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ARTICLE INFO ABSTRACT

Keywords: Discussion forums of Massive Open Online Courses (MOOCs) are a valuable

Cognitive engagement resource for instructors to help engage learners cognitively. Recognising

E’[_OOCS. ¢ different levels of cognitive engagement in MOOC forums, however, presents
1scussion rorums : :

SOLO Taxonomy several challenges to MOOC instructors. This study proposes a corpus

analysis approach to identifying linguistic categories that have been
consistently correlated with different levels of cognitive processes. These
categories are used in the context of a learning taxonomy to portray the level
of language complexity and the organisation of thoughts in MOOC forum
messages. This approach can better inform MOOC instructors about the
cognitive engagement of their learners in MOOC discussion forums.

1. Introduction

Discussion forums are the interactive component of Massive Open Online Courses (MOOCs).
These forums are designed to engage learners from a variety of backgrounds in different types of
discussions. The highest value of MOOC forums lies in their potential to promote understanding through
the application of several cognitive processes (Stephens-Martinez et al., 2014). However, the identification
of cognitive processes poses a challenge to MOOC instructors who lack the means to navigate through the
messages and identify those where their expertise is most needed. In this study, we propose a corpus
analysis approach, based on a learning taxonomy, to study the cognitive engagement of MOOC learners in
discussion forums. This approach aims at analysing manifest measures of the levels of language
complexity and the structure of MOOC forum messages. The results from the analysis are presented as
levels of cognitive processes that MOOC instructors are familiar with. This can inform them about the
quality of the discussions in their forums.

2. Literature Review

Cognitive engagement has been defined as the psychological investment that learners put in their
learning (Newmann et al., 1992). In MOOC forums, this engagement is analysed through the messages
posted by the learners because the level of language complexity and the organisation of ideas can portray
different levels of cognitive processes (Carroll, 2007; Van Swol et al,, 2016). MOOC forum messages can
include a simple description of facts or a complex interpretation of the material studied. Previous studies
have used learning taxonomies to examine the cognitive engagement of MOOC learners (e.g.: O'Riordan et
al,, 2016; Wong et al,, 2015). However, such examinations usually require a manual content analysis
approach. This approach for studying recorded content can be useful to identify latent variables
(Krippendorff, 2004). However, its application becomes impractical in MOOC forums due to the large
number of messages (Breslow et al.,, 2013).

2.1 Corpus analysis approach

A corpus analysis approach can address the issue of the large number of messages in MOOC
forums. This approach facilitates the analysis of massive amounts of texts by recognising words and
finding patterns of grammatical structure within the texts. The results from corpus analysis are usually
displayed in categories such as the total number of words, lists of word frequency, and part-of-speech
taggers. These categories can be useful in MOOC forums to understand how messages are structured;



however, on their own, corpus analysis categories carry little meaning to MOOC instructors. In spite of the
limitations of corpus analysis, previous research has found several categories consistently correlated with
different levels of cognition. Amongst these categories we have the number of words and sentences, the
type of words used, and the presence of cohesive devices (Joksimovic et al., 2014; Kovanovi¢, et al.,, 2019;
Moore et al,, 2019; O’Riordan et al. 2020). The number of words and sentences are considered a manifest
measure of the complexity of MOOC forum messages (Schrire, 2006). Although forum messages with few
words and sentences do not necessarily imply low levels of cognition, the length of a message is a useful
quantitative metric to explore its structure.

Contrary to the quantitative nature of the length of a message, cohesive devices within the
messages, such as transition words, can provide a qualitative measure of the connection of ideas
expressed in MOOC forum messages. Transition words indicate a logical or semantic relation between
units of discourse (Halliday & Hasan, 1976); hence, they can be used to represent the addition,
clarification, comparison, or contrast of ideas. Similarly, the type of words used in the messages can also
provide a qualitative measure of the level of language complexity. Previous studies have found that a high
percentage of dictionary words in a MOOC forum message can provide indicators of high levels of
cognitive engagement (Moore et al., 2019).

To identify nuances within different levels of cognitive processes, it is important not only to
identify dictionary words but also to differentiate academic vocabulary from other type of words. Oztok et
al. (2013) have previously used Coxhead’s (2000) Academic Word List to explore the use of academic
language in online courses. Although this list is useful to recognise words that appear frequently in
academic texts, Paquot’s (2010) Academic Keyword List (AKL) provides a list of 930 words (including
transition words) not based on frequency but on keyness. This textual feature helps the AKL to identify
words that do not only appear frequently in academic texts but also have been shown to play an essential
role in structuring academic prose. Thus, the AKL can be used to identify academic vocabulary and
transition words in the messages written by MOOC learners. The number of words and sentences in a
MOOC forum message, together with the use of transition and vocabulary words, can display different
levels of language complexity in MOOC forum messages and the way how learners have organised their
thoughts. However, these measures alone do not inform MOOC instructors where their attention is most
needed. They should be used in the context of a learning taxonomy to be meaningful to MOOC instructors.

2.2 The SOLO taxonomy

The Structure of Observed Learning Outcomes (SOLO) is a learning taxonomy that was developed
through the analysis of the structure of higher education students’ written responses (Hattie & Brown,
2004). This hierarchical model of five levels categorised in terms of their quality lie along a continuum
from simple to complex that reflect low and high levels of cognitive processes (Biggs & Collis, 1989). The
lowest levels of the SOLO taxonomy deal with simple knowledge acquisition and surface understanding. In
these levels, learners structure information in an oversimplified way. Conversely, as learners move to high
levels, they make mental connections that allow them to analyse, evaluate, and relate information.
Quantitatively, the SOLO taxonomy considers the number of concepts or ideas expressed by the learners.
Qualitatively, this taxonomy analyses whether such concepts or ideas are connected or extended. This
connection of ideas portrays whether the learners can “see the wood or just isolated trees” (Biggs & Tang,
2011, p. 89). We propose to use the corpus analysis categories that have been consistently correlated with
different levels of cognition to match the descriptors of the levels in this taxonomy.

The first SOLO level is the pre-structural level. At this level, learners use irrelevant and
unorganised pieces of information, essentially void to actual content with no relation to the topic.
Cognition does not exist in this level. The second level, called unistructural, is the first level of cognition. At
this level, learners deal with one single aspect of the content, perform simple tasks (name, count,
paraphrase, identify, etc.), use basic terminology, and remember things but there is no connection of facts
or ideas. The multi-structural is the third SOLO level. At this level, learners deal with several unconnected
aspects of the content. Although learners could use cohesive devices, these are used as a form of
“knowledge-telling” (Bereiter & Scardamalia, 1987); this is, expressing ideas retrieved from long-term
memory without analysing or evaluating their value.

The last two levels of the SOLO taxonomy, called relational and extended abstract, are considered
high levels of cognitive processes (Hattie & Purdie, 1998). At the relational level, learners understand
relations between several aspects of the content. This allows them to connect ideas and compare, analyse,
or explain them in terms of cause and effect. At the last level of the SOLO taxonomy, namely extended
abstract, learners go beyond what is given and generalise, theorise, or transfer their ideas to new areas.
Based on the description of these five levels, we put together the results of corpus analysis categories to
inform MOOC instructors the extent to which their learners are engaging cognitively in the forums.



3. Methods

This study involved 9.172 forum messages posted by the learners in 3 edX MOOCs throughout
different editions of the courses from 2015 to 2019. All MOOCs were self-paced courses in the area of
social sciences developed by the Université catholique de Louvain (UCLouvain). Our selection criteria for
the MOOCs was based on the access we received to the course data from the MOOC developers. The
MOOCs investigated in this study, together with the number of forums and forum messages in each course
are displayed in Table 1 (see Appendix 1).

We used corpus analysis techniques to extract the number of words and sentences from the
messages posted by the learners in the forums. We tagged the words according to their part of speech
(noun, verb, adverb, etc.) and used Paquot’s (2010) Academic Keyword List (AKL) to identify academic
vocabulary and transition words in the messages. Tagging the words helped to avoid erros when
identifying homographs (e.g.: study (verb) and study (noun)). We calculated a measure of lexical
sophistication based on the percentage of academic words within the forum messages. Additionally, we
calculated the quartiles of the distribution of the messages to form groups that divide our dataset.

Based on the corpus data, we constructed a characterisation of MOOC forum messages that
reflected the levels of cognitive processes in the SOLO taxonomy. Quantitatively, this characterisaton
included the number of sentences in a message. Qualitatively, we considered the lexical sophistication of
the messages and the presence of transition words. Thus, we describe the SOLO pre-structural level as a
message composed of a single sentence, with low lexical sophistication (within the first quartile), and not
including any connectors. Conversely, the SOLO relational level is described as a message containing three
or more sentences, with high lexical sophistication (within the fourth quartile), and including one or more
transition words. The complete characterisation can be seen in Table 2 (see Appendix 2).

The highest cognitive level of the SOLO taxonomy, namely extended abstract, is not captured
using corpus analysis because this level is highly dependent on the context. Therefore, a manual analysis
of the messages is still necessary to reveal latent content beyond the structure of the messages (De Wever
etal, 2005). Despite this limitation, our approach can better inform MOOC instructors about the levels of
cognitive process that their learners use in different discussion forums.
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Appendix 1

Table 1

MOOCs and number of forums and forum messages throughout different editions in several years.

Massive Open Online Courses (MOOCs) Yearsrunning Editions Forums Messages
MOOC 1: Communicating CSR 2015-2018 5 44 4913
MOOC 2: Oriental Beliefs 2016 - 2019 3 24 2.423
MOOC 3: Discover political science 2018 - 2019 2 23 1.836

Note: The number of forums represents the total forums analysed in this study throughout all editions of the MOOCs.
This number may vary in some editions of the courses, especially in editions without forums created for live sessions.

Appendix 2

Table 2
Linguistic features of MOOC forum messages that relate to the levels of the SOLO taxonomy.

SOLO Levels of cognitive processes Characterisation
Pre-structural
The message misses the point, does not show any kind of Sentences: 1
understanding or uses irrelevant information to cover the Lex. Sophist.: Q1
lack of knowledge. E.g.: “I don’t know anything about this.” Trans. words: No
Uni-structural
The message deals with a single aspect of the content but Sentences: 2or+ 2or-
misses other important parts. Understanding is nominal. Lex. Sophist.: Q1 Q2
E.g.: “I only know that...  would like to learn more.” Trans. words: No No
Multi-structural
The message deals with several aspects of the content but Sentences: 3or+ lor+ 3or-
they are not connected. This collection of unstructured facts  Lex. Sophist.: Q2 Q3 Q4
can include transition words as a form of knowledge-telling.  Trans. words: No Yes Yes
E.g.: “Therefore, this is...”
Relational
The message deals with several aspects of the content and Sentences: 3or+
includes explanations (in terms of cause and effect), Lex. Sophist.: Q4
comparisons, and analyses that connects the aspects Trans. words: Yes

together. E.g.: “On the one hand, this...”

Note: Q1, Qz, Q3, and Q4 represent the quartiles of the lexical sophistication (Lex. Sophist.)



