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Assessing learning in MOOCs through interactions
between learners

Abstract. This paper presents a retrospective analysis of learning in a MOOC
as reconstructed from the conversations that learners conducted in MOOC
group forums while performing the course tasks. A mixed method approach
was applied to analyse the quantity and the quality of these conversations. Two
activity patterns were distinguished — in groups with higher activity levels, there
were more individual contributions (posts) on more course themes and these
contributions were broader spread throughout the course. In high activity
groups there was also more interaction between participants, i.e., more ques-
tions, answers, explanations and elaborations. The presented study demonstrates
how modeling interactions in group forums helps to elicit individual and emerg-
ing group knowledge construction and thus supports defining MOOC learning,
informs MOOC design and provides insights on how assessing MOOC learning
can be automated.

Keywords: assessing learning, learner interactions, knowledge building, text
analysis, MOOC learning, mixed methods

1 Theoretical framework

After a decade of growth Massive Open Online Courses (MOOCs) may still be seen as
a trend which develops next to the mainstream of the 21st century education. The
growth is, however, spectacular. Major institutions in Higher Education including
world top universities have already developed and offered open learning for altogether
millions of learners all over the world. The body of knowledge on MOOCs, MOOC
learners, MOOC design and MOOC technologies grows exponentially and the width of
topics MOOC researchers are getting a better grip on is diverse.

The theoretical underpinnings of learning in massive online open education are,
however, still under construction. MOOCs can be conceptualized, set up and run by
their providers in a multitude of ways. MOOC participants enrolling in MOOCs
pursue diverse goals, course completion being not necessarily among them [1].
Individual learners goals are known to vary and be susceptible to change dependent
on the concrete (first) experiences and/or on other factors that may shape, hinder or
re-shape the learning process [2].



The open access, “free” character and the absence of boundaries at curriculum
level make learning in a MOOC and possible outcomes of this learning fuzzy, little
predictable and thus little congruent with the mainstream curriculum-based learning.
The question arises how using other mechanisms than compliance with pre-defined
learning objectives or course completion can be used to define MOOC learning. This
study addresses this question. Such a mechanism does not, however, need to be a
separate effortful activity, an adjacent question is how (and to what extent) an
assessing MOOC learning can be automated.

Individual learning is an internal process. Construction of knowledge, though,
involves verbal interaction with others when learning outcomes are made explicit and
communicated in some form, when there is collaborative effort involved [3-5] or
when the interaction is a byproduct of individual learning activity, such as, for
example, student seatwork [6]. Interactions that take place in online learning
environments and are made “visible” with the help of technologies help to understand
both what is learned and how it is done at both individual and group level [7]. The
literature on technology enhanced learning in general and more specifically on
computer mediated communication (CMC) and computer supported collaborative
learning (CSCL) accumulated in the past decades of active use of computers for
learning and teaching provides theoretical frames for understanding how exchanges in
online learning environments contribute to learning and joint knowledge construction.
This literature contains instrumentation for its analysis in the form of content coding
schemes that are geared towards a particular instructional context or learning design
[8-12].

The CSCL literature legacy can be used in the conceptualization, analysis and
assessing MOOC learning when learners’ active contributions to MOOC’s
environment in the form of posts, conversations and sharing experiences, ideas and
artefacts are taken into account. While the first open online courses that followed the
principles of learning in networks, the so called cMOOCs and the first massive
knowledge consumption courses, the XMOOCs represented two distinct strands in
open education movement, recent generations of MOOCs build upon the legacy of
both strands combining in different constellations (elements of) “production and
consumption” of knowledge with active and social learning elements [13-16].

This paper will zoom into learners’ interactions in a MOOC environment as a way
to establish the boundaries of and lay the ground for operationalizing MOOC learning.
The next section first describes a framework for knowledge construction in online
learning that combines aspects of individual learning with social learning and creation
of (cultural) artefacts [5, 17].

1.1  Knowledge building in online learning environments

Various researchers have developed theories and models to explain how learners learn
or how learning in communities might be facilitated. Models and frameworks like the
Knowledge Building model by Scardamalia and Bereiter [18-20] or the often used In-
teraction Analysis model by Gunawardena, Lowe, & Anderson [21] model contribu-



tions of individual learners to shared knowledge construction. These models and frame-
works are often based on underlying assumptions the researchers have on how learning
occurs and therefore are specific and fine-grained. Such granularity limits applicability,
in particular when effortful and time consuming detailed analysis of content or dis-
course is not feasible. As one of the aims of the current study was to look for a technol-
ogy-based solution and analysis methods that potentially can be automated, an approach
based on general principles of learning through interaction was taken as point of depar-
ture.

1.2 Individual and group knowledge in an online learning environment

Paavola and Hakkarainen (2005) combine three metaphors of learning in order to de-
velop an emergent approach to understanding learning against the current societal
trends and challenges: the acquisition metaphor (a monologue), the participation meta-
phor (a dialogue) and the knowledge-creation metaphor which sees learning as a
trialogue, with interaction between learners through (cultural) artefacts they develop
together.

In a way, Stahl [4, 5] connects these metaphors by conceptualizing the individual
knowledge construction as a process embedded in a shared learning experience - as
continuous interaction between personal and social learning. Individual knowledge is,
in this view, externalized through public utterances and is constructed through dis-
course and interaction with others based on the exchange of utterances, clarifications,
building on each other’s input, resolving controversies and negotiating meanings. The
model is illustrated in Fig. 1.
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Fig. 1. Stahl’s individual and shared cycle of knowledge exchange and construction, figure ad-
justed from [5]



Externalizations take on various forms, such as teacher or learner monologue of dia-
logue between both, conversations between groups of learners, exchanges that involve
few or many participants, remain superfluous or go deep, are anchored in sharing doc-
uments and artefacts or not.

Avrtefacts that are created and shared with others make it possible for all to engage
in interaction and discourse around these artefacts, elaborate and build on the existing
knowledge in order to construct new knowledge on both the individual and group level
[17]. Analysis of utterances of individual learners and exchanges between learners to-
gether with analysis of artefacts can shed light on what is learned and the quality of this
learning. At the same time such analysis can help to evaluate the richness of the envi-
ronment in which individual and group conversations and learning through conversa-
tions occur [7, 22].

In an electronic learning environment learning becomes visible to others through
exchanges between learners who can respond to each other in real time (i.e., through
chat) and asynchronously (i.e., through discussion boards or social media). Learning is
thus also visible for those who are not directly involved in conversations but might
benefit from reading available exchanges and reflecting on them at a later moment.
“Invisible” learning of these silent learners might in its turn become visible if they
eventually join an on-going conversation or start a new one and thus contribute to ex-
changes that act as instantiations and at the same time as both sources and triggers of
individual and collaborative knowing [5]. Thus, individual learning as an internal mon-
ologue and social interaction as a dialogue transform into collaborative learning and
knowledge creation [17].

1.3 Modelling personal and shared knowledge construction through
discourse in a shared online learning environment

In his model Stahl demonstrates the interdependence of individual and collaborative
knowledge building without further specifying kinds of knowledge and actors involved.
Garrison, Anderson and Archer [23] provide such a specification defining cognitive,
social and teaching presence as essential elements or constituent parts of the learning
process in an online environment. According to Garrison et al [23], cognitive presence
manifests itself in articulations of event triggers, exploration of ideas through sustained
information exchange and formulating new ideas. Social presence refers to learners
presenting themselves and communicating with others in order to connect, initiate and
maintain interaction, and/or build up a relationship, increase or maintain trust. Social
presence allows participants in an online exchange to develop a sense of belonging in
a community and establish or strengthen a personal identity. The sense of belonging is
in its turn reported to be positively associated with motivation, satisfaction, perfor-
mance and the degree of perceived learning The third element, teaching presence is
related to the design of the educational experience and facilitation of the learning pro-
cess. Garrison and colleagues [23] speak of it as ‘a means to an end’, referring to the
function of teaching presence — to support and enhance cognitive and social presence
in the learning environment by promoting meaningful interaction [23, 24].
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Fig. 2. Specifying the type of knowledge (and presence) involved according to Garrison [23] in
the model of individual and shared cycle of knowledge exchange and construction according to
Stahl [5]

Combining the model of individual versus collaborate knowing development through
discourse [5] with a types of knowledge specifications model [23] allows to frame the
knowledge exchange processes in general terms yet with sufficient specificity that as-
sessment and evaluation require and thus to define learning through interaction. Fig. 2
visualises a possible relation between the two models.

In the study described below, this combined framework was applied to analyse in-
teractions between MOOQC participants in order to define MOOC learning. Given the
benefits shown in other studies from combining quantitative and qualitative research
[9, 25], a mixed-method approach was used to answer the formulated research ques-
tions.

2 Methodology

2.1  Context

The context of this study is a MOOC on the topic of blended learning. The MOOC
targeted teachers interested in using blended learning principles and tooling in course
design internet technologies. The MOOC was offered free of charge, an optional certi-
fied track required a fee and required participants to maintain a portfolio and submit a
final assignment (a blueprint of course design or redesign).

The MOOC lasted 8 weeks and covered 5 different topics related to the use of inter-
net technology for course design, assessment, communication, individual and collabo-
rative learning and the role of a teacher as designer of learning activities.



The first week combined an introduction to the topic with personal introductions as
a way for learners to get to know each other. The final week included a reflection on
own progress and on the general topic of the MOOC.

All topics followed the same structure. The week started with an orientation on a
topic through self-study to be followed by an expert introduction of the topic presented
in an interactive live online video session. The expert also gave general feedback on
the contributions to the orientation assignment, responded to questions and posts in the
forum or posed in the chat during the online session and elaborated on subsequent tasks.
Additional readings were available for those interested in in-depth learning.

Collaboration and exchanges between participants were stimulated by task design
that anchored tasks in professional contexts relevant for participants and invited partic-
ipants to share assignments with others participants, and give each other feedback. To
streamline this process, 1181 participants were randomly divided into 13 subgroups,
each with access to a dedicated discussion forum next to the general forum. Group size
was on average 90, ranging from 64 to 119 [15].

Participants were informed that the MOOC was part of ongoing research and that
their participation and contributions in the MOOC would be tracked. By registering for
and enrolling in the MOOC, participants agreed to their data being used for research.
Participants were informed that participation remained voluntary and that they could
withdraw at any time.

2.2 Data analysis

Participant contributions to discussion forums was analysed in two ways. First, a quan-
titative descriptive analysis was made of participation in the group forums of all 13
groups. This entailed a calculation of frequency of messages sent, number of threads,
and thread length.

Because the quantitative analyses seemed to suggest difference in posting behaviour
between groups a systematic text analysis method [26-28] was applied to determine
whether this quantitative difference was also reflected in the type of messages posted.
Therefore a selection of groups was made to provide sufficient data for the required
analyses. Selection was based on the total number of messages in the discussion forum
and the number of messages related to each of the 16 different assignments.

Three groups with the least exchanges and three groups with the most exchanges
were selected for the systematic text analysis. In the remainder of this paper these are
referred to as ‘high activity’ and ‘low activity’ groups.

NVivo10! was used to analyze the forum messages. Before starting with coding an
initial exploration of the forum messages was made based on word frequency and word
clouds to inform the coding categories.

For text analysis purposes, messages of each of the discussion forums for the 6
groups were exported from the database in CSV format and imported into an Excel
sheet. This Excel sheet was then imported into NVivo, marking the column containing
the message text as NVivo codable. Fields that could identify individual persons were

L http://www.gsrinternational.com/



excluded from analysis. A complete individual post (text message) was used as the unit
of analysis. More than one category could be used to code the message.

Conceptual frameworks by Stahl [5] and Garrison and colleagues [23] and the
grounded theory approach [29] was used to model learners’ interactions. A coding
scheme was developed in several iterations by the two researchers who performed the
coding. The final model included the categories as shown in Table 1. The table provides
the definition of the coding category and indicates between brackets the type of pres-
ence. Examples of coded utterances are provided to illustrated the categories that con-
stitute the model.

Messages of three ‘high activity’ and three ‘low activity’ groups were analyzed to
compare if groups that posted more messages also showed different interaction patterns
and/or differed in the nature of their conversations. A chi-square analyses were per-
formed to check if interaction level had an effect on the distribution of type of messages.

Table 1. Coding categories of the forum messages, type of presence and example of posts in

the forum

Category (type of pres-
ence)

Definition

Example

Personal introduction (So-
cial presence

triggered by instruction -
teacher presence)

Social interaction (Social
presence)

Knowledge telling (Cog-
nitive presence triggered
by instruction - teacher
presence)

Elaborating on knowledge
(Cognitive presence)

Participants introduce
themselves, provide some
background and indicate
their learning needs and
goals for participating in
the MOOC.

Any message that was not
related to content or as-
signments of the MOOC
but consisted of social ex-
change.

The participant presents
facts, provides descrip-
tions, reproducing infor-
mation, knowledge with-
out elaborating.

The participant not only
reproduces facts, infor-
mation, knowledge, but
elaborates on it by provid-
ing:

- examples from own ex-
periences;

- examples from practice;

My name is E. A... and |
participate in this MOOC
out of curiosity about the
possibilities of adapting
education to the 21st cen-
tury. ...

... Nice to read your intro-
duction, in which 1 see
similarities with my own
experiences. ...

... . Within our faculty we
use Blackboard, by many
this ELE is only used to
post slides and articles,
but there is a small num-
ber of teachers who also
use other available tools
in education.

When | consider my first
learning experiences with
MOOQCs, | find this way
of learning very powerful.
Interesting reflection
questions are asked (such
as this assignment) and
there is mutual feedback



Invitation

to

respond

(Cognitive presence)

Responding
presence)

Rest

(Cognitive

- personal view or view of
others supported by the-
ory.

The message is formu-
lated to elicit response,
by:

- explicitly asking peers
for feedback;

- explicitly asking for sup-
port, ideas, collaboration,
Or response;

- implicitly creating an
opportunity for conversa-
tion, e.g. by asking stimu-
lating  questions, by
providing questions that
allow elicitation of solu-
tions, etc., without explic-
itly asking the reader to
respond or provide an-
SWers.

Responding by:

- providing feedback to a
previous message;

- answering posed ques-
tions;

- taking up earlier voiced
ideas, concepts, thoughts
etc. and clearly elaborat-
ing on it.

Any off topic message
that could not be assigned
to one of the other catego-
ries.

on each other's assign-
ments. ...

M..., I agree with many of
your arguments ... . |
would also like to add that
other guidance skills are
also required from the
teacher/tutor in online
collaboration.

How should | guide 'my'
teachers? What do they
need and what will change
for them if they move
from “contiguous” to a
blend of contiguous and
distributed? | wonder
what you think of the ex-

ample ...
?

Inresponse to W..., | think
the rubric gives an answer
to what 'insufficient, suffi-
cient and good' means in
practice. ... It is a tool in
the assessment process
that always involves sub-
jectivity. ... However,
it is indeed striking that
terms such as 'relevant’,
‘essential’, ‘consistent’ and

‘reasonable’ are men-
tioned, and that it is not
yet immediately clear

what these terms imply ...
Hi C... , thank you for
your feedback! May be
the sound is not good
enough. Unfortunately, |
do not have a better head-
set, it is in the office. ...

Hello, K...., thanks for
sending the article... E.




3 Results

3.1 Interaction in group forums: visible patterns

Participants of the 6 groups placed in total 1442 messages, grouped in 846 threads with
an average thread length of 1.6. As shown in Fig. 3, by far the most messages (34%)
were placed in week 1, while the number of messages for the other topics was lower
but still fairly consistent, although the number of messages seemed to decrease in week
6.

Overall, only half of participants engaged in the discussion forums. Moreover, two
patterns could be observed in the activity in these forums: *high activity’ groups in
which participants posted more messages (see Table 2) and remained active, i.e., kept
posting messages for each of the assignments during the whole of the MOOC, and ‘low
activity’ groups in which participants posted fewer messages and the number of mes-
sages declined with MOOC progression. Fig. 3 illustrates the observed trend.

Table 2. Frequency of posting in high and low activity groups

High activity ~ Low activity

Total number of participants 283 240
Total number unique participants posting 150 112
Total number of threads 555 291
Total number of messages 1049 393
Average number of threads per active poster 3.7 2.6
Average number of messages per active poster 7.1 3.6

300 - - - - =
High interaction vs low interaction groups
250 +
High Low

% 200 -
g
£
ué 150 4
£
E 100
z

50 -

o T T T T T
1 2 3 4 5 5

Fig. 3. Number of messages per topic/week for 3 “high activity’ groups and 3 ‘low activity’
groups
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Table 3 presents an overview of the type of interactions in both high and low activity
groups. Although all types of messages are present in each group, the interaction pat-
terns differ (32(6)=96.14, p < .001, Cramer V .243). In ‘low activity’ groups
‘Knowledge telling’ category is a dominant category and ‘Personal introduction’ is the
second best represented category. Both these categories are associated with teacher
presence as they represent contributions that result from instructional prompts. In ‘high
activity’ groups, statements from the categories ‘Invitation to respond’ and ‘Respond-
ing” have the highest frequency. Both categories are associated with cognitive presence
and are indicative of a participation metaphor or dialogical learning [17, 23].

Table 3. Distribution of type of messages in high and low activity groups (% within group)

Type of message High activity Low activity Both groups
% % %
Personal introduction 11.2 21.8 13.9
Social interaction 5.4 2.2 45
Knowledge telling 17.6 33.0 21.6
Elaborating on knowledge 13.3 7.9 11.9
Invitation to respond 20.5 15.1 15.1
Responding 28.8 16.7 25.7
Rest 3.1 3.3 3.2

While there was not a lot of difference in the average number of words per message
between the groups (100 words and 97 words for high and low respectively), the num-
ber of words used for the various types of messages differs. In the ‘low activity’ groups,
‘Knowledge telling’ messages also contained most words, while ‘high activity’ groups
used more words to elaborate on knowledge and to invite interaction (Table 4).

Table 4. Distribution of the number of words used in the various types of messages, expressed
as percentage of total number of words used within the group

Type of message % in ‘high activity’ % in ‘low activity’
Personal introduction 14.0 20.8
Social interaction 2.3 0.9
Knowledge telling 221 34.3
Elaborating on knowledge 30.7 18.4
Invitation to respond 24.8 16.1
Responding 30.1 18.9
Rest 1.0 1.9

4 Conclusion

In this study analysis of learners’ interactions in group discussion forums was under-
taken in order to define learning in a MOOC through these interactions and answer the
guestion whether MOOC learning can be assessed based on the analysis of interactions
between MOOC learners.
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The approach taken - combining quantitative and qualitative methods [30] - proved
valuable in defining an analytical framework and applying it to describe all interactions
between MOOC participants that took place in the discussion forums.

According to these analyses, two distinct patterns could be discerned. These patterns
can be described in line with the two theoretical frameworks applied - Stahl’s model of
individual and collective knowing [5] and Garrison’s community of inquiry model [23].
Interactive learning environments (in this particular case, group discussion forums)
may be both rich or poor in terms of visible individual and collaborative knowledge
construction and in terms of social and cognitive presence.

Like in other studies, merely providing communication or collaboration tools does
not guarantee that the participants will make use of them nor that they will engage in
meaningful interaction. Recent studies showed that in MOOCs only a minor percentage
of participants tend to use forums. On the other hand, whenever learners engage in
interaction, through media as a part of the course activities, it can result in increased
course-completion as a proxy of learning [22, 31-33]. This study demonstrated that
active forum use can also be seen as a proxy of learning when learning is associated
with richer cognitive presence and social presence related to it.

This study confirmed that MOOC participants differ in the level of interaction. So-
cial presence and cognitive presence were manifested in both the ‘high activity’ and
‘low activity’ groups. Both were triggered by prompts in the learning environment due
to the design of the learning activity and assignments (teacher presence). However, in
‘low activity’ groups social presence was practically limited to the prompted activity
of personal introductions while in ‘high activity’ groups social presence manifested
itself in on-going exchanges throughout the course. Social interaction was related to
cognitive presence that manifested itself in exchanges between learners, invitations to
respond and responding. Cognitive presence in ‘low activity’ groups was limited to
knowledge telling which in its turn was prompted by instruction (teacher presence). In
‘high activity’ groups there was stronger and more explicit cognitive presence in the
form of knowledge elaboration and interaction with others.

In terms of Stahl, we can assume that in ‘high activity’ groups both individual
knowledge construction (individual knowing) resulting from knowledge elaboration
and knowledge based exchanges with other learners, and collective knowledge con-
struction (collective knowing) took place. The learning environment in these ‘high ac-
tivity” groups can be defined as learning-rich compared to the environment in the *low
activity’ groups.

Based on the conducted analyses it can be assumed that the learning environment of
a massive open online course that supports and stimulates knowledge exchange can
make the knowledge-under-development of individual learners explicit. Instantiations
of such knowledge exchanges provide insights in the quality of learning.

From MOOC design perspective, this study provided an argument in favour of active
learning designs in which exchanges between learning are stimulated and orchestrated
[22] as such interactions cannot be expected to emerge in open online environment by
default [34] but result from a combination of factors, with learning design being an
important one. As Laurillard [7, 22] explains, effective learning designs should stimu-
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late learners to become active and engaged, not only by providing sufficient and stim-
ulating learning activities and assignments but also by stimulating interaction through
various roles a learner can take on.

From the MOOC learning assessment perspective, the quantity of exchanges and an
easy-to-perform classification of these exchanges can be taken as a point of departure
in designing learning analytics and (semi-) automated assessment modules to act as
indicators that knowledge construction takes place and it is worthwhile to look further
into its quality. The combination of quantitative and qualitative methodologies has been
shown to be valuable and therefore it is advisable in future research to use this combi-
nation of methodology to provide sufficient quality of the measurements and provide
meaningful feedback to teacher and learner [9, 26, 27, 35].

While learning in massive open online courses may remain less plannable and to a
less extent predictable than other forms of learning, including online learning, under-
standing that designing and supporting interactions enhances learning and makes it vis-
ible and to a certain extent accountable, increases sustainability of open learning.
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