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e Mahajan was made an author after his usage of NB; he had
no special incentive to make the NB succeed, aside from
an interest in teaching well.

e Our data from many of the other high-usage classes is qual-
itatively similar, as we aim to report in an extended version
of this article.

Approximations in Engineering had 91 undergraduate stu-
dents. The thrice-weekly class lectures came from a pre-
print version of Mahajan’s textbook. He assigned sections
of the book, usually about 5 pages long, for each lecture.
The previous four times he had taught the course, Mahajan
required students to submit a paper-based “reading memo”—
annotations taken on the sides of the lecture pages—at the be-
ginning of each class. This method was popularized by Edwin
Taylor [12]. Mahajan required students to make a “reasonable
effort”, defined in the syllabus as follows: “For reasonable ef-
fort on a reading memo one comment is not enough unless it
is unusually thoughtful, while ten is too many”.

NB replaced the previous paper-based annotation system.
Mahajan left the reading memo model and instructions un-
changed but modified the deadline: instead of requiring that
annotations be delivered in class, he made the online annota-
tions due 12 hours before class, intending to peruse them prior
to lecturing (we discuss the consequences of this change in
the The Instructor Perspective section). There were no Teach-
ing Assistants (TAs) for this class.

Method

Our analysis is based on log data, user questionnaires, and
a small focus-group interview. The log data included user
actions down to the action level and were kept in a standard
log file. All annotations that users produced were stored, with
the users’ consent. User questionnaires were administered at
@ nd of the semester to both students and faculty.

In total, we obtained over 1.4 million user actions and, as
mentioned, 14258 annotations from this class. These actions
include page seen, comment created, time spent with NB both
active and being “idle”, and so on. We also obtained, to be
discussed later, questionnaires from students and interviews
mm
scale ratings concerning satisfaction and how NB might have
helped or hindered understanding. In addition, they included

open-ended comments about each question where they could
explain their ratings.

Analysis of the log data followed standard quantitative pro-
cedures. As well, some of this data was analyzed by coding it
for specific characteristics, such as being a substantive com-

data [9]. These themes were discussed by all the authors, then
re-read to examine the agreed-upon themes in more detail.

FINDINGS

In this section, we assess the usage of NB by examining the
corpus of annotations and its creation process. We present ev-
idence that substantial amounts of collaborative learning [8]
occurred within NB. The annotations were primarily substan-
tive content [8] regarding the course. Discussion threads were
extensive. Students became active participants in questioning
and interpreting the course material, with a large majority of
questions by students answered by other students. Students
interleaved annotation with reading, benefiting from the op-
portunity to see content and respond to content while in the
midst of reading, instead of navigating to a different discus-
sion site. Exploiting the geographic situatedness of annota-
tions, students posted comments that addressed several dis-
tinct but co-located threads simultaneously.

Collaborative Learning

Assessing CaMILE [8], Guzdial and Turns identified 3 cri-
teria that were deemed necessary to promote collaborative
learning: broad participation, sustained discussion, and fo-
cus on class topic. We observed all three of these criteria. We
cover each in turn.

Broad Participation

The 91 students created over 14000 annotations during the
semester (averaging 153), while the instructor created 310.
The average number of annotations authored per student per
assignment was 3.67. This quantity increased over the course
of the semester: a linear regression of this quantity over time
shows it increasing from 2.73 to 4.2 per assignment, an in-
crease of 1.57 (p < 107°). Although annotating was re-
quired, we take this increase over time as a sign of voluntary
participation beyond the minimum requirement, suggesting
that students found the tool useful.

The instructor also posted problem sets, on which no annota-
tions were required. Nonetheless, 217 annotations were made
on this material, in another demonstration of voluntary usage.

Sustained Discussion

Of the 14258 annotations, 3426 (21.4%) were isolated
threads—single annotations with no reply, while the remain-
ing 10832 (78.6%) were part of discussions—threads con-
taining an initial annotation and at least one reply. For as-
signments, there were on average 13.9 discussions per page
and 3.48 annotations per discussion. As shown in Figure 2,

Coding it for specific characteristics, such as being a substantive
com- ment
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Analysis of the log data followed standard quantitative pro-
cedures. As well, some of this data was analyzed by coding it
for specific characteristics, such as being a substantive com-
ment, on randomly selected samples of the data. The details
of these codings and the samples are discussed in the Usage
Analysis section below. The coding was done by the first
author. The second and third authors reviewed the coding
schemes and also the results.

Analysis of the open-ended comments on the user assess-
ments was done by carefully reading the comments for
themes and patterns, as is standard practice with qualitative
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signments, there were on average 13.9 discussions per page
and 3.48 annotations per discussion. As shown in Figure 2,
the thread length distribution exhibits a smooth decay, with
over 400 discussion of length 5 or more, i.e. 1.4 lengthy dis-
cussions per page of material on average.
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Focus on class topic

We read and categorized all 413 comments in 187 discussions
for a typical 5-page reading assignment (a lecture on dimen-
sional analysis, given in the middle of the term). We used

Total questions 116
Resolved by student in same thread 59 (50.8%)
Resolved by student in different thread | 14 (12%)
Resolved by faculty 10 (8.6%)
Not resolved 11 (28%)

Table 3. Breakdown of questions asked and their resolution.
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The 91 students created over 14000 annotations during the semester (averaging 153), while

The 91 students created over 14000 annotations during the semester (averaging 153), while

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

Notes

collaborative learning [8] occurred within NB -

This is a great
example!

User questionnaires were administered at the end of the semester to both students and -

User questionnaires were administered at the end of the semester to both students and -

We also obtained, to be discussed later, questionnaires from students and interviews with -

We identify specific reading behaviors that are predictive of in-class exam performance. -

We report on NB, an annotation forum that has been successfully deployed and used in 55 —
classes at 10 universities. Students use NB to hold threaded discussions in the margins of

We report on NB, an annotation forum that has been successfully deployed and used in 55 -
classes at 10 universities. Students use NB to hold threaded discussions in the margins of

In total, we obtained over 1.4 million user actions and, as mentioned, 14258 annotations -

60-80% of students do not read the textbook before coming to class -

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.
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