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ABSTRACT
Extant research suggests that learner engagement in discus-
sion forums is positively correlated with learner performance.
In this paper we investigate which types of forum engage-
ment are most strongly associated with final performance in
MOOC courses. In particular, we compare the correlation
between course final grade and two types of learner engage-
ment: direct measures, which count the number of interac-
tions, and indirect measures, which capture learners position
in a social network. We found that direct measures have
stronger correlations with final grade. However, in prelim-
inary analyses, we also found that course instructors score
higher than learners on some indirect measures. We discuss
the implications of these findings and our plans for develop-
ing the work further in the future.
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INTRODUCTION
Models which treat the spread of information as a type of con-
tagion have been verified by historical records [1, 7]. This,
along with studies that have found word of mouth more effec-
tive than other forms of marketing [15, 11], provide strong ev-
idence that interacting with classmates should increase learn-
ing in a course. In this paper we investigate whether learn-
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ers benefit more from interacting directly with peers or posi-
tioning themselves to indirectly receive knowledge and ideas
through the forum’s social network.

We investigate whether learners’ final grades are more closely
correlated with direct or indirect connections to their peers.
To capture these connections, we modeled learner interac-
tions on course discussion forums for three massive open on-
line courses (MOOCs) on the Coursera Platform as a social
network. The direct measures were the number of threads on
which a learner posted and the number of peers a learner in-
teracted with on those threads. The indirect measures we ex-
plored were the frequency at which a learner serves as the link
between peers (betweenness), a learner’s connectedness to in-
fluential peers (Bonacich Power), and the number of peers
through which a message from a learner would need to travel
to reach all other learners (closeness).

Our findings indicate that direct measures of learner interac-
tions are more consistently correlated with final grade than
a learner’s indirect interactions. However, we found some
evidence that indirect metrics may be better suited for iden-
tifying the most influential members of a forum. Expanding
on this evidence will be necessary for drawing any concrete
conclusions.

BACKGROUND AND RELATED WORK
Researcher interest in the ways social networks affect learn-
ing has been around for some time. Martinez et al. estab-
lished in 2003 that networks of social interactions in tradi-
tional classrooms are a good model of learner collaboration
[10]. As online classrooms increasingly developed active fo-
rums which automatically record student interactions, meth-
ods were tailored for building social networks from forum
data [9]. Research has demonstrated that, as in traditional
classrooms, peer interactions in online discussion forums can
foster learning [6]. Furthermore, more active networks pro-
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mote higher levels of cognitive engagement and critical think-
ing [14].

There has been some research into the type of interactions
that best foster learning. A study that investigated networks
of scientific publications suggests that networks with large di-
ameters and many small tightly connected communities (like
a company with many small departments) spread ideas best
[4]. Studies which have looked at the benefits to individual
learners have concluded, like us, that direct metrics like the
number of posts a learner makes or the number of peers they
interact with, are the most predictive of performance metrics
such as dropping out or completing [16, 13]. These stud-
ies explored whether social statistics can predict learner out-
comes. Our work differs from these studies in asking whether
some statistics are better predictors than others.

Though our work suggests that indirect links are not as pre-
dictive of performance outcomes, research suggests closeness
is correlated with having more influence within the network.
Cho et al. found through surveys of an online master’s pro-
gram that learners who were close on the friendship network
before the beginning of a course had a larger influence on how
the social network developed during the course [2]. Dowell
et al. found that learners in a MOOC who were close used
longer, more narrative form language [3]. This findings sug-
gests that measures of indirect interaction may have impli-
cations beyond course performance. The preliminary com-
ponent of this study regarding course instructors intends to
develop this line of thinking.

The present study contributes to the existing literature in three
ways:

1. It utilizes data from three different courses to replicate find-
ings from existing literature. In addition, we examined dif-
ferent time points in each course to determine the extent to
which the timing of course interactions might influence, or
moderate, the relationship between learner interactions and
final course performance.

2. It compares the association between course performance
and two specific types of learner interaction on online dis-
cussion forums: direct and indirect. Previous studies have
tended to examine these types separately, neglecting to
compare the usefulness of exploring one type of interac-
tion over another.

3. It offers a preliminary look at instructor positioning in the
social network. Given the implicit assumption that course
instructors are most expert among the course participants,
exploring the ways in their position differs from learners’
is a fruitful avenue for continued research.

DATASET
The data used in this research came from three MOOC ses-
sions. Two of these sessions were different offerings of Inno-
vation, a course on entrepreneurship which heavily encour-
aged forum participation. The other session was Matlab, a
course on programming. All three sessions had active in-
structor and teaching assistant involvement on the forums.

Course Sign Ups Assignment Unique Posters
Innovation 1 47,000 7,200 6,100
Innovation 2 33,000 3,300 2,000
Matlab 1 63,000 7,700 1,500

Table 1: Number of learners in each course who signed up,
did at least one assignment or posted on the forum.

Course Sub-Forum Posters Threads
Innovation 1 Week 1 4329 532
Innovation 1 Week 4 1798 247
Innovation 1 Week 8 1236 112
Innovation 2 Week 1 1493 327
Innovation 2 Week 4 811 280
Innovation 2 Week 8 435 77
Matlab 1 Weeks 1-4 700 378
Matlab 1 Week 5 163 79
Matlab 1 Week 8 266 131

Table 2: This table shows the number of posters (including
both learners and instructors) who participated in each sub-
forum and the number of threads they generated in that sub-
forum.

Course announcements were made on a separate announce-
ments page, not the forums.

It is important to consider time in any analysis of the relation-
ship between course interaction and grade. Learners who post
in a discussion forum about the final project in a course are
more likely to receive passing grades than students who post
about the first lecture since some of the learners who watch
the first lecture drop out before the final project [6]. The
MOOC sessions under study here all had separate sub-forums
for each week of the course. We take this into consideration
in this study. Specifically, in each course, we modeled sub-
forums from the beginning, middle and end as separate social
networks rather than treating the whole forum as single so-
cial network. The number of participants in each session and
sub-forum are shown in tables 1 and 2.

Method
In these MOOCs, after a learner made a post on a thread they
were automatically added to a mailing list which would send
out an email each time there was a subsequent new post on
that thread. For this reason we modeled learners as being
exposed to every post on threads to which they posted. To
represent this as a social network, we modeled every learner
as a node. Two nodes shared an edge if the corresponding
learners had co-participated in at least one thread in a sub-
forum. This method of modeling the forums has been corrob-
orated by other researchers [8, 12, 6]. A popular alternative is
to model the discussion forums as directed graphs [3, 9, 16]
where edges point to the peer a learner is replying to. For
the forums explored in this study there was no reliable means
of recording if one post was in reply to another. Therefore,
we used a model with undirected edges. To account for the
difference in course commitment between learners who have
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(a) The value inside each node shows the betweenness of that node.

(b) The value inside each node shows the Bonacich Power of that node.

(c) The value inside each node shows the closeness value of that node. A node is
considered ”closer” if it has a lower value.

Figure 1: The above graph shows examples of the values for
each indirect measure we looked at on a small example net-
work.

just started the course and learners in the last week, we did
not combine models across sub-forums.

The purpose of this study is to determine the relative correla-
tion between grade and metrics of direct connections versus
indirect metrics. We differentiate between direct learner con-
nections and indirect learner connections based on the man-
ner in which information is spread to learners. Direct met-
rics capture the extent to which one learner is exposed to the
ideas or knowledge of another learner. Indirect metrics, on
the other-hand, capture the extent to which a learner posi-
tions themselves to be exposed to a variety of other learners.
Further, direct metrics are captured by counts of user activity,
whereas indirect metrics must be calculated from social net-
work models. The specific direct metrics we examined were
the number of threads to which a learner posted and the num-
ber of peers with whom they shared at least one thread. We
contrasted these with three indirect metrics of social network
positioning: Betweenness, Bonacich Power and Closeness.
Betweenness measures how often a learner lies on the short-
est path between two peers. Bonacich Power is a reciprocal
measure in which the connectedness of a learner’s neighbors
on the network determines their Bonacich Power. Closeness
measures the sum of the shortest paths from a learner to each
of their peers - thus, learners with lower closeness scores are
more central. The values of all three of these metrics are
shown in figure 1.

To provide examples of the indirect measures, a learner in a
MOOC course with high betweenness is one who frequently
engages with posts by peers from different groups, thereby
hypothetically exposing themselves to a variety of diverse
ideas. A learner with high Bonachich Power posts in threads

Course Sub-Forum Neigh Thread
Innovation 1 Week 1 ns 0.08**
Innovation 1 Week 4 0.07** 0.05*
Innovation 1 Week 8 0.06* ns
Innovation 2 Week 1 0.10** 0.16**
Innovation 2 Week 4 ns 0.08*
Innovation 2 Week 8 ns ns
Matlab 1 Weeks 1-4 0.16** 0.15**
Matlab 1 Week 5 0.20* 0.15*
Matlab 1 Week 8 ns ns

Table 3: The significant correlations with grade for direct in-
teractions: number of neighboring peers (Neigh) and number
of threads posted to (Thread). In this table ns = not signifi-
cant, * = p < .05 and ** = p < .01

Course Sub-Forum Close Bon Bet
Innovation 1 Week 1 -0.05** ns 0.05**
Innovation 1 Week 4 -0.09** ns ns
Innovation 1 Week 8 -0.09** ns ns
Innovation 2 Week 1 -0.12** ns 0.09**
Innovation 2 Week 4 ns ns 0.07*
Innovation 2 Week 8 ns ns ns
Matlab 1 Weeks 1-4 ns ns 0.14**
Matlab 1 Week 5 ns 0.16* ns
Matlab 1 Week 8 ns ns ns

Table 4: The significant correlations with grade for indi-
rect interactions: Betweenness (Bet), Closeness (Close) and
Bonacich Power (Bon). In this table ns = not significant, * =
p < .05 and ** = p < .01

that are frequented by other highly engaged and active learn-
ers, thereby hypothetically exposing themselves to peers who
have learned from others in the course. Lastly, a learner with
a low closeness score interacts on threads in a manner that ex-
poses them to ideas of many other learners in the course. The
results of our analyses comparing these metrics are presented
in the following section.

RESULTS
The number of threads a learner posted to was significantly
correlated with grade more often than any of the other statis-
tics (in 6 out of the 9 sub-forums). Furthermore, those six
sub-forums are the ones from the beginning and middle of
each course, suggesting that this statistic is most useful at ear-
lier points in the course.

The next most promising statistic was the number of neigh-
boring peers a learner has followed by betweenness and
closeness. Bonacich Power was only significant in one sub-
forum. These results suggest that direct measures of learner
interactions are more consistently correlated with course per-
formance than indirect measures. The significant correlations
for each measure can be seen in tables 3 and 4.

In analyses not presented here, we estimated a few models
which used linear combinations of indirect statistics to see if
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grade could be better predicted using multiple linear regres-
sion. None of these models explained more variation in learn-
ers final grade than number of threads. Thus, we concluded
that combining the features does not add value if the outcome
of interest is final course performance.

In addition to correlating each statistic with grades, we also
explored the difference between the measurements for in-
structors and students. In the Matlab course, instructors were
more engaged than the average learner, as measured by all
the metrics we considered in this study. This was not true for
the Innovation courses with the exception of closeness. In all
sub-forums in which instructors participated, the instructor
closeness scores were at least a standard deviation ‘closer’
than the mean closeness score. Dowel et al. found that fo-
rum participants who had high closeness scores tended to use
more narrative language, much like instructors [3]. We hope
to explore the implications of this in future work.

CONCLUSIONS AND FUTURE WORK
In this study we found that direct learner interactions on the
forums are more often correlated with learners’ final grades
than indirect interactions. We hypothesize that this trend
arises due to similar ideas being posted on multiple threads
and plan to investigate the veracity of this hypothesis in fu-
ture work. We also find that, in general, instructors are more
indirectly connected than learners in the social networks.

In future work, we hope to further uncover ways in which the
behaviors of learners are related to behaviors of instructors.
Additionally we hope to do a qualitative assessment of the di-
versity of thread topics on each sub-forum. We would expect
indirect measures to be more correlated with grade on sub-
forums which rarely have the same ideas repeated on multiple
threads and less correlated with grade on sub-forums where
multiple threads contain similar ideas. Our current model
treats all peers in the social network as more or less the same.
However, research suggests that learners benefit more from
interacting with peers with high GPAs [5]. We plan to look
into whether interactions with instructors and teaching assis-
tants lead to different benefits than peer interactions.
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