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Abstract
This research is based on the thought process that informed the design of a virtual reality massive
open online course (MOOC) in FutureLearn. One of the main significant aspects of developing an
online course for a large cohort of learners is to first consider the structure and pedagogic instructions
and theories underpinning the design. This research covers aspects of good pedagogical design
practice and perspectives used for structuring the content of the course. Designing an online course
such as a MOOC requires careful consideration of the structure of delivery and the pedagogic flow of
the instructional resources and process. The proposed virtual reality course follows good practice
pedagogy from a design science perspective. The course content is structured in a logical manner that
guides the learners in directing their studies in a sequential order of engagement that was designed by
the course coordinator. This research reveals how good instructional pedagogy theories and principles
help to facilitate teaching and learning easily. The development of concepts that lead to self-directed
learning makes facilitating online learning very easy for the educators. The learners and course
evaluations were done using incremental weekly quizzes and exercises. This course is developed for
learners with little or no programming skills or no experience in virtual worlds (Augmented, Virtual and
Mixed realities). The concepts were delivered with instructional structure to guide and direct the
learners for independent learning no matter their location. In this course, learners’ engagement with
the resources is taken into consideration and reflective observations are done based on the
demography of the registered participants. Action research and qualitative content analysis methods
were applied to evaluate the text data from the research. The main purpose of the research is to
investigate learners’ reasons for engaging with the course structural resources provided and to
explore aspects of mitigation for future MOOC designs. The result reveals that majority of the learners
registered for the course to learn more about the virtual reality (VR) course and to learn from their
interaction with other learners. This research applied some natural language processing (NLP)
techniques to extract and summarize the prevalence topics or reasons for engagement from the
icebreaker discussion. NLP techniques such as summarization, topic modelling and latent dirichlet
allocation (LDA) were used to create the topic models for visualization.
Keywords: MOOC, pedagogy theories, self-directed learning, virtual reality, engagement, latent
dirichlet allocation, topic modelling, pyLDAvis, summarization
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INTRODUCTION

Developing massive open online courses (MOOCs) for large audience required high level of
preparation and content structuring. There are several thought processes involved in developing
MOOC delivery for learners from different background and mode of learning. MOOC has been
predominantly used for delivering online teaching reaching out to large variety of people worldwide.
Theories of engagement had laid the background work underpinning the learning design of massive
open online courses [10]. Learners learn in relatively new ways progressively in both informal and
formal environment. To apply our thought process in creating a massive open online course (MOOC),
we investigate the meta-cognitive intersection in designing the learning processes of engagement
using the pedagogic theory underpinning the course design. The course learning design follow the
path of the taxonomy of course creation and development [31]. This study provides the pedagogic
processes applied in development a Virtual World course in FutureLearn. The thought processes that
was applied in structuring the course content, resources and the structure of the course. The platform
has a well-structured approach to creating course content and delivery. There is existing markdown for
code placeholders and syntax convention. The guidelines within the format of course presentation is
promising because of the way this has been structured for course production. The pedagogic insights

underpinning this course design was based on learners' engagement and interventions to support
independent learning goals.

1.1

Planning the course structure

Massive Open Online Courses (MOOCs) attract several learners in an open-access learning
environment structure [31], [19]. This attract large numbers of people with a wide range of learning
objectives and interests. Some of the participants might engage with the course as lurkers and once
they achieve their goals then tend to leave. Hence, dropout becomes a common case as noticeable in
most MOOCs [23]. MOOCs focused mostly on understanding and mitigating high drop-out rates and
grades of learners without considering the fact that some learners might just be interested in a
particular concept within the course provision and once they achieve this they tend to move on to
other studies. We cannot conclude or add to the completion rate issues in most MOOC that these set
of learners dropout from the course, however we can say their expectations at that particular course
engagement was met.
In designing the course, we created the initial plans for the course structure and delivery. We had the
initial course development plan, and organised several sectional team meetings with both the Lead
Educators and FutureLearn representatives. This meeting was to discuss and agree on the course
structure and the flow of the content in a structural manner. Our early decision-making in terms of the
course development was very vital for structuring the entire course and weekly interaction with the
resources provided. This early plan enabled the development team to apply any intervention in the
structure of the weekly content and mode of interaction. Interaction among learners in MOOCs has
been hailed to benefit course engagement for constructive learning [5], [24], [25].

1.1.1 What is the format?
In structuring the course content for FutureLearn, we have to create the steps for the various sections.
There were steps for articles, videos, discussion, quiz, exercise and so on. Each of the steps are
formatted properly in the structure of the course delivery. You can re-order the steps and move them
around within the course structure.
This course is designed in such a way to allow learners to self-direct their learning [21]. Learners were
given the opportunity to study at a reasonable self-pace and independently. They are encouraged to
set their goals and engaged with the resources provided for their own practice and design. They are
encouraged to share good practice design with their peers in the course discussion forum. The format
of the course provision was to allow learners to take ownership of their individual learning and
strategize their learning paths. MOOCs largely allow learners to study at their own pace and take
control on how they wish to engage with the learning resources provided [8].

1.1.2 Markdown format
FurtureLearn uses markdown for creating code snippets to illustrate specific concepts. This markdown
enables the programming code to be well structured and makes this easily identifiable within the clear
syntax convention of the language. Images are included in the article steps either as assets or
uploaded into the course by using the upload button provided. These images are assigned links that
could be copied and then embedded into the course with the markdown format for images.
For the video steps, these are created separately, the videos are added to the step that was provided
by FutureLearn before the video description, subtitles, and transcripts can be done. FutureLearn has
provided an extensive documentation to guide educators creating courses with them. The
documentation contains all you need to know about formatting your course content properly and using
the markdown format for programming codes and content creation.

1.2

Overarching plans

The overarching plan for developing the course was to create a simple guided or instructional virtual
world course for learners with little or no programming skills. The learners do not need to have any
idea about virtual worlds. Our main goal is to create a course that will improve the learners' digital

skills in virtual worlds. The course contains several interactive activities such as exercises, discussion
forums and external resources that they could engage with while participating with the resources. In
designing a course for MOOC learners' engagement and participation, careful planning should be
considered before the creation of the course content and other resources. The course resources cover
articles, videos, practical exercises, quizzes and external resources necessary for further reading. The
course design could then be structured in a sequential manner in order for it to flow in the direction
that would encourage effective learners' engagement.

1.2.1 Who is this course for?
The virtual world course is developed for participation from anyone. The course was created for
worldwide audience including students, academics, and professionals and so on. The content is
suitable to all participants no matter their level of understanding, background and culture. We aimed to
reach out to learners participating in the form of distance learning and online delivery. In order to
engage more participation, we will be facilitating the learners' support and providing instructional
guidance in the course [15]. The course is open to everyone no matter their location and provided
learners have access to good internet services and facilities that they could use to access the course
resources. As this is a Massive Open Online Course, learners can engage with the course using any
devices such as desktop PC, laptops and mobile devices such smartphones, tablets and so on.
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LITERATURE REVIEW

Learners’ engagement in e-learning is a topic that has been getting increasing attention lately
especially due to the Covid19 pandemic [9]. Studies have indicated that online learning has a positive
impact on student engagement [14]. Learners’ engagement is believed to be an important benchmark
and indicator of the quality of the learners’ experiences and investment in learning activities on any
course or programme [1]. Their engagement shows us the level of active learning that is taking place
[16]. Researchers have attempted to study learners’ engagement using many different definitions and
conceptual frameworks [33]. According to Beder et al [1], engagement is mental effort focused on
learning and there is a need to understand how learners engage because engagement is a
precondition to one’s learning progress. Engagement is also defined as the amount of effort dedicated
to educational activities that help to bring out ideal performances in learners [13]. According to
Reschly and Christenson [30], stated that the term engagement is seen as a multi-dimensional
construct.
In a study by Walker and Koralesky [33], they defined learners’ engagement as a multi-dimensional
construct consisting of three interrelated dimensions including affective, behavioural and cognitive
engagement. Connell et al, [7] categorised learners’ engagement into three categories; namely the
behavioural, emotional and psychological. Redmond et al [28] stated that there are multiple
conceptualisations of engagement and these have resulted in diverse views about what engagement
is among researchers. This has led to researchers also having different views about the place and
interconnectedness of behavioural, cognitive, affective, socio-cultural, ecological and organisational
factors [29].
Childs [4] stated that virtual student engagement is possible. In addition, Child [4] supports the work by
Fredricks et al [11] and stated that there are three components of learner engagement and these are;
emotional, behavioural and cognitive. Pickford [26], highlighted that when the dimensions of learner
engagement is grouped in these three modes; emotional (social), behavioural (transactional) and
cognitive (academic), the lecturer or instructor must ensure to take into account the individualistic
nature of every individual learner’s engagement as each learner can choose to engage in a different
way. A learner may engage behaviourally first in the course to gain a professional qualification while
another learner engages cognitively with the content, concepts and research to challenge themselves
in their subject or discipline [26]. With reference to all the various definitions and dimensions of
learners’ engagement, one important point to note is social relationships are important alongside
academic engagement [6].
For this study, we used the definition of learners’ engagement discussed in research papers by Childs
[4], Fredricks et al [11] and Pickford [26], which explained that learners’ engagement is a multidimensional construct and is made up of three interrelated dimensions. They are emotional,
behavioural and cognitive engagement. This study employs the Virtual Engagement Framework
developed by Childs [4] as seen in Figure 1.

Figure 1. Virtual Engagement Framework. Adapted from [4]

2.1

Emotional Engagement

Newmann [20] defined emotional engagement as learners’ emotions about learning and this includes
their interests, boredom and happiness. In an online course, learners are emotionally engaged when
they are interacting with one another in a learning community. By taking part in activities online such
as introducing one’s self in a course ‘Icebreaker’ session, it strengthens the learners' sense of value
and acceptance remotely. Additionally, the various activities provided by the course developer offer
opportunities for the learners to share their interests with the other learners. Thus, this helps to
develop strong relationships, a sense of community and a growth mindset by learning from each other.

2.2

Behavioural Engagement

Some observable behavioural characteristics of behavioural engagement include the level of effort
that learners contribute towards their learning and the level of learning achievement [17]. Restorative
practices play an integral role in promoting positive behaviour in our virtual classrooms [4]. When
learners are participating in an online course and put in effort to complete a variety of tasks under the
different topics, they develop behavioural engagement as they become more attentive in their
involvement with the materials and peers in the course. The resources available online will support the
learners to develop a sense of mindfulness, self-awareness and self-regulated learning (SRL) skills
[22]. By collaborating with other learners in the online activities, learners also have the opportunities to
form virtual circles where they develop group norms. They also get to share viewpoints and develop
critical thinking skills.

2.3

Cognitive Engagement

Meece et al [18] stated that learners’ specific goals more than intrinsic motivation foster engagement.
As learners work through activities and course materials in an online course, they are actively
engaged with the course resources. Their learning process would involved steps such as having
authentic learning experiences, asking questions, using various learning strategies [4]. They are also
making connections to previous knowledge as well as to the real world. Thus, the course developer
uses virtual teaching and learning resources to provide relevant learning experiences for the learners
in an online mode. Printrich [27] emphasizes that learners’ do monitor their academic tasks and
environment while being engaged.

3
3.1

METHODOLOGY
Topic Modelling

This research applied topic-modeling approach of natural language processing (NLP) to extract the
topics from the forum discussion in the icebreaker session of the MOOC course. A topic in this case is
intended to be a list of words that occurs in statistically meaningful ways [2]. Topic modeling approach
of NLP do not in most cases require any prior annotations or labelling of the documents. Instead, the
themes of the topics emerge from the analysis of the original raw texts that was extracted and
processed.

3.2

Latent Dirichlet Allocation

Latent Dirichlet Allocation(LDA) is another NLP technique that was used in this research. LDA is a
more advanced and special case of topic modelling [2]. This technique can be applied to both single of
collection of documents. LDA allocate to each topic a distribution of words and to the document a
distribution of topics in an unsupervised manner [3]. In this research, we used LDA to assign and
identify topics from the preprocessed documents extracted from the MOOC icebreaker discussion at
the beginning of the course. The topics allow us to identify the most essential experience or previous
programming knowledge of the learners.

4
4.1

RESULTS
Content Analysis & Visualization

In most cases, MOOC are designed with little intention to investigate the main reasons for learners
engaging with the resources. A previous study has shown that some learners engage with the course
out of curiosity and interest. Once they achieved their aim of participating in the course and
understand a few topic areas of interest, they then dropout of the course [23]. In this study, initial
analysis of the content from the icebreaker session shows that learners engage with the course to
learn more about virtual worlds and to learn from their interactions with peers and other participants
within the course. These reasons are captured from the visualization of the full icebreaker discussion
and the summary of the content in Figure 2 and 3.

Figure 2. Word cloud showing emerging themes from the full icebreaker discussion before the
summary extraction

4.1.1 NLP Summarization Technique
Summarization is a technique in NLP that allows the extraction of important information from either
single or multiple text documents [12]. The technique applied several NLTK packages such as ‘punkt’

to split text into sentences and ‘stopwords’ which remove from the document words that are in some
cases less than four characters for example words such as ‘the’, ‘for’ and so on, are removed from the
documents before the final summary. Regular expression method is used at the pre-processing stage
to clean the raw text data by removing special characters, symbols, and numbers and so on.
BeuatifulSoup is another important technique for extracting paragraphs from the processed or clean
text data. This will then allow the performance of text analysis and summarization on the processed
document(s). During the summarization process, word frequency is calculated and word with
predominant high sentence scores are selected for the summarization.
Figure 3 shows the word-cloud for the icebreaker discussion summary, which reveals that most of the
learners had little or no experience of virtual world applications. You can see how the projection of the
word experience and VR is bold on the word-cloud. This depict two reasons, the first is that the
learners who engaged in this course have little or prior knowledge experience of other programming
languages such as Java, Python, C++ and so on (see Figure 5). The second reason is that most of the
learners registered in the course because they have little or no experience of virtual world applications
(as seen in Figure 3).

Figure 3. Summary of icebreaker discussion (NLP summarization method)

4.2

PyLDAvis

PyLDAvis is a web-based interactive visualization package that allows the display of the topics that
were identified using the LDA approach. This provides the overarching view of the topics assigned and
allocated based on how they are distinct from each other. LDA approach also consider terms that are
mostly associated with each individual topic within a document. PyLDAvis works by extracting
information from fitted LDA topic models to design an interactive web-based visualization. These
models can easily be visulised inside a Jupyter notebook or saved as HTML file. In order for us to
visualize our icebreaker topics with pyLDAvis, we fitted our pipeline used for pre-processing the
content inside a Jupyter-notebook environment. One of the key methods that was used was
‘pyLDAvis.gensim.prepare’ which takes as an argument our LDA model, the vectorized corpus, and
the derived lexicon which contains our dictionary terms [2], [3], [32]. Another method used was
‘gensim.models.ldamodel.LdaModel’, which takes in as input parameter our ‘icebreaker’ corpus,
number of topics to be extracted, id2word that contains the dictionary terms of our icebreaker
document. This then project the topics, upon calling the display method visualizations like the ones
shown in the interactive topic modeling in Figures 4 and 5.
The result shows that most of the learners have knowledge in one or more programming languages.
This further shows that most of the participants have little or no experience with virtual reality (VR) as
visualized using pyLDAvis to display the topic modelling within this study. The result from the
visualization reveals the proportion of which each topic appears in the icebreaker discussion. The
significance of a topic is clearly identified by the size of the circle. In Figure 4, we identified top 30
most relevant terms for topic 2, which resulted to about 26.4% of the tokens in the study.

The pyLDAvis has two fundamental displays; the left panel as observed in all figures (Figures 4 and 5)
visualize all topics as in the form of a circle in a two-dimensional plane determined by JensenShannon divergence between topics. Multidimensional scaling was used to project all the inter-related
topic distance to two dimensions. Each topic is encoded in the circles and the larger the circle the
more prevalence is the topic.
The second part is the right panel which resonate with the horizontal bar chart which represent each
individual term of a topic that are very useful and meaningful from the selected circle. The chart is
made up of automated overlaid bars which are associated to the corpus-wide-frequency of the term
and as well as the topic-specific frequency of the term.
The slider (λ) in the visualization depict the significance or relevance of the rank terms. It is worth
knowing that the terms of the topic are ranked in descending order by default in accordance to the
topic-specific probability (λ = 1).
Figure 4 reveals similar result from the word-cloud full content analysis that reveals that learners
engage in the course because they have little or no knowledge of virtual reality and they wanted to
learn about the application.

Figure 4. Interactive topic model visualization of the ‘icebreaker’ document with pyLDAvis

In Figure 5, we observed similar results from the word-cloud content analysis for the summary
document which shows that most learners reasons for engaging with the course was to know more
about virtual worlds. This further proves other studies that mentioned learners’ curiosity to learn new
concepts in MOOCs.

Figure 5. Interactive topic model visualization of the ‘icebreaker’ summary documents with pyLDAvis

5

CONCLUSIONS & RECOMMENDATIONS

This study introduced best practices in course development and creation using the FutureLearn
platform. The course structure is designed in such a way that allows learners' participation in a guided
and instructional manner. There are no initial prerequisites to participate in this virtual world course.
The overarching goal is to create a course that covers virtual reality, briefly describe augmented reality
and mixed or extended reality. We aimed to reach out to people at all levels and profession. We have
developed the course to cover resources suitable for undergraduate students, postgraduates,
academics and professionals who are looking at ways of improving their digital skill set. This study
covers reflections on the thought processes of developing a Massive Open Online Course (MOOC)
from the perspective of the Lead Educator. There are no data to present now, as this is an ongoing
course. The course started in March 2021 and learners are currently engaging with the resources.
The study applied natural language processing (NLP) techniques such as Latent Dirichlet Allocation
(LDA), summarization and topic modelling to extract the text data, pre-processed and pyLDAvis was
used to visualise the emerging terms from the topics. We designed an interactive web-based
pyLDAvis visualization of the text, which demonstrates the significance of a topic based on the
proportional size of the circle. Although there are no prerequisites needed for this course, our result
shows that most of the learners engaging with the course have little experience in some programming
languages as revealed in the result section. Another prevalence term was experience which
prominently reveals that majority of the learners in this course have little or no experience in designing
virtual world applications. Therefore, they registered to engage with this course and learn how to
design their own virtual world application as well as enhance their knowledge and progress with their
interaction with peers.
How well do we need to create course resources for MOOCs delivery? MOOCs development without
proper thought process of the learners' engagement tend to lead towards high dropout rates and
participants disengaging with the course resources [23]. Massive Open Online Courses (MOOCs)
should be developed to engage learners effectively considering the different learning styles and mode
of independent learners. Course facilitation is very essential for any MOOCs delivery and this help in
introducing in-person interaction with the learners and these could motivate them in their participation
and effective course engagement.

5.1

What next?

This course is an ongoing course within Lancaster University in collaboration with FutureLearn and the
Institute of Coding. In addition to this course, plans for further course design and creation is on the
way for participation. This is just the first course out of many that will be developed by the University
for Worldwide Participation. These thought processes would enable the creation of other courses
using the approaches discussed in this study.
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