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Abstract— Visualisation has proven benefits in supporting
knowledge transfer. Furthermore, it can enable learners to
become co-creators rather than only consumers of knowledge.
Technological advancements have made visualisation more
accessible as a mechanism to improve teaching and learning but
theorisation and best practices are lacking. This study aims to
investigate the usefulness of knowledge visualisation principles for
improving knowledge presentation and demonstrating knowledge
transfer by high school learners. A design-based research
methodology is applied which required the creation and
evaluation of guidelines (artefacts) in order to assess the effects of
knowledge visualisation principles while visualising. The results
indicate that some of the knowledge visualisation principles
extracted from literature could improve knowledge transfer in
secondary school education. The contribution of this paper is to
propose a set of validated knowledge visualisation guidelines
towards the theory and practice of using knowledge visualisation
in teaching and learning.
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1.0 Introduction

Modern technology opened many possibilities to using
visualisation for educational purposes. An important role of a
teacher is to aid the transfer of knowledge to students in a way
that is meaningful and understandable [1]. The teacher uses
his/her expertise to select and use teaching materials such as
textbooks, lecture notes, multimedia resources etc. to assist in
this role [2]. Teachers also employ specific strategies to support
knowledge creation and transfer, and one of such strategies is
visualisation [3]. Visualisation entails using images to
communicate data, however, teachers, educational, learning
and instructional designers are often the ones creating these
visual images for teaching and learning [4] with little or no
input from learners. According to [5], learners should be co-
creators of their learning experience rather than having
knowledge merely made available for learners’ consumption.

For the scope of this research, the focus will be on the
usefulness of knowledge visualisation principles for secondary
school learners to construct, demonstrate and internalise the
new knowledge that they are expected to master. The ability of
learners to acquire, assimilate and sort knowledge plays an
important role in their learning process as learners are unique in
the manner they absorb, process and store information. To
internalise knowledge, learners have to engage in its creation

[5].
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To explore how knowledge visualisation principles can be
used for improving knowledge presentation and transfer by
high school learners in a way that the teacher can assess the
student’s understanding, a group of high school learners were
asked to create visualisation models to explain the process of a
rocket launch. Learners were then exposed to knowledge
visualisation principles and the initial images produced were
updated to accommodate these principles. The goal of the
exercise was to investigate the effect of each principle on the
images produced by the learners and how the principles have
helped improve their knowledge representation towards
demonstrating their knowledge acquisition.

The rest of the paper gives a brief insight to what knowledge
visualization entails and the degree of compliancy by learners
on knowledge visualization guidelines. This is useful in
selecting and prioritising knowledge visualisation principles for
this group.

2.0 Literature review

Manovich [6] defined visualisation as the conversion of
measurable data into a visual representation. Visualisation is
further explained as the use of images to represent spatial and
non-spatial variables in a manner that reveals its patterns and
relations [6-8].

2.1 What is knowledge visualisation?

Knowledge visualisation according to [9] is the act of
representing complex concepts and data using graphics and
animations in ways that people have not seen before, in order to
aid knowledge transfer and creation. Zhang et al. [1] and
Burkhard [10] explained knowledge visualisation as the act of
exploring the use of visual representations such as graphs,
diagrams, drawings, sonographs etc. to enhance knowledge
creation and transfer between at least two people. For [11], it is
a process that entails various steps such as gathering,
interpreting, developing, understanding, designing and sharing
information. Eppler [12] relates the term to the use of graphics
to create, integrate and administer knowledge. Van Biljon &
Renaud [13] noted that the primary aim of knowledge
visualisation is knowledge transfer whereas that of information
visualisation is to support pattern identification. In summary,
knowledge visualisation entails the creation of knowledge,
using available visual resources in a manner that is
understandable and communicable to other people.



2.2 Knowledge visualisation principles

A systematic literature review (SLR) process was used to gather
design guidelines from the field of information and knowledge
visualisation. The SLR was selected as a protocol that is
claimed to be replicable, transparent, objective, unbiased and
rigorous [ 14—16]. The databases used are IEEE Xplore, Google
Scholar, Scopus, Springer and ACM, and the search strings
used are those that returned results containing at least one of the

Table 1: Knowledge visualisation principles from literature

terms knowledge/information visualisation,
knowledge/information visualisation principles,
knowledge/information visualisation guideline. The search was
conducted between February and October 2017 for English
papers published in conferences and journals.

Table 1 is a matrix table that gives a summary of knowledge
visualisation principles from literature that can be used to
improve images produced for knowledge representations.

Knowledge visualisation guidelines Description Author(s)
Abstract (compress) the knowledge Extracting essential components and their relationships from a body of knowledge. [17-21]
Present overview and details ‘overview’ gives a context information of the field while the ‘detail’ gives more information | [20, 23, 24]
about a part of the overview.
Consistency The use of visual elements such as colour, symbols, shapes etc. should be the same for the | [24, 25]
same kinds of information.
Easy to understand Presenting visualisation in a clear, comprehensive way makes it easy to understand, such that | [26, 27]
little previous knowledge of the content is required.
Know your data A designer must first understand and explore the data domain in order to create images that | [24, 26]
are meaningful and relevant.
Clarity The use of defined symbols to avoid ambiguity. [25, 28]
Know your audience The designer should consider for whom the visualisation is intended e.g. an individual, a | [29]
group, a network etc.
Use natural representations Associating visualisation with real world allows a recognition-based approach to interpreting | [30-33]
images instead of one that requires recall.
Legend An accompanying item which: provides detailed explanations on symbols used, can become | [20, 34]
a control panel for making changes and provide multiple views onto data.
To: specify a format that is applicable to a set of instances, differentiate relationships, | [18, 24, 35, 36]
Use of colours beautification, grouping, mapping and classifying images.
Avoid decorations The use of irrelevant elements may distract the audience from the content of the topic [25, 32]
Relationship between concepts clearly shown | Relationship between concepts can be illustrated using links [28, 38]
Motivate audience To enhance learning engagement [39, 9]
Simplicity Minimizing the number of concepts in each level of visualisation to 742 objects . [28]
Dual coding Using both textual and visual representation to process information. [40-42]
Clear boundaries To help with navigation and enclosing knowledge within a specific domain. [43]

3.0 Research methodology

A design-based research methodology was applied to this
study as it identifies with real world situations [44]. To create
the knowledge visualisation models (artefacts) for the design-
based research, a research group comprising high school
learners and teacher was created and structured as a way to
gather information about the impact of knowledge visualisation
principles for supporting knowledge transfer. The method was
used because it facilitated interaction between teacher and
learners and enabled us to obtain qualitative and quantitative
information from participants easily.

3.1 Procedure

The study was conducted at the Rooihuiskraal Library,
Pretoria and participants were provided with computers with
internet connection. There was a total of 22 participants (19
learners, 1 educator, 1 usability tester and 1 researcher). The 19
learners (6 females) are high school learners randomly selected
from various schools in Pretoria, Gauteng. This is to ensure a
cross-section of participants were selected as advocated by [45].

The group session began with a standard introduction and
explanation of the purpose of the research. The participants
were taught on ‘How rockets are launched’ and later asked to
give a diagrammatic representation of the topic. After the first
image was produced, learners were exposed to knowledge

visualisation principles (as stated in Table 1) and were required
to apply this principles to the initial image produced. This
resulted in some learners modifying the old image while others
produced a new image. The two images produced by each
learner was then compared and evaluated based on the given
knowledge visualisation principles. Quantitative analysis was
conducted on knowledge visualisation principles by comparing
the level of compliance before and after being exposed to these
principles while qualitative analysis was carried out on both
knowledge visualisation principles that were not measured and
general observations during the session.

4.0 Results

Table 2 shows the percentage level of compliance by
learners before and after they were taught on knowledge
visualisation principles. The analysis was carried out on the
measurable knowledge visualisation principles.

4.1 Analysis

Fig. 1 shows the percentage change in compliance of
learners after being briefed on what knowledge visualization
entails.

While some learners felt the need to produce a completely
new visualisation that will accommodate the guidelines, others
were able to edit their initial diagram. Overall, only few did




Table 2: Percentage level of compliancy by learners before and after the brief on knowledge visualisation principles

Relationship
Abstract Avoid Use of natural Easy to Clear between
Knowyour data  knowledge Clarity decoration representation  understand Simplicity Use of colours boundaries Legend concepts shown
Before After Before After Before After Before After Before After Before After Before After Before After Before After Before After Before After
Yes 0% 9% T%  89% 8%  100% 89% 4%  61%  S6%  17%  94% 8% | 100% 11%  39% 1% 44% 0% = 4%  61% 9%
No 8% 6% 8% 1% 2% 0% 1% 6% 3% M% 8% 6% 1% 0% 8% 6% 8% 56% 100% 56% 3% 6%
% increase in
compliance 72% 17% 2% 5% -5% 7% 11% 28% 3% 44% 33%
90% visualisation. However, gfter the brief, 44% of the 1§amers felt
80% there was a need to give a meaningful explanation of the
70% symbols used by adding a legend thereby aiding other
gg:f' knowledge visualisation principles.
(1]
40% Clear boundaries may be subject to the context of the topic
;g:/“ being visualized i.e. it is less applicable when the visualisation
10(,//: I I 0 I I I is within the same domain.
_13‘(?: * = _Thg high l;vel of compliance for .the ‘Easy to undprstgnd’
‘@» RS %@@ & & S{;&s & & gulfieh'ne was 1nﬂqenged by the comphancy of other guidelines,
& 9 \éy & y@ G & indicating inter-guideline dependencies.
& &o”é & ‘q,‘& & T 8@% Although there was a percentage increase of 28% for the use
v @@ ¢ :“é of colours after the brief on knowledge visualisation principles,
& & a number of participants were cautious in the way they
é\-&v implemented this principle so as to avoid compromising other
y‘@ principles such as ‘avoid decorations’. For others, it was a quick
Q.

Fig. 1: Percentage increase/decrease in compliance

not feel the need to make any adjustment to their diagrams.

The before and after images of each learner was compared
and below is a summary of the observations.

5.0 Findings

Fig. 2 below show samples of some of the learners’
visualisation before and after the brief on knowledge
visualisation principles. The figure reflects some of the
observations noted in subsequent sections. In the first example,
more information is added in terms of content and structure
(relations between components). In the second example, a title
is added to the visualisation (easy to understand), together with
a description of the symbols used (legend). The former
considered a visualisation to be a central picture and the
guidelines led to fragmentation. Obviously, that should not be
at the expense of coherence so the unintended consequences of
the guidelines need to be monitored throughout.

5.1 Guidelines with noticeable influence on final

diagram

The following guidelines had a percentage influence on the
final diagram ranging from 22% to 77% compliancy level:
Know your data, Clarity, Easy to understand, Use of colours,
Clear boundaries, Legend and Relationship between concepts
clearly shown.

None of the learners added a legend in their initial

way to implement the principle on ‘clear boundaries’.

5.2 Guidelines with little or negligible influence in final
diagrams

The guidelines: Abstract knowledge, Avoid decorations and
Simplicity had compliancy levels ranging from 5% to 17%.

From observation, 89% of the learners created a
visualisation void of symbols whose meaning was not related
to the content of the study.

Thus, the ‘avoid decorations’ principle did not make a
substantial difference in the final images produced by the
learners, especially after a legend was added to give meaning to
symbols used. Also, the ‘abstract knowledge’ and ‘simplicity’
principles did not create much impact on the final images
produced by learners.

For the former, this may be because of time constraint thus
making learners include the most important point before the
time for the test elapse while the nature of the topic being
visualized may account for the latter.

5.3 Guideline with a drop in the percentage of
compliance (Use of natural representation)

Learners in the research group did have personal
preferences when using visualisation to represent knowledge.
While most agree that using images to represent and transfer
knowledge is a field they are willing to explore, others have
expressed their reservations on the use of images to represent
their knowledge. The latter believe that to implement
knowledge visualisation, you must be artistically inclined. In
view of these, there was a 5% drop in the compliance level for
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Fig. 2. Samples of learners’ visualisation before and after knowledge visualisation guidelines brief

participants who expressed their concern that their
representation of the real world may be violating another
principle i.e. avoid decorations. Furthermore, it is argued that
the use of natural representation can be subjected to the
designer’s background. For example, the use of fire to represent
volcanic eruption in the geographical field may be seen as heat
in the chemical field.

5.4 Guidelines that may have been difficult for the focus
group to understand and implement

Learners found the ‘Motivate audience’ guideline difficult
to implement. Some of the questions raised were: whether to
make the images produced very attractive, add a motivational
paragraph in form of an introduction to the diagram or produce

images that speak to a particular audience. However, the
learners argued that implementing these suggestions may
compromise some of the learnt principles such as abstracting
the data, avoid decorations etc.

5.5 Guidelines that were difficult to measure

The guidelines: Know your audience; Consistency;
Motivate audience; and Dual coding were explained to the
learners but the visualisation were not evaluated thereof.

5.6 Guidelines that were
electronically than on paper

easier to implement

The execution of the ‘Present overview and detail’ principle
was more easily implemented by most learners electronically



than on paper. Devices used for visualisation e.g. desktop
computers, laptops etc. usually have inbuilt technologies that
makes it possible to zoom in on a particular section of an image,
accounting for this. However, it is important to note the issue of
usability in e-learning where there is the need to first know how
to use the application [51].

5.7 The execution/effect of one guideline on another

The execution of some guidelines increased the conformity
of others. In essence, some guidelines were observed to be inter-
related as the execution of one gives credit to the
implementation of another. Examples are:

- Legend (clarity, easy to understand, consistency)

- Easyto understand (simplicity, abstract the data, avoid
decorations)

- Avoid decoration (Legend)

6.0 Factors that may have influenced learners’
conformity to knowledge visualisation guidelines
before/after brief

Various factors may have influenced learners’ compliance
with knowledge visualisation guidelines either before or after
the brief. This includes aspects such as providing a rubric for
the diagram, information overload, and the time constraint. In
addition, knowledge-based visualisation applications work only
on specific domains/tasks and thus cannot be generalized [18,
37, 46, 47, 48]. There is also the risk of possible distortion of
reality through misinterpretations [48]. The diversity in learners
literacy skills and learning styles also affect how knowledge
visualisation can be used for teaching and learning [49]. The
lack of automatization in the process of creating knowledge
visualisation [18] and the constraints of the mobile technology
platform on which knowledge visualisation can be implemented
e.g. connectivity, power, size of screen, memory etc [13] may
have played a role. The high tendency to provide too much
information to learners during teaching and learning may also
have led to disorientation and cognitive overload [50].

7.0 Conclusion and Future work

This paper discussed how knowledge visualisation
principles could provide support in improving knowledge
transfer amongst high school learners. The findings indicate
that most of the principles considered in this study provided
various degrees of impact on the images produced by learners.
While some made significant impact, others’ impact could be
considered negligible. This allows prioritization of the
knowledge visualisation principles, for the context of high
school learners.
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