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Design instructors are integrating the use of online peer review platforms to keep pace with growing class
sizes. However, these platforms typically prioritize randomized peer assignment strategies and show only
the current solution to peers when writing feedback. This can result in low quality feedback in project-based
design courses. We report on an experiment in which students (N=59) worked on twelve-week design projects
and both wrote and received online feedback at four stages. The experiment tested a novel assignment strategy
of peer mentorship, where peers were assigned to give feedback to all stages of the same project, and tested
showing the context from the preceding design stage when composing feedback. The results showed that
displaying the context from the preceding design stage led to feedback with higher perceived quality at the
late design stages (but not at earlier stages) and feedback from mentors prompts longer responses from the
feedback recipients. Our work contributes deeper empirical understanding of how assignment strategies
and showing additional context affects peer feedback and provides practical guidelines for instructors to
implement these methods in design courses.
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1 INTRODUCTION

Peer review is a staple of design education. Through peer review, students with similar abilities
assess and learn from each other’s work [21]. Peer review has traditionally been conducted face-to-
face in design courses [7]. However, as demand for design education increases, design instructors
are increasingly integrating the use of online peer review platforms into their courses. Although
this is scalable, prior studies have shown that online peer review can produce feedback that is
narrow in scope and of limited quality [33, 34, 39].

To improve peer review, prior research has proposed platform features such as anonymity [12,
23], rubrics [4], and structuring the feedback assessment [10], and has tested how these features
affect the feedback exchange. Researchers have also studied features aimed at increasing student
interaction. For example, Talkabout [19] connects peers for topic discussions in online courses based
on their geography to improve student engagement and learning. PeerStudio [20] dynamically
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Figure 1: In the context condition, our platform displays the prototype(s) from the prior design
stage, the peer feedback received on that prototype, and the designer’s response to that feedback
(context—right image). Students in this condition can review the context when writing feedback

for the current prototype (left image). The current prototype and context were shown on
separate pages in the actual implementation.

recruits providers for rapid peer feedback at a student’s request, while PRAZE [26] allows providers
and receivers to interact via forum-type feedback tools.

Our research contributes to this thread of prior work by challenging two assumptions common
in many peer review platforms. First is the need for randomized assignment of classroom peers to
submissions for review. Randomization can reduce potential biases and promote perceived fairness
[15], yet it is impersonal and reduces the social interaction and ensuing connections often formed
through face-to-face critique [16]. The second assumption is that a solution submission (e.g., a
prototype for a design project) should be assessed independent of its prior solutions (e.g., the
prior prototype for that project). This assumption is valid in some courses, but is less valid for
project-based courses in which student solutions progress through multiple stages.

In this paper, we challenge these assumptions by proposing and empirically testing two novel
features for a peer review platform in a project-based design course: peer mentorship and providing
the context of a project’s progression. For peer mentorship, a classroom peer is assigned to provide
feedback to the same project at each design stage. This was contrasted with a control condition in
which peers were randomly assigned to projects at each stage. For the context feature, the review
platform presents the prototype as well as the prototype from the prior design stage, the feedback
received at that stage, and the designer’s response to that feedback (see Figure 1). In a control
condition for this feature, only the current prototype was shown for the assessment.

Proc. ACM Hum.-Comput. Interact., Vol. 1, No. 1, Article 63. Publication date: November 2017.



Increasing Quality and Involvement in Online Peer Feedback Exchange 63:3

e s~
R
~
\ l/
Inhaler Redesign-Early Concepts Inhaler of 2041 Project Aether Aether Veil
Concepts Initial Design Revised Design Final Design
-2 L K] -2 -2

Figure 2: An example of a design project in the course studied. The team’s initial concept was a
redesign of an inhaler. After receiving peer feedback questioning the lack of futurism required in
the design brief, the team changed the direction of the project to a concept that delivers
medicine to patients through air circulation.

We hypothesize that when a feedback provider is assigned as a mentor and presented with
the context of a prototype’s progression, the provider will perceive a stronger social bond to the
designer (and project), which, in turn, should have a positive impact on feedback composition.
To test this hypothesis, we conducted a controlled experiment in a product design course. In the
course, students (N=59) worked in teams (2 to 3 students) to develop a solution for a given product
design brief (see Figures 1 and 2). The project required teams to submit prototypes and exchange
feedback at four stages (concept, low-fidelity, medium-fidelity, and high-fidelity stages). Students
in the course served as both designers and feedback providers. For the experiment, students were
assigned either as a peer mentor for one project or randomly to many projects throughout the
course. The students in each assignment strategy condition were further allocated to one of two
context conditions: shown vs. not shown.

At each design stage, we measured the perceived quality and length of the feedback, categorized
its discourse, and labeled its sentiment. We also had designers report the actions taken on the
feedback received. A survey [5] was used to measure social bond from the perspective of the
feedback provider after writing the feedback at each stage. We analyzed how the features affected
social bond and how social bond mediated the relations between the features tested and the feedback
measures. At the end of the course, surveys and interviews were conducted with students in the
course to understand the benefits and weaknesses of the experimental conditions and the feedback
activity.

Our study had two main findings. First, students in their role as designers wrote longer responses
to the feedback provided by mentors. When assigned as mentors, students reported being more
receptive to the feedback received compared to students who wrote feedback for randomly assigned
projects. Second, our results show that the feedback exchanged at the late design stages was
of higher perceived quality when the context was shown. Showing the context at earlier stages
resulted in feedback that was perceived to be of lower quality, indicating the context was more of a
distraction that an aid at these stages.

Our work makes three contributions to the CSCW community. First, our results contribute
deeper empirical understanding of how peer mentorship and showing context of a prototype affects
peer feedback exchange in a project-based design course. Second, we provide guidelines for design
instructors to determine when to use these features (e.g., show context only at the later stages of a
project). Third, our results have implications for the design of peer feedback platforms (e.g., offer
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more flexible peer assignment strategies and allow students to decide what information to share
with peer reviewers).

2 RELATED WORK

We describe how the features tested in our experiment draw from social bond theory, and how
testing these features contributes to the base of knowledge for creating effective peer review
platforms in learning environments.

2.1 Social Bond Theory

Social bond is a widely discussed and supported sociological theory of deviant behavior [1, 6].
Social bond theorizes that undesirable behavior occurs when the relation between an individual and
community is lacking [11]. Though the theory was originally developed to explain criminal behavior,
it has since been applied in a variety of settings including customer retention [32], information
security [30], virtual communities [9], and education [5]. In learning environments, social bond
consists of:

Attachment: Emotional closeness to peers and a community of learners.

Commitment: Rational calculation of the costs of undesirable social behavior for future goals.
Involvement: Perceived and actual investment in expected learning activities.

Belief: Acceptance of expected learning goals [11].

In face-to-face courses, social bond is typically developed through instructor-student and peer
interactions in the classroom. However, as the use of educational technology begins to move these
interactions online, peers may feel less attached to each other, less committed to the course goals,
and less involved in the learning activity. This could explain why studies of online peer review
have shown that the content often has limited scope and quality [33, 36, 39].

In our work, we use social bond to motivate two novel features for a peer feedback platform:
peer mentorship in which a student is assigned to review the same project at each design stage and
showing the context of the prototype at the prior design stage during feedback composition. A
peer mentor may perceive stronger attachment to the assigned project because the designer would
be perceived as being more dependent on the mentor’s feedback. Likewise, investing the effort
needed to review the context for a prototype may cause a provider to be more committed to the
task of writing feedback for the project and to the course goals. Through increased social bond,
these features could lead to higher quality feedback. The proposed features are not exhaustive,
rather they represent a starting point for considering how feedback platforms can nurture the
social bonds between peers interacting online.

2.2 Peer Feedback in the Classroom

Peer feedback asks students similar in ability to assess each other’s in-progress work [21]. Peer
feedback supports skill assessment and learning through exposure to different solution strategies
[8, 29], and can lead to improved solution quality [14, 29]. To facilitate peer feedback, many design
instructors have students present their prototypes in-class and facilitate a discussion. Though this
approach can yield productive discussions, students may not fully participate due to social anxiety,
evaluation apprehension, and the fear of voicing criticism in public [2, 17, 25, 27, 35]. This approach
also does not scale well to large classes [34].

To overcome these limitations, many instructors are incorporating the use of online platforms to
facilitate peer feedback exchange [34]. A goal of using these platforms is to maintain the learning
benefits, while also leveraging features to further improve feedback quality. To meet this goal,
researchers have tested novel features such as the use of rubrics [39], style guides [18], rapid
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feedback [20], and anonymity [12]. Our work contributes to this body of work by testing a strategy
of repeat peer assignment (mentorship) and showing the context of a project’s progression during
peer evaluation. These features are not exclusive and can be incorporated into existing peer feedback
platforms.

Researchers have also investigated using external crowds to provide feedback in the classroom
[13, 34, 37]. However, a prior study showed that peers provide higher quality feedback than external
crowds for student design projects [34]. This suggests that peer feedback will continue to be a
valued source of feedback in learning environments.

2.3 Technologies Supporting Peer Feedback

Among the results from multiple experiments, Hicks et. al. found that showing a simulated prototype
and its process causes a provider to write more process-level feedback [10]. Our experiment extends
this prior work by testing a similar experimental condition for authentic student projects and at
multiple design stages, and by testing this condition with both random and repeat (mentorship)
peer assignment strategies. PRAZE [26] implements a system in which a student responds to the
feedback they received to mimic scientific peer review. In our experiment, we ask designers to
respond to the feedback they received, but also test the benefit of feeding it forward to the next
round of feedback for the project.

Researchers have also explored strategies for assigning peers to review each other’s work. For
example, Staubitz et al. [31] introduces a strategy that distributes reviews such that students who
write more reviews also receive more reviews. Piech et al. [28] investigate a machine-learning
model that can match peer graders to other students based on factors such as student engagement.
Our work explores mentorship as another strategy for peer assignment. The rationale is to increase
the perceived attachment to the assigned project and designer and belief that the designer will
value the provider’s feedback.

To assess the impact of the proposed features on feedback generation, we measured the perceived
quality and length of the feedback, labeled its sentiment, and categorized its content using a
taxonomy of critique discourse. Though not exhaustive, these measures are consistent with prior
work in the CSCW community on peer feedback [4, 10, 18, 34, 38].

3 RESEARCH QUESTIONS
We address the following research questions:

RQ1. How does peer mentorship and presenting context for a prototype affect the feedback
written by a provider, e.g., its perceived quality, quantity, and discourse?

RQ2. How does peer mentorship and presenting context for a prototype for peer feedback
exchange affect the social bond experienced by the feedback providers?

RQ3. How does social bond mediate the relationship between the features tested (mentorship
and context) and the dependent measures relating to the feedback?

RQ4. What do students perceive as the strengths and weaknesses of peer mentorship and
presenting additional context of a prototype for writing feedback?

Answers to these questions will provide instructors with empirical knowledge and practical
guidelines to further improve online peer feedback exchange. Answers will also have implications
for the design of peer review platforms.

4 METHOD

We conducted a 2x2x3 experiment in a design course with two between-subject factors and one
within-subject factor. The between-subject factors were Context (Shown vs. Not-shown) and
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Assignment strategy (Mentor vs. Random). The within-subject factor was Stage (three project
deliverables during the semester that required a submission). The experiment was approved by the
IRB at our university.

4.1 Design Course and Projects

The experiment was conducted in an undergraduate human-centered product design course. The
course has traditionally relied on the use of in-class critique for project assessment and feedback,
but has recently integrated the use of online peer review to keep pace with increasing enrollment.

There were 59 students enrolled in the course. The course consisted of two smaller sections and
the same instructor taught both sections. The two sections met at different times during the week
and were balanced in terms of enrollment. A student was assigned to and attended only one section.
All students consented for the data collected during this experiment to be used for research.

The main learning outcome for this course was a 12-week project worth 75% of the course grade.
The duration of the course was sixteen weeks. Students were asked to design a futuristic product
that would be useful in the year 2041 that solved a relevant societal problem. The course instructor
randomly assigned students into groups of two or three. The course instructor evaluated all designs
on futurism and usability. Students were expected to have a clear target user and scenario that
their project was intended to address. Students generated a diverse set of design concepts, such
as a novel medicine delivery device (see Figure 2), a cup that held fluids in a magnetic field, and a
jacket that could be easily worn by the physically disabled.

The projects were structured as a design process. Each stage corresponded to a project deliverable.
Students created a concept prototype (Stage I: Week 5), a low-fidelity prototype (Stage II: Week 8),
a medium-fidelity prototype (Stage III: Week 11), and a high-fidelity prototype (Stage IV: Week
13—close to final model). At each of these stages, students presented their prototypes within their
section of the course for five minutes and received short verbal feedback from the instructor and
course assistant.

The use of online peer review was incorporated into each stage of the project. We adapted an
existing online review platform (described in [38]) to collect and present the feedback at each stage.
Participation in the feedback assignments accounted for 15% of the final course grade.

To enable anonymity between the designers and feedback providers and offer additional perspec-
tives on a project, students exchanged feedback on the prototypes between the two sections. The
platform did not show the identity of the designers or the feedback providers. In addition, students
were asked not to discuss the prototypes they provided feedback on with their peers outside of
class. The feedback exchange was anonymous because prior research shows that anonymity breeds
more open and honest feedback and that designers typically perceive anonymous feedback to be
more helpful [12, 23].

4.2 Peer Assignment Strategy

Peer assignment had two conditions: Mentor and Random. Students were randomly placed into
one of these two conditions. Students in the Mentor condition were assigned to and gave feedback
for the same team’s project at all design stages. Students in the Random condition were assigned
randomly to a team at each stage to mimic how most existing platforms assign deliverables to
students for peer review.

Mentors were informed at the time of feedback composition that, “As a peer mentor, you will be
able to see the progress of this project throughout the term. The feedback you provide will help
designers determine how they are progressing from the previous checkpoint and provide another
perspective” Randomly assigned providers were told, “You will provide feedback to this design
for just this stage. The feedback you write will provide a new perspective to the designers of this
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project” Students in the Context (shown) condition were additionally encouraged “to review the
previous design, the feedback for the previous iteration, and the designer’s response to the feedback
when providing [...] feedback”

4.3 Feedback Content

Half of the students in each Peer Assignment condition were further placed randomly into a
Context condition: Shown or Not Shown. The students in the Shown condition were shown the
current prototype (as a single image with a description), the prototype(s) from the prior stage of
the project, the feedback from the prior stage, and the designer’s response to that feedback. See
Figure 1. Students in the Not Shown condition saw only the current prototype as in existing peer
feedback systems.

Because there is no context available at the first (concept) stage of the design process, we excluded
data from the first stage from analysis. Instead, Stage I was used to introduce students to the platform
and the procedures of the class.

4.4 Participants

The students enrolled in the course were undergraduate students in their third year of study. All
but three students were pursuing a degree in industrial or graphic design. There were 33 females
in the course (out of 59 total) and 18 students were from countries outside the U.S. In this study,
students served as both designers and feedback providers.

In total, there were 16 students in the Random, Not-Shown condition; 14 students in the Random,
Shown condition; 15 students in the Continuous, Not-Shown condition; and 14 students in the
Continuous, Shown condition.

4.5 Procedure

At each of the four design stages of the project, teams uploaded visual representations of their
prototype, along with a description of the project at that stage, to the peer feedback platform.
Students had five days to write peer feedback to their assigned projects individually.

Teams uploaded their prototypes to the system at the beginning of the week. Students wrote the
feedback later in the week and class time was allocated for writing it. Each student in the class
individually (regardless of their team) wrote peer feedback to another team from the other section
of the class. Students were asked to bring personal devices to class on these days. If students were
not able to attend class or bring a device, they were allowed to give feedback remotely. At the
end of the week, teams could access the feedback for their prototype through the platform. This
ensured that all teams received feedback at the same time. Each team received at least two pieces of
feedback on the current prototype: one piece of feedback from a student in the Mentor condition
and at least one piece of feedback from a student in the Random condition. Once the team reviewed
the feedback received, each team member was asked to individually rate the perceived quality
of the feedback, indicate whether they would implement the feedback or not, and write a short
response to the feedback they received. This response was shown to the students in the Context
(Shown) condition during the next peer feedback session.

After providing feedback at each stage, students completed a survey instrument measuring social
bond. Students were also given a final survey at the end of the term. In addition, eight students
participated in interviews (not graded, with $10 remuneration) after the completion of the class.

4.6 Measures

We measured social bond, attributes of the feedback, actions taken on the feedback, and the
designer’s response. We also interviewed students from each condition.
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Table 1: The taxonomy of critique discourse used for categorizing the content of the feedback.
The taxonomy was adapted from [3].

Category

Definition

Examples

Judgment

Critics reacted to what they saw and rendered
some assessment of its quality

“The locking system seems great and
very protective of the space.”

Process-Oriented

Critics made statements or asked questions about
the student’s design approach or process

“I feel that this could be thought outside
the box a little more.”

Brainstorming Critics asked questions or made statements about | “Maybe the spoon can morph into a dif-
future imagined possibilities for the design ferent utensil”

Interpretation Critics reacted to what they saw and tried to make | “I am unsure whether the glasses in the
sense of the concept or product picture are your models or just for filler”

Recommendation | Critics gave specific advice about a particular | “You may consider having the shape re-
aspect of design semble that of a cup.”

Investigation Critics requested information (typically by ques- | “How does the device charge?”

tioning) about the design or the design process

Free Association

Critics made reactive, associative statements
about the design

Not found in our data

Comparison Critics contrasted the design or design process | “This reminds me of the Microsoft
with something else HoloLens project.”

Identity Invoking | Critics made statements or asked questions to | “Think about how your users can benefit
suggest that students consider the larger picture | from your product”
of themselves as designers in a future profes-
sional community

Other Any statement that did not fall into the above | “Good work.”
categories ”Go Cubs”

4.6.1 Feedback Attributes, Actions Taken, and Responses. We measured the perceived usefulness

and length of the feedback, labeled its sentiment, and categorized its content. These measures have
been previously used for analyzing online design feedback [18, 34, 38].

Designers individually rated the quality of the feedback their team received. Ratings were
performed on a 7-point Likert item (1=Low, 7=High), and were blind to condition. Feedback length
served as a proxy for the effort made by the feedback provider. We felt the quantity of feedback
written was a reasonable indicator of effort because the assignment did not impose a length
requirement.

To categorize the content of the feedback and label its sentiment, we partitioned the feedback set
into idea units. An idea unit represents a coherent unit of thought. The partitioning yielded a total
of 958 idea units. On average, one piece of feedback contained 5.3 idea units (6=1.99). Idea units
were categorized using a taxonomy of critique discourse [3]. This taxonomy has nine categories:
judgment, process-oriented, brainstorming, interpretation, recommendation, investigation, free
association, comparison, and identity invoking. A category “other” was added to capture the idea
units that could not be placed in the existing categories. Definitions and examples of each of the
categories are shown in Table 1. Two coders with experience working with this taxonomy assigned
the labels. Cohen’s Kappa, a measure of inter-rater reliability, was 0.668 in a sample set of 75
randomly chosen idea units (5% of the data set), which indicates substantial agreement between
the two coders [22]. The two coders then split the idea units and categorized them independently.

For sentiment, two coders labeled each idea unit as positive, critical, neutral, or indeterminate.
The idea unit was labeled indeterminate if the statement clearly contained both positive and negative
elements. Cohen’s Kappa was 0.78 in the 75-unit sample set, which indicates substantial agreement
between the two coders. The two coders then each labeled half of the idea units independently.

Designers also individually indicated the action they would take on each piece of feedback:
implement it, consider it, or ignore it. Finally, designers individually wrote a response to the
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Table 2: The survey given to students after each peer feedback assignment. This survey, adapted
from [5], measured social bond. It consisted of Likert items on a scale from 1 (strongly disagree)
to 7 (strongly agree). Items relating to involvement were rated from 1 (minimal) to 5 (maximum).
I=Involvement, B=Belief, A=Attachment, C=Commitment.

Q1.  How much effort did you put into evaluating the design? (I)

Q2. Ibelieve the feedback I wrote will help the designers improve their designs. (B)

Q3.  Ihave the expertise needed to help the design become better. (B)

Q4. My feedback will be valued by the designer. (B)

Q5.  Iwould like to review the next iteration of the design I reviewed. (A)

Q6.  Ican be open and honest in my feedback. (A)

Q7.  Ivalued the design I reviewed. (A)

Q8. I value the effort of the designers. (A)

Q9. Learning to become a better designer is important to me. (C)
Q10. Giving good feedback is important to me. (C)
Q11. This activity helped me learn how to write better feedback. (C)
Q12. Iwas given all the information needed to effectively review the design.

feedback that included further describing their prototypes and project goals, whether they would
use the feedback and why, and what the provider could do to give better feedback next time.

4.6.2 Social Bond. Social bond consists of four attributes: Belief, Attachment, Commitment, and
Involvement. These attributes were measured using a validated survey [5], but the questions were
phrased to fit the context of our experiment. The questions asked in this survey are shown in Table
2.

To test the reliability of the survey, we measured the internal consistency of the questions
using Chronbach’s alpha («). Participants answered four questions about Belief («=0.800), four
questions about Attachment (¢=0.827), three questions about Commitment (¢=0.840), and two or
three questions about Involvement (condition dependent-a=0.843). All attributes had high internal
validity (a > 0.8).

5 RESULTS

In total, students gave and received 180 pieces of feedback. A mixed effects model was used to
analyze the quantitative data. Unless otherwise noted, the model included three fixed effects
(two between subjects: Context, Assignment and one within subject: Stage) and a random effect
(feedback provider ID). Adding the feedback provider ID as a random effect accounts for the
individual differences in the provided feedback over design stage. The analysis was performed
using the Ime4 package available in R.

The mixed effects model was used to analyze the perceived quality, feedback length, and response
length. Chi-Squared tests were used to analyze the distributions of feedback categorizations,
sentiment, and actions taken.

5.1 Perceived Quality (RQ1)

To analyze perceived quality, we used the mixed model with an additional random effect of designer
ID to account for each designer rating multiple pieces of feedback. The perceived quality ratings
are summarized in Table 3 and Figure 3.

An ANOVA showed an interaction effect between Context and Stage (F(1, 116)=7.21, p=0.01,
1?=0.49). A post hoc t-test showed that at the low-fidelity stage (stage 2), providers wrote feedback
perceived to be of higher quality when not shown context (u=5.7, SE=0.14) compared to when
they were shown context (u=5.1, SE=0.19; t=2.51, p=0.013). At the high-fidelity stage (stage 4), the
opposite pattern was found. Providers wrote feedback perceived to be of higher quality when
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Figure 3: Ratings of perceived quality clustered by Context and Stage. The chart shows that

showing context at the late design stage results in feedback of higher perceived quality than
when context is not shown.

shown context (p=5.3, SE=0.20) than when not shown context (1=4.8, SE=0.25; t=2.057, p=0.04). See
Figure 3.

This finding indicates that showing the context of a design is beneficial for feedback composition,
but only for prototypes at the late stage. There was a main effect of Context, but this effect was due
to the interaction. No other statistical effects were found.

5.2 Feedback Length (RQ1)

An ANOVA showed a main effect of Context (F(1,58)=3.5, p=0.06, =0.17). Students who were not
shown context (u=115.5, SE=6.8) wrote more than students who were shown the context (1=95.2,
SE=6.4). A possible explanation is that students allocate an attention budget for the feedback
task, and effort invested in evaluating the context of the prototype is subtracted from writing the
feedback.

There was a main effect of Stage on feedback length (F(2,57)=9.2, p<0.01, n?=0.44). Feedback
length decreased at subsequent stages of a project as shown in Table 4, possibly indicating course
fatigue. There were no other statistical effects found.

5.3 Responses to the Feedback (RQ1)

Designers wrote a response to the feedback they received blind to the experimental condition of the
provider. To analyze the length of the response, we used the basic model replacing the random effect
of feedback provider ID with the designer ID. An ANOVA found an interaction effect of Context
and Assignment (F(1,58)=10.7, p<0.01, n2=0.20). See Table 5. Students wrote more in response to
the feedback from mentors who were not shown context (1=66.9, SE=5.4) compared to students in
the other conditions (u=45.1, SE=1.8). Although mentors did not write feedback of higher quality,
they wrote feedback that promotes a longer response. Results also showed that designers wrote
shorter responses to providers who were shown context (¢=56.5, SE=3.1) than providers who were
not (u=43.4, SE=2.0; F(1,58)=10.3, p<0.01, n2=0.20). As discussed earlier, providers who were shown
context wrote less feedback, which may have prompted the designer to write shorter responses.
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Table 3: Mean and (standard error) of the feedback quality ratings.

Context
Not-Shown Shown
Assignment | Mentor | Random | Mentor | Random
Low-Fi | 5.7(0.24) | 5.8 (0.16) | 5.1(0.28) | 5.2 (0.26)
Med-Fi | 5.2(0.28) | 5.7 (0.24) | 5.6 (0.31) | 5.2 (0.31)
High-Fi | 5.0 (0.34) | 4.6 (0.35) | 5.4 (0.29) | 5.2 (0.28)

Stage

Table 4: Mean word length of feedback and the designers’ responses and (standard error) by

Stage.
Stage | Feedback Length | Response Length
Low-Fi 126.3 (7.6) 59.6 (3.7)
Med-Fi 116.8 (8.1) 443(2.9)
High-Fi 95.4 (5.1) 449 (2.7)

Table 5: The mean word length of designers’ responses to feedback received and (standard error)
by condition of the feedback provider.

Context
Assignment | Not-Shown | Shown
Random 48.2 (3.3) 45.9 (2.7)
Mentor 66.9 (5.4) 40.4 (3.1)

The analysis also shows a main effect of Stage on the length of the response (F(2, 116)=12.9,
p<0.01, n%=0.25) as shown in Table 4. Designers wrote less in response to the feedback at subsequent
stages. Designers wrote the most at the low-fidelity stage (stage II; p=59.6, SE=3.7) compared to
the medium-fidelity stage (stage III; u=44.7, SE=2.9) and the high-fidelity stage (stage IV; y=44.8,
SE=2.7). Designers may have been reciprocating the effort perceived in the feedback received.

5.4 Content Categorization and Sentiment (RQT1)

Overall, judgment (37%), recommendation (20%), investigation (16%), and interpretation (11%) were
the most referenced categories. The other categories were referenced much less: process-oriented
(8%), brainstorming (3%), comparison (2%), identity invoking (<1%), and free association, was not
commented on. A Chi-Squared test found no difference in the distribution of categories between
the different Assignment and Context conditions or between the different stages.

The distribution of data between the categories corroborates prior work showing that novice
feedback providers typically comment more on surface issues and less on conceptual and process
issues [34, 38]. To address this imbalance, an instructor could provide rubrics to scaffold the
generation of feedback that is most effective at each design stage [24, 39].

In the dataset, 35% of the idea units were labeled as critical, 22% as neutral, 36% as positive, and
7% as indeterminate. Our results showed that mentors wrote less critical feedback (31%) than those
who were randomly assigned (39%; y?=9.31, p=0.002). Perhaps mentors, being aware that they
were going to review the same design at multiple stages, intentionally wrote feedback with a less
negative tone. Context did not affect sentiment.

5.5 Actions Taken (RQT1)

For the actions taken, designers reported ignoring 12%, considering 58%, and implementing 30% of
the feedback (percentages are for all designers overall). Neither Assignment nor Context affected
the designer’s reported actions on the feedback. However, our results show that designers who
were mentors considered or implemented more feedback than students who were not mentors
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Table 6: Final Survey—Questions and Results. This survey was completed at the completion of the
course. Likert items were rated on a scale of 1 (strongly disagree) to 7 (strongly agree).
Q1. I prefer to give feedback online rather than in person (Likert; y=4.4, 0=1.9)
Q2. Ifeel comfortable giving feedback online (Likert; y=5.7, 0=1.5)
Q3. Iam interested in giving feedback for designs created by my peers (Likert; p=6.0, o0=1.4)
Q4. Ilearned how to write better feedback through the peer feedback activity (Likert; p=4.9, 0=1.7)
Q5.  The feedback I received was helpful for improving my own design (Likert; ;=5.0, 0=1.5)
Q6. Iwas interested in the designs that I reviewed (Likert; p=5.4, 0=1.5)
Q7.  Iwould like to repeat this peer feedback activity in future design courses (Likert; y=4.3, o=2)
Q8.  What were the strengths of the feedback you received? (Open-ended)
Q9.  What were the weaknesses of the feedback you received? (Open-ended)
Q10. What was the best thing about the peer feedback activity? (Open-ended)
Q11. If there was anything I would change about the peer feedback activity, it would be: (Open-ended)

(x?=4.78, p=0.028). Non-mentors ignored twice (15%) the amount of feedback ignored by mentors
(8%). An explanation for this finding is that mentors were more cognizant of the effort taken on the
part of the feedback provider, which made them more receptive to the feedback they received. This
finding is consistent with mentors providing more feedback with positive sentiment.

5.6 Effects On Social Bond (RQ2)

We conducted a separate ANOVA on each aspect of social bond (Belief, Commitment, Attachment,
and Involvement). The ANOVA for Belief showed that students in the Mentor condition (1=16.6,
SE=0.52; scale ranges from 4 to 28) scored lower on the belief index than students in the Random
condition (u=17.1, SE=0.50; F(1,58)=3.48, p=0.065, n2=0.34). One possibility is that because mentors
were able to review the progression of the project, they could notice when their feedback was used
or not. If their feedback was not used, they may not believe the designer valued their feedback.
However, regardless of the belief the provider had, our data showed that the providers continued to
write feedback of similar quality. This may have also impacted mentors to consider and implement
more feedback as designers than the randomly assigned students.

The experimental factors did not have a statistical effect on Attachment (y=23.6, SE=0.34; scale
ranges from 4 to 28), Commitment (¢=18.7, SE=0.23; scale ranges from 3 to 21), or perceived
Involvement (u=8.6, SE=0.10; scale ranges 3 to 10). The high values on the measure of social
bond (the means were at the upper end of the scales) indicates that the social bond may have
been facilitated more by the in-class activities organized by the instructor compared to the online
feedback exchange. No other significant effects were found.

5.7 Social Bond as a Mediator (RQ3)

For a mediation analysis, the independent variable must first be shown to correlate with the
mediator variable. A mixed effects logistic regression with three fixed effects (Assignment, Context,
and Stage) and one random effect (feedback provider ID) indicated that neither Assignment (b=-6.3,
t=-1.0, p=0.34) nor Context (b=-3.3, t=-0.48, p=0.63) correlated with social bond. This result indicates
that social bond did not mediate the effect of Assignment and Context on perceived quality or on
the length of the feedback.

5.8 Perceived Strengths and Weaknesses (RQ4)

We report results of the final survey (Table 5; n=55) and interviews (n=8) conducted after the end of
the course. In the final survey, students were asked four open-ended questions about the strengths
and weaknesses of the feedback they received, their perceptions of the feedback activity, and any
suggestions they had for improving the peer feedback activity. They were also asked seven Likert
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item questions about their perceptions for giving feedback. The interviews further inquired about
these issues and the student’s experience in the assigned condition. We use “N=<value>" to indicate
the number of responses citing a given theme.

5.8.1 Perceptions of the Peer Assignment Strategy. Students in both the mentor and random
conditions commented on how they enjoyed the structure of the peer feedback assignment during
the interviews and in the final surveys. Mentors appreciated that they could make a significant
contribution to one project. A mentor for the mechanical baby caretaker (the Baby Pod) said,

“Iloved how I could see the project grow from start to finish. I could also see what
parts of my feedback they used. I felt good about having a part in how well they did in
the course.” (P14, Mentor, Context Shown, Interview)

Another mentor, for a project that changed from a redesign of an inhaler to a multi-use laser
pen, stated,

“I felt a sense of responsibility towards the project I was mentoring. I put a lot of effort
into my feedback because I knew they needed to make the product more futuristic.”
(P11, Mentor, Context Not Shown, Interview)

Students in the Random condition expressed wanting to have been assigned to one project for
the course (N=15):

“It would have been nice to see some of the designs progress each step of the way
instead of only seeing them once in the term.” (P20, Random, Context Shown, Survey)

While students felt that being a mentor for a project reduced cognitive load for giving a helpful
critique, they still wanted to see other people’s work:

“I had one project for the entire duration and I got to see its changes and progress;
however, I personally prefer [in-class] critiques because we can see everyone’s designs
and [...] learn from the critiques even if it doesn’t apply to us.” (P45, Mentor, Context
Not Shown, Survey)

Though students mostly had a positive perception of being a mentor, there were weaknesses.
One mentor, who wrote feedback for a team creating a language translator, did comment that she
sometimes felt ignored by the designer:

“Ttold them they needed to rethink the problem, because I didn’t think it was persuasive
enough, but they never addressed it. It was very frustrating.” (P52, Mentor, Context
Shown, Interview)

In the random condition, some students commented on how they enjoyed reviewing a variety of
projects. For example, one student said:

“I couldn’t simply be a peer mentor. I would get bored seeing the same project again
and again. I would want the option to see other designs too.” (P39, Random, Context
Shown, Interview).

A compromise could be to assign a student as a mentor to two or more projects. This would
allow providers to interact with a more diverse set of projects and the designers would receive
more feedback from mentors.

5.8.2  Perceptions of Context. Students in the context (shown) condition enjoyed seeing the
previous prototype and felt it helped them write better feedback. One student said:

“T used the previous design to figure out what direction the design was going and gave
feedback accordingly” (P39, Random, Context shown, Interview)
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The same student requested that we provide the entire history of the prototype starting from
Stage 1. Another student (P14, Mentor, Context Shown) also requested more information about
the history. Students also requested to be able to showcase their work in more than one image (a
limitation of many existing feedback platforms).

From the perspective of a designer, students wished they had a way to communicate to providers
what aspects of the prototype had already been commented on. In P20’s words:

“Some of the feedback was redundant because it was new people reviewing [the]
designs” (P20, Random, Context Shown, Survey)

However, some feedback providers did not fully evaluate the context shown to them. P58 said,

“I don’t really remember [the feedback on the previous design or the responses]. I only
used the prior design” (P58, Random, Context Shown, Interview)

5.8.3 Perceptions of the Feedback Activity. We comment on the perceptions of the feedback
activity because the students in this course had not previously used an online platform for peer
feedback exchange.

Students generally enjoyed the online feedback activity. Of the 55 students who responded to the
final survey, only 18 students (evenly distributed by Assignment and Context conditions) indicated
that they would not repeat this activity in the future. The remaining 37 students either wished to
repeat the activity (16) or had no preference (21).

Many students (N=21) mentioned that they enjoyed the anonymity associated with the feedback
activity. From the perspective of the role of feedback provider, students found that anonymity
allowed them to be more open and honest. However, some designers perceived feedback to be
extremely harsh. In the words of P46,

“There was one person who was not very nice. Maybe it was out of their frustration of
not understanding the design or because they could hide behind the keyboard and say
whatever they want” (P46, Mentor, Context Not Shown, Survey)

Feedback providers also wished to see the designer’s response to their feedback. To this end,
students wanted a mechanism for discussion between the feedback provider and the designer.

Students also enjoyed getting feedback from a variety of people (N=19). They felt that getting
feedback online increased participation of students who normally did not speak up in class. One
non-native English speaker noted:

“I don’t normally participate in in-class feedback sessions because I do not think my
English is very good. With this online platform, I could think through the design and
slowly translate my thoughts” (P29, Random, Context Not Shown, Interview)

Moving critique online may provide a way for students with English as a second language to
contribute more to the class critique.

6 DISCUSSION AND FUTURE WORK

A goal of this study was to test how being assigned as a peer mentor and how showing the context
of a prototype’s progress affects online peer feedback exchange.

Our results show that feedback providers who were assigned to be mentors wrote feedback
that contained more idea units with positive sentiment, that prompted a longer response from the
designer, and was of similar perceived quality compared to the feedback written by students in the
random condition. We also found that students assigned as peer mentors were more receptive (i.e.
reported ignoring less) of the feedback they received on their own projects compared to students
who were randomly assigned to projects. From the final surveys, about half the students (15 of 29)
in the random condition self-reported they would have preferred to be assigned as a peer mentor.
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Providers who were shown context for the high-fidelity prototypes (stage 4) wrote feedback
perceived to be of higher perceived quality than providers who were not shown context for the
same prototypes. From the final surveys, students reported wanting to both review (as the provider)
and reveal (as the designer) more of a project’s progression for feedback exchange. When writing
feedback, students reported wanting to view the previous prototypes, a list of the changes the
designer made from the prior stage, and any changes the designer was considering at the current
stage.

However, for low-fidelity prototypes (stage 2), providers wrote feedback of lower perceived
quality when shown context compared to when they were not shown context. An explanation
could be that some of the designers changed the conceptual direction of the project and the context
from the prior stage was less relevant for the prototype at the current stage. This pattern of results
indicates that showing the context of a prototype’s progression should be preferred at the late
design stages. Platforms could also give designers control over which context to make available to
providers.

Our results also surfaced limitations of being assigned as a mentor. Mentors did not write
feedback of higher perceived quality than non-mentors. Some mentors observed that the designers
did not address the feedback given at the previous stage, or were assigned to projects that did not
fit their interests, and were less motivated to write feedback. Mentorship also negatively influenced
a provider’s belief that the designers will use their feedback. This may be the result of the mentor
recognizing instances where the designer did not apply his or her feedback from the prior stage. It
may also have been due to the rigid structure of the feedback exchange in the course. Feedback
was only provided and responded to once at each stage rather than unfolding as an open dialog.

Analysis of the feedback content showed that students referenced similar categories of feedback
regardless of the experimental condition. The distribution of the ideas units across the categories
corroborates findings from prior work showing that novice providers frequently recommend
surface improvements and write judgments of a prototype, while infrequently commenting on
the conceptual aspects of the prototype [34, 38]. In a course, this suggests that instructors should
consider using rubrics to direct student attention to the most appropriate aspects of a project at each
stage. It also may be useful for designers to request specific types of feedback and pose questions
to the providers.

The findings of our experiment extend the results reported by Hicks et al. [10] by showing that
providing context to a design during feedback composition increases the perceived quality of the
feedback at the late design stage. Though context helps at the late stage, it was not effective at the
earlier stages. The context may have been less effective at the early stages because some designers
were changing the prototypes significantly because they were exploring different conceptual
directions. Further, our results showed that providing context results in feedback that is shorter
(about 20 words) than when context is not shown. This may be because the time required to
interpret the context reduced the effort that students were willing to invest in writing the feedback.

The analysis of our data did not show a mediation effect of social bond between the proposed
features and the feedback measures. The effects of the experimental features on social bond may have
been masked by the effects of the in-class activities facilitated by the instructor. The implementation
of platform features to nurture social bond may show a stronger effect in learning environments
where more interactions occur online. However, our results do provide evidence that mentorship
and providing context significantly benefit feedback quality and receptivity even in the presence of
high social bond.

The results of our experiment are most generalizable to project-based courses that incorporate
the use of online peer feedback exchange. Future work is needed to test the generalizability of our
results to learning environments in which all the interactions occur online (e.g., MOOCS). Peer
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mentorship and providing context of a prototype may show a larger benefit in this environment
because students would not have the regular in-person engagement with the course staff and a
cohort of peers as in our study. However, a future experiment is needed to test this claim.

To implement peer mentorship in project-based courses, instructors can create or adapt a platform
similar to the one used in our experiment or implement feedback exchange in the online discussion
forums available in many instructional technologies. Ideally the instructor can configure the forums
for anonymous exchange and limit access to only the designer and the assigned mentors. As this
forum also acts as a record of prior comments and design stages, feedback providers can also review
a project’s progression if needed. Instructors should also consider assigning mentors to two or
more projects so students can contribute to the progression of a project, while also benefiting from
the exposure to different projects and solution approaches.

The implementation of context in our experiment included the prototype at the prior stage,
feedback for that prototype, and the designer’s response to that feedback. Future work could study
how providing different amounts of context and for additional prior stages of the project affects
the feedback. Additionally, it would be interesting to allow designers to choose what context to
show and learn from these choices. Another interesting direction would be to test how different
visual representations of the context affect feedback exchange.

Beyond the issues already discussed, another direction for future work is to explore additional
strategies for peer assignment beyond mentorship. For example, strategies could include assigning
projects to feedback providers based on the topic of the project, student interest, or course per-
formance. Another direction would be to test the effects of implementing a mentorship model for
acquiring feedback from crowdsourcing and social media platforms.

7 LIMITATIONS

One limitation of this experiment is that we conducted it in only one university design course.
Future work is needed to test the generalizability of our findings to other types of design courses
and in different university cultures. Second, in this study, we had students write open-ended
feedback to mimic the open-ended nature of in-person critique. However this approach did not take
advantage of prior research that has shown that scaffolding the feedback exchange (e.g., by using
rubrics) can improve the quality of feedback from less experienced designers [34, 37]. Third, while
the experiment implemented anonymous feedback exchange, there is no guarantee that students
maintained this anonymity outside of the course. Finally, we only measured social bond from the
perspective of the providers because our focus was on improving feedback quality. Future work is
needed to test if the designer perceives a stronger bond to providers assigned as peer mentors.

8 CONCLUSION

Design educators are increasingly using online peer review in their courses. This is generating
tremendous research interest in how to promote quality feedback exchange online. This paper
contributes empirical knowledge of how a strategy of repeat peer assignment (i.e., being a peer
mentor) and presenting additional context for a prototype (e.g., the prototype at the prior stage
and its feedback) affect online peer feedback exchange. Our findings show that being assigned as a
peer mentor makes students more receptive to the feedback received on their own projects and
that designers write more in response to feedback from mentors. Students who were assigned as
a peer mentor enjoyed their role, while many students who were assigned randomly to projects
reported they would have preferred to have been assigned as mentors. Our findings also show that
providing additional context for a prototype is most helpful during the late (refinement) stages of a
project. Our contributions add to the literature for features that can be implemented to improve
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online peer review and provide instructors with practical guidelines for when to leverage these
features in project-based courses.
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