International Journal of Engineering Education Vol. 34, No. 4, pp. 1299–1313, 2018
Printed in Great Britain

0949-149X/91 $3.00+0.00
# 2018 TEMPUS Publications.

Impact of Collaborative Team Peer Review on the Quality
of Feedback in Engineering Design Projects*
MAHENDER MANDALA1,4, CHRISTIAN SCHUNN 2, STEVEN DOW 3, MARY GOLDBERG 4,
JON PEARLMAN 4, WILLIAM CLARK5 and IRENE MENA5
1

Department of Bioengineering, University of Pittsburgh, 3700 O’Hara St, Benedum Hall, Pittsburgh, PA 15261, USA.
E-mail: m.mandala@pitt.edu
2
Learning Research and Development Center, University of Pittsburgh, LRDC Rm 821, 3939 O’Hara St, Pittsburgh, PA 15260, USA.
E-mail: schunn@pitt.edu
3
Cognitive Science Department, University of California, San Diego, CSB Rm 131, 9500 Gilman Drive, La Jolla, CA 92093, USA.
E-mail: spdow@ucsd.edu
4
Human Engineering Research Laboratories, University of Pittsburgh, 6425 Penn Ave Ste 400, Pittsburgh, PA 15206,USA.
E-mail: mgoldberg@pitt.edu, jpearlman@pitt.edu
5
Mechanical Engineering and Material Science, University of Pittsburgh, 3700 O’Hara St, Benedum Hall, Pittsburgh, PA 15260, USA.
E-mail: wclark@pitt.edu, imena@pitt.edu

Increasing classroom sizes and decreasing ﬁnancial and human resources have encouraged educators to seek innovative
strategies to manage large classrooms. Several instructors have begun using web-based peer reviews as a way to increase
open-ended feedback. Recent work in design-based classes has revealed that students struggle to provide meaningful peer
feedback. Furthermore, it remains unclear how best to increase student motivation and engagement with the process. In a
sophomore mechanical engineering class, we investigated the eﬀect of a collaborative team of reviewers (a team of
reviewers generating a single review) on the quality of feedback generated and on student perception of the process.
Feedback generated by 117 students on their peers’ design projects over two assignments was analyzed using a mixedmethods approach. We found that collaborative team of reviewers produced higher quality feedback than did individual
reviewers. Students spent more time on reviews in teams but found the process engaging and more fun than with individual
reviews. Furthermore, students perceived individual and team review tasks as requiring similar levels of eﬀort. Our ﬁndings
indicate that team review approach could help reviewers provide better feedback in engineering design reviews.
Additionally, collaboration improved student engagement in the process. Over the past two decades, peer reviews have
remained a solitary endeavor—this study is the ﬁrst group process implementation of peer review and provides a basis for
future exploration of the topic.
Keywords: peer review; team based learning; design; cooperative/collaborative learning; design evaluation

1. Introduction
A core element of design and design education is
situated and frequent feedback [1, 2]. As design
instructors deal with a faculty rewards system that
does not incentivize high-eﬀort teaching [3, 4],
constraining budgets and widening class room
sizes, a common casualty is feedback provision. It
simply is not considered feasible to provide careful
feedback to large numbers of design teams under an
increasing temporal, human and ﬁnancial resource
pressure. Increasingly, web-based peer-to-peer
feedback has emerged as an alternative to instructor
feedback with a potential to scale well and keep in
pace with growing class size, while creating newer
avenues for student learning [2, 5–8].
However, relatively little is known about how to
eﬀectively structure peer review for design projects,
increase student participation and engagement with
the process, and more importantly how to mimic
and maintain the natural learning environment of
traditional design reviews and critiques [9]. Most
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saliently, the rich interactions of studio critique are
not replicated in the current standard of web-based
peer feedback, where individual reviewers typically
provide feedback in isolation from their peers’
opinions. Consequently, individual web-based
reviewers miss out on opportunities to discuss
with their peers their misunderstandings or support
their technical limitations, and also learn from
others’ critiques as they concurrently evaluate the
work. In addition, as equal status learners in class,
individual student peers may not possess all the
necessary skills or the design experience to eﬀectively review open-ended creative problems that
comprise most design-based learning classes.
Teams of reviewers working together could
potentially overcome these problems: a team
review could combine a range of technical skills
and subject knowledge just as they do in achieving
their own project design goals. However, teams are
inherently plagued by group coordination costs [10]
and prone to be biased towards polarized views of a
few vocal members [11], which may be particularly
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problematic for team reviewing. On the other hand,
the simpler task of providing reviews may be easier
to schedule than whole design projects. Biases may
be less problematic when discussing outsiders work
rather than their team’s own work due to inherently
lower investment in the task. The relative beneﬁts of
team reviews versus traditionally individual peer
reviews has not been studied.
Responding to this gap in the literature, this
article examines the merits and impact of review
structuring utilizing individual and collaborative
team of reviewers. In an introductory engineering
design class, students designing a physical product
conducted peer reviews of design logbooks and
project videos under two review structures: one
group conducted individual reviews while another
completed collaborative team review. In the collaborative team review condition, students worked
with their project teams in a collocated setting to
review peers’ work and collectively generate a single
team review. Individual reviewers followed the
current standard of review, with each student working independently on their assigned reviews.
Contributions of this article include detailing the
peer review strategy of using a collaborative team of
reviewers, providing empirical data that compares
peer reviews conducted by collaborative teams and
individuals, showcasing novel methodological
approaches to study feedback using coding
scheme to measure impact on performance and
NASA TLX survey tool to measure peer review
task related student eﬀort, and implications on
future computer technologies aimed at peer or
crowd-sourced reviewing.

2. Background and related work
Research on formal peer review in classrooms has
been conducted for more than three decades [12, 13],
and the last decade has especially focused on webbased peer review, with its aﬀordances of structure,
ease of delivery, and anonymity. In these years,
studies have explored the impact of peer review on
student learning [14, 15], eﬀectiveness of the peer
feedback generated [6, 8, 16], and the student
experience of participating in peer reviews [17–19].
Moreover, researchers have also compared students
and instructors on their scoring and feedback [7, 20,
21]. These studies have shown that peer review is
generally reliable, generates more feedback for the
students, and has a beneﬁcial impact on student
learning for both reviewers and receivers of peer
feedback.
The recent interest and growth in peer review
research are largely associated with advancements
in technology that have made facilitation of peer
reviews far easier than before [22, 23] and have made
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them scalable to even large MOOCs with tens of
thousands of students in one class [5]. Moreover, the
call for improvement in assessment with increased
inclusion of students in the process have further
made the case for making peer review an integral
part of the pedagogy [24, 25]. In the following
sections we examine peer review within the context
of design-based classrooms and conclude with the
aims of our study.
2.1 Web-based peer review in the domain of design
In design, peer review is not a novel or uncommon
activity. Studio based peer and instructor critique
have been central to design students’ training for
over a century. As a primary pedagogical tool in
design, studios provide a natural multifaceted learning environment, where students not only develop
their design, communication, and reﬂexive skills
[26], but also socialize into the professional values,
culture, and expectations of the ﬁeld [27]. In addition to several beneﬁts, studios serve a dual purpose
of providing immediate situated feedback to the
designer and supporting assessment of their work.
Recently, studio-based pedagogy impacted creative
ﬁelds outside the traditional arts and architecture
[28, 29]. The peer interaction component of studio
model was utilized by Hurst and colleagues, who
implemented a structured face-to-face peer review
in an engineering design classroom ﬁnding positive
beneﬁts on teams’ progress, peer to peer idea sharing, and design communication [30].
The engaging environment of a studio and faceto-face peer feedback is sustainable in small class
sizes, where such an interaction can be easily managed by the instructor. As class size increases, the
facilitation of studio critique becomes a constraining factor in the process. In order to remedy the scale
issue, researchers have looked for inspiration in the
peer review research and tools developed in the
ﬁelds of writing and computer science. Tinapple
and colleagues developed and implemented a peer
review tool for ‘‘large creative classroom’’, using
peer-based public ranking of student projects in
class and revealing the identities of the anonymous
reviewers and authors at the end of review phase [2].
They found students socialized into a tighter community and supported each other’s work when
using this peer review tool. Similarly, Kulkarni
and colleagues, scaled peer reviewing to a massive
open online course involving design projects with
thousands of students, and found rapid feedback,
greater iteration, and improved grades [31].
2.2 Strategies for organizing the web-based review
process
Despite several beneﬁts of peer feedback, there are
several outstanding issues that require further
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examination by researchers. One primary issue is
student engagement and participation in the process. Students are often apprehensive of peer feedback [18]. Their apprehension largely stems from
ambiguity in feedback received [9] and perception
of lack of expertise of reviewers [32]. These circumstances create a negative cycle where students provide less helpful or low-quality feedback,
strengthening their notion that peer reviewers are
unreliable, and thus reducing their engagement and
participation in future peer review cycles. Researchers in the ﬁeld of writing have grappled with
improving student engagement in the process for
over a decade. Studies have looked at instructing
peers on providing feedback [33] including showing
exemplar snippets of feedback [34], using a training
module to calibrate their marking [23], using carefully crafted rubrics [35], or creating a course environment that is conducive to feedback [36].
Recent work in the domain of design found that
nearly half of the freeform feedback from peers
contained only praise or encouragement and
lacked any suggestions for improvement or reﬁnement [31]. This mimics similar outcomes in a study
collecting peer feedback on engineering projects
[37]. Further, design educators often dig deeper
into design problems, but students often focus on
pointing out communication problems in the documents [38].
In engineering design, Krause and Neeley [39],
found written peer feedback gathered more information than simple verbal feedback interaction in
face-to-face setting. Written design communication
requires the designer to articulate their ideas and
process in both a visual and descriptive fashion that
enables the reviewer to form a coherent understanding of the designers’ intentions. Additionally,
designers and reviewers need to be well versed with
the many languages of design used in its communication [25, 40]. We posit some of the ambiguity
instilled in peer feedback in design stems from peers’
lack of understanding of the designers’ intent.
Furthermore, engineering design crosses multiple
domains of knowledge and skills, which at any given
instance an individual peer reviewer may not fully
possess. So how can one structure the reviews to
engage reviewers more deeply into design issues?
2.3 Our study
We look at the studio critique model for inspiration.
An often-overlooked aspect of studio critique is the
collaborative atmosphere of review generation.
Peers do not review the work in a vacuum, working
instead collaboratively with others in constructing
their feedback. Such a collaborative team review
process may be particularly beneﬁcial in a webbased peer review set up, where peers often work
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with a passive design document and attempt to
construct an understanding of the design intent.
Zhu et al., [41] explored the use of a collaborative
team of reviewers in an online crowd-sourced environment along with individual reviewers and an
aggregate of individual reviewers. They found that
such collaborative teams of reviewers working synchronously and collaboratively produced more
useful feedback than individual reviewers, which
aligned closely with expert feedback, and had
increased internal consistency. Additionally, the
aggregate feedback from individual reviewers outperformed the collaborative team of reviewers by a
nominal margin. These results are promising in that
they make the case for exploring collaborative
reviewing strategies. However, it is not yet clear
how these issues will tradeoﬀ in a real course
context, evaluating complex objects and also involving social issues that may be less prevalent in an
anonymous online research study. Thus, we test the
hypothesis that:
H1: Collaborative teams of reviewers will generate
better quality feedback (deﬁned by accuracy of
feedback and its impact on grade) than individual
reviewers.
However, collaboration in a team also has its
limitations. In addition to increased coordination
costs, teams may exhibit ‘‘group polarization,’’ a
phenomenon in which groups exhibit judgment
closely resembling their individual biases rather
than the ‘‘truth’’ [11]. These issues were detected in
the work done by Zhu et al., (2014); however, the
collaborative team reviewers nonetheless outperformed the individual reviewer in all measures.
And although, collaboration may yield better quality feedback, if students ﬁnd this collective process
requires increased eﬀort on their part, they may not
fully accept or engage in the process. Thus, we test
the hypothesis that:
H2: Student perception of the eﬀort required to
generate feedback in collaborative teams will be
signiﬁcantly greater than feedback generation as
an individual.
Coordination costs in teams could be lowered but
may not be completely eliminated. As such, if H1
holds true, in order to improve the quality of feedback, the increased eﬀort could be an acceptable
tradeoﬀ for utilizing team reviews. Besides, the way
the peer review process is implemented and utilized
has been shown to signiﬁcantly impact the way
students both perceive the process and engage
with it. For example, by improving the speed at
which feedback was generated and received, Kulkarni et al. [31] found students to better engage in the
process. Similarly, by creating a virtual community
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environment, Tinapple et al. [2] found students
increasingly appreciated their peer feedback. In
evaluating collaboration in peer reviews, a secondary goal of this article is to determine student
perception of the process, which if negative, may
impede adoption even if it is found to improve
feedback quality.

3. Methods
The study described below was conducted in a
classroom within the School of Engineering at a
large public university, where web-based peer
review was used in the past. The classroom allowed
us to experience an authentic implementation of
peer review process and its integration into the
syllabus.
3.1 Course structure
The study took place within a course titled Introduction to Mechanical Design, a sophomore-level
introductory course on basic mechanical engineering design and product development process. The
course consisted of several in-class lectures, computer-aided design labs and assignments, two teambased design projects carried out through the duration of the course, with no ﬁnal examination. The
two design projects were assigned 40% of the total
grade in the class and were conducted in sequence.
Peer reviews and the current research work were
part of the ﬁrst design project, named Design
Project 1 that the teams worked on for the majority
of the semester. Students elected their own teams,
which were constrained to contain exactly ﬁve
members (with a few exceptions of four-member
teams). Students with no team preference were
randomly assigned to instructor-generated teams.
This team membership remained ﬁxed for both the
projects and through to the end of the course.
3.2 The design project
Student-elected projects, which focused on new
product development or improvement of a physical
product, were vetted and approved by the
instructors. These projects ranged from design and
development of a novel single-handed bottle opener
to re-designing of shaving blades for ease of cleaning
(see Fig. 1).
Teams were required to document their work in a
design log book, speciﬁcally including client statement, their hypotheses, initial user discovery, idea
generation, preliminary designs, initial prototype,
ﬁnal design and communication. Teams were
expected to ideate and design the product or
system to a level where their designs could be readily
fabricated, however, a physical prototype was
optional. Teams participated in peer review by
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submitting a logbook after completing preliminary
designs, and one additional time after completing
ﬁnal design.
3.3 Participants
The peer review process was a class requirement for
all 287 students. To incentivize responding to the
survey questionnaires and being willing to be
observed during collaborative peer review, students
who participated in all aspects of the research were
awarded 2 bonus points out of 100 over the ﬁnal
grade. All but 25 students agreed to participate in
research (and received the 2-point bonus by completing instructor assigned alternative task). As a
result, there were 58 project teams (with 4 or 5
students per team) randomly assigned to condition.
Students aﬃliated with the department of
Mechanical Engineering & Material Science made
up the largest major in class (79%), followed by
students from Bioengineering (19%) and Electrical
& Computer Engineering (2%). A majority of
students were sophomores (61%) followed by
juniors (21%), seniors (14%), and 5th year seniors
(4%). A large portion of the class were male (78%),
followed by female (22%).
3.4 Review structuring
Collaborative peer reviews were performed by
already existing project teams. While the assignment submission deadlines and content remained
the same across all student teams, the collaborative
teams were instructed to meet together, and discuss
and generate a single peer review. These teams were
given the option to reserve a multimedia room
within the school of engineering as a meeting location for their reviewing tasks. Individual reviewers
conducted the peer reviews independently.
All reviewers, individual and collaborative team
as a whole, were assigned two randomly selected
projects for review in each peer review assignment
and used the same instructor developed reviewing
rubrics. Furthermore, the whole review process was
double blinded, with both the providers and receivers of feedback remaining anonymous throughout
the process.
Each project received an average of 7.2 reviews.
These reviews included at least one team review.
3.5 Peer review management
Peerceptiv (Panther Learning Systems Inc., Pittsburgh, PA), also known as SWoRD, is a web-based
peer review tool (Fig. 2) and largely used in the
writing assessment ﬁeld [42, 43]. A research version
of SWoRD, which allows for increased customization and access to experimental features, was used in
this class. Research personnel assisted in setting up,
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Fig. 1. Sample of the student projects from the classroom showcasing preliminary designs and ﬁnal models for two diﬀerent teams, A (top
row) and B (bottom row).

managing and troubleshooting the system for the
entire class.
In order to support collaborative team reviews,
custom randomization code was implemented outside the system. The randomization code was writ-

ten in MATLAB (The MathWorks, Inc., Natick,
MA) and assigned the same two random projects to
review to each member of the team if they were in a
team review condition, while allocating the rest
individually. When students conducted a collabora-
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Fig. 2. The Peerceptiv/SWoRD user interface for reviewing documents (labelled by author pseudonym). Students enter freeform feedback
under open text edit boxes (e.g., ‘Comment 1’), with guidance provided for each reviewing dimension (e.g., Hypothesis dimension).
Following each dimension’s freeform comments, reviewers choose a rating from a dropdown menu using a 1–7 Likert rating with text
anchors for each rating level that are speciﬁc to the dimension.

tive team review, each student in the team was given
access to the same two projects to review, with any
one member of the team providing the actual feedback and scoring.
3.6 Study design
Student teams were randomly grouped into either
an individual review group (38 teams) or a team
review group (20 teams). Individual review group
member reviewed peer work independently, while
members of the collaborative team review worked
together on their reviews. Data collected from ﬁrst

peer review assignment was used to compare and
contrast the two groups.
Participants were ﬂipped between individual and
team reviews for the second peer review assignment.
However, due to increased noise generated by the
crossing over (learning eﬀect), lack of independence
of data (group data crossover to individual data and
vice-versa), and change in rubrics used, quantitative
contrasts focused on the ﬁrst peer review cycle.
However, qualitative data contrasting the student
experience within individual and team reviews
included data from the second peer review cycle.
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3.7 Dependent measure and data collection
There were three primary sources of data: survey
questionnaires, peer review feedback, and ﬁeld
notes from observations of teams conducting collaborative team reviews. Students conducting collaborative team reviews were asked to allow study
personnel to passively observe their reviewing process. A convenience sample of 13 teams out of the 40
teams completing collaborative team reviews were
observed (6 teams in the ﬁrst peer review assignment, 7 teams in the second). No individual
reviewers were observed. All observations were
carried out by the primary author, who described
the intent of the observations along with explicit
statement on conﬁdentiality of the record. No audio
recordings or images were captured during these
observations.
3.8 Feedback quality and sentiment
Feedback quality was measured by accuracy and
appropriateness of feedback. Two independent
raters (authors 5 and 6, also the instructors of the
class) rated the feedback on a gradient scale (see
code book in Table 1) referencing the project logbooks and videos. Raters assigned a code based on
whether feedback when implemented in the associated projects would yield a grade change. Feedback was rated per dimension (following the
rubrics; assignment 1 rubric had 5 dimensions). A
mean of these scores was used to reﬂect the overall
quality of feedback per reviewer (be it an individual
or a team). Additionally, proportion of high quality
feedback (feedback with a score of +2 points) per
reviewer was calculated.
Feedback sentiment was characterized as positive, negative or neutral and coded in a similar
fashion as quality (Table 1) per dimension. A net
sentiment score was then calculated and converted
once again into an ordinal score reﬂecting the net
sentiment per reviewer.
Instructor rating depended on whether feedback,
if implemented, would improve the project grade
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(see Table 2 for an example of coded data). To
reduce eﬀects of noise from coding, we analyzed
the data at the level of comment quality aggregated
across dimensions. During the initial training, raters
had a relatively high reliability in their ratings
(Cronbach’s
= 0.76). These values remained
similar post training (Cronbach’s = 0.72). Disagreements between raters were resolved through
in-person discussions moderated by the ﬁrst author.
3.9 Time spent and eﬀort required
Survey questions inquired about the time and eﬀort
individuals spent to complete the reviews. Time was
self-reported in units of minutes. Eﬀort was
calculated using the NASA TLX [44, 45], a multidimensional subjective workload assessment questionnaire of end-user workload on a given humanmachine interaction. It uses six sub-scales: mental
demands, physical demands, temporal demands,
own performance, eﬀort, and frustration’’ [44].
3.10 Statistical methods and analyses
Group comparisons were conducted using t-test or
Mann-Whitney U test for parametric and nonparametric data, respectively. Eﬀect sizes are represented by standardized mean diﬀerence in the form
of Cohen’s d, and were appropriately adjusted for
the type of analysis [46]. The measure of variability
is reported with the mean in terms of either standard
deviation (denoted by SD) or standard error
(denoted by SE) as appropriate.
Descriptive analyses were conducted on quantitative survey data. Binomial tests were used to
compare the observed frequencies of dichotomous
variables, with the default probability parameter set
at 0.5. All statistical tests were conducted using
SPSS 23.0 (IBM Corp., Armonk, NY).
3.11 Analysis of ﬁeld notes and open-ended survey
items
Field notes captured team behavior in the collaborative team review setting. Along with open
ended responses from surveys, these data were

Table 1. Coding schema used to code the open-ended feedback
Quality

Code

Score

If followed, would increases grade by a grade point or more.
Would improve the work but not by a whole grade point.
Would not impact the score.
Would negatively impact the score.

4
3
2
1

+2
+1
0
–1

Sentiment

Code

Score

Positive
Neutral
Negative

A
B
C

+1
0
–1

Note. Rater assigned ‘code’ which was converted to corresponding ‘score’ for analyses.
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Table 2. Exemplar peer feedback, coded by raters
Rater assigned
codes

Sample raw feedback text from a peer reviewer
Yes, the group asked appropriate questions. However, they asked three questions total and for 2 out of the three
questions they only had 3 answers! This is not nearly enough intital [sic] user discovery to get an accurate depiction of
what the public could want.
The questions, although they get the job done, are very basic and are asked in a biased way. The group never asked
people about a positive experience they’ve [sic] had with bottle openers, so the group doesnt [sic] know what these
potential users ﬁnds positive at all about bottle openers.

4C

The group identiﬁed the correct potential users but I am unsure of how many people they actually interviewed. They
only identiﬁed three diﬀerent users, but for the ﬁrst question there are 10 answers, and for the next two there are only
three answers. From personal experience, I ﬁnd it very hard to believe that everyone had the same answers for the last
two questions! Next time I would like to see more questions being asked to a larger group of potential users.
The questions are clear and well-thought out as noted above.
Overall, the group identiﬁed a lot of student users (which was one of their main potential consumers), but it may have
been more useful to also talk to people in other sectors (such as travelers and oﬃce workers noted in the client
statement). They may have provided even more useful information from a diﬀerent perspective than a student.

3A

The hypothesis identifys [sic] all the main design requirements that must be included in theri [sic] design. I think the
hypothesis could be improved if they include more of the design constaints [sic] (such as being able to hold 30lbs or be
compact). However, I feel that overall they understood the client statement and that it is an acceptable hypothesis.

2A

The names of group members should not be in the logbook.

1B

I feel the expected users should exclude professional players, because usually pro players have a good grip and don’t
need this product.
The hypotheses are overall acceptable.
Note. Numerical score represents quality rating, letter score represents overall sentiment score.

analyzed using an inductive framework that groups
information into themes and consequently assists in
drawing conclusions [47]. All ﬁeld notes and survey
data were coded by primary author.

4. Results
To account for missing data, only students who
completed all three surveys (pre-course, postassignment 1, and post-assignment 2), N = 117
(41% of class total), were selected for review quality
coding and for data analyses. The selected sample
had a similar grade make up (M = 94, SD = 4) as

the overall class population (M = 92, SD = 7). These
117 students represented 50 unique teams, and in
many instances not all members of the team were
present in the dataset. Furthermore, in assignment
1, the focus of the quantitative analyses, 39 students
participated in team reviews (representing 16
teams), while 78 (including 2 missing) students
participated in individual review. In assignment 2,
41 students participated in team reviews (representing 15 teams), while 76 (including 4 missing) students participated in individual review.
Note: To help distinguish sample size representing teams from individual, we use the following
notation for sample size representing number of
teams: Nt.
4.1 Collaborative team reviewers produced better
quality feedback than individual reviewers
Reviewers in a collaborative team (See Fig. 3)
generated signiﬁcantly higher quality feedback
(Nt = 16, M = 0.89, SD = 0.5, proportion of high
quality feedback per reviewer = 24%) compared to
individual reviewers (N = 76, M = 0.55, SD = 0.43,
proportion of high quality feedback per reviewer =
13%), U = 374.00, z = –2.44, p = 0.015, Cohen’s
d = 0.53.

Fig. 3. The mean quality scores (and SE bars) of feedback
generated by individual and collaborative team reviewers.
Team reviews resulted in signiﬁcantly higher (p = 0.015) mean
quality score compared to individual reviews.

4.2 Individual reviewers were more positive in their
reviews than collaborative team of reviewers
Individual reviewers (See Fig. 4) generated slightly
more positive feedback (67% positive, 7% negative)
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There were no statistical diﬀerences detected in the
perceived eﬀort required to complete the reviews as
reported by students in individual review group
(TLX, M = 57%, SD = 12%), and collaborative
team review group (TLX, M = 54%, SD = 12%),
t(113) = 1.05, p = 0.296.
4.5 Students preferred collaborative team reviewers
and found them engaging and beneﬁcial

Fig. 4. Mean feedback sentiment per reviewer type. Individuals
were generally more positive.

compared to collaborative team reviewers (50%
positive, 13% negative). However, this diﬀerence
was not statistically signiﬁcant, U = 504.00, z =
–1.44, p = 0.151, Cohen’s d = 0.30.
4.3 Collaborative team reviewers spent more time
than individual reviewers on the reviewing tasks
Students in the collaborative review teams reportedly spent signiﬁcantly more time (N = 39, M = 116,
SD = 50 min) compared to individual reviewers
(N = 73, M = 93, SD = 46 min), U = 1035.500, z =
–2.392, p = 0.017, Cohen’s d = 0.46. See Fig. 5.
4.4 Students perceived similar task eﬀort needed to
complete reviews in both individual and
collaborative team reviews.
Contrary to hypothesis H2, students perceived
similar task eﬀort required in completing both the
individual and collaborative team-based reviews.

Fig. 5. The mean time spent (and SE Bars) on generating feedback
by individual and collaborative team reviewers. Team reviewers
spent signiﬁcantly (p = 0.017) more time on reviews than
individual reviewers.

When students were asked to contrast the experience, they had conducting reviews as a team and as
individuals, contrary to our expectations, students
were split on which structure made the review easier
to complete (39% agreed individual review were
easy, while 38% disagreed, N = 68; see Fig. 6).
However, a majority perceived that the feedback
generated from team reviews was of better quality
(70% agree, 12% disagree) than that from individual
reviews. Student opinion expressed in open-ended
survey questions, captured this sentiment and the
logistical challenges insightfully. For example, comments like, ‘‘The only thing I didn’t like about peer
reviewing together was having to get the group in all
one spot [sic], at one time to review. It was logistically
challenging’’, and, ‘‘It took a longer time to do the
team review than the individual review, and it was also
harder to pick a time to do it since we all needed to be
together in the same room . . .’’ highlight the reasons
for the increased eﬀort required to complete team
reviews. On the other hand, responses such as,
‘‘Team was better to see other’s points of view that
you may not have thought of on your own. It also
incorporated more perspectives to provide better
overall feedback.’’, and ‘‘. . . it [team review] was
helpful to ask questions about the reports intentions
and it was more enjoyable’’ demonstrate why students perceived team reviews generated higher quality feedback. Students largely agreed that providing
feedback as part of a collaborative team was fun
(66% agree, 11% disagree; Fig. 6), as is well
described by student comments, ‘‘Team reviews
were more fun because you could socialize in between
making reviews . . .’’, ‘‘. . . I do think we did a better job
overall reviewing as a group. It was deﬁnitely more
fun.’’ Observations of teams in the process of the
reviewing supported the assertion that team reviews
were fun and engaging. As teams continued working on the reviews, they spent more time than they
allotted for the review, resulting in some members of
the team having to skip a part of the review to make
it to their next appointment. In several such
instances, students seemed reluctant to leave and
miss out on the ‘‘fun.’’
Another notable result was that students perceived providing feedback as a team made them
better reviewers (57% agree, 18% disagree, Fig. 6).
Student comments provide a rationale for their
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Fig. 6. Students’ opinion contrasting their experiences in collaborative team reviews and individual reviews.

perception. For example, one student reported,
‘‘Reviewing as a team allowed me to consider other
aspects that my teammates brought up that I didn’t
necessarily think of’’, while another reported, ‘‘I like
working as a team. We can bounce ideas oﬀ each
other, they can ﬁnd things that I couldn’t ﬁnd that was
missing in others work, helped me learn about how to
be a better reviewer.’’ Furthermore, team observations captured that teams spent a signiﬁcant amount
of the review time on determining appropriateness
and accuracy of work done, and in explaining the
projects or aspects of the projects to each other.
They used their own team knowledge to construct
an understanding of the projects, with some teams
using web-searches, or textbook and class notes to
supplement their analysis.
Overall, students seemed to prefer collaborative
team reviews over individual reviews over a variety
of reasons. In students’ view, ‘‘Working as a team
was better because we could all collaborate on the
responses instead of just having one point of view.’’,
and, ‘‘Team reviewing is a more genuine review
approach. It adds a degree of accountability not
achievable with solo [individual] reviewing.’’
A few students note the issues that arise when
working in a team, e.g., ‘‘Team review takes way too
long. Too much arguing/making decisions on minor
details. Individual review takes signiﬁcantly less time
(one hour individually vs 2.5 hours as a group)’’,
and, ‘‘We stressfully made time and arranged an

inconvenient meeting to do the team review . . . the
same results would’ve come from the individual review
and in a quicker and more eﬃcient manner.’’
Finally, the survey enquired student preference
between individual and collaborative team review.
They were asked to base their choice on their own
personal learning from completing the review, their
anticipated performance in the review task, and
eﬀort required to complete the review. In all three
cases, students overwhelmingly picked the collaborative team reviews (see Fig. 7). The percentage
of students who picked between the two choices
(team or individual) were signiﬁcantly diﬀerent
from 50% for performance (binomial test p =
0.002, N = 68) and eﬀort (binomial test p = 0.005,
N = 68). The results trended towards students
picking collaborative team over individual review
based on their anticipated learning from the task,
however, this result was not signiﬁcantly diﬀerent
from the random probability of picking either set at
50% (binomial test p = 0.114, N = 68). While these
results support the aforementioned student opinion, one surprising outcome here relates to the
students’ choice based on eﬀort required to complete the review, as seen in Fig. 7. Despite the fact
that students noted the extra time and coordination
needed to complete the collaborative team review,
they preferred it over individual reviewing (68%
team review, 32% individual review).
Note: The sample size (N = 68) above represents

Fig. 7. Poll showing the type of review (individual or collaborative team) students would like to
be part of based on their performance, eﬀort needed of them, and their anticipated learning.
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students who completed reviews as individuals and
teams across the two assignments, excluding students who only participated in individual reviews.
The comparison of review structure could only be
possible in the crossover sequences.

5. Discussion
In this study, we explored the beneﬁt of structuring
peer reviews to include a collaborative team review
element in them. We found that collaborative teams
of reviewers generally produced higher quality feedback compared to feedback generated by individuals. Furthermore, individual reviewers seemed
slightly more positive than collaborative team
reviewers in their reviews. Surprisingly, there were
no diﬀerences in student’s perceived eﬀort needed to
complete tasks across individual and collaborative
team review conditions, although objectively they
spent more time in the team review condition. It is
likely that the perception of eﬀort depends on the
motivation students have for the tasks rather than
on the actual number of hours invested in the task
[48]. And combined with the fact that students
found collaborative teams to be more engaging
and fun, it could explain the lack of additional
eﬀort students felt while spending more time and
expending coordination costs on collaborative team
reviews.
5.1 Why did collaborative teams generate higher
quality feedback?
We oﬀer two explanations for why collective generation of feedback as a team yielded improved
feedback quality. First, students in collaborative
teams were able to clarify their understanding of
the project, the assessment requirements, and expectations of their role as reviewers, resulting in
increased accuracy of the feedback. Second, collaborative team reviewers seemed engaged, found
peer review fun, and spent more time than individual reviewers, further enhancing their feedback
generations eﬀorts.
Individual reviewers on the other hand, had to
independently form an understanding of all aspects
of the review process and the design intent of their
peers, and given their novice status in the ﬁeld of
design, it might have made reviewing these openended problems accurately, a challenge. Nevertheless, individual reviews cannot be completely dismissed. Because collaborative teams are sometimes
plagued with issues such as group production losses
and potential ‘‘group polarization’’, individual
reviewers can examine a larger quantity of projects
(i.e., three individual reviewers, each reviewing two
random projects would generate six reviews, to
generate the same amount of reviews, a team of
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three individuals would need to review six projects).
The current study did not examine the eﬀects of
production losses as a result of working in a team.
However, it found that the perceived eﬀort was
similar in both collaborative team and individual
review condition, i.e., students found both activities
similarly taxing.
As another concern, an aggregate of individual
reviews could still yield better feedback [41, 49].
However, this aggregation may not work well when
individual reviewers do not accurately understand
the project at hand or when the project evokes
contrasting views. Assuming that collaborative
team of reviewers produce higher quality feedback,
it may be that an aggregate feedback compiled from
a combination of individual and collaborative team
feedback will further improve overall feedback
quality.
5.2 Do collaborative team reviews impact student
learning?
This study did not explicitly measure the learning
impact of the peer review structure. However,
students reported that they became better reviewers
after conducting a collaborative review, in addition
to electing collaborative reviews on the basis of
increased learning gains from participation.
Furthermore, observation of the collaborative
team reviewers revealed a cooperative learning
atmosphere, where students freely exchanged their
thoughts and ideas about their peers’ work, while
also engaging in self-assessment. In certain cases,
teams worked out the design problem of the projects
under review, framing the problem, scoping out
issues and ideas, and considering what the outcomes
would be if they were to work on the problem. Such
a level of active engagement with their peers’ projects may provide additional design experiences to
the team, and since the review teams were also
project teams, it creates opportunities for the
teams to work together on a new task, socialize,
and collectively understand the assessment used in
the class.
Furthermore, it could be inferred from team
observations that some teams delegated work
within their project and only had a higher-level
understanding of the activities their teammates
carried out. As teams reviewed their peers’ work
and assessed their own work, many within the team
gained a deeper perspective of diﬀerent tasks their
team members completed and their impact on
assessment. This level of team assessment may
perhaps help students recognize the positive interdependence that should exist within the team, and
improve their collective eﬃcacy (a team’s belief
about its own capabilities to work together; see
Lent, Schmidt [50]). In addition to learning, the
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quality of feedback generated has been shown to
exert a signiﬁcant positive inﬂuence on reviewers’
own performance on subsequent iteration of the
assignment [51] as well as impact student perception
of the peer review process [18]. Nonetheless, formally addressing the learning component of collaborative team peer review remains future work.
5.3 Why did students prefer collaborative team
reviews?
We expected collaborative team reviews to increase
student burden, and some of the results indicate this
to be true. However, we also found that the reviewing process in collaborative teams was considered
more engaging and fun. It is possible that although
students spent more time and eﬀort on the review,
the increased engagement and association of fun
with the task, may have skewed their preference to
collaborative team reviews. Additionally, students
in collaborative team reviews were able to share
their understanding of the work under review and
their role as reviewers, share their frustration and
excitement with their teammates, and view multiple
perspectives on the same work, most of which they
were unable to do when conducting the review
independently. Furthermore, reviewing together in
project teams, allowed team members to socialize
under reduced pressure, on a non-critical nonproject task. This reduced pressure on the team
may have negated any experience the teams had
with free riders who are typically encountered in
teams. Students also seemed to recognize the impact
collaborative team review had on their learning,
which they opined also made them better reviewers.
Therefore, on the whole, given the contrast students
picked working together as a team on these reviews.
An interesting observation from collaborative
team reviews was its impact on reviewer accountability. We posit that the social aspect of reviewing
in a team creates a new expectation that each
member of the team should carefully consider and
fully participate in the review discussion and feedback generation. This is perhaps an important outcome of using collaborative team reviews, in that, it
ensures increased participation in the peer review
process across the class undermining the digital
distancing that is often created in an anonymous
review process.
5.4 Generalizability and impact beyond engineering
design
Results from this study indicate that collaborative
team reviews have the potential to improve student
engagement and motivation, and consequently
yield better quality feedback. The current work
focused on using peer reviews in the context of
design-based classrooms. However, there are sig-
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niﬁcant implications of the work that have the
potential to impact the use of peer reviews beyond
the current context. Design poses complex challenges, mixing fact-based domain knowledge and
creative conceptualization that necessitates the use
of diverse perspectives and collaboration in teams.
It seems a natural ﬁt to the use of collaborative team
of reviewers in any peer review process utilized in
evaluating design. Contemporary web-based peer
review processes, in general, often end up adding
complexities to any review task by reducing communication to a passive written document, using
confusing or unclear assessment criteria, and using
hesitant students attempting to unravel the expectations of the process and their role. Therefore, a
collaborative review approach could enhance the
review experience in other domains as well, especially when reviewers have little to no experience in
reviewing. Early research work by Zhu and colleagues [41], in which a virtual crowd of reviewers
working together performed better than individual
reviewers on several reviewing tasks including
mathematics problems and writing, adds support
to this hypothesis.
5.5 Limitations
The study was conducted in an authentic peer
review implementation within a large engineering
class, and the contextual details could have inﬂuenced the obtained results. For example, properly
devised rubrics play an important role in helping
novice reviewers create meaningful feedback [35].
The quality of projects was not controlled in this
study, and thus some variation in feedback that
projects received may have inﬂuenced their quality
rating. The large sample of reviewed projects should
potentially balance out the quality of projects
reviewed.
In the current study, only collaborative team
reviews were observed. With no corresponding
data from individual reviewers, there were fewer
opportunities for contrast.
Finally, the role of study personnel in data collection and analysis could induce potential bias in
reporting the results in this study. Primary author,
moderated rater disagreements when rating the
feedback comments on quality and sentiment, conducted and analyzed passive observations of collaborative teams reviewing, and analyzed all survey
data. Nevertheless, care has been taken to systematically analyze data and report the results in an
objective fashion.
5.6 Future work
This study builds a basis for future work to explore
strategies that can improve the peer review processes and outcomes. There exist several directions
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for future work. To begin with, the temporal eﬀect
of team reviews on individual reviewing capabilities
need to be thoroughly examined. This examination
could help educators and researchers determine the
applicability of team reviews within certain contexts
(help train novice reviewers, utilize only in the ﬁrst
instance in a class etc.).
Recent work by Carberry and colleagues [52]
found adding verbal feedback gathered more information than simple written feedback in a web
environment. Future work, could combine and
examine the use of verbal feedback and written
feedback in a collaborative setting to further
improve the quality of feedback generated and
increase student engagement.
The coding methodology used in this study for
quantifying the quality of feedback focused on only
one aspect of the feedback: accuracy in terms of
predicted impact. Although this approach focused
on a critical aspect of feedback, there exists several
other criteria that could be assigned to feedback, to
create a thorough understanding of the various
ways feedback generated by a collaborative team
and individual reviewer diﬀers. Dannels and Martin
[53] explored the typology (categorization) of feedback in studio critique ranging from novice to
experts. This work suggests that feedback, at least
in the studio setting, is composed of following types
in decreasing order of frequency, ‘‘judgement, process oriented, brainstorming, interpretation, direct
recommendation, investigation, free association,
comparison, and identity invoking.’’ Thus, future
work could evaluate feedback based on designoriented feedback typology.
A minority who preferred individual reviews,
brought out some of the issues that could plague
collaborative team review. The most notable issue
was the potential for teams to engage in prolonged
discussion over minor details in the project under
review. Although the increased time on task could
beneﬁt the team and its members in developing a
better understanding of the assessment and their
roles both as a reviewer and as members of the team,
it can also distract reviewers from providing crucial
feedback. Future work could examine aspects of the
assignment where students engage in meaningful
discussions and build on developing guides and
rubrics speciﬁc to collaborative team reviews.
Such initiatives could further improve the feedback
generated.
As mentioned earlier, future work could quantify
the beneﬁts of collaborative team peer review structure on the reviewers’ learning, motivation, and
performance. In the current work, project teams
were utilized to conduct the collaborative team
reviews as well, subsequent research could look at
the beneﬁts of such structuring on the team and
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explore the use of review-only teams that are created
independent of the project teams.

6. Conclusion
In this study, we investigated the impact of structuring peer reviews using a team of reviewers instead of
individual reviewers on the quality of feedback
generated and student perception of eﬀort required.
In the context of a large engineering design classroom, we found that collaborative teams have the
potential to generate better feedback, and students
ﬁnd them no diﬀerent than individual reviews in the
eﬀort required to accomplish the reviewing task.
Furthermore, we found that students preferred
conducting the reviews in collaborative teams
because the process was more engaging as well as
perceived to be more beneﬁcial to their learning. The
positive eﬀects observed in this classroom study
provides a detailed, concrete example of an
approach to peer review that can be easily implemented by engineering instructors and further studied by engineering education researchers in the
future research.
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