
Discussion

In order to explore ways of storing these objects in a diagram-
agnostic manner, we will need the help of Mathematics. After
mathematician Georg Cantor invented “Set Theory” in the late
nineteenth century, mathematicians Ernst Zermelo and Abraham
Fraenkel built on top of it and formally established the Zermelo-
Fraenkel (ZF) Set Theory in 1930, which proposes that potentially
any entity can and must be a set, even if it is the only element of its
set. A few years later, in 1945, mathematicians Samuel Eilenberg
and Saunders Mac Lane created “Category Theory”, which is a
formally expressed collection of a specific system of related objects,
where these objects can even be the sets of the ZF Set Theory (see
Lawvere & Rosebrugh, 2003:p.233; Leinster, 2014:pp.9,78-82).

There is a specific type of category called “Free Category”, which
records its collection of sets in the form of a graph (see Awodey,
2006:pp.16–21). Even though Graph Theory was “hinted” by
polymath Leonhard Euler in the eighteenth century, it was not as
prevalent until mathematician Dénes Kőnig published the first
textbook on it in 1936 (Tutte, 1984:pp.30–31). Graphs enable us to
model the relationships between objects by depicting them as
interconnected nodes, either in a directed or an undirected manner,
which means that they may or may not use arrows at the ends of
their connecting arcs, respectively. Free Categories store their
objects in the form of a directed graph, yet what makes them even
more “special” than other types of categories is that they are allowed
to have multiple connections between the same two nodes. This
type of directed graph is called a “multidigraph” – from “multiple arcs
directed graph”, which is also known as a “quiver”.

If we borrow these mathematical concepts and adapt them to our
needs, we can potentially use them to store and organise collections
of Learning Objects in a similar manner. Since graphs can also be
systematically converted to other formats – if they meet certain
parameters, this will be essential when trying to maintain flexibility
and ascertain openness.
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Introduction

The desire to clearly define and organise all things can be traced
back thousands of years in our known history, to the days of Ancient
Hellas and Ancient India. Since then, numerous philosophers,
psychologists, as well as educationists and technologists, have
attempted to approach this problem in a variety of different ways.
However, as many have found (see Langer, 1933:pp.179–182;
Whorf, 1952:p.21; Pylyshyn, 1985:pp.38–40; Giang, 2018), each
individual perceives reality differently, which complicates our
attempts of identifying how to successfully communicate specific
information to others.

This issue is especially evident when it comes to students, with
teachers constantly striving to find the best possible method of
expressing the intended message for all learners to comprehend in
full. This study aimed to explore the problem at hand by first
investigating how psychologists, educationists and technologists
have approached this topic so far, then by collecting, analysing and
discussing primary data directly from the students themselves, and
finally by considering a potential solution for further investigation.

Method

The original intention behind this study was to explore whether
breaking down our teaching content into very discrete parts, would
enable students to identify which specific aspects are causing their
misunderstanding, allowing them to personalise their learning by
focusing on exactly what they still need to study. Throughout this
project, a pragmatic research methodology was followed (see also
Caelli, Ray & Mill, 2003:p.2; Savin-Baden & Major,
2013:pp.171,174,175,178), combining both objective and subjective
views of reality, with the main goal being to understand how
students experience their learning based on all available data.

A survey* was made available to students of the Department of
Computing at Imperial College, who were shown different types of
diagrams and were asked questions as to whether they found them
helpful or not, as well as for which purpose. Additional questions
followed regarding their personal preferences when it comes to
learning and studying, even including a brief practical test of
understanding based on a specific example.

All questions were carefully designed in order to avoid leading the
students into selecting a specific answer, while also being as
straightforward as possible to minimise confusion, since the
participants would be participating anonymously in their own time,
without the opportunity to ask for clarifications.

There were 86 participants in total, all of whom remained
anonymous throughout the entire duration of the study. When the
deadline was reached, the collected quantitative and qualitative data
were analysed in an attempt to identify any emerging patterns, or
any other interesting points requiring further consideration.

*Ethical Approval received via ICL-EERP
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Visual representation of storing data in a plain labelled directed graph (digraph) structure
[left], versus using a labelled/weighted multiple arcs directed graph (multidigraph) instead
[right] – a.k.a. a "quiver". The data stored in the latter, information-richer, structure, can then
be offered to students using a variety of different representations, depending on each
individual’s personal preferences.

Results

From the collected data it appears that expressing our Learning
Outcomes as discrete Learning Objects was indeed welcomed.
However, it also became clear that the students preferred a variety
of different representations, instead of a specific diagram type. This
suggests that the produced discrete Learning Objects should not be
tied to a specific diagram type, but they should instead be adaptable
to different kinds of diagrams, depending on each student’s
preferences. After these objects have been identified, they should be
“linked” together based on how their individual semantics are
intertwined, allowing the learner to choose the presentation.

Ultimately, it appears that the students who participated in this study
are indeed interested in seeing the Learning Outcomes of our
modules presented in a more discretised manner, in some sort of
organised checklist of objects that they can then use to realise what
they need to study or to revise by themselves. The presentation
does not necessarily have to follow one of the popular diagram
types – such as concept or mind maps, but it should instead be
stored in a flexible generic format that can then be adapted to the
specific preferences of each student.

In order to express the same message in different ways and meet
the varying needs of our students, we would need to separate the
content from the structure. By having our content clearly discretised
and planned out, we could become able to create and share it with
others in a collaborative manner (see also Koper et al., 2004).

A Document Portrait (generated via MAXQDA) of the codes identified while analysing the
qualitative data collected as part of this study. In addition to the expected references to
"diagrams and images", participants introduced the concepts of a "single list" of objects that
would help them optimise their "revision“ to boost their "own learning" while "self-studying".

Future Work

Following on from this project, the first aim is to pursue the creation
of an online electronic system that would enable the storage of
Learning Objects, as well as their graphical representation, in a
variety of different diagram and list types. After this is in place, it can
be tested by lecturers to convert their Learning Outcomes into
Learning Objects, and to share these with their students in the form
of discrete checklists of interconnect items to study and revise. The
students can also test this system by creating their own versions of
the provided graphs, combining the Learning Objects in the way that
they perceive them, which could then allow us to investigate whether
this can be used to identify misconceptions from either end.

This system can then also be used to map entire curriculums, in
order to show if there are any hidden prerequisites that are secretly
causing confusion to students who take specific modules, or
whether we have unnecessary repetition of objects that keep
reappearing without offering any new information, potentially making
students less interested in specific parts of our courses.

Even if we never manage to create a single “ultimate” collection of
all interconnected objects representing the “absolute” truth – due to
the inherent limitations of our present form of existence, we can still
aspire to venture outside established conjectures, and verge
towards unexplored horizons, with the hope to discover, acquire and
propagate newfound understanding, for and to all.
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