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Abstract When students work with peers, they learn more actively, build richer
knowledge structures, and connect material to their lives. However, not every peer
learning experience online sees successful adoption. This chapter first introduces
PeerStudio, an assessment platform that leverages the large number of students’
peers in online classes to enable rapid feedback on in-progress work. Students
submit their draft, give rubric-based feedback on two peers’ drafts, and then receive
peer feedback. Students can integrate the feedback and repeat this process as often
as they desire. PeerStudio demonstrates how rapid feedback on in-progress work
improves course outcomes. We then articulate and address three adoption and
implementation challenges for peer learning platforms such as PeerStudio. First,
peer interactions struggle to bootstrap critical mass. However, class incentives can
signal importance and spur initial usage. Second, online classes have limited peer
visibility and awareness, so students often feel alone even when surrounded by
peers. We find that highlighting interdependence and strengthening norms can
mitigate this issue. Third, teachers can readily access “big” aggregate data but not
“thick” contextual data that helps build intuitions, so software should guide
teachers’ scaffolding of peer interactions. We illustrate these challenges through
studying 8500 students’ usage of PeerStudio and another peer learning platform:
Talkabout. Efficacy is measured through sign-up and participation rates and the
structure and duration of student interactions. This research demonstrates how large
classes can leverage their scale to encourage mastery through rapid feedback and
revision, and suggests secret ingredients to make such peer interactions sustainable
at scale.
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1 Introduction

Many online classes use video lectures and individual student exercises to instruct
and assess students. While vast numbers of students log on to these classes
individually, many of the educationally valuable social interactions of brick-and-
mortar classes are lost: online learners are “alone together” (Turkle 2011).

Social interactions amongst peers improve conceptual understanding and
engagement, in turn increasing course performance and completion rates (Porter
et al. 2013; Konstan et al. 2014; Kulkarni et al. 2015; Crouch and Mazur 2001;
Smith et al. 2009). Benefits aren’t limited to the present: when peers construct
knowledge together, they acquire critical-thinking skills crucial for life after school
(Bransford and Schwartz 1999). Common social learning strategies include
discussing course materials, asking each other questions, and reviewing each
other’s work (Bransford et al. 2000).

However, most peer learning techniques are designed for small classes with an
instructor co-present to facilitate, coordinate, and troubleshoot the activity. These
peer activities rely on instructors to enforce learning scripts that enable students to
learn from the interaction, thus imposing challenges to implementation of peer
learning platforms online, at scale (O’Donnell and Dansereau 1995).

How might software enable peer benefits in online environments, where massive
scale prevents instructors from personally structuring and guiding peer interactions.
Recent work has introduced peer interactions for summative assessment (Kulkarni
et al. 2013). How might peer interactions power more pedagogical processes
online? In particular, how might software facilitate social coordination?

1.1 Two Peer Learning Platforms

Over the last 2 years, we have developed and deployed two large-scale peer-
learning platforms. The first, Talkabout (Fig. 1), brings students in MOOCs
together to discuss course materials in small groups of four to six students over
Google Hangouts (Cambre et al. 2014). Currently, over 4500 students from
134 countries have used Talkabout in 18 different online classes through the
Coursera and Open edX platforms. These classes covered diverse topics: Women’s
Rights, Social Psychology, Philanthropy, Organizational Analysis, and Behavioral
Economics. Students join a discussion timeslot based on their availability, and upon
arriving to the discussion, are placed in a discussion group; on average there are
four countries represented per discussion group.

We have seen that students in discussions with peers from diverse regions
outperformed students in discussions with more homogenous peers, in terms of
retention and exam score (Kulkarni et al. 2015). We hypothesize that geographi-
cally diverse discussions catalyze more active thinking and reflection. A detailed
description in our previous year’s chapter in Design Thinking Research, discusses
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Talkabout’s design and pedagogical implications in depth (Plattner et al. 2015). The
second platform PeerStudio (Fig. 2) provides fast feedback on in-progress open-
ended work, such as essays (Kulkarni et al. 2015). For the implementation and
adoption data on PeerStudio, we refer to its use by 4000 students in two courses on
Coursera and Open edX. However, we begin with a deep dive into the motives and
design for PeerStudio.

1.2 An In-Depth Look: PeerStudio

Online learning need not be a loop of watching video lectures and then submitting
assignments. To most effectively develop mastery, students must repeatedly revise
based on immediate, focused feedback (Ericsson et al. 1993). Revision is central to
the method of deliberate practice as well as to mastery learning, and depends
crucially on rapid formative assessment and applying corrective feedback (Guskey
2007). In domains as diverse as writing, programming, and art, immediate feedback
reliably improves learning; delaying feedback reduces its benefit (Kulik and Kulik
1987).

Unfortunately, many learning experiences cannot offer tight feedback-revision
loops. When courses assign open-ended work such as essays or projects, it can
easily take a week after submission to receive feedback from peers or overworked
instructors. Feedback is also often coupled with an unchangeable grade, and classes
move to new topics faster than feedback arrives. The result is that many

Fig. 1 Our experiences developing and deploying Talkabout, a tool that brings students in
massive courses together, helps guide our discussion in the latter part of this chapter
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opportunities to develop mastery and expertise are lost, as students have few
opportunities to revise work and no incentive to do so.

Could software systems enable peers in massive classes to provide rapid feed-
back on in-progress work? In massive classes, peer assessment already provides
summative grades and critiques on final work (Kulkarni et al. 2013), but this
process takes days, and is often as slow as in-person classes. This chapter instead
introduces a peer learning design tailored for near-immediate peer feedback. It
capitalizes on the scale of massive classes to connect students to trade structured
feedback on drafts. This process can provide feedback to students within minutes of
submission, and can be repeated as often as desired.

We present the PeerStudio system for fast feedback on in-progress open-ended
work. Students submit an assignment draft whenever they want feedback and then
provide rubric-based feedback on two others’ drafts in order to unlock their own
results. PeerStudio explicitly encourages mastery by allowing students to revise
their work multiple times.

Even with the scale of massive classes, there are not always enough students
online to guarantee fast feedback. Therefore, PeerStudio recruits students who are
online already, and also those who have recently submitted drafts for review but are
no longer online. PeerStudio uses a progressive recruitment algorithm to minimize
the number of students emailed. It reaches out to more and more students, emailing
a small fraction of those who recently submitted drafts each time, and stops
recruiting immediately when enough (e.g., two) reviewers have been recruited.

This chapter first reports on PeerStudio’s use in two massive online classes and
two in-person classes. In a MOOC where 472 students used PeerStudio, reviewers
were recruited within minutes (median wait time: 7 min), and the first feedback was
completed soon after (median wait time: 20 min). Students in the two, smaller,
in-person classes received feedback in about an hour on average. Students took
advantage of PeerStudio to submit full drafts ahead of the deadline, and paid
particular attention to free-text feedback beyond the explicit rubric.

Fig. 2 PeerStudio is a peer learning platform for rapid, rubric-based feedback on drafts. The
reviewing interface above shows (1) the rubric, (2) the student draft, (3) an example of excellent
work to compare student work against. PeerStudio scaffolds reviewers with automatically gener-
ating tips for commenting (4)
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A controlled experiment measured the benefits of rapid feedback. This between-
subjects experiment assigned participants in a MOOC to one of three groups. One
control group saw no feedback on in-progress work. A second group received
feedback on in-progress work 24 h after submission. A final group received
feedback as soon as it was available. Students who received fast in-progress
feedback had higher final grades than the control group [t(98)! 2.1, p< 0.05].
The speed of the feedback was critical: receiving slow feedback was statistically
indistinguishable from receiving no feedback at all [t(98)! 1.07, p! 0.28].

PeerStudio demonstrates how massive online classes can be designed to provide
feedback an order of magnitude faster than many in-person classes. It also shows
how MOOC-inspired learning techniques can scale down to in-person classes. In
this case, designing and testing systems iteratively in massive online classes led to
techniques that worked well in offline classrooms as well; Wizard of Oz
prototyping and experiments in small classes led to designs that work well at
scale. Finally, parallel deployments at different scales help us refocus our efforts
on creating systems that produce pedagogical benefits at any scale

2 Peerstudio: Related Work

PeerStudio relies on peers to provide feedback. Prior work shows peer-based
critique is effective both for in-person (Carlson and Berry 2003; Tinapple
et al. 2013) and online classes (Kulkarni et al. 2013), and can provide students
accurate numeric grades and comments (Falchikov and Goldfinch 2000; Kulkarni
et al. 2013).

PeerStudio bases its design of peer feedback on prior work about how feedback
affects learning. By feedback, we mean task-related information that helps students
improve their performance. Feedback improves performance by changing students’
locus of attention, focusing them on productive aspects of their work (Kluger and
DeNisi 1996). It can do so by making the difference between current and desired
performance more salient (Hattie and Timperley 2007), by explaining the cause of
poor performance (Balcazar et al. 1986), or by encouraging students to use a
different or higher standard to compare their work against (Latham and Locke
1991).

Fast feedback improves performance by making the difference between the
desired and current performance more salient (Kulik and Kulik 1987). When
students receive feedback quickly (e.g., in an hour), they apply the concepts they
learn more successfully (Kulik and Kulik 1987). In domains like mathematics,
computers can generate feedback instantly, and combining such formative feedback
with revision improves grades (Heffernan et al. 2012). PeerStudio extends fast
feedback to domains such as design and writing where automated feedback is
limited and human judgment is necessary.

Feedback merely changes what students attend to, so not all feedback is useful,
and some feedback degrades performance (Kluger and DeNisi 1996). For instance,
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praise is frequently ineffective because it shifts attention away from the task and
onto the self (Anderson and Rodin 1989).

Therefore, feedback systems and curricular designers must match feedback to
instructional goals. Large-scale meta-analyses suggest that the most effective
feedback helps students set goals for future attempts, provides information about
the quality of their current work, and helps them gauge whether they are moving
towards a good answer (Kluger and DeNisi 1996). Therefore, PeerStudio provides a
low-cost way of specifying goals when students revise, uses a standardized rubric
and free-form comments for correctness feedback, and a way to browse feedback on
previous revisions for velocity.

How can peers provide the most accurate feedback? Disaggregation can be an
important tool: summing individual scores for components of good writing
(e.g. grammar and argumentation) can capture the overall quality of an essay
more accurately than asking for a single writing score (Dawes 1979; Kulkarni
et al. 2014). Therefore, PeerStudio asks for individual judgments with yes/no or
scale questions, and not aggregate scores.

PeerStudio uses the large scale of the online classroom in order to quickly recruit
reviewers after students submit in-progress work. In contrast, most prior work has
capitalized on scale only after all assignments are submitted. For instance, Deduce
It uses the semantic similarity between student solutions to provide automatic
hinting and to check solution correctness (Fast et al. 2013), while other systems
cluster solutions to help teachers provide feedback quickly (Brooks et al. 2014).

3 Enabling Fast Peer Feedback with Peerstudio

Students can use PeerStudio to create and receive feedback on any number of drafts
for every open-ended assignment. Because grades shift students’ attention away
from the task to the self (Kluger and DeNisi 1996), grades are withheld until the
final version.

3.1 Creating a Draft, and Seeking Feedback

PeerStudio encourages students to seek feedback on an initial draft as early as
possible. When students create their first draft for an assignment, PeerStudio shows
them a minimal, instructor-provided starter template that students can modify or
overwrite (Fig. 3). Using a template provides a natural hint for when to seek
feedback—when the template is filled out. It also provides structure to students
that need it, without constraining those who don’t. To keep students focused on the
most important aspects of their work, students always see the instructor-provided
assignment rubric in the drafting interface (Fig. 3, left). Rubrics in PeerStudio
comprise a number of criteria for quality along multiple dimensions.
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Students can seek feedback on their current draft at any time. They can focus
their reviewers’ attention by leaving a note about the kind of feedback they want.
When students submit their draft, PeerStudio starts finding peer reviewers. Simul-
taneously, it invites the student to review others’ work.

3.2 Reviewing Peer Work

PeerStudio uses the temporal overlap between students to provide fast feedback.
When a student submits their draft, PeerStudio asks them to review their peers’
submissions in order to unlock their own feedback (André et al. 2012). Since their
own work remains strongly activated, reviewing peer work immediately encour-
ages students to reflect (Marsh et al. 1996).

Students need to review two drafts before they see feedback on their work.
Reviewing is double blind. Reviewers see their peer’s work, student’s review
request notes, the instructor-created feedback rubric, and an example of excellent
work to compare against. Reviewers’ primary task is to work their way down the
feedback rubric, answering each question. Rubric items are all yes/no or scale
responses. Each group of rubric items also contains a free-text comment box, and
reviewers are encouraged to write textual comments. To help reviewers write useful
comments, PeerStudio prompts them with dynamically generated suggestions.

3.3 Reading Reviews and Revising

PeerStudio encourages rapid revision by notifying students via email immediately
after a classmate reviews their work. To enable feedback comparison, PeerStudio
displays the number of reviewers agreeing on each rubric question, as well as

Fig. 3 The drafting
interface shows the
assignment rubric, and a
starter template. Reviews on
previous versions are also
available (tab, top-left)
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reviewers’ comments. Recall that to emphasize iterative improvement, PeerStudio
does not display grades, except for final work.

After students read reviews, PeerStudio invites them to revise their draft. Since
reflection and goal setting are an important part of deliberate practice, PeerStudio
asks students to first explicitly write down what they learned from their reviews and
what they plan to do next.

PeerStudio also uses peer assessment for final grading. Students can revise their
draft any number of times before they submit a final version to be graded. The final
reviewing process for graded submissions is identical to early drafts, and reviewers
see the same rubric items. For the final draft, PeerStudio calculates a grade as a
weighted sum of rubric items from reviews for that draft.

PeerStudio integrates with MOOC platforms through LTI, which allows students
to login using MOOC credentials, and automatically returns grades to class man-
agement software. It can be also used as a stand-alone tool.

4 Peerstudio Design

PeerStudio’s feedback design relies on rubrics, textual comments, and the ability to
recruit reviewers quickly. We outline the design of each.

4.1 Rubrics

Rubrics effectively provide students feedback on the current state of their work for
many open-ended assignments, such as writing (Andrade 2001; Andrade 2005),
design (Kulkarni et al. 2013), and art (Tinapple et al. 2013). Rubrics comprise
multiple dimensions, with cells describing increasing quality along each. For each
dimension, reviewers select the cell that most closely describes the submission; in
between values and gradations within cells are often possible. Comparing and
matching descriptions encourages raters to build a mental model of each dimension
that makes rating faster and cognitively more efficient (Gray and Boehm-Davis
2000) (Fig. 4).

When rubric cell descriptions are complex, novice raters can develop mental
models that stray significantly from the rubric standard, even if it is shown prom-
inently (Kulkarni et al. 2014). To mitigate the challenges of multi-attribute
matching, PeerStudio asks instructors to list multiple distinct criteria of quality
along each dimension (Fig. 5). Raters then explicitly choose which criteria are
present. Criteria can be binary e.g., “did the student choose a relevant quote that
logically supports their opinion?” or scales, e.g., “How many people did the student
interview?”

Our initial experiments and prior work suggest that given a set of criteria, raters
satisfice by marking some but not all matching criteria (Krosnick 1999). To address
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this, PeerStudio displays binary questions as dichotomous choices, so students must
choose either yes/no (Fig. 5); and ensures that students answer scale questions by
explicitly setting a value.

To calculate final grades, PeerStudio awards credit to yes/no criteria if a majority
of reviewers marked it as present. To reduce the effect of outlying ratings, scale
questions are given the median score of reviewers. The total assignment grade is the
sum of grades across all rubric questions.

4.2 Scaffolding Comments

Rubrics help students understand the current quality of their work; free-text com-
ments from peers help them improve it. Reviews with accurate rubric scores, but
without comments may provide students too little information.

To scaffold reviewers, PeerStudio shows short tips for writing comments just
below the comment box. For instance, if the comment merely praises the submis-
sion and has no constructive feedback, it may remind students “Quick check: Is
your feedback actionable? Are you expressing yourself succinctly?” Or it may ask
reviewers to “Say more. . .” when they write “great job!”

Fig. 4 Students see
reviews in the context of
their draft (right, clipped).
PeerStudio displays the
number of reviewers (two
here) agreeing on each
rubric question and
comments from each

Fig. 5 Example
dichotomous questions in
PeerStudio. The last
question is not yet
answered. Students must
choose yes/no before they
can submit the review
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To generate such feedback, PeerStudio compiles a list of relevant words from the
student draft and the assignment description. For example, for a critique on a
research paper, words like “contribution”, “argument”, “author” are relevant.
PeerStudio then counts the number of relevant words a comment contains. Using
this count, and the comment’s total length, it suggests improvements. This simple
heuristic catches a large number of low-quality comments. Similar systems have
been used to judge the quality of product reviews online (Kim et al. 2006).

PeerStudio also helps students provide feedback that’s most relevant to the
current state of the draft, by internally calculating the reviewer’s score for the
submission. For a low-quality draft, it asks the reviewer, “What’s the first thing
you’d suggest to get started?” For middling drafts, reviewers are asked, “This looks
mostly good, except for [question with a low score]. What do you suggest they try?”
Together, these commenting guides result in reviewers leaving substantive
comments.

4.3 Recruiting Reviewers

Because students review immediately after submitting, reviewers are found quickly
when there are many students submitting one after another, e.g., in a popular time
zone. However, students who submit at an unpopular time still need feedback
quickly.

When enough reviewers are not online, PeerStudio progressively emails and
enlists help from more and more students who have yet to complete their required
two reviews, and enthusiastic students who have reviewed even before submitting a
draft. PeerStudio emails a random selection of five such students every half hour,
making sure the same student is not picked twice in a 24-h period. PeerStudio stops
emailing students when all submissions have at least one review. This enables
students to quickly receive feedback from one reviewer and begin revising.

To decide which submissions to show reviewers, PeerStudio uses a priority
queue. This queue prioritizes student submissions by the number of reviews (sub-
missions with the fewest, or no, reviews have highest priority), and by the time the
submission has been in the review queue. The latest submissions have the highest
priority. PeerStudio seeks two reviewers per draft.

5 Field Deployment: In-Person and at Scale

This chapter describes PeerStudio deployments in two open online classes: Learn-
ing How to Learn (603 students submitting assignments),Medical Education in the
New Millennium (103 students) on the Coursera and OpenEdX platforms respec-
tively. We also describe deployments in two in-person classes: a senior-level class
at the University of Illinois at Urbana-Champaign on Social Visualization
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(125 students), and a graduate-level class in education at Stanford University, on
Technology for Learners (51 students).

All four classes used PeerStudio for open-ended writing assignments. In Learn-
ing how to Learn, for their first assignment students wrote an essay about a learning
goal and how they planned to accomplish it using what they learned in class (e.g.,
one student wrote about being “an older student in Northern Virginia retooling for a
career in GIS after being laid off”). In the second assignment, they created a
portfolio, blog or website to explain what they learned to others (e.g., one wrote:
“I am a professor of English as a Second Language at a community college. I have
created a PowerPoint presentation for my colleagues [about spaced repetition and
frequent testing]”).

The Social Visualization and Medical Education classes asked students to
critique research papers in the area. In Social Visualization, students also used
PeerStudio for an open-ended design project on data visualization (e.g., one student
team designed a visualization system that used data from Twitter to show crisis
needs around the US). Finally, the Technology for Learners class used PeerStudio
as a way to critique a learning tool (e.g., ClassDojo, a classroom discipline tool).
This class requested its reviewers to sign reviews, so students could follow-up with
each other for lingering questions.

5.1 Deployment Observations

Throughout these deployments, we read students’ drafts, feedback, and revisions.
We regularly surveyed students about their experiences, and spoke to instructors
about their perspectives. Several themes emerged.

5.1.1 Students Requested Feedback on Full Rough Drafts

Rather than submit sections of drafts, students submitted full rough drafts. Drafts
were often missing details (e.g., lacking examples). In the Medical Education
critique, one question was “did you find yourself mostly agreeing or mostly
disagreeing with the content of the research paper? Why?” In initial drafts, students
often pointed out only one area of disagreement, later drafts added the rest. Other
drafts were poorly explained (e.g., lacking justification for claims) or too rambling.

Students typically asked for four kinds of feedback: (1) On a specific aspect of
their work, e.g., “I guess I need help with my writing, vocabulary and grammar,
since I’m not an English native-speaker”; (2) On a specific component of the
assignment: e.g., “Can you let me know if part 4 and 5 make sense—I feel like I
am trying to say too much all in one go!” (3) As a final check before they turned in
their work: e.g., “This draft is actually a ‘release candidate’. I would like to know if
I addressed the points or if I missed something.” (4) As a way to connect with
classmates: e.g., “I just want to hear about your opinions”.
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When students revised their draft, we asked, “Overall, did you get useful
feedback on your draft?” as a binary question—80% answered ‘yes’.

5.1.2 Students Revise Rarely, Especially in In-Person Classes

Most students did not create multiple drafts (Fig. 6). Students in the two MOOCs
were more likely to revise than students in in-person classes [t(1404)! 12.84,
p< 0.001]. Overall, 30.1% of online students created multiple revisions, but only
7% of those in in-person classes did.

When we asked TAs in the in-person classes why so few students revised, they
told us they did not emphasize this feature of PeerStudio in class. Furthermore,
student responses in surveys indicated that many felt their schedule was too busy to
revise. One wrote it was unfair to “expect us to read some 40 page essays, then write
the critiques and then review two other people, and then make changes on our
work. . . twice a week.” These comments underscore that merely creating software
systems for iterative feedback is not enough—an iterative approach must be
reflected in the pedagogy as well.

5.1.3 Students See Comments as More Useful Than Rubric Feedback

Students could optionally rate reviews after reading them and leave comments to
staff. Students rated 758 of 3963 reviews. We looked at a random subset of 50 such
comments. In their responses, students wrote that freeform comments were useful
(21 responses) more often than rubric-based feedback (5 responses). Students also

Fig. 6 Most students
created a single revision.
Students in MOOCs revised
more than students in
in-person classes
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disagreed more with reviewers’ comments (7 responses) than with their reviewers’
marked rubric (3 responses). This is possibly because comments can capture useful
interpretive feedback, but differences in interpretation lead to disagreement.

An undergraduate TA looked at a random subset of 150 student submissions, and
rated reviewer comments on a 7-point Likert scale on how concretely they helped
students revise. For example, here is a comment that was rated “very concrete (7)”
on an essay about planning for learning goals:

“What do you mean by ‘good schedule’? There’s obviously more than one answer to that
question, but the goal should be to really focus and narrow it down. Break a larger goal like
“getting a good schedule” into concrete steps such as: 1) get 8 h of sleep, 2). . .

We found 45% of comments were “somewhat concrete” (a rating of 5 on the
scale) or better, and contained pointers to resources or specific suggestions on how
to improve; the rest of the comments were praise or encouragement. Interestingly,
using the same 7-point Likert scale, students rated reviews as concrete more often
than the TA (55% of the time).

Students reported relying on comments for revising. For instance, the student
who received the above comment wrote, “I somehow knew I wasn’t being
specific. . . The reviewer’s ideas really helped there!” The lack of comments was
lamented upon, “The reviewer did not comment any feedback, so I don’t know what
to do.”

One exception to the general trend of comments being more important was
students who submitted ‘release candidate’ drafts for a final check. Such students
relied heavily on rubric feedback: “I have corrected every item that needed atten-
tion to. I now have received all yes to each question. Thanks guys. :-)”

5.1.4 Comments Encourage Students to Revise

The odds of students revising their drafts increase by 1.10 if they receive any
reviews with free-form comments (z! 4.6, p< 0.001). Since fewer than half the
comments contained specific improvement suggestions, this suggests that, in addi-
tion to being informational, reviewer comments also play an important
motivational role.

5.1.5 Revisions Locally Add Information, Improve Understandability

We looked at the 100 reflections that students wrote while starting the revision to
understand what changes they wanted to make. A majority of students (51%)
intended to add information based on their comments, e.g., “The math teacher
[one of the reviewers] helped me look for other sources relating to how math can be
fun and creative instead of it being dull!” A smaller number (16%) wanted to
change how they had expressed ideas to make them easier to understand, e.g., “I did
not explain clearly the three first parts. . . I shall be clearer in my re-submission”
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and, “I do need to avoid repetition. Bullets are always good.” Other changes
included formatting, grammar, and occasionally wanting a fresh start. The large
fraction of students who wanted to add information to drafts they previously
thought were complete suggests that peer feedback helps students see flaws in
their work, and provides new perspectives.

Most students reworked their drafts as planned: 44% of students made substan-
tive changes based on feedback, 10% made substantive changes not based on the
comments received, and the rest only changed spelling and formatting. Most
students added information to or otherwise revised one section, while leaving the
rest unchanged.

5.2 PeerStudio Recruits Reviewers Rapidly

We looked at the PeerStudio logs to understand the platform’s feedback latency.
Reviewers were recruited rapidly for both in in-person and online classes (see
Fig. 7), but the scale of online classes has a dramatic effect. With just 472 students
using the system for the first assignment in Learning How to Learn, the median
recruitment-time was 7 min and the 75th quartile was 24 min.

5.2.1 Few Students Have Long Wait Times

PeerStudio uses a priority queue to seek reviews; it prioritizes newer submissions
given two submissions with the same number of reviews. This reduces the wait time

Fig. 7 Reviewers are
recruited faster in larger
classes
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for the average student, but unlucky students have to wait longer (e.g. when they
submit just before a popular time, and others keep submitting newer drafts). Still,
significant delays are rare: 4.4% had no reviews in the first 8 h; 1.8% had no
reviews in 24 h. To help students revise, staff reviewed submissions with no
reviews after 24 h.

5.2.2 Feedback Latency Is Consistent Even Early in the Assignment

Even though fewer students use the website farther from the deadline, peer review
means that the workload and review labor automatically scale together. We found
no statistical difference in recruitment time [t(1191)! 0.52, p! 0.6] between the
first two and last two days of the assignment, perhaps because PeerStudio uses
email to recruit reviewers.

5.2.3 Fewer Reviewers Recruited Over Email with Larger Class Size

PeerStudio emails students to recruit reviewers only when enough students aren’t
already on the website. In the smallest class with 46 students submitting, 21% of
reviews came from Web solicitation and 79% of reviews were written in response
to an emailed request. In the largest, with 472 students submitting, 72% of reviews
came from Web solicitation and only 28% from email (Fig. 8). Overall, students
responded to email requests approximately 17% of the time, independent of class
size.

These results suggest that PeerStudio achieves quick reviewing in small,
in-person classes by actively bringing students online via email, and that this
becomes less important with increasing class size, as students have a naturally
overlapping presence on site.

5.2.4 Reviewers Spend About 10 min Per Draft

PeerStudio records the time between when reviewers start a review and when they
submit it. In all classes except the graduate level Technology for Learners, students
spent around 10 min reviewing each draft (Fig. 9). The median reviewer in the
graduate Technology for Learners class spent 22 min per draft. Because all students
in that class started reviewing in-class but finished later, its variance in reviewing
times is also much larger.
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5.3 Are Reviewers Accurate?

There is very strong agreement between individual raters while using the rubric. In
online classes, the median pair-wise agreement between reviewers on a rubric
question is 74%, while for in-person classes it is 93%. However, because most
drafts completed a majority of the rubric items successfully, baseline agreement is
high, so Fleiss’ k is low. The median k! 0.19 for in-person classes, and 0.33 for
online classes, conventionally considered “Fair agreement”. In in-person classes,
on average staff and students agreed on rubric questions 96% of the time.

Fig. 8 More students in
large classes are likely to be
online at the same time, so
fewer reviewers were
recruited by email

Fig. 9 Reviewers spend
roughly 10 min reviewing
each draft. The graduate-
level Technology for
Learners class spends
longer. (The larger variation
is because students start
reviewing in class, and
finish later.)
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5.4 Staff and Peers Write Comments of Similar Length

Both in-person and online, the median comment was 30 words long (Fig. 10). This
length compares well with staff comments in the Social Visualization class, which
had a median of 35 words. Most reviews (88%) had at least some textual com-
ments, in addition to rubric-based feedback.

5.5 Students Trade-Off Reviewing and Revising

23% of students reviewed more than the required two drafts. Survey results
indicated that many such students used reviewing as an inexpensive way to make
progress on their own draft. One student wrote that in comparison to revising their
own work, “being able to see what others have written by reviewing their work is a
better way to get feedback.” Other students reviewed peers simply because they
found their work interesting. When told she had reviewed 29 more drafts than
required, one student wrote, “I wouldn’t have suspected that. I kept reading and
reviewing because people’s stories are so interesting.”

5.6 Students Appreciate Reading Others’ Work More Than
Early Feedback and Revision

A post-class survey in Technology For Learners asked students what they liked
most about PeerStudio (30 responses). Students most commonly mentioned (in 13

Fig. 10 Students write
substantive comments, both
in-person and online. The
graduate level Technology
for Learners has longer
comments, possibly because
reviews were signed
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responses) interface elements such as being able to see examples and rubrics.
Reading each other’s work was also popular (8 responses), but the ability to revise
was rarely mentioned (3 responses). This is not surprising, since few students
revised work in in-person classes.

Apart from specific usability concerns, students’ most frequent complaint was
that PeerStudio sent them too much email. One wrote, “My understanding was that
students would receive about three, but over the last few days, I’ve gotten more.”
Currently, PeerStudio limits how frequently it emails students; future work could
also limit the total number of emails a student receives.

6 Field Experiment: Does Fast Feedback on In-Progress
Work Improve Final Work?

The prior study demonstrated how students solicited feedback and revised work,
and how quickly they can obtain feedback. Next, we describe a field experiment
that asks two research questions: First, does feedback on in-progress work improve
student performance? Second, does the speed of feedback matter? Do students
perform better if they receive rapid feedback?

We conducted this controlled experiment in ANES 204: Medical Education in
the New Millennium, a MOOC on the OpenEdX platform.

Students in this class had working experience in healthcare professions, such as
medical residents, nurses and doctors. In the open-ended assignment, students read
and critiqued a recent research paper based on their experience in the healthcare
field. For example, one critique prompt was “As you read, did you find yourself
mostly agreeing or mostly disagreeing with the content? Write about three points
from the article that justify your support or dissent.” The class used PeerStudio to
provide students both in-progress feedback and final grades.

6.1 Method

A between-subjects manipulation randomly assigned students to one of three
conditions. In the No Early Feedback condition, students could only submit one
final draft of their critique. This condition generally mimics the status quo in many
classes, where students have no opportunities to revise drafts with feedback. In the
Slow Feedback condition, students could submit any number of in-progress drafts,
in addition to their final draft. Students received peer feedback on all drafts, but this
feedback wasn’t available until 24 h after submission. Additionally, students were
only emailed about their feedback at that time. This condition mimics a scenario
where a class offers students the chance to revise, but is limited in its turnaround
time due to limited staff time or office hours. Finally, in the Fast Feedback
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condition, students could submit drafts as in the slow feedback condition, but were
shown reviews as soon as available, mirroring the standard PeerStudio setup.

Students in all conditions rated their peers’ work anonymously; reviewers saw
drafts from all conditions and rated them blind to condition. Our server introduced
all delays for the Slow Feedback condition after submission. Rubrics and the
interface students used for reviewing and editing were identical across conditions.

6.2 Measures

To measure performance, we used the grade on the final assignment submission as
calculated by PeerStudio. Since rubrics only used dichotomous questions, each
rubric question was given credit if a majority of raters marked “yes”. The grade of
each draft was the sum of credit across all rubric questions for that draft.

6.3 Participants

In all, 104 students participated. Of these, three students only submitted a blank
essay; their results were discarded from analysis. To analyze results, we built an
ordinary-least-squares regression model with the experimental condition as the
predictor variable, using No Early Feedback as the baseline (R2! 0.02).

6.4 Manipulation Check

While PeerStudio can provide students feedback quickly, this feedback is only
useful if students actually read it. Therefore, we recorded the time students first read
their feedback. The median participant in the Fast Feedback condition read their
reviews 592 min (9.8 h) after submission; the median for the Slow Feedback
condition was 1528 min (26.6 h). This suggests that the manipulation effectively
delayed feedback, but the difference between conditions was more modest than
planned.

6.5 Results: Fast Early Feedback Improves Final Grades

Students in the Fast Feedback condition did significantly better than those in No
Early Feedback condition (t(98)! 2.1, p< 0.05). On average, students scored
higher by 4.4% of the assignment’s total grade: i.e., enough to boost a score from
a B+ to an A".
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6.5.1 Slow Early Feedback Yields No Significant Improvement

Surprisingly, we found that students in the Slow Feedback condition did not do
significantly better than those in the No Early Feedback condition [t(98)! 1.07,
p! 0.28]. These results suggest that for early feedback to improve student perfor-
mance, it must be delivered quickly.

Because of the limited sample size, it is also possible this experiment was unable
to detect the (smaller) benefits of delayed early feedback.

6.5.2 Students with Fast Feedback Don’t Revise More Often

There was no significant difference between the number of revisions students
created in the Fast and Slow feedback conditions [t(77)! 0.2, p! 0.83]: students
created on average 1.33 drafts; only 22% of students created multiple revisions. On
average, they added 83 words to their revision, and there was no significant
difference in the quantity of words changed between conditions [t(23)! 1.04,
p! 0.30].

However, students with Fast feedback referred to their reviews marginally more
frequently when they entered reflections and planned changes in revision [!2(1)!
2.92, p! 0.08]. This is consistent with prior findings that speed improves perfor-
mance by making feedback more salient.

Even with only a small number of students revising, the overall benefits of early
feedback seem sizeable. Future work that better encourages students to revise may
further increase these benefits.

7 Discussion

The field deployment and subsequent experiment demonstrate the value of helping
students revise work with fast feedback. Even with a small fraction of students
creating multiple revisions, the benefits of fast feedback are apparent. How could
we design pedagogy to amplify these benefits?

7.1 Redesigning Pedagogy to Support Revision and Mastery

In-person classes are already using PeerStudio to change their pedagogy. These
classes did not use PeerStudio as a way to reduce grading burden: both classes still
had TAs grade every submission. Instead, they used PeerStudio to expose students
to each other’s work and to provide them feedback faster than staff could manage.
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Fully exploiting this opportunity will require changes. Teachers will need to
teach students about when and how to seek feedback. Currently, PeerStudio
encourages students to fill out the starter template before they seek feedback. For
some domains, it may be better to get feedback using an outline or sketch, so
reviewers aren’t distracted by superficial details (Sommers 1982). In domains like
design, it might be useful to get feedback on multiple alternative designs (Dow
et al. 2011). PeerStudio might explicitly allow these different kinds of submissions.

PeerStudio reduces the time to get feedback, but students still need time to work
on revisions. Assignments must factor this revision time into their schedule. We
find it heartening that 7% of in-person students actually revised their drafts, even
when their assignment schedules were not designed to allow it. That 30% of online
students revised assignments may partly be because schedules were designed
around the assumption that learners with full-time jobs have limited time: conse-
quently, online schedules often provide more time between assignment deadlines.

Finally, current practice rewards students for the final quality of their work.
PeerStudio’s revision process may allow other reward schemes. For instance, in
domains like design where rapid iteration is prized (Buxton 2007; Dow et al. 2009),
classes may reward students for sustained improvement.

7.2 Plagiarism

Plagiarism is a potential risk of sharing in-progress work. While plagiarism is a
concern with all peer assessment, it is especially important in PeerStudio because
the system shares work before assignments are due. In classes that have used
PeerStudio so far, we found one instance of plagiarism: a student reviewed
another’s essay and then submitted it as their own. While PeerStudio does not
detect plagiarism currently, it does record what work a student reviewed, as well as
every revision. This record can help instructors check that the work has a supporting
paper trail. Future work could automate this.

Another risk is that student reviewers may attempt to fool PeerStudio by giving
the same feedback to every assignment they review (to get past the reviewing
hurdle quickly so they can see feedback on their work). We observed three such
instances. However, ‘shortcut reviewing’ is often easy to catch with techniques
such as inter-rater agreement scores (Kittur et al. 2008).

7.3 Bridging the In-Person and At-Scale Worlds

While it was designed for massive classes, PeerStudio “scales down” and brings
affordances such as fast feedback to smaller in-person classes. PeerStudio primarily
relies on the natural overlap between student schedules at larger scales, but this
overlap still exists at smaller scale and can be augmented via email recruitment.
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PeerStudio also demonstrates the benefits of experimenting in different settings
in parallel. Large-scale between-subjects experiments often work better online than
in-person because in-person, students are more likely to contaminate manipulations
by communicating outside the system. In contrast, in-person experiments can often
be run earlier in software development using lower-fidelity approaches and/or
greater support. Also, it can be easier to gather rich qualitative and observational
data in person, or modify pilot protocols on the fly. Finally, consonant results in
in-person and online deployments lend more support for the fundamentals of the
manipulation (as opposed to an accidental artifact of a deployment).

7.4 Future Work for PeerStudio

Some instructors we spoke to worried about the overhead that peer assessment
entails (and chose not to use PeerStudio for this reason). If reviewers spend about
10 min reviewing work as in our deployment, peer assessment arguably incurs a
20-min overhead per revision. On the other hand, student survey responses indicate
that they found looking at other students’ work to be the most valuable part of the
assessment process. Future work could quantify the benefits of assessing peer work,
including inspiration, and how it affects student revisions. Future work could also
reduce the reviewing burden by using early reviewer agreement to hide some rubric
items from later reviewers (Kulkarni et al. 2014).

7.4.1 Matching Reviewers and Drafts

PeerStudio enables students to receive feedback from peers at any time, but their
peers may be far earlier or more advanced in their completion of the assignment.
Instead, it may be helpful to have drafts reviewed by students who are similarly
advanced or just starting. Furthermore, students learn best from examples (peer
work) if they are approachable in quality. In future work, the system could ask or
learn the rough state of the assignment, and recruit reviewers who are similar.

8 Sustainable Peer Interactions: Three Adoption
Challenges and Solutions

With an in depth look into PeerStudio’s motives and design, we can better under-
stand the implementation and adoption challenges surrounding peer learning plat-
forms. In this second portion of the chapter, we discuss three such challenges, that
have consistently recurred as we have introduced peer learning (PeerStudio and
Talkabout) into massive online classes.
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First, many courses falsely assume that students will naturally populate the peer
learning systems in their classes: “build it and they will come”. This assumption
often seems natural; after all, students naturally engage with social networks such
as Facebook and Twitter. However, students don’t yet know why or how they
should take advantage of peer learning opportunities. Peer learning platforms sit not
in a social setting, but in an educational setting, which has its own logic of
incentives: both carrots and sticks are required to keep the commons vibrant.
Participation in educational settings has a different incentive structure than a
socialization setting. In particular, the benefits of participation are not immediately
apparent. For instance, many American college graduates retrospectively credit
their dorms as having played a key role in their social development (Dourish and
Bell 2007). Yet, universities often have to require that freshmen live in the dorms to
ensure the joint experience. We encourage instructors to take a similar reinforcing
approach online: integrating peer-learning systems into the core curriculum and
making them a required or extra-credit granting part of the course, rather than
optional “hang-out” rooms.

The second challenge is that students in online classes lack the ambient social
encouragement that brick and mortar settings provide (Erickson and Kellogg 2000).
The physical and social configurations of in-person schools (especially residential
ones) offer many opportunities for social encouragement (Crouch and Mazur 2001;
Dourish and Bell 2007). For example, during finals week, everyone else is studying
too. However, other students’ activity is typically invisible online, so students do
not receive the tacit encouragement of seeing others attend classes and study
(Greenberg 2009; Dourish and Bellotti 1992). We hypothesize that in the minimal
social context online, software and courses must work especially hard to keep
students engaged through highlighting codependence and strengthening positive
norms.

The third challenge we have encountered is that instructors can, at best, observe
peer interactions through a telescope clouded by big data exhaust: there are few
visible signals beyond engagement (e.g. course forum posts and dashboards) and
demographics. Student information is limited online (Stephens-Martinez
et al. 2014), and knowing how to leverage what demographics instructors do
know is non-obvious. In-person, instructors use a lot of information about people
to structure interactions (Rosenberg et al. 2007). For example, instructors can
observe and adapt to student reactions while facilitating peer interactions. The
lack of information in online classes creates both pedagogical and design chal-
lenges (Kraut et al. 2012). For instance, in an online discussion, do students
completely ignore the course-related discussion prompts and, instead, talk about
current events or pop culture? To address such questions, teachers must have the
tools to enable them to learn how to scaffold peer interactions from behind their
computers.

This half of the chapter addresses these three logistical and pedagogical chal-
lenges to global-scale peer learning (Fig. 11). We suggest socio-technical remedies
that draw on our experience with two social learning platforms—Talkabout and
PeerStudio—and with our experience using peer learning in the classroom. We
report on these challenges with both quantitative and qualitative data. Quantitative
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measures of efficacy include sign-up and follow-through rates, course participation
and activity, and participation structure and duration. Qualitative data includes
students’ and instructors’ comments in surveys and interviews. We describe how
peer learning behavior varies with changing student practices, teacher practices,
and course materials.

9 Social Capabilities Do Not Guarantee Social Use

Peer learning systems share many attributes with collaborative software more
generally (Grudin 1994). However, the additional features of the educational setting
change users’ calculus. Throughout the deployments of our platforms, we’ve
observed different approaches that instructors take when using our peer systems
with their material.

Often, instructors dropped a platform into their class, then left it alone and
assumed that students would populate it. For example, one course using Talkabout
only mentioned it once in course announcements. Across four weeks, the sign-up
rate was just 0.4%, compared to a more successful sign-up rate of 6.6% in another
course; sign-up rate being the number of students who signed up to participate in the
peer system out of the number of active students (students who watched a lecture
video) in the course. Low percentages represent conservative estimates as the
denominator represents students with minimal activity. When this theme recurred
in other Talkabout courses, it was accompanied with the same outcome: social
interactions languished. Why would instructors who put in significant effort devel-
oping discussion prompts introduce a peer learning system, but immediately aban-
don it?

Through discussions, we noticed that instructors assumed that a peer system
would behave like an already-popular social networking service like Facebook
where people come en masse at their own will. This point of view resonates with
a common assumption that MOOC students are extremely self-motivated, and that
such motivation shapes their behavior (Breslow et al. 2013; Kizilcec and Schneider
2015). In particular, instructors were not treating the systems like novel learning

Fig. 11 The challenges and remedies of adoption of peer learning systems presented in this
chapter
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technology, but rather as bolted-on social technology. The assumption seemed to be
that building a social space will cause students to just populate it and learn from
each other.

However, peer learning systems may need more active integration. The value of
educational experiences is not immediately apparent to students, and those that are
worthwhile need to be signaled as important in order to achieve adoption.

Chat rooms underscored a similar point of the importance of pedagogical
integration. Early chat room implementations were easily accessible (embedded
in-page near video lectures) but had little pedagogical scaffolding (Coetzee
et al. 2014). Later, more successful variants that strongly enforced a pedagogical
structure were better received (Coetzee et al. 2015).

9.1 Peer Software as Learning Spaces

Even the best-designed peer learning activities have little value unless students
overcome initial reluctance to use them. Course credit helps even students to
commit, and those who have committed, to participate. Consider follow-though
rates: the fraction of students who attend the discussion out of the students signed
up for it. In an international women’s rights course, before extra credit was offered,
Talkabout follow-through rate was 31%. After offering extra credit, follow-through
rate increased to 52%. In other classes, we’ve seen formal incentives raise follow-
through rates up to 64%.

Faculty can signal to students what matters by using scarce resources like grade
composition and announcements. We hypothesize that these signals of academic
importance and meaning increase student usage. For example, in a course where the
instructors just repeatedly announced Talkabout in the beginning, 6.6% of active
students signed up, a large increase from the 0.4% sign-up rate when there was only
one mention of Talkabout.

We saw similar effects with PeerStudio. When participation comprises even a
small fraction of a student’s grade, usage increases substantially. In one class
where PeerStudio was optional, the sign-up rate was 0.8%. The fraction of users
was six times higher in another class where use of PeerStudio contributed to their
grade: the sign-up rate was 4.9%. To maintain consistency with insights from
Talkabout, sign-up rates for PeerStudio also represents the number of students who
signed up to participate out of the number of active students (students in the course
who watched a lecture video).

Students look up to their instructors, creating a unique opportunity to get and
keep students involved. One indicator of student interest is if they visited the
Talkabout website. Figure 12 shows Talkabout page views after instructors posted
on the course site discussing Talkabout, and a decrease in page views when no
announcement is made. Talkabout traffic was dwindling towards the end of the
course, so the instructor decided to offer extra credit for the last round of Talkabout
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discussions. During the extra-credit granting Talkabout discussions, page views
increase around twofold the previous four rounds.

To understand how pedagogical integration and incentives, and follow-through
rate interact, we divided 12 Talkabout courses into three categories, based on how
well Talkabout was incentivized and integrated pedagogically (see Fig. 13).
Courses that never mentioned Talkabout or mentioned it only at the start of the
course are labeled “Low integration”. Such courses considered Talkabout a pri-
marily social opportunity, similar to a Facebook group. Few students signed up, and
even fewer actually participated: the average follow-through rate was 10%. The
next category, “Medium integration,” was well integrated but poorly incentivized,
classes. These classes referred to Talkabout frequently in announcements, encour-
aged students to participate, and had well-structured discussion prompts, but they
had no formal incentive. Such classes had an average follow-through rate of 35%.

Fig. 13 Follow-through rate from 12 Talkabout courses increases as integration increases

Fig. 12 When instructors highlight peer learning software, students use it. Talkabout pageviews
of a women’s rights course. Instructor announcements are followed by the largest amount of
Talkabout pageviews throughout the course. R1 represents Round 1 of Talkabout discussions, and
so on, with orange rectangles framing the duration of each round. When instructor does not
mention Round 4 and 6, pageviews are at their lowest
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Well-incentivized and integrated classes, “High integration,” offered course extra
credit for participation and continuously discussed Talkabout in course announce-
ments, and averaged 50% follow-through rate. This visualization highlights the
pattern that the more integrated the peer learning platform is, the higher the follow-
through rate is. We have found that offering even minimal course credit powerfully
spurs initial participation, and that many interventions neglect to do this. As one
student noted in a post-discussion survey, “I probably wouldn’t have done it
[a Talkabout session] were it not for the five extra credit points but I found it
very interesting and glad I did do it!”

The Talkabout course with the highest follow-through rate not only offered
Talkabout for extra credit, but also offered technical support, including a course-
specific Talkabout FAQ (Talkabout has an FAQ but it is not course specific).
Looking at the forums, the role of the FAQ became apparent: many students posted
questions about their technological difficulties and the community TAs and even
other students would direct students to this FAQ—loaded with pictures and step by
step instructions to help these students understand what Talkabout is and how it’s
related to them. Moreover, the course support team answered any questions that
could not be answered by the FAQ, ensuring that anyone who was interested in
using the peer learning platform got the chance to do so.

However, online classes must also accommodate students with differing con-
straints from around the world. For instance, Talkabout is not available to some
students whose country (like Iran) blocks access to Google Hangouts. Other
students may simply lack sufficient reliable Internet bandwidth. One course offered
small-group discussions for credit that were held either online (with Talkabout) or
in-person in order to combat this challenge. When the strongest incentives are
impractical, courses can still improve social visibility to encourage participation.

10 Social Transluscence Is Limited Online

Online students are “hungry for social interaction” (Kizilcec and Schneider 2015).
Especially in early MOOCs, discussion forums featured self-introductions from
around the world, and students banded together for in-person meet-ups. Yet, when
peer-learning opportunities are provided, students don’t always participate in
pro-social ways; they may neglect to review their peers’ work, or fail to attend a
discussion session that they signed up for.

We asked 100 students who missed a Talkabout why they did so. 18 out of
31 responses said something else came up or they forgot. While many respondents
apologized to us as the system designers, none mentioned how they may have let
down their classmates who were counting on their participation. This observation
suggests that social loafing may be endemic to large-scale social learning systems.
If a student doesn’t feel responsible to a small set of colleagues and the instructor
instead diffuses that responsibility across a massive set of peers, individuals will
feel less compunction to follow through on social commitments.
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To combat social loafing, we must reverse the diffusion of responsibility by
transforming it onto a smaller human scale. Systems that highlight co-dependence
may be more successful at encouraging pro-social behavior (Cialdini and Goldstein
2004). In a peer environment, students are dependent on each other to do their part
for the system to work. Encouraging commitment and contribution can help
students understand the importance of their participation, and create successful
peer learning environments (Kraut et al. 2012).

10.1 Norm-Setting in Online Social Interaction

Norms have an enormous impact on people’s behavior. In-person, teachers can act
as strong role models and have institutional authority, leading to many oppor-
tunities to shape behavior and strengthen and set norms. Online, while these oppor-
tunities diminish with limited social visibility, other opportunities appear, such as
shaping norms through system design. Platform designers, software and teachers
can encourage peer empathy and mutually beneficial behavior by fostering
pro-social norms.

Software can illuminate social norms online. For instance, when PeerStudio
notices that a student has provided scores without written feedback, it reminds them
of the reciprocal nature of the peer assessment process (see Fig. 14). As a different
example, students that are late to a Talkabout discussion are told they won’t be
allowed to join the discussion, just as they’d not like to have a discussion
interrupted by a late classmate. Instead, the system provides them an option to
reschedule. Systems need not wait until things go wrong to set norms. From prior
work, we know students are highly motivated when they feel that their contribution
matters (Bransford et al. 2000; Ling and Beenen 2005). As an experiment, we
emailed students in two separate Talkabout courses before their discussion saying
that their peers were counting on them to show up to the discussion (see Fig. 15).
Without a reminder email, only 21% of students who signed up for a discussion slot
actually showed up. With a reminder email, this follow-through rate increased to
62%.

10.2 How Can We Leverage Software and Students
to Highlight Codependence and Ascribe Meaning?

PeerStudio recruits reviewers by sending out emails to students. Initially, this email
featured a generic request to review. As an experiment, we humanized the request
by featuring the custom request a student had made. For example, the generic
boilerplate request became the personalized request that the student had written
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before submitting his draft. Immediately after making this change, review length
increased from an average of 17 words to 24 words.

Humanized software is not the only influencer: forum posts from students
sharing their peer learning experiences can help validate the system and encourage
others to give it a try. For example, one student posted: “I can’t say howmuch I love
discussions. . .and that’s why I have gone through 11-12 Talkabout sessions just to
know, discuss and interact with people from all over the world.” Although

Fig. 14 When PeerStudio detects a review without comments, it asks the reviewer if they would
like to go back and improve their review by adding comments

Fig. 15 An email sent to students prior to their discussion, reminding them of the importance of
their attendance, increases follow-through rate 41%
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unpredictable (Cheng et al. 2014), this word-of-mouth technique can be highly
effective for increasing stickiness (Bakshy et al. 2009). When students shared
Talkabout experiences in the course discussion forums (2000 posts out of 64,000
mentioned Talkabout, 3%), the sign-up rate was 6% (2037 students), and the
follow-through rate was 63%. However, the same course offered a year later, did
not see similar student behavior (260 posts out of 80,000 mentioned Talkabout,
0.3%). The sign-up rate was 5% (930 students) and follow-through rate was 55%.
Although influenced by external factors, this suggests that social validation of the
systems is important.

10.3 Leveraging Students’ Desire to Connect Globally

Increasing social translucence has one final benefit: it allows students to act on their
desire for persistent connections with their global classmates. For example, incor-
porating networking opportunities in the discussion agenda allocates times for
students to mingle: “Spend 5 min taking turns introducing yourselves and
discussing your background.” However, we note that this is not a “one-size-fits-
all” solution: certain course topics might inspire more socializing than others. For
instance, in an international women’s rights course, 93% of students using
Talkabout shared their contact information with each other (e.g. LinkedIn profiles,
email addresses), but in a course on effective learning, only 18% did.

11 Designing and Hosting Interaction from Afar

Like a cook watching a stew come to a boil and adjusting the temperature as
needed, an instructor guiding peer interactions in-person can modulate her behavior
in response to student reactions. Observing how students do in-class exercises and
assimilating non-verbal cues (e.g., enthusiasm, boredom, confusion) helps teachers
tailor their instruction, often even subconsciously (Klemmer et al. 2006).

By contrast, the indirection of teaching online causes multiple challenges for
instructors. First, with rare exceptions (Chen 2001), online teachers can’t see much
about student behavior interactively. Second, because of the large-scale and asyn-
chronous nature of most online classes, teachers can’t directly coach peer inter-
actions. To extend—and possibly butcher—the cooking metaphor, teaching online
shifts the instructor from the in-the-kitchen chef to the cookbook author. Their
recipes need to be sufficiently stand-alone and clear that students around the globe
can cook up a delicious peer interaction themselves. However, most instructors lack
the tools to write recipes that can be handed off and reused without any interactive
guidance on the instructor’s part.
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11.1 Guidelines for Writing Recipes: Scaffolding Peer
Interactions from Behind a Computer

Most early users of Talkabout provided both too little student motivation and
discussion scaffolding. Consequently, usage was minimal (Kulkarni et al. 2015).
Unstructured discussion did not increase students’ academic achievement or sense
of community (Coetzee et al. 2014). To succeed, we needed to specifically target
opportunities for self-referencing, highlight viewpoint differences using boundary
objects, and leverage students as mediators (Kulkarni et al. 2015). To understand
this range of structure, we looked the discussions from 12 different courses and
compared agenda word length and discussion duration. We split discussions into
two categories: long and short discussion agendas, with 250 words as the threshold,
and compared credit-granting and no credit discussions (see Fig. 16). Average
discussion duration was 31 min for short agendas. However, only those long
agendas that awarded credit successfully incentivized students to discuss longer:
the average discussion with credit was 49 min, and without was 30 min. All agendas
asked students to discuss for 30 min; students were staying the extra time
voluntarily.

We worried that over-structuring an interaction with lengthy and tiresome
agendas would leave no space for informal bond-building. However, even with
sufficient structure, students can easily veer from the schedule and socialize,
exchange social networking information, and offer career advice.

Software systems, platforms, and data-driven suggestions each play a more
active role in helping teachers create effective recipes. While most early Talkabout
instructors provided too little discussion scaffolding, our data showed instincts led
early Talkabout instructors to worry too much about scheduling. For example, time
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Fig. 16 Longer discussion agendas incentivize students to discuss longer, but only when they are
accompanied by course credit for participation
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zones are a recurring thorn in the side of many types of global collaboration, and
peer learning is no exception. Every Talkabout instructor was concerned about
discussion session times and frequency, as this a major issue with in-person
sections. Instructors often asked if particular times were good for students around
the world. Some debated: would 9 pm Eastern Time be better than 8 pm Eastern
Time, as more students would have finished dinner? Or would it be worse for
students elsewhere? Other instructors were unsure of how many discussions
timeslots to offer. One instructor offered a timeslot every hour for 24 h because
she wanted to ensure that there were enough scheduling options. However, an
unforeseen consequence of this was that the participants were too spread out over
the 24 discussions, and thus some students were left alone.

Analyzing when students participate in discussions taught us that most students
prefer evenings for discussions. Yet, different students prefer different times, with
every time of day being preferred by someone (Fig. 17). This data suggests that it is
unimportant for instructors to find a particular scheduling “sweet spot,” and instead
their time is better utilized elsewhere: creating the discussion agendas, for example.
In summary, these examples illustrated where intuitions can lead teachers and
system designers astray. Data-driven suggestions are important to transform expert
cooks into cookbook authors.

12 Teaching Teachers by Example

Even fantastic pedagogical innovation can be hamstrung when there is a mismatch
between curricular materials and platform functionality. When curricula did not
match to the needs of the setting, the learning platforms languished. We emphasize
the importance of teaching by example: creating designs and introductory experi-
ences that nudge instructors toward the right intuitions. While always true with
educational innovation, the online education revolution is a particularly dramatic
change of setting, and instructor scaffolding is particularly important.

Fig. 17 Data from nine
classes and 3400 students
shows that most students
discuss in the evening, but
there are students that will
discuss at all 24 h
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One of the most robust techniques we have found for guiding instructors is to
provide successful examples of how other teachers have used the learning platform.
In many domains, from design to writing research papers, a common and effective
strategy for creating new work is to template off similar work that has a related goal
(Klemmer 2015). During interviews with Talkabout instructors, a common situ-
ation recurred: the instructor was having a hard time conceptualizing the student
experience. Therefore, to help instructors navigate the interface and create effective
discussion prompts, we added an annotated example of a Talkabout discussion (see
Fig. 1). Still, we observed that many instructors had difficulty creating effective
discussion agendas, e.g. they were very short and did not leverage the geographic
diversity Talkabout discussions offer. As an experiment, we walked an instructor
through Talkabout—in a Talkabout—and showed an excellent example agenda
from another class. This helped onboard the new instructor to working with
Talkabout: she was able to use the example as a framework that she could fill
in with her own content (see Fig. 18). Next, we showed example course

Fig. 18 Two discussions prompts: top used as a template to show a new Talkabout instructor an
excellent example. Bottom prompt generated based off the example
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announcements that described Talkabout using layman’s terms and offering pic-
tures of the Talkabout discussion. Since course announcements are viewed by most
online students, it is important to describe peer learning platforms in basic terms to
convey a straight forward message.

The next step was to help instructors gain an understanding of what occurs
during student discussions. To do this, we showed an instructor a video clip of a
Talkabout discussion along with a full discussion summary. In response, the
instructor said, “The most interesting point was around the amount of time each
student spoke. In this case, one student spoke for more than half of the Talkabout.
This informs us to be more explicit with time allocations for questions and that we
should emphasize that we want students to more evenly speak.” By helping her
visualize the interactions, she was able to restructure her discussion prompts in
order to achieve her desired discussion goal; in this case, encouraging all students to
have equally share their thoughts.

13 Conclusion

This chapter first suggests that the scale of massive online classes enables systems
that drastically and reliably reduce the time to obtain feedback and creates a path to
iteration, mastery and expertise. These advantages can also be scaled-down to
in-person classrooms. In contrast to today’s learn-and-submit model of online
education, we believe that the continuous presence of peers holds the promise of
a far more dynamic and iterative learning process. This chapter then provides
evidence for three challenges to global-scale adoption of peer learning, and offered
three corresponding socio-technical remedies. We reflect on our experience from
developing, designing and deploying our social learning platforms: Talkabout and
PeerStudio, as well as our experience as teachers in physical and online classes. We
looked at student practices, teacher practices and material design, and assessed the
relationship between those and peer learning adoption. When peer systems and
curricula are well integrated, the social context is illuminated, and teachers’ and
system designers’ intuitions for scaffolding are guided by software, students do
adopt these systems.
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