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Abstract
Visualization of knowledge is important to foster learning. To optimize the visualization
of information and its interdependencies, we focus on identifying ways to present information without loosing context. The following research takes an existing annotated
corpus and presents its contents in an interactive way that allows the audience to see the
dependencies of the covered topics. This form of presenting knowledge enables users
to interactively examine materials that are related to the topics the audience is interested in.
Taking the typical lecture as an example, it is often the case that, especially towards the
end of the semester, students have difficulties remembering earlier topics. When a new
topic is introduced it would be ideal to have a simple way to find dependencies and
present students with an easy way to catch up.
The OMDoc (Open Mathematical Documents) format [Koh06] is a content markup scheme
for mathematical documents. Using OMDoc, the implemented system can present different pieces of mathematical concepts in an interactive and connected way that allows
students to learn the concepts the current topic depends on, should they need to refresh
their memories. Along these lines it examines if and how spatial narrative and semantic
closeness can be combined to foster learning. This approach to presenting learning materials changes how we interact with course material which will allow students to learn
better. Ultimately, this research is applicable to almost all areas in which knowledge needs
to be transferred.
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1.

Introduction & Motivation

Learning new things is a bit like hiking up a mountain. If
you have ever gone hiking, you know that it is relatively
hard to hike up a steep mountain directly as shown in
figure 1. Some people do it but most people will rather
hike up as shown in figure 2. Both paths lead to the goal. Figure 1: Straight Learning
Path
Within education, there is normally only one straight path.
That is true for the narration in books, movies, and also
traditional slide-based presentations. This has not changed
in decades. With the advancement of technology, we are
however able to change the way presentations and their
narratives work. We can make it possible to link content
Figure 2: Curvy Learning Path
that logically belongs together, in other words, content that
is semantically close. Through the linking of content it becomes possible for a presenter
to seamlessly lead an audience, not along a predetermined straight path, but rather along
the path that allows the audience to take small detours and ultimately make the most out
of the presentation.
This idea of linking content is not new. When Tim Berners-Lee laid out his Semantic Web
Roadmap [BL98], its intention was to transform the World Wide Web (WWW) from a
web of mere human readable information to an information web with relations between
different resources. Both the semantic web and the research at hand strive to connect
pieces of information through adding context and thus to not just provide information,
but rather knowledge. Within presentations, the intention is to present information in an
interconnected way that provides context and thus facilitates understanding and learning.

Figure 3: Theorem Slide

Let us dive into a contrived story that will
guide us throughout this research: Annie, a
young student learning mathematics, is watching her teacher give a presentation on how to
use the Pythagorean theorem (see figure 3).
She is then given a triangle with sides a = 3
cm and b = 4 cm. Now she wants to use the
theorem to calculate the length of side c. Annie already knows how to calculate the square
1
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of a number and thus calculates that c2 = 25 =⇒ c = 5. However Annie made a mistake
and did not know what a right triangle is. Her teacher tells her that the question was a
trick question and that the answer is wrong because the triangle she calculated this for is
not a right triangle. Now Annie has to try to find out what a right triangle is.
Annie’s example shows the dependencies of different pieces of information (see figure 4), i.e. the
Pythagorean theorem depends on knowledge of
area calculation, lengths, squares, right angles, and
angles. As Annie and many of us who have witnessed many presentations know, traditional slidebased presentations lack the connectivity and flexiFigure 4: Information Dependency of the
bility to allow us to directly look related topics up.
Pythagorean Theorem
By adding connectivity and flexibility, we would
allow Annie to not just look up the prerequisite knowledge such as what right angles are
but hopefully also to understand the Pythagorean theorem.
To achieve our goal to help Annie, we will set out to create a relational presentation system
RPresentation to visually present information and its context which allows Annie to
interact with the content and choose a path that matches her knowledge base. For this
we will be using the OMDoc (Open Mathematical Documents) format which, given an
annotated set of documents, will provide us with the necessary XHTML-representation
and PDF-representation of the information [Koh06]. It will also allow us to extract information about the semantic closeness of different pieces of information.
This information alone would tell Annie where she might find the information she seeks
but it will only serve as a starting point. In face, this information will be used to visualize
the dependencies of the information in a simple but effective approach using the presentation framework impress.js [Szo11]. The visualization of the information will make use of
spatial narrative to connect information in a logical way. Thus the final product will allow
Annie to intuitively interact with the presentation to find the information she needs.
Along the way of helping Annie, we will explore the question of how to create a flexible
presentation, which allows Annie to choose her own path to explore the context of a topic
by browsing through related resources as needed. To create this presentation a tool for
automatic contextual visualization of information will be introduced. Through the usage
2
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of both spatial narrative and semantic closeness of information it will connect information
logically. The end product will be a presentations which allow Annie to choose her own
path by interacting with the presentation to seamlessly explore related topics and brush
up on half-forgotten topics like right angles.
It is left to the reader to think about examples in his or her own life where he or she would
have appreciated having this type of flexible presentations. There are many stories such
as Annie’s in real life and it is therefore important to provide information with its context
to facilitate learning and knowledge transfer as a whole so that each of us can choose a
learning path that allows us to reach the goal, whether it be by following a straight or a
curvy path.

2.

Related Work

When searching for related work there is little to be found. Some works have focused on
making teaching more effective by providing students with all lecture materials directly
after class which has been found to have a positive influence on learning [BA04]. For this
purpose, systems that can automatically capture and index classroom events as videos
and images have been devised [DAH08]. Some of these systems use temporal information
[CS97] to show multiple resources in sync as they appeared in the lecture. However, while
this approach also aims at improving the learning experience, it does not in any way link
content semantically based on dependencies or allow for more interactive presentations
through combining semantic closeness and spatial narrative.
Another piece of research has focused on the automatic generation of mind maps from
text [AESI+ 09]. The software they developed uses Semantic Web technologies to create
mind maps that show the relations between nodes that represent different objects. While
the research at hand also intends to show the relation between pieces of information,
it does it on a different level. For instance, it can represent that Shakespeare lived in
Stratford but it would not be able to show the dependencies of mathematical concepts as
it is limited to representing nodes in single words within the mind map. This research, on
the other hand, will focus on exactly that, i.e. dependencies and the creation of interactive
presentations.
There has also been research focusing on guided tours in mathematics [SBC+ 00]. This
creates guided tours on topics depending on the background of the user. While working
3
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towards the same goal, namely to improve knowledge transfer, it differs from this work
in its presentation format. While Siekmann et al., focused on one topic and displaying it
differently to users with different backgrounds, this research will show the topics of a
whole course while allowing to see dependencies and while allowing to diverge from the
prescribed presentation path.
Adding on to the research about guided tours in mathematics, there has also been research
on semantic document navigation [Koh12]. It demonstrates the need for assistance in
form of navigation support for the reading of mathematical documents by creating a
system that allows for semantic navigation in Excel spreadsheets. This research underlines
the importance of a system that allows users like Annie to navigate information according
to dependencies.

3.

Preliminaries

In the following we will examine some prerequisite knowledge. By engaging with our
example presentation we will show how the presentation can be improved to transfer
knowledge more effectively.

3.1.

Terminology

Before discussing the buzzword knowledge transfer further, we will first engage in the
conceptualization of the terms information, knowledge, and context.
The Oxford Dictionary of English [Ste10] defines information as "what is conveyed or
represented by a particular arrangement or sequence of things". Recalling figure 3 and our
contrived story of Annie, an example for information is the sequence a2 + b2 = c2 . For the
term knowledge, we will use the definition in Merriam-Webster’s thesaurus [MW14] which
defines it as the "fact or condition of knowing something with familiarity gained through
experience or association". This association is of special importance for the current project.
We will define it as knowledge that is made up out of several pieces of information that
are connected. In the example from above knowledge would be knowing when and how
the Pythagorean theorem can be used by knowing the information that the usage of the
Pythagorean theorem depends on (see figure 4 above).
According to the Merriam-Webster thesaurus [MW14], context is defined as "the parts of a
discourse that surround a word or passage and can throw light on its meaning". Context
4
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can be easily explained with the example of Annie learning the Pythagorean theorem.
The information about the calculation of the length of the third side of the triangle is only
helpful for Annie within the context of the pieces of information this depends on. Without
this context, Annie cannot understand the theorem. Figure 4 above illustrates the context
by showing the dependencies of the theorem, i.e. calculating squares, area calculation,
triangles, and right angles. It represents relatedness of concepts by linking the different
concepts with lines, thus creating associations between the different pieces of information.
The relatedness between the relevant concepts can also be imagined as a network. We
will be using the terms context and network almost interchangeably and depend on the
reader to have the right intuition about these terms.

3.2.

OMDoc

OMDoc [Koh06] is an XML-based system that provides a data model and a format for
content markup for mathematical documents. As such it is a semi-formal domain ontology. An ontology provides the framework for creating a semantic structure. It formally
describes concepts within a specified area. A semi-formal ontology [SR03] is an ontology
where formality of semantics is not a given. The semi-formal ontology can consist of
partial or incomplete knowledge.
If OMDoc was used in every part of mathematics (and related fields), we would have
a repository of mathematical knowledge that could be processed in various ways. This
is possible because OMDoc provides the framework to create and store mathematical
objects such as definitions and concepts. The relations between different mathematical
objects and the attributes of mathematical objects can be added through annotations. This
elevates the net of separate pieces of information that are stored individually to a semantic
representation and can be used to improve knowledge transfer.

3.3.

Status of Information within the (Dis)Course

In linguistics the concept of information packaging [HRP+ 02] is well known and widely
discussed. Within the study of information structure, one discriminates between familiar/
old and unfamiliar/ new information. Familiar/ old information is shared by speaker and
addressee, i.e. it is in the intersection of knowledge of student and teacher. New/ unfamiliar
information is not in the shared knowledge base or the content commons [Tea06]. In
addition, one distinguishes information that is old or new with respect to the discourse or
with respect to the addressee.
5
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"My sister went to the circus the other day; she said it was brilliant."
In this example in the first part of the sentence, discourse-new information pertaining to my
sister and to a circus is introduced. In the second part, the underlined parts are considered
discourse-old since they have already been introduced. These terms are coined to refer
to the accessibility of the information to participants of the discourse [AEL+ 00]. The
accessibility depends on the relative newness, i.e. recency of mention, of this information.
These concepts can be adapted to the situation of teaching mathematics or computer
science to students in a class. In general we will call the information that the speaker
is passing on to the addressees/students course-new. Since we are in the setting of a
university course, the course-new information will generally depend on information that
is course-old. We will additionally introduce a third modus for information called courseancient. This covers the situation where the addressee has difficulties following the speaker
since the course-new information depends on course-old information that might be ’too old’
to be easily remembered, i.e. course-ancient.
Going back to the example of Annie, the information about the Pythagorean theorem that
the teacher is just introducing would be considered course-new. The information about
the right angle which Annie cannot access anymore since she was taught about this too
long ago is course-ancient. The information about squares which Annie still remembers
is course-old. Through the semantic closeness that OMDoc provides, we will be able to
determine the status of information within the (dis)course.

3.4.

Primitives

Within knowledge representation, five evaluation criteria for knowledge representation are known [Koh14]: Expressive Adequacy, Reasoning Efficiency, Primitives, Metarepresentation, and Incompleteness. Primitives are the different elements of representation.
In terms of evaluation it is important to have intuitive primitive elements. The primitive
elements can be further subdivided into structural and semantic primitives [Sal80]. The
structural primitives have little inherent semantics associated with them whereas the
semantic primitives carry meaning.
Visual and normal tree-like graph language have different primitives and it is interesting
how the primitives of the former can be mapped to the primitives of the latter. When we
consider tree-like graphs, there are two structural primitives, namely the nodes, which
6
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represent concepts, and the edges, which represent relations between nodes. Additionally
we can add semantic primitives like attributes to the concepts and to the relations to add
information or to show what kind of a relation it is. In normal graphs a relation between
two nodes is often quite simple: there is one node that acts as the subject, one node that
acts as an object, and the relation that acts as a predicate. Thus we can, for instance,
express that the Pythagorean theorem depends on information about right angles (similar
to figure 4). These structural primitives and semantic primitives provide the basics that
information graphs can be built on.
For impress.js, the primitive elements are text, images, slides, and the visual relation
between the different slide-like structures. The slides can be mapped directly to the
nodes/concepts which graphs use. Text and images are taken for granted within the
slides. Similarly, the visual relation between different slides is very much like the relations
between nodes. However, the relations can be much more expressive within impress.js.
These relations or connections between different slides do not just connect content that
depends on one another but also content that has a temporal connection, similar to slides
following one after another. As such the temporal associations show the path that a
traditional lecture would take. The dependencies that are visualized around each slide,
mainly above or below the slide, allow for additional interactivity.

3.5.

Spatial Narrative

The development of presentation tools like impress.js and Prezi, has changed how people
think about presentations while making use of spatial narrative. Prezi is "a virtual whiteboard that transforms presentations from monologues into conversations: enabling people
to see, understand, and remember ideas" [Pre14]. When doing a good prezi presentation
one has to understand the topic one is presenting on a deeper level and think about how
one can portray connections between content visually.
The concept of Spatial Narrative stems from the establishment of frameworks for "the
creation of computer-assisted flexible guided tours based on the thematically and narrative
linking of a set of locations within an area into a spatial narrative" [MJ08]. Teachers that are
presenting a topic are an example for the experience of a tour guide for a certain topic.
The benefit of spatial narrative is that the audience gains a more thorough understanding
7
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of the subject and has a better understanding of the interconnections between different
pieces of information. By providing the audience with a story as a narrative one also
makes use of the concept of Storytelling which is largely accredited with the benefit that
the audience will have an easier time following the presenter. That is the case because
our brains are not made to memorize a lot of unconnected pieces of information; it is far
easier for us to remember information if it comes in story form [Den11].
In this research we will use this knowledge
to form an interconnected network of information that tells a visual story based on semantic closeness to facilitate the transfer of
knowledge. For Annie this means that she
will be presented with the course-new information about the Pythagorean theorem in a way
that the dependent course-ancient and courseold information would be visually close and
visually connected (see figure 5). It also means
that Annie’s teacher can answer Annie’s questions easily by just going to the related courseancient information in an instant.
Figure 5: Connection of Slide

3.6.

impress.js

For the implementation of RPresentation, impress.js will be used, as commercial applications like Prezi, while more mature in presentations for the general crowd, do not provide
us with an Application Programming Interface (API) that allows the generation of whole
presentations. The open-source presentation framework impress.js [Szo11] was created
by Bartek Szopka. It combines HTML and CSS3 which makes it highly customizable but
unfortunately renders it unsupported by older browsers. The presentation data is entered
in the HTML file; each slide in its own div with data-x, data-y, and data-z attributes to
change the position of the slide. The data-x and data-y attributes change the position
of the element according to the normal x- and y-axes. The data-z attribute changes the
closeness of the elements along the z-axis.

8
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1
2
3

<div class="step" data-x="1000" data-y="0">
Slide Content
</div>
Figure 6: Code Snippet to Create a Slide

Apart from these basic attributes, impress.js offers the
data-scale attribute to scale content, making slides appear bigger or smaller, and the data-rotate attribute
which rotates slides in 3 dimensions using data-rotate-x,
data-rotate-y, and data-rotate-z. As shown in figure 7
this allows the presentation to go into the third dimension.
In the following code snippets, a few other basic functionFigure 7: Rotations [Loh14]
alities are illustrated [Smi12]. The opacity attribute allows
us to discriminate between active and inactive slides which allows us to hide content
so as not show too much information to a user at once. Adding an overview can be
accomplished with the last part of the CSS snippet and the HTML snippet below that.
1
2
3

.step { opacity: 0.2; }
.step.active { opacity: 1; }
.step-overview .step { opacity: 1; cursor: pointer; }
Figure 8: Code Snippet to Show and Hide Content

1
2

<div id="overview" class="step" data-x="8000" data-y="1000" data-scale="10">
</div>
Figure 9: Code Snippet for an Overview

To link back to a slide, slides are accessible via IDs. The slide with the ID conclusion will
thus be accessible by appending #/conclusion to the end of the URL.

4.

Towards a More Effective Presentation Format

Building on the preliminaries, we will now commence the journey towards building a
more effective presentation format to improve knowledge transfer by allowing flexibility
in presentations. To create these presentations automatically, the tool RPresentation
[Pen15] was created.

9
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Figure 10: Architecture Diagram

With the OMDoc framework and its tools it is possible to write down course notes or
other documents in Semantically enhanced TEX/ LATEX (STEX). The Local MathHub Tool
(lmh) uses these to create, among other things, PDF slides, XHTML slides, and relational
information. To help Annie, let us use a document that explains the Pythagorean theorem
and related topics. The files that lmh creates, along with the STEX-files will be used as
input in the next steps. For the implementation of RPresentation Java was used. It
would have been possible to choose other programming languages, however, using Java,
we end up with platform-independent code.
RPresentation itself operates in five main steps:
1.
2.
3.
4.
5.

Get user input for the locations and names of folders.
Parse STEX to retrieve the order of slides.
Extract dependencies from relational info.
Extract necessary XHTML or PNG parts for slides.
Create presentation.

After asking the user for the location and names of the folders we want to work on, RPresentation can parse the provided STEX files in a recursive fashion to retrieve the slide order.
It does this by starting with a given top level file which includes other files via mhinputref s.
In the next step the relational information is parsed and put into a hashtable. The keys
are the slides which link to an array of dependent slides. The order of the slides and
10

Naomi Pentrel · n.pentrel@jacobs-university.de · 10th May 2015
their dependencies are then combined to an information graph which we use to create
a relational presentation out of the annotated document using the slide info. This slide
information is created by either parsing the XHTML and directly copying the needed
parts into the final presentation or by transforming the PDF into PNGs that are then
included in the final presentation.
For including the XHTML or the PNGs we use self-created boilerplate code, in which only
some coordinates and the XHTML or the PNGs for the slide are added (see subsection 3.6).
The details of this process will be explained in subsection 4.1, 4.2, and 4.3. To complement
the HTML, a CSS stylesheet is added which adds the some design elements. The design
of the template is based on a presentation by S. Wolf [Wol14].
To bring the presentation to life the library impress.js which was introduced in subsection 3.6 is used because it makes it simple to reuse the XHTML code that was automatically
generated by lmh. An important additional reason for the choice of impress.js [Szo11] is
that it enables us to use spatial Narrative as discussed in subsection 3.5 and subsection 3.6.
The library impress.js works in all modern browsers that support CSS 3D transforms; some
older and mobile browsers are, however, not able to display the created presentations
properly.

4.1.

Narrative Paths

The information that OMDoc provides us with could also be simply visualized as a tree
of information. But this would not be very engaging and it would be hard for a person to
process. Similarly, traditional slide-based presentations do not provide a very engaging
or interactive form of presenting information. Therefore we will focus on using spatial
narrative to make presentations more engaging and enhance knowledge transfer.
One opportunity to employ spatial narrative is to place content which is inherently related
visually close together since this conveys the meaning that these objects belong together.
In A mathematical approach to ontology authoring and documentation [LK09], it is stated that
"documents consist of narrative and content layers". In our case, the content layers are the
mathematical objects, i.e. the statements or theories. Narrative layers refer to the order in
which the mathematical objects from content layers are presented.

11
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Figure 11: Inclusion Graph for the Pythagorean Theorem

In our system, the STEX files are parsed using a Depth
First Search algorithm to retrieve the narrative the
writer intended to use. For the explanation of the
Pythagorean theorem this can be seen in figure 11.
The graph for a whole course like the General Computer Science course (GenCS) at Jacobs University Bremen [Koh11] is too big to be shown properly (see figure 12).
The retrieved order is the intended narrative layer, which
we will refer to as a primary narrative path since we go from
Figure 12: Inclusion Graph for
slide to slide on our path to the end of the presentation. To
GenCS
create this primary narrative path we need to add several
slides with increasing x-coordinates as shown in figure 13. This code then creates the
narrative path portrayed in figure 14.
1
2

<div class="step" data-x="1250" data-y="0"> ... </div>
<div class="step" data-x="2500" data-y="0"> ... </div>
Figure 13: Code Snippet for a Narrative Path

Figure 14: Primary Narrative Path

12
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The primary narrative path, formed by a horizontal stream of slides, is the traditional path
a presenter normally uses when preparing a PowerPoint presentation. This path happens
to also contain temporal information which is illustrated by the arrow in figure 14. This
temporal information is what we extracted from the STEX files as the order in which the
slides (or the information on the slides) should appear.
This temporal information is also used to create narrative paths for subsections of the
whole presentation that only explain one topic. These narrative paths are similar to the
guided tours mentioned in section 2 in that they aim to explain one topic but they are
different in that they just reuse slides that have already occurred. Going back to our
example of Annie, an example of a subsection would be the information concerning
angles. In essence, the intended narrative path contains multiple narrative paths of its own.
These occur on different levels as explained in subsection 4.3 and are based on the concept
of spatial parratives (see subsection 3.5).

4.2.

Ordered Information Graphs

As described in section 4, lmh outputs information about dependencies of topics. The
general format of one relation can be seen in figure 15 (lines 1-2). A specific example
showing some of the dependencies for the Pythagorean theorem example can be seen in
lines 4-11.

1
2

theory path/to/file?theory_name
Includes path/to/file path/to/dependent/file?theory_name

3
4
5
6
7
8
9
10
11

theory
pythagoreantheorem/pythagoreantheorem/theorem.omdoc?pythagoreantheorem
Includes
pythagoreantheorem/pythagoreantheorem/theorem.omdoc?pythagoreantheorem
pythagoreantheorem/measurements/right_angle.omdoc?right_angle
Includes
pythagoreantheorem/pythagoreantheorem/theorem.omdoc?pythagoreantheorem
pythagoreantheorem/measurements/area.omdoc?area
Figure 15: Code Snippet of Relational Data 1
1 All

the above paths were shortened by "http://mathhub.info/MiKoMH/" to maintain readability.

13
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The system RPresentation parses the relational data and thus retrieves the dependencies
of the topics which are visualized for Annie’s example in figure 16. Dependencies give
us the course-ancient information, as dependencies intuitively link to information likely
obtained longer ago.

Figure 16: Dependency Graph

With the data about the order and the dependencies of information within the paper, we
now have an ordered information graph out of which we can build a first presentation
that Annie can interact with to learn about the Pythagorean theorem. RPresentation
creates this presentation incrementally. As outlined in subsection 4.1 and illustrated in
figure 14, RPresentation creates the primary narrative path from the order of the slides.
After adding each slide it checks whether there is course-ancient information, i.e. whether
there are dependencies, for that slide. If there are dependencies those are added below
the slide itself (see figure 18). This is achieved by keeping the data-x value but increasing
the data-y value (see figure 17).
1
2
3

<div class="step slide" data-x="8750" data-y="0"> Slide </div>
<div class="step slide" data-x="8750" data-y="800"> Dependency 1 </div>
<div class="step slide" data-x="8750" data-y="1600"> Dependency 2 </div>
Figure 17: Code Snippet for a Dependency

Figure 18: Visualization of Dependencies
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The library impress.js normally does not support having different paths depending on
pressing the right or down key. Therefore it had to be slightly adapted to handle this
behavior. As these are implementation details, this will not be further explained here. The
interested reader is encouraged to look at the code [Pen15] directly.

4.3.

Levels

When writing a document or course notes in STEX, the creator general writes a top-level
file such as notes.tex from where other TEX files are included. These included files again
include further TEX files etc.. Thus we are automatically provided with levels that we
can use for splicing our primary narrative path into smaller narrative paths. In essence,
on any level the order of information in that topic is a narrative path itself. Expressed
in mathematical notation a level within a directed graph G = hV, Ei, with V being a set
of nodes and E = V × V being the set of directed edges, is the set Lw = {v|hw, vi ∈ E}.
From these levels we can infer the status of the information. We already know that a
dependent piece of information infers that it is course-ancient information. Anything that
is on the same level or in the sublevels thereof is considered to be course-old information.

Figure 19: Inclusion Graph with Levels

If Annie, while browsing through the different dependencies, realizes that she needs
to refresh her memory or learn more about any of the dependent information she can
enter the respective level. The presentation will then continue on that level and show all
the slides from that topic in the correct order. Once Annie has gone through this short
excursion, she can return to the initial slide and resume the primary narrative path. By
adding a way to explore these other levels, the presentation adds more context and allows
Annie to understand the subject on a deeper level. These modular excursions are included
in the presentation in 3D by making use of CSS3-transitions (see figure 20). Thus when
15
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the user enters an excursion a 90◦ rotation around the y-axis occurs and the user can now
follow that story line (see figure 21).
1
2
3
4
5
6
7
8

<div class="step slide" data-x="8750" data-y="0" data-z="0"
data-rotate-y="0"> Slide </div>
<div class="step slide" data-x="8750" data-y="800" data-z="0"
data-rotate-y="0"> Dependency 1 </div>
<div class="step slide" data-x="8750" data-y="800" data-z="0"
data-rotate-y="90"> Dependency 1 Continuation 1 </div>
<div class="step slide" data-x="8750" data-y="800" data-z="1250"
data-rotate-y="90"> Dependency 1 Continuation 2 </div>
Figure 20: Code Snippet for a Dependency Level

Figure 21: Visualization of Dependencies and Levels at 60◦

2

overlapping slides do not interfere as they are at a 90◦ angle. Therefore when seeing one slide, the
other slide will be visible only from the slide. Since a slide is very thin this makes it invisible.
2 The
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4.4.

The Relational Presentation

Combining the information about narrative paths, dependencies, and levels, we derived
an ordered information graph out of which we have built a presentation that Annie can
interact with to learn about the Pythagorean theorem. In this section we will examine the
structure of the created presentation.
To begin with, let us examine the choice of layout. The goal of this presentation is to have
all the information the Pythagorean theorem depends on easily accessible so that Annie
can access course-ancient information easily. The added expressiveness that impress.js
offers allowed us to have this in a very structured format. Since Prezi was mentioned
in the beginning of this paper as a commercial alternative that was considered for this
project, let us examine a sample prezi from afar and outline some differences.

Figure 22: Prezi Example [Pen14]

A prezi, if done correctly, is generally full
of metaphors and meaningful visual connections. Our tool cannot mimic this creativity as it lacks the capability to abstract on such a high level.
Therefore our product is a lot more structured
and focused on visualizing relations between content with movement and closeness.
This also serves to keep the resulting presentation simple and easily usable.

While focusing on closeness and movement, it can use some of the primitives of impress.js
(see subsection 3.4) to create meaningful visual relations and semantic movements. These
meaningful visual connections are similar to those that prezis often feature. The relations
between the content, such as it being the next slide in the narrative or it being a dependency
are shown through the closeness and the placement of the slide as well as the movements
that come with it. The following movements exist:
1. movement along the x-axis,
2. movement along the y-axis, and
3. rotations.
The movement along the x-axis has a mostly temporal semantics associated with it. Going
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Naomi Pentrel · n.pentrel@jacobs-university.de · 10th May 2015
to the left is connected with going backwards in the narrative, whereas going to the
right is associated with going forwards in the narrative. Apart from going forwards and
backwards, we can also move along the y-axis. Moving down intuitively means that we
dig deeper into a topic and go to the roots of a problem, whereas moving back up means
we will be on a higher level.
The most interesting movement is the rotations. It should be briefly mentioned that too
much rotation leads to seasickness in users, as anyone who has seen a bad prezi can attest
to. These are generally rotations around the x-axis that rotate more than 20◦ . Since we only
rotate around the y-axis, our rotations are not affected. Instead of causing seasickness, our
rotations aim to give the viewer the feeling of entering a topic and a different storyline.
Thus entering a different topic comes with a change of perspective which is underlined
by the 3D transformation that the user sees. Overall, these movements add expressiveness
to the relations and allow for intuitive interaction with the presentation. 3
One might think that this is similar to a PowerPoint presentation, since PowerPoint
offers similar animations to switch slides. The important addition is more obvious when
regarding the presentation from a bird’s eye perspective by looking at the overview in
figure 18 or figure 21. The value in these presentations is that through these overviews,
dependencies become identifiable. More importantly this means that for Annie, dependencies become accessible and allow her to go on small guided tours or small excursions
into course-ancient topics giving her the flexibility to choose her own path while going
through the presentation.

5.

Evaluation

Even though an evaluation is not fully possible given the limited time frame, we will
attempt to evaluate the created system and presentations as well as their shortcomings.
Afterwards we will look at future work and possible extensions to our system.

Figure 23: Initial Presentation Idea
3 To

18

The evaluation conducted in the following part is on
the one hand, systematic and, on the other hand, cognitive. Systematically, the knowledge presentation system RPresentation that was developed allows for the
creation of a clearly structured relational presentation

see the presentation in action visit: http://npentrel.github.io/pythagoreantheorem.html#/overview.
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from a given annotated document which fulfills the goal of this project. It does so in a
very timely manner within seconds. In the starting phase of this research, the created
presentations were supposed to look a lot more like clustered graphs such as figure 23.
Possibly with nodes that are close if they are semantically close and the size of the nodes
reflecting the importance of the node. While implementing the system, it not only became
obvious that such an implementation would be very difficult but also that it would likely
confuse our persona, Annie.
When using Prezi, human beings can creatively think of links and therefore make more
graphical presentations. Due to the fact that our system only has limited intelligence, we
end up with a far more structured presentation. However, considering that the goal of
the created presentation is to allow users to intuitively understand dependencies and to
allow them to deviate from the primary narrative path to enter the level of one of the
dependencies and follow its narrative path for a while, it became obvious that a simple
structure for this presentation is actually preferable.
After having considered the systematic aspects, let us now look at the other aspects.
Cognitively, we explored a part of the field of information systems. It is still an open
question whether the developed system provides a better system for knowledge transfer.
I strongly believe that the created system RPresentation adds value to presentation and
has the power to facilitate and improve knowledge transfer due to some reasons that were
already shown in the section 2. There some argued that the linking of learning materials
is useful for knowledge transfer and that especially mathematics is a field that could
profit from guided tours through topics as a way of learning topics according to users’
individual knowledge bases.
Since a qualitative analysis was unfortunately not possible in this time frame, we can only make an educated
guess at the usefulness. To strengthen this educated
guess, we will look at the potential path a user could
take through the presentation we created by examining
figure 24.

Figure 24: Path Example

In the book OMDoc - An Open Markup Format for Mathematical Documents [Koh], a didactic figure called the straw-man
theory is introduced as an example for a naïve reduced
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approximation of the real theory that aims to show an example to explain why said
approximation does not work. Our system is not sophisticated enough to examine these
structures on its own and figure out which information is best to be shown. Instead,
RPresentation simply finds where the dependent information has been taught before
and reuses the order in which it was taught before. Subsequently, our system heavily
relies on sensible input.
Given this sensible input our persona, Annie can make use of digressions, where she can
go back to a different topic and follow its narrative path for a while. An example for this
is highlighted with a blue triangle in figure 24. These digressions are the added value
that allow flexibility in these new presentation and transform the traditional presentations
from linear presentations to relational presentations.

6.

Future Work and Possible Extensions

This section lists some ideas on future work regarding this topic and the created system
RPresentation. Before embarking on improvements of the system, a qualitative and
quantitative analysis of the produced visual presentations should be conducted to confirm
that this system aids users in understanding content better. For the quantitative analysis
it would be ideal to take a course that has already been taught using a more traditional
approach to presentations which can then function as a control group. After teaching the
whole course using the newly created presentations, the data of how the students in this
test group performed can be compared with the gathered data from how students used to
perform in the course. For a qualitative analysis, students who have been subject to the
use of and who have actively used the new presentation could be interviewed.
Apart from an analysis to evaluate the effectiveness of the created presentations, the
whole system could be made more user friendly for both the creator and the users of the
presentations. By improving the creation user interface and allowing for users to choose
their own designs, it becomes easier to use and more attractive for users. Adding an
editor would make RPresentation more user friendly for creators as well. To change a
presentation after it has been created, a user currently has to understand how to manipulate HTML, JavaScript, and also CSS.
In terms of improving the usability for the users that will view and interact with the
presentations, one could try to find a way to make use of relative size to additionally
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convey importance using impress.js’ data-scale attribute. This would further add more
semantic meaning to the slides. Additionally, one could think about adding a progress
bar by using the work of Matthias Bilger [Bil12] to motivate users to continue.
Overall it is even thinkable to create a different version of this system that could be made
available to general users outside this research domain. The idea would be to allow users
to add slides in an editor and to allow them to add dependencies themselves. Possibly
the system could even suggest dependencies. As an example, I could very well envision
a biology presentation that explains photosynthesis and allows the attentive student to
catch up on dependencies such as the process that transforms ADP to ATP.
In terms of improving content, it would be interesting to not just provide paths to dependencies or prerequisite knowledge but also to knowledge that builds on the current topic.
That way students that learn fast can already explore higher levels.
This whole research project might also benefit from machine learning which could allow
us to suggest likely dependencies. On an individual basis we could use it to learn what
the user knows and what the user does not know. Ideally we do not always want to
show very low level dependencies, such as how to multiply, which our system could
then learn. Combining machine learning with the identification of more didactic paths or
figures within the data such as the example in figure 24 could further improve knowledge
transfer.

7.

Conclusion

In this research project we set out to help Annie understand the Pythagorean theorem.
Her problem was that she did not know about some of the dependent information, i.e.
right angles, and since there was no easy way to access this information she could not
understand the topic fully. To help her, we created a system RPresentation that parses
the documents that the instructor wrote and created a relational presentation out of it.
This relational presentation combines spatial narrative with information about the relations between different pieces of information into a visual information graph. In doing
so it creates presentations that use meaningful visual connections between pieces of
information to allow for intuitive interaction with the presentation. This allows Annie to
choose her own path while going through the presentation and seamlessly looking up
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related information.
The benefits are not just for Annie when she is going through the presentation on her
own though, Annie’s teacher now has a tool that allows him to use his normal lecture
material in a more interactive way. Thus when the teacher realizes that the students need
to revise previous material, the teacher can seamlessly go to that material and provide
them with a good learning experience. This facilitates knowledge transfer and allows for
a more engaging and interactive education.
In the future, I believe that this research could be adopted in more fields, transforming
education into something that allows individuals to learn the way that is best for them.
In the introduction, I introduced the metaphor of hiking up a mountain which can be
done in different ways. The type of presentations this research built allows for a lot of
different paths to reach a learning goal. The flexibility that comes with these presentations
is undoubtedly preferable to traditional presentations as it offers clear benefits in allowing
to effortlessly change the path of the presentation at any point.
To conclude, I leave the reader to ponder how much education would change if we could
allow individuals to learn at their own pace following their own path and easily learning
course-ancient information in guided tours. RPresentation definitely helped Annie and
I strongly believe that the mentioned benefits would benefit all of us, whether in the role
of the presenter or in the role of the viewer.
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