of implementation of actionable comments or
quality of revised drafts. Overall revisions each student made included
those that resulted from received and provided feedback as well as re-
visions triggered by other sources (e.g., proof-reading or automatic
identification of spelling or grammar issues by Microsoft Word). Inves-
tigating received feedback features and implementation at the comment
level explores a more direct relationship between received feedback
features and implementation (e.g., received solutions and feedback
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Fig. 2. Revised feedback-to-learning model for learning in high-level and low-level dimensions of writing, showing only statistically significant relationships, for
analysis by feedback features. Numbers represent the incidence rate ratios per 1 SD change in the predictor from the negative binomial regressions and standardized
coefficients from the linear regressions (see Table 2). Line thickness is proportional to the effect sizes of the relationships.

implementation), but ignores other revisions. Receiving more sugges-
tions may lead to more passive revising overall, thereby failing to in-
crease the overall number of revisions. The lack of a significant
relationship between the number of received suggestions and total re-
visions may also be that students made overall revisions without using
some suggestions as some suggestions might be incorrect, or not suffi-
ciently specific. When the proposed suggestions are specific, students’
attention can be focused and feedback can be more directed (Hattie &
Timperley, 2007). Conversely, when a suggestion is not specific, stu-
dents are more likely to ignore it, because they are more likely to
complete tasks that require minimal effort (Luttrell et al., 2010).

Low-level aspects of writing

The number of received explanations did not significantly predict the
number of low-level revisions (Hla) perhaps because only high-level
problems are sufficiently complicated so as to need explanatory

information. Lu and Law (2012) also found that explanations related to
language use were not a significant predictor of revision. By contrast, the
number of received suggestions was found to be a significant predictor of
the number of low-level revisions (H1b, see Fig. 2B). This finding is
consistent with prior research (Nelson & Schunn, 2009; Tseng & Tsai,
2007). Low-level problems are less cognitively complex than high-level
problems, and therefore easier to solve with received suggestions,
whereas students might rely on other sources than received suggestions
for revising high-level issues. In addition, suggestions on low-level
problems might be specific, so that the low-level revisions were more
likely to be made with minimal effort (Luttrell et al., 2010). Like with
high-level aspects of writing, provided suggestions did predict low-level
revisions (H1d). It may be that the more constructive learning involved
in figuring out how to solve problems in others’ essays was useful to
solving problems in the assessor’s own essays.
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5.2. Direct relationships of feedback activities to learning (RQ2)

High-level aspects of writing

The relationship of feedback activities to learning also varied across
high-level versus low-level dimensions. As predicted, both number of
revisions (H2a) and number of provided explanations (H2b) appeared to
be directly related to high-level learning outcomes. The role of revisions
in learning to write is well supported in the literature (Kellogg &
Whiteford, 2009; Wu & Schunn, 2020b). Similarly, providing explana-
tions is broadly supported as a learning mechanism in general (Aleven &
Koedinger, 2002; Chi et al., 1994), as well as for learning to write in
particular (Van Popta et al., 2017). While the studies of self-explanation
are perhaps more widely cited and discussed, that research has
acknowledged that “the advantages gained by explaining to others and
to oneself are comparable” (Chi et al., 1994, p. 441). Mechanistically,
Chi et al. (1994) argued that the more explanations students generate,
the deeper their understanding because explaining enables students to
construct declarative or procedural knowledge and integrate newly
learned knowledge with prior knowledge. Further, when students
explain their ideas explicitly, it provided opportunities for others to
engage with the ideas by questioning, challenging, comparing, and
connecting multiple ideas (Webb et al., 2021). We note that the
observed relationship between provided explanations and the learning
outcome was marginally significant and in need of replication in future
research. The strength of this relationship might have been influenced
by the quality of the provided explanations (e.g., poor explanations are
likely a worse learning opportunity). It might also be influenced by
ceiling effects on the outcome measures for those providing explana-
tions: higher ability authors provided more explanations but had less
room to improve on the outcome measure.

Hypothesis H2c (i.e., number of provided suggestions directly pre-
dicted learning) was not supported as a direct effect perhaps because
provided suggestions could only be transferred to the assessor’s own
writing by routine practice (Wu & Schunn, 2020b). In other words,
students learn to write by practicing their suggested strategies in their
own revisions. Indeed, a significant indirect relationship between
number of provided suggestions and learning via revisions was
observed.

Low-level aspects of writing

For low-level aspects of writing, only the number of provided ex-
planations were a significant predictor of learning (H2b). Why did
number of revisions not predict low-level learning (H2a)? It is unlikely
that students did not learn at all from revisions, especially given that the
number of provided suggestions significantly predicted low-level re-
visions. Instead, it may be the relative gains from a single instance of
practice were small—too small to be statistically detectable in the cur-
rent study. In addition, there may an alignment problem given the wide
range of possible specific low-level writing errors. Students are more
likely to revise when the feedback they receive and provide align (Zhang
et al., 2017). However, low-level revisions may be less likely to happen
than high-level revisions because what students receive and provide on
low-level issues are less likely to overlap. A longitudinal study exam-
ining the cumulative benefits of more writing tasks (and therefore more
total revising and resulting learning) could be conducted to determine
whether consistently making low-level revisions leads to low-level
learning. Or perhaps there was no learning effect because low-level re-
visions could be done somewhat mindlessly.

Similarly, provided suggestions did not directly predict low-level
learning (H2c). As noted above, low-level problems are likely more
unique to each author whereas high-level problems are more likely to be
shared across authors, so that students might learn more from providing
high-level suggestions than from low-level suggestions (Wu & Schunn,
2020b).

10
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5.3. Indirect relationships of feedback activities to learning via revision

(RQ3)

The two significant predictors of high-level revisions, number of
received explanations (H3b) and number of provided suggestions (H3c),
were found to predict learning indirectly through revisions. It might be
that students learn to write by figuring out how to solve problems after
receiving explanations or practicing their own strategies in revisions,
rather than directly learn from receiving explanations or providing
suggestions. The positive effects of receiving explanations were
observed in some prior research (e.g., Gielen et al., 2010; Huisman et al.,
2018), but other studies have observed negative effects of receiving
explanation on learning outcomes (e.g.,Tseng & Tsai, 2007). The quality
of peer feedback might be an important factor explaining the different
findings. Prior work examining whether the comments in the currently
studied context tended to be accurate (i.e., leading to improvements in
the document if followed) found that most of the peer feedback was
accurate (see Wu & Schunn, 2020c), perhaps reflecting the
well-structural peer review training, detailed and student-friendly ru-
brics, well-specified writing task, anonymous and efficient online
multi-peer feedback. Other contexts with fewer supports for comment
accuracy might result in less accurate feedback, which would then be
less likely to lead to revision or improvements in later writing
assignments.

That the number of received suggestions appeared to not be indi-
rectly related to learning outcomes (H3a) is consistent with prior
research. For example, Gielen et al. (2010) found that presence of sug-
gestions did not improve student writing performance significantly
across three different writing tasks. This pattern of findings is clearly
predicted by the ICAP framework: making revisions after receiving
suggestions is active but not necessarily constructive because students
do not need to generate new knowledge to revise based on a received
suggestion. By contrast, activities such as making revisions after
receiving explanations or providing suggestions are constructive in that
students are more likely to need to generate new knowledge when
translating explanations to revisions or transferring suggested revisions
to their own writing. Engaging in constructive learning activities pro-
motes “deeper understanding that might transfer” (Rakovic et al., 2020,
p. 2).

Making revisions plays an important role in learning to write. Mak-
ing revisions after receiving explanations or providing suggestions al-
lows students to make inferences of conceptual knowledge of writing,
explain and apply procedural knowledge of writing, which makes their
knowledge of writing more complete and correct, deepens their under-
standing of writing, and consequently facilitates learning transfer.
Further, that the number of revisions predicted learning might be related
to students’ motivation, i.e., students who tend to make a lot of revisions
will be more likely to produce better essays. Research is emerging that
peer review activities can also influence students’ writing motivation (Li
et al., 2021; Wu & Schunn, 2021).

Different findings for high-level and low-level aspects of writing
indicated the necessity of analyzing the two aspects separately. When
feedback cues lead to elaborate or deeper processing of content, then
learning should increase (Butler & Winne, 1995). However, compared
with high-level feedback, low-level feedback (e.g., In your second, third,
and fifth paragraphs you start the paragraph with “The author”. It gets re-
petitive just having “The author” start it off all the time, and is poor way to
start a paragraph.) may not require students to process knowledge as
deeply as for high-level feedback. In general, high-level feedback tends
to be more information-loaded, requires greater cognitive effort, and
therefore is more likely to promote the internalization of correct
knowledge. In other words, students’ reflective process is likely not be
activated to similar degrees for both high-level and low-level issues.
However, it should be acknowledged the observed statistical power for
the high-level analysis was larger than for the low-level analysis as
indicated by the narrower confidence intervals on the effect estimates.
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In line with the general ICAP framework predictions (Chi & Wylie,
2014) and prior studies using ICAP as the theoretical framework in other
fields (e.g., Chase et al., 2019; Chi et al., 2018), the present study sup-
ports the relatively central role of constructive activities rather than
passive and active activities in learning. When students engage in
constructive learning, they connect new concepts to old concepts by
monitoring their comprehension, elaborate on the nature of the prob-
lem, produce information that goes beyond what is presented to them
explicitly, and deepen their knowledge (Chi et al., 1994; Nicol, 2012;
Roscoe & Chi, 2008). The new knowledge learned from constructive
learning can be used in new writing tasks (Nicol, 2014; Roscoe & Chi,
2008).

6. Conclusions

The main purpose of the study was to investigate the effects of
different peer feedback activities on learning to write in a new writing
task with a sufficiently large sample size to tease apart their individual
effects. Although prior research has already revealed the effectiveness of
peer feedback, the present study is the first to investigate the underlying
mechanisms through which students learn from different types of peer
feedback activities from the perspective of cognitive engagement and
learning. We found support for both direct-only (provided explanations)
and indirect-via-revisions-only (received explanations, provided sug-
gestions) pathways, highlighting the importance of separately testing
the underlying pathways. To help students engage in peer feedback
more actively and productively, a teacher needs to implement peer
feedback learning activities that stimulate learning. The present study
provides teachers with specific suggestions on how to design and
implement activities to optimize the benefits of peer feedback.

6.1. Implications for practice

The findings provided support for using multi-peer feedback in sec-
ondary school writing instruction. An important message for practice is
that students should be encouraged to engage in the more constructive
peer feedback activities such as providing explanations/suggestions and
making revisions, especially based upon feedback with explanations
rather than only feedback with specific solutions. Teachers should
encourage students to make revisions of the same writing task, espe-
cially high-level revisions, rather than only assigning multiple writing
tasks without any required revisions.

Providing good explanations can be challenging for students, and
therefore it likely requires specific attention from teachers. Peer review
training based on well-designed rubrics should include sessions teaching
students how to explain problems clearly and various ways of providing
suggestions. For example, students could be required to focus each
feedback point on a single problem; questions could be included in ru-
brics, such as what the problem is, why it is a problem, and what ex-
amples can be used to support the explanation.

Task 1 score, an approximate measure of students’ writing ability, is
an important control variable that might influence how students
perform and learn in peer review. Students with lower task 1 scores may
require more support. Therefore, experimental research dividing stu-
dents into different groups according to their task 1 scores should be
conducted to uncover how task 1 scores influence the benefits students
receive from participating in various components of peer review.

Further support for students could also be created through additional
functions embedded into online peer assessment systems. For example,
feedback features classifiers can be developed to remind assessors to
include key feedback features when they fail to do so (Nguyen et al.,
2017; Ramachandran et al., 2017). Alternatively, functions that enable
assessors and assessees to talk about feedback and revisions interactively
(but anonymously) could be developed, so that problems in received
feedback (e.g., ambiguity, correctness) could be discussed and
minimized.
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The current study focused on evidence-based analytical writing and
used genre-specific rubrics, which drew student attention to particular
skills to practice. The findings may not generalize to other genres or
situations using more generic peer feedback rubrics, where the peer
feedback may be less focused on specific writing skills and instead focus
on conceptual issues involved in the writing assignment topic. Future
research should compare the impacts of using genre-specific rubrics vs
general rubrics on peer review comments, revisions, and subsequent
learning.

The research findings could also be different if a different peer re-
view platform was used. The shared core features of most online peer
review platforms help to make peer review effective and efficient, but
different platforms contain various extra functions that shape student
reviewing behaviors in different ways. For example, Calibrated Peer
Review (CPR) has been found to help students learn in a variety of sci-
ence courses (e.g., Hartberg et al., 2008) and writing (e.g., Russell et al.,
2017). One of its significant features is calibration, which provides peer
review training at the initial stage of peer review focused on the ratings
that are generated. Instead of requiring a calibration phase, the online
peer review system used in the present study, Peerceptiv, invites asses-
sees to back-evaluate the helpfulness of peer feedback they receive,
which shapes the grades assessors receive, and therefore improves the
quality of peer feedback comments through this accountability mecha-
nism. One study found that accountability that emphasizes the accuracy
of ratings tends not to improve comment quality whereas accountability
that emphasizes the helpfulness of comments does (Patchan et al.,
2018).

6.2. Limitations and future research

There are several limitations to acknowledge in the current study.
First, the current study was fundamentally correlational in nature,
although with important controls included in the regressions. Further
investigations using experiments should be conducted to compare the
effects of the highlighted feedback activities on learning (e.g., active
learning vs constructive learning, different paths of constructive
learning such as learning by providing explanations vs learning by
making revisions after receiving explanations). The current study pro-
vided the foundational correlation evidence to motivate key experi-
mental details (e.g., which variables to emphasize and how they should
be defined).

Second, interactive learning activities were not included in the study
context given the (relatively common) form of peer assessment that was
used. In written peer feedback, assessors and assessees do not normally
interact with each other. However, according to the ICAP framework,
students learn most deeply when they have activities that involve sub-
stantive interaction with one another. The interactive mode enables a
student to collaborate with peer(s) in “co-constructing while dialoguing”
(Chi et al.,, 2017, p. 12). Future research should directly test this
assumption that interactive peer review activities do indeed produce
even stronger learning outcomes than constructive peer review activ-
ities. For example, assessees could be allowed to have an online dis-
cussion with assessors, in which they could defend and challenge
comments. Alternatively, students could collaboratively review a
document rather than completing each of the multi-peer reviews alone
(Mandala et al., 2017).

Third, students might have engaged in overt learning activities that
were not captured in the electronic data sources. For example, students
might have highlighted some of the feedback in printouts of the peer
feedback they received (i.e., changing the activity from passive to
active), or they might have discussed the feedback they received with
peers (i.e., changing it from passive to interactive). Because the system
interface does not make such actions easy to do, it is unlikely that it
commonly occurred in the current study. But future work could specif-
ically encourage and study the effects of such forms of active and
interactive learning activities.
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Fourth, only observable peer feedback activities were analyzed.
However, students might have covertly engaged in active or construc-
tive learning for the activities that did not require it overtly. For
example, students could have reflected on potential revisions after
receiving feedback without making revisions or explaining to them-
selves covertly. Students may also have developed other possible solu-
tions in revisions after receiving suggestions. Future research could
collect data on unobservable learning activities by means of surveys,
stimulated-recall interviews or think-aloud protocols to directly test
whether the focus on overt activities (as is typically done within ICAP) is
a good approximation of internal learning processes in this context.

Fifth, quality of the peer feedback was not considered, by which we
mean to what extent implementing the peer feedback will improve the
paper. Feedback quality defined in this way not only influences how
students respond after receiving feedback (Wu & Schunn, 2020c), but
could also impact to what degree students learn from providing feed-
back. That is, students are more likely to make revisions after receiving
high quality feedback, and they may be more likely to learn from
providing high quality feedback. The current dataset likely had rela-
tively few low-quality comments (i.e., not likely to produce document
improvements if followed), based on comment quality coding applied to
a partially overlapping dataset (Wu & Schunn, 2020c). Thus, it is un-
likely that the core findings would change if quality had been included
in the analysis. But, future research could explore whether the act of
producing suggestions and explanations improves learning of the
assessee and assessor because it requires deeper reflection and therefore
results in higher quality comments.

Similarly, feedback style, a macro characterization of feedback (e.g.,
characterized as authoritative, interpretative, explorative, or collabo-
rative, Leenknecht & Prins, 2018; van den Berg, 2003) could also be
explored in future research using an ICAP lens. We note that these styles
are often categorized using similar feedback features to our coding
scheme (e.g., whether comments include positive/praise elements,
suggestions for improvement, explanations). Therefore, as an initial
hypothesis, we conjecture that the styles would mimic our current
findings based upon the more micro-level feedback features they
involve. For example, an authoritative style would have reduced
learning for the assessee because it would produce passive or merely
active learning and moderate learning for the assessor to the extent that
it included suggestions. Interpretative and explorative styles might
produce greater learning for both assessee and assessor if they generally
tended to include explanations in addition to suggestions. Finally, a
collaborative style (between assessee and assessor) might produce the
greatest benefits for both because it would engage both in interactive
learning. Alternatively, feedback style might have additional impacts
via motivational effects on either assessor or assessee.

Finally, student engagement in revisions after receiving an expla-
nation of a suggestion would vary according to the nature or complexity
of the suggestion. Translating an explained complex suggestion in re-
visions demands more cognitive processing and are more challenging
than using an explained simple suggestion. Measurement variability
could be reduced in future research by further dividing explanations,
such as dividing into explanations of more and less complex problems or
explanations of problems vs explanations of suggestions.

6.3. Conclusion

In sum, students benefited from peer feedback in different ways for
high-level versus low-level aspects of writing. For high-level aspects of
writing, students appeared to learn to write via constructive forms of
learning activities: making revisions using received explanatory infor-
mation or provided suggestions, or by providing explanatory feedback to
peers. For low-level aspects of writing, students tended to make more
revisions on the basis of leveraging received suggestions and provided
suggestions, or learn by providing explanations to peers. The findings of
this study provide support for teachers to design and implement
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different constructive learning activities depending on which aspects of
writing they are targeting. Teachers should encourage students to pro-
vide more explanations and make more revisions after receiving expla-
nations and providing suggestive feedback. During training on peer
review, students should be taught how to provide good explanations
based on student-friendly rubrics.
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