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In this paper, we illustrate the successful implementation of pre-class reading assign-
ments through a social learning platform that allows students to discuss the reading 
online with their classmates. We show how the platform can be used to understand 
how students are reading before class. We find that, with this platform, students spend 
an above average amount of time reading (compared to that reported in the literature) 
and that most students complete their reading assignments before class. We identify 
specific reading behaviors that are predictive of in-class exam performance. We also 
demonstrate ways that the platform promotes active reading strategies and produces 
high-quality learning interactions between students outside class. Finally, we compare 
the exam performance of two cohorts of students, where the only difference between 
them is the use of the platform; we show that students do significantly better on exams 
when using the platform.

Keywords: digital education, flipped classroom, educational software, pre-class reading, physics education 
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inTrODUcTiOn

Getting students to read the textbook before coming to class is an important problem in higher 
education. This is increasingly the case as more college classes are adopting “flipped” teaching 
strategies. A key principle of the flipped classroom model is that students benefit from having access 
to the instructor (and other peers) when working on activities that, in traditional classrooms, are 
typically done at home (like problem sets). Moving these activities in class improves student learning 
as it provides them the opportunity to actively engage with the instructor and each other (Herreid 
and Schiller, 2013). In a flipped class, the information transfer (traditionally accomplished by the 
instructor delivering a lecture during class) is moved outside the classroom to a pre-class assignment 
that students are expected to complete before coming to class. These pre-class assignments typically 
require students watch a video of a lecture online, or complete a reading. Moving the information 
delivery out of the classroom allows in-class time to be used for more interactive activities during 
which students can be actively engaged with instructors and other students.

When students are exposed to the material before class they are better able to follow material in 
class (Schwartz and Bransford, 1998), they ask more meaningful questions in class (Marcell, 2008), 
and they perform better on exams (Narloch et  al., 2006; Dobson, 2008; Johnson and Kiviniemi, 
2009). Students report that one of the most important factors in deciding whether to participate in 
class is reading the textbook beforehand (Karp and Yoels, 1976). The connection between pre-class 
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reading and in-class participation is particularly relevant in 
flipped courses that rely on active in-class participation.

As pre-class reading assignments replace lectures in flipped 
courses and serve as the primary mechanism for information 
transfer, it is essential that students complete their assignments 
before class. Even in traditional (non-flipped) college courses, 
pre-class reading has been shown to be important for student 
learning and yet 60–80% of students do not read the textbook 
before coming to class (Cummings et al., 2002; Clump et al., 2004; 
Podolefsky and Finkelstein, 2006; Stelzer et  al., 2009). Clump 
et  al. (2004) studied the extent to which psychology students 
reported reading their textbooks and found that students only 
read, on average, 28% of the assigned reading before class and 
70% before the exam.

Other studies have looked at how much time students spend 
reading textbooks, and when they read. Berry et al. (2010) studied 
pre-class reading habits of undergraduate students enrolled in 
finance courses across three different universities. They found 
that 18% of students report not reading the textbook at all, and 
approximately 92% of students report spending 3 h or less per 
week reading. Almost half the students (43%) report reading 
the textbook for less than an hour a week (Berry et  al., 2010). 
The authors also polled the students to find out when they read. 
Despite instructors’ recommendation to read before class, very 
few students actually do so: just 18% of students report that 
they frequently read before class; 53% report never or rarely 
reading the textbook before class (Berry et al., 2010). Podolefsky 
and Finkelstein (2006) found that only 37% of students report 
regularly reading the textbook and less than 13% read before 
class. Instead of reading before class, students reported reading 
predominately in preparation for exams, to find the answer to 
a specific question, or to help complete homework (Berry et al., 
2010).

There are several reasons why students are not reading 
before class. Some studies suggest that students do not see the 
connection between doing well on exams and pre-class reading 
(Podolefsky and Finkelstein, 2006). To strengthen the connection 
between pre-class reading and course grades, many instructors 
have implemented graded, pre-class reading quizzes (Burchfield 
and Sappington, 2000; Connor-Greene, 2000; Ruscio, 2001; 
Sappington et  al., 2002). “Just in-time teaching” (JITT) is one 
specific implementation of this way of handling pre-class reading 
(Novak et al., 1999). With JITT, before class, students are required 
to answer open-ended questions about the reading online, with 
one question dedicated to soliciting feedback from students 
about what aspect of the reading they found most confusing. 
Instructors can use this feedback to tailor their in-class activities 
and instruction to the most popular areas of student confusion. 
Even with grade incentives, however, the rate of pre-class reading 
compliance is still surprisingly low. Stelzer et al. (2009) reported 
that even with JITT, 70% of students never or rarely read the 
textbook before class. Heiner et al. (2014) recorded student pre-
class reading compliance in two different classes with a JITT-like 
implementation of short, targeted readings and associated online 
reading quizzes (Heiner et  al., 2014). They found that 79% of 
students in one class and 85% of students in the other classes 
reported reading the pre-class reading assignment every week 

(or most weeks). While these results are promising, this study  
(as well as the other mentioned studies on pre-class reading) 
relied on student-reported responses; Sappington et  al. (2002) 
found that students’ self-reported reading compliance is often 
distorted and invalid.

It is unclear from the literature whether there is a relation-
ship between pre-class reading behavior and in-class exam 
performance. Podolefsky and Finkelstein (2006) studied the 
relationship between the frequency with which students report 
reading and course grades. They conducted this study in three 
different types of courses: calculus-based physics, algebra-based 
physics, and conceptual physics. For the calculus and algebra-
based courses, they found no significant correlation between 
course grade and how much students reported reading. For the 
conceptual course, they found a moderate correlation. Smith 
and Jacobs (2003) looked at the correlation between time spent 
reading and course grade for chemistry students and also found 
no correlation between time spent reading (based on student 
self-reported data) and course grades. Heiner et  al. (2014) 
found a statistically significant positive correlation between 
students’ exam performance and the frequency with which 
students completed the online reading quiz. Because much 
of the research is based on students’ self-reported data and 
because of the lack of consensus about the relationship between 
pre-class reading and grades, we set out to systematically study 
this relationship.

The research questions we address are:

 (1) What are students’ pre-class reading habits on a social learn-
ing platform?

 (2) Which pre-class reading behaviors are predictive of student 
in-class exam performance?

 (3) What is the efficacy of the platform in promoting student 
learning?

TheOreTical FraMeWOrK

It is generally accepted that students understand material bet-
ter after discussing it with others (Bonwell and Eison, 1991; 
Sorcinelli, 1991). From the social constructivism perspective, 
students learn through the process of sharing experiences and 
building knowledge and understanding through discussion 
(Vygotsky, 1978). Online learning communities are virtual places 
that combine learning and community together (Downes, 1999) 
and provide environments for learners to collaboratively build 
knowledge. Collaborative learning settings provide students a 
space to verbalize their thinking, build understanding, and solve 
problems together (Webb et al., 1995; Crouch and Mazur, 2001).

Online discussion forums have been used successfully as 
tools to facilitate social interactions and exchanges of knowledge 
between learners (Rovai, 2002; Bradshaw and Hinton, 2004; 
Tallent-Runnels et  al., 2006). The social constructive theory of 
learning with technology emphasizes that successful learning 
requires continuous conversation between learners as well as 
between instructors and learners (Brown and Campione, 1996). 
As a result, when designing online learning strategies, educa-
tors should create social environments with a high degree of 
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FigUre 1 | Persuall instructor course view.
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interactivity (Maor and Volet, 2007). The asynchronous nature 
of online discussion forums allows for discussion between learn-
ers and between learners and instructors at any time of day or 
night, and this is a major advantage over other forms of learning 
environments (Nandi et al., 2009).

Beyond online discussion forums, collaborative annotation 
systems have recently been developed and used in education 
as social learning communities. Online annotation systems are 
computer-mediated communication tools that allow groups 
of people to collaboratively read and annotate material online. 
Many studies have shown that online annotation systems increase 
student learning across many different educational settings 
(Quade, 1996; Cadiz et al., 2000; Nokelainen et al., 2003; Hwang 
and Wang, 2004; Marshall and Brush, 2004; Ahren, 2005; Gupta 
et al., 2008; Robert, 2009; Su et al., 2010).

PerUsall: sOcial learning 
PlaTFOrM FOr reaDing anD 
annOTaTing

Perusall is an online, social learning platform designed to promote 
high pre-class reading compliance, engagement, and conceptual 
understanding. The instructor creates an online course on Perus
all, adopting electronic versions of textbooks from publishers or 
uploading articles or documents, and then creates reading assign-
ments. Students asynchronously annotate the assigned reading 

by posting (or replying to) comments or questions in a chat-like 
fashion.

An instructor view of the course home page is shown in 
Figure  1. The instructor uploads the reading material to the 
left-hand side of the page (under Documents) and then creates 
specific reading assignments from these documents which appear 
in the right panel.

Figure 2 shows what a student sees after opening a reading 
assignment and highlighting a specific passage on a page in the 
assignment. A conversation window opens on the right where the 
student can ask a question or make a comment.

Figure 3 shows a page that has been highlighted and annotated 
by students. When a student clicks on a specific highlight that 
highlight turns purple, and the conversation window for that 
highlight opens on the right.

When a student asks a question about a specific passage, it is 
automatically flagged with an orange question mark, as shown 
in Figure  3. Other students can respond in an asynchronous 
conversation.

Perusall also has an integrated assessment tool that provides 
both students and instructors with constant feedback on how 
students are engaging with the reading assignments. Finally, 
Perusall has a built-in tool for instructors called the Confusion 
Report. This report automatically summarizes the top areas of 
student confusion for instructors so that they can prepare class 
material that is targeted specifically to the content that students 
are struggling with the most.
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FigUre 3 | Reading assignment in Perusall showing student highlights and annotations (note: the depicted individual provided written informed consent for the 
publication of their identifiable image, the image of the textbook book is from OpenStax, University Physics, Volume 1. “Download for free at https://openstax.org/
details/books/university-physics-volume-1,” no further permission is required from the copyright holders for the reproduction of this material).

FigUre 2 | Page of a reading assignment in Perusall. (Note: the depicted individual provided written informed consent for the publication of their identifiable image, 
the image of the textbook book is from OpenStax, University Physics, Volume 1. “Download for free at https://openstax.org/details/books/university-physics-
volume-1,” no further permission is required from the copyright holders for the reproduction of this material.)
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FigUre 5 | Upvoting of explanations in Perusall (note: the depicted individuals provided written informed consent for the publication of their identifiable images).

FigUre 4 | Upvoting of questions in Perusall (note: the depicted individual provided written informed consent for the publication of their identifiable image).

5

Miller et al. Use of Social Annotation Platform

Frontiers in Education | www.frontiersin.org March 2018 | Volume 3 | Article 8

social Features
In addition to the basic highlighting and annotating functions, 
Perusall has a number of additional features designed to turn the 
online reading assignment into a social experience to encourage 
students to engage with the material and with fellow classmates 
outside of class. Several features of the software are designed to 
promote the social aspect of the software.

Sectioning
If the class exceeds 20 students (or another threshold set by the 
instructor), the software automatically partitions students in 
the class into groups that function like “virtual class sections.” 
Students can only interact with and see annotations posted by 
others in their group (as well as any annotations posted by the 
instructor). This allows students to become more familiar with 
the other students in their group, and this familiarity helps 
promote more online interaction. Our prior work demonstrated 
that when the size of the group is too large, the overall quality 
of students’ annotations decreases (Miller et al., 2016), so these 
smaller groups prevent students from becoming overwhelmed 
by an excessively large number annotations and helps keep the 
overall quality of the interactions high.

Avatars
The avatars of other students and instructors who are viewing 
the same assignment at the same time appear in the top left hand 
corner of the screen (Figure  2). Being able to see classmates 
(and instructors) reading the assignment at the same time 
increases the social connectivity of the reading experience and 
encourages students to engage more with the reading (through 
the software).

Upvoting
Students can provide feedback on the annotations made by other 
students in their section by “upvoting” annotations. There are two 
types of upvoting in Perusall. When students would like to know 
the answer to a question posed by another student, they can indi-
cate this by clicking on the orange question mark. For example, 
Figure 4 shows that three students clicked on the orange question 
mark button for that question, indicating that they too would 
like to know the answer. When instructors review questions in 
Perusall, they can pay particular attention to the questions that 
have been upvoted by other students.

When a student provides a particularly helpful explanation, 
other students can indicate this by clicking on the green check-
mark. In Figure  5, five students found the explanation to the 
initial question to be helpful to their understanding. When stu-
dents upvote other students’ explanations, it helps other students 
find explanations that are particularly helpful to their conceptual 
understanding of the reading. Both of these upvoting features 
are designed to increase and encourage the social component of 
the online reading assignments and foster a sense of community 
within the groups.

Email Notifications
Finally, Perusall has an email notification feature that is designed to 
encourage the social interaction aspect of the software even when 
students are not logged into Perusall by letting them know when 
a classmate has responded to a question or comment they have 
made (or have clicked the question mark button for). Through 
the notification, Perusall encourages students to continue their 
conversation about the reading. Figure  6 shows an example of 
an email notification that a student receives when a classmate 
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FigUre 6 | Email notification from Perusall.
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responds to his/her question. The notification encourages students 
to re-engage with the reading assignment by viewing the conversa-
tion and/or letting the responder know whether the response was 
helpful to their understanding. Students can reply to the email 
inside their email client, and the reply is appended directly to the 
conversation in Perusall, as if the student had been online.

assessment
Perusall has an integrated assessment tool, which automatically 
evaluates students’ participation in the reading assignment and 
populates an integrated gradebook (Figure 7).

The grading algorithm uses four criteria to evaluate a students’ 
collection of annotations for any given reading assignment—
timeliness, quantity, quality, and distribution—and students 
receive an overall score based on all four of these criteria. The 
grading algorithm uses machine learning to drive desirable stu-
dent behavior: timely, thorough, and complete reading of the text, 
with annotations that demonstrate thoughtful interpretation of 
the subject matter. Students receive a score based on how closely 
their overall reading and annotating behavior matches behavior 
that is predictive of success in the classroom.

instructor Tools
Besides the gradebook and individual reading assignment feed-
back, which provides important assessment information to both 
students and instructors, Perusall also assists instructors in iden-
tifying from the body of annotations the top areas of confusion 

so they can prepare class material that is targeted specifically at 
addressing these areas. To this end Perusall automatically mines 
questions that students are asking about a particular reading 
assignment and, using a topic modeling algorithm, groups ques-
tions into three to four conceptual areas of confusion. Figure 8 
shows an example of a confusion report generated for a specific 
reading assignment. The philosophy behind the confusion report 
is based on Just-in-Time-Teaching (Novak, 2011), which uses 
feedback from work that students do at home (like pre-class 
reading assignments) to inform what is done in the classroom.

research MeThODs

Participants
The participants in this study were undergraduate students 
enrolled in an introductory physics course. We collected reading 
assignment data and exam data from two semesters of the course 
when Perusall was used [spring of 2015 (S15) and fall of 2016 
(F16)]. In S15, there were 74 students and in F16 there were 79 
students. Students in the S15 course were not the same students 
as in the F16 course. Due to the fact that the event-tracking 
feature of the software was not yet developed in S15, most of the 
analysis focuses on the F16 cohort. As a point of comparison, 
we also collected exam performance data during the two previ-
ous semesters of the course when a different social annotation 
platform was being used [spring of 2014 (S14) and fall of 2015 
(F15)]. There were 72 students enrolled in the S14 course and 75 
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FigUre 7 | Gradebook in Perusall.

FigUre 8 | Confusion report in Perusall.
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FigUre 11 | Histogram of the average number of hours students spend on 
the reading per week.

FigUre 10 | Histogram of the average percent of the reading assignment 
students complete before class.

FigUre 9 | Histogram of the number of assignments students fail to 
complete before class, in each semester.
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students enrolled in the F15 course. The four student populations 
were very similar in composition. Student populations were com-
prised of 48–50% premedical students and 50–52% engineering 
students. All four groups were 53–55% female and consisted of 
equal ratios of students in their sophomore, junior, and senior 
years of college. The four groups had a similar level of incoming 
physics background knowledge, as measured by the average score 
on the physics conceptual survey administered at the beginning 
of each semester [Force Concept Inventory (Hestenes et al., 1992) 
for the fall courses and the Conceptual Survey on Electricity and 
Magnetism (Maloney et al., 2001) for the spring courses].

setting
We conducted this study in the School of Engineering and Applied 
Sciences at Harvard University in an introductory physics course 
called Applied Physics 50 (AP50). AP50 is a calculus-based phys-
ics course designed for undergraduate engineering students. It is 
split into two courses; AP50A, a mechanics course taught in the 
fall, and AP50B, an electricity and magnetism course taught in 
the spring.

The instructor was the same for all four semesters and the same 
pedagogy was used each semester. AP50 met twice weekly and 
each class was 3-h long. In this course, all lectures were replaced 
by reading assignments in Perusall and class time was entirely 
devoted to active learning. The pedagogy was based on features 
from both Project-Based Learning (Blumenfeld et al., 1991) and 
Team-Based Learning (Michaelsen et al., 2002). Students worked 
in small groups for all aspects of the course, including assess-
ments. There were six different types of in-class activities, each 
of which designed to help students master the relevant physics 
and get started on the projects, which were the focal point of the 
course.

As there were no lectures, students were expected to read the 
textbook on Perusall. By midnight, the night before each class, 
students were required to complete the pre-class reading assign-
ment by highlighting and annotating an assigned chapter of the 
textbook, the content of which was the focus of the activities the 
following day in class. As the class met twice a week, there were 

typically two chapter-long reading assignments per week. Over 
the course of each semester there were 17 assigned chapters, with 
each chapter containing 34 pages on average. To receive full credit 
for each reading assignment, students needed to enter at least 7 
timely and thoughtful annotations per chapter.

Procedure
To evaluate the efficacy of Perusall and to study how and when 
students were using the software, we did three different types of 
analyses. We first extracted, from Perusall, a number of metrics 
that describe student reading behavior: the amount of time 
students spent reading, how long before each class students 
logged on to Perusall, and how often they returned to the same 
reading assignment. We calculated student averages, per reading 
assignment, for each of these metrics and summarized these 
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FigUre 13 | Histogram of average number of annotations entered by 
students per assignment on Perusall.

FigUre 12 | Histogram of the average number of reading sessions per 
assignment.

Table 1 | Standardized coefficients for linear regression models predicting 
average exam performance using the average time students spend reading per 
chapter and the average number of sessions students break their reading up 
into as predictor variables and controlling for pre-class physics knowledge (pre-
semester FCI).

MODel 1 MODel 2 MODel 3

N 79 79 79

R2 0.42 0.43 0.51

standardized coefficients

Constant −0.03 −0.03 −0.02
Pre-semester physics knowledge 0.65***  0.67***  0.66***
Average time spent per chapter 0.15 −0.16
Average number of reading sittings per 
assignment

0.41**

(Number of students, N = 79).
***p < 0.001, **p < 0.01.

9

Miller et al. Use of Social Annotation Platform

Frontiers in Education | www.frontiersin.org March 2018 | Volume 3 | Article 8

(in Figures 9–13) as a way of describing how much and when, 
relative to class, students were reading. Second, we used the 
statistical software, STATA, to calculate the correlations between 
specific reading metrics and student exam performance so that 
we could determine which (if any) types of reading behaviors 
are predictive of exam performance. Based on these correlations, 
we used STATA to develop linear regression models to predict 
exam performance using reading behavior metrics (controlling 
for physics background knowledge). Third, to study the efficacy 
of the software in promoting student learning, we conducted a 
comparative study between two different types of social annota-
tion software platforms. We compared exam performance dur-
ing two semesters of AP50 when Perusall was used (S15, F16) 
to performance on the same exams during two other semesters 
(S14, F15) when a different social annotation platform was used. 
The exams in each of the two fall semesters (F15 and F16) were 

identical as were the exams in each of the two spring semesters 
(S14 and S15). To ensure that the students’ incoming physics 
knowledge was the same between the two fall populations and 
the two spring populations, we used STATA to do a two-sample, 
t-test for equal means (Snedecor and Cochran, 1989).

This study was carried out in accordance with the recom-
mendations of the Institutional Review Board (IRB) at Harvard 
University, Committee on the Use of Human Subjects. The IRB 
classified this study as “minimal risk” and, therefore, exempt from 
requiring written consent from the participants.

resUlTs

students’ Pre-class behavior on Perusall
Figure 9 shows the extent to which students complete pre-class 
reading assignments over the two semesters that Perusall was 
being used. In each semester, approximately 60% of students 
completed every one of the 17 reading assignments. Figure  9 
shows that in S15, approximately 90% of students completed 
all but a couple of reading assignments; in F16, 95% of students 
completed all but a couple of reading assignments.

Perusall allows us to collect data on how much time students 
spend on each individual page of a reading assignment. Using 
these data, we can determine when a student makes it all the way 
through the assignment. We define a page as “read” when the time 
spent on that page is longer than 10 s and less than 20 min. We 
define a student as having completed an assignment by dividing, 
for each assignment, the number of pages that were read by the 
total number of pages in the assignment. Based on this metric, 
we find that 80% of students make it through at least 95% of the 
reading and that an additional 10% of students make it through 
80% of the reading (Figure 10).

Using the same data we find that, on average, students spend 
3 h and 20 min per week reading on Perusall (Figure 11).

Figure 12 shows the average number of individual “sessions” 
students take to complete their reading assignments. We define a 
session as any cumulative pages read for longer than 10 min with 
at least 2 h since the previous reading session. On average, students 
divide their reading of each assignment in seven different sessions.
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Table 2 | Comparison of pre-course conceptual physics survey results between 
the four semesters of students (S14/F15 when Perusall was not used compared 
to S15/F16 when Perusall was used).

spring 
of 2014

Fall of 
2015

spring 
of 2015

Fall of 
2016

Force concept inventory (average 
score)

17/30 ± 1 14/30 ± 2

Conceptual survey for electricity 
and magnetism (average score)

8/32 ± 1 7/32 ± 1

FigUre 14 | Exam performance comparison between two different cohorts 
of the same course where the only difference is the use of Perusall as the 
online learning platform. The error bars represent the SEM.
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Figure 13 shows the average number of annotations students 
enter per assignment. Over the course of the semester, students 
wrote a total of 16,066 annotations on Perusall. On average stu-
dents make 13.3 annotations per assignment—nearly twice the 
number that the system recommends.

relationship between student reading 
behavior and in-class Performance
To study the relationship between reading behavior and in-
class performance, we built a series of linear regression models 
predicting students’ exam performance (averaged over the five 
exams during the semester) from the reading and annotating 
metrics previously discussed. These models are presented in 
Table 1. We control for incoming physics background by includ-
ing students’ pre-semester score on the Force Concept Inventory 
(Hestenes et al., 1992) and the Conceptual Survey on Electricity 
and Magnetism (Maloney et al., 2001). We find that students who 
break up their reading into more sessions do better on in-class 
exams than students who read in fewer sessions, even when 
controlling for pre-course physics knowledge and the amount of 
time students spend reading.

Model 1 shows that we can predict 42% of the variability in 
students’ average exam performance using only their score on 
the pre-semester Force Concept Inventory. If we add the average 
amount of time students spend reading (model 2) we can predict 
marginally more (43%) of the variability in exam performance 
although this difference is not significant. When we add to the 
model the average number of sessions the students use to com-
plete the reading, we find we can predict almost 10% more of the 
variability in student exam performance (model 3). Increasing 
the number of sessions a student completes the reading in by 
one SD increases average student exam performance by 0.41 of a 
SD (p < 0.01). None of the other reading/annotation metrics are 
predictive of average student exam performance.

student in-class exam Performance
Finally, we compare two different cohorts of the same course and 
show that the cohort for which Perusall was used to deliver the 
pre-class reading assignments did significantly better on the same 
in-class exams compared to students from the previous year when 
Perusall was not used.

Figure  14 shows student exam performance on 10 in-class 
exams administered over 2 years of AP50 (five in the fall semester 
and five in the spring semester). While the cohort of students 
were different over the four semesters, Table 2 shows that the four 
groups of students had the same level of incoming physics knowl-
edge at the beginning of each semester (as measured by the Force 
Concept Inventory and the Conceptual Survey in Electricity and 
Magnetism). We conducted two-sample, t-tests to confirm that 
the performance on these conceptual inventories was the same 
for the two fall groups and for the two spring groups (p = 0.32 
and p = 0.36, respectively).

The only difference in the course between the S14/F15 and 
S15/F16 was the use of Perusall. During the S14/F15 semesters a 
simpler annotation tool was used to administer the pre-class read-
ing assignments. This annotation tool lacked many of the social 
and machine learning features of Perusall. Students in the S15/F16 
semesters scored 5–10% better on all but two of the 10 exams com-
pared to the students from the semesters before when Perusall was 
not being used (p < 0.05). Based on a two-sample t-test, averaging 
over all five exams in the fall, students in the class that used Perusall 
scored significantly better than the class that did not use Perusall 
(p < 0.05). Students in the fall class that did not use Perusall had an 
average exam score of 38% compared to students in the fall class 
that used Perusall who had an average exam score of 43% (effect 
size = 0.34). The same is true when we average over all five exams in 
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the spring—students in the class that used Perusall outperformed 
the students from the year before (p < 0.05). Students in the spring 
class that did not use Perusall had an average exam score of 41% 
compared to students in the spring class that used Perusall who had 
an average exam score of 45% (effect size = 0.31).

DiscUssiOn anD cOnclUsiOn

This study explores student pre-class reading behavior on Perusall, a 
social learning platform that allows students to interact and discuss 
course material online. We find that student completion of reading 
assignments is substantially higher than what has been reported in 
the vast majority of the literature. With Perusall, 90–95% of students 
complete all but a few of the reading assignments before class. For 
comparison, most of the literature reports that 60–80% of students 
do not read the textbook before coming to class (Cummings et al., 
2002; Clump et al., 2004; Podolefsky and Finkelstein, 2006; Stelzer 
et al., 2009). One study found that, with a JITT-like implementation 
of pre-class reading, between 80 and 85% of students completed 
the reading before class (Heiner et al., 2014), but this study was 
based on student-reported reading data, which has been shown to 
be unreliable. Using reading data from Perusall, we find that 80% 
of students complete 100% of the reading assignment before class. 
This percentage, too, is considerably higher than what is reported 
in the literature: Clump et al. (2004) find that students only read on 
average 28% of the assigned reading before class.

In addition to higher completion of pre-class reading assign-
ment, we also find that, on Perusall, students read for longer than 
what is reported in the literature. Approximately 92% of students 
report that they spent 3 h or less per week reading the textbook. 
On Perusall, students spend, on average, 3 h and 20 min per week 
reading for this one course.

In studying the relationship between reading behavior and 
in-class performance, we find that the average time spent reading 
per chapter alone is not predictive of student exam performance. 
This is consistent with what has already been reported in the 
literature (Smith and Jacobs, 2003; Podolefsky and Finkelstein, 
2006). However, it should be noted that previous studies on the 
relationship between time spent reading and exam performance 
have all been based on student-reported data. Our study uses data 
obtained directly from the Perusall platform. We do find, how-
ever, that students who break the reading up into more reading 
sittings perform better on in-class exams than students who read 
in fewer sittings. This is true even when we control for the amount 
of time students spent reading, and consistent given the spacing 
effect, a well-known phenomenon in psychology: material is 
more effectively and easily learned when it is studied over several 

times spaced out over a longer time span, rather than trying to 
learn it in a short period of time (Dempster and Farris, 1990).

Finally, we find that students using Perusall perform sig-
nificantly better on in-class exams than students using a simple 
annotation tool without some of the social and machine learning 
features of Perusall. We recognize that this result does not indicate 
causality and must be interpreted carefully given the fact that other 
factors could be confounding the results. More research needs to 
be done to pinpoint exactly why students do significantly better 
using Perusall. Perusall has many features that the other platform 
did not have. For example, with Perusall assessment is built right 
into the platform and students get regular and timely feedback. 
In the other platform, assessment was provided separately by the 
instructors and so students received sporadic and less targeted 
feedback. Perusall also has many social features (sectioning, ava-
tars, upvoting, email notifications) that are designed to improve 
the interactions between students. Finally, the Confusion Report 
makes it easier for the instructor to address main areas of student 
confusion in class, which both affords better targeting of in-class 
time to student confusion and allows students to better see the 
connection between pre-class reading assignments and in-class 
activities.

We have demonstrated the efficacy of Perusall as a social 
learning platform and have shown that student completion of 
pre-class reading assignment is substantially higher than what 
has been reported by other studies. In short, with Perusall we 
are better able to get students to complete reading assignments, 
and do so in a way—with spaced repetition—that leads to better 
outcomes. Perusall, therefore, is a useful tool for delivering con-
tent to students outside class and for building an online learning 
community in which students can discuss course content and 
develop understanding. This is particularly important in flipped 
and hybrid courses or any other course that relies on pre-class 
reading assignments.
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