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SAMENVATTING

Klassieke presentaties worden wereldwijd gebruikt om kennis over te bren-
gen en te delen. Microsoft PowerPoint is het populairste en meest bekende
programma in dit gebied. Spijtig genoeg heeft deze software weinig evolu-
tie gekend sinds ze het licht zag in de jaren 1980, ondanks een ongeloof-
lijke stortvloed aan vernieuwingen in bijna elk ander aspect van informatie-
en communicatietechnologie. Het basisconcept van digitale presentaties is
steeds hetzelfde gebleven, gebaseerd op de oorspronkelijke fysieke overhead-
en diaprojecties. De beperkingen in grootte zorgen vaak voor een minder
dan ideale weergave van informatie, waardoor het moeilijk wordt voor de
presentator om alles goed te kunnen uitleggen, alsook voor het publiek om
alles te begrijpen.

Presentatoren ondervinden vaak, tot zelfs gewoonlijk, problemen met het
schikken van hun inhoud binnen dit formaat op een manier die duidelijk,
overzichtelijk en esthetisch verantwoord is. Het grootste deel van de tijd
nodig om een presentatie te maken wordt verspild aan het zoeken van een
goede layout voor de voorziene informatie, vaak dan nog met weinig positief
resultaat. Professionele designers werken jarenlang aan templates voor dit
soort presentatiesoftware, in een poging om een alles passende oplossing te
voorzien voor onderdelen die — weinig verrassend — meestal niet voldoen
aan de regels die erop toegepast worden.

MindXpres is een programma dat een paradigmaverschuiving in het be-
werken en geven van presentaties met zich meebrengt. Het voorziet een
uitbreidbaar platform dat een presentator toelaat zich te focussen op de in-
houd van zijn presentatie, terwijl MindXpres de visualisatie voor zijn rekening
neemt. Het geheel bestaat bijna volledig uit plug-ins die verschillende soorten
informatie verwerken en visualiseren, en maakt het mogelijk om nieuwe plug-
ins toe te voegen om nieuwe functionaliteit beschikbaar te maken wanneer
nodig. De verbeelding van de plug-in ontwikkelaar is de enige grens aan dit
systeem.

In deze thesis stellen we een programma en aanpak voor waarmee be-
staande PowerPoint presentaties kunnen omgezet worden in MindXpres pre-
sentaties, met de bedoeling om PowerPoint gebruikers te overtuigen om
MindXpres te gaan gebruiken door hen de mogelijkheden van MindXpres
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te tonen met hun eigen presentatie-inhoud. Als bijkomend — maar niet
minder belangrijk — doel vervangen we het bestaande layout systeem van
MindXpres, gebaseerd op templates, door een layout algoritme dat een ideale
layout genereert gebaseerd op de onderdelen van een presentatie.



ABSTRACT

Classic slide-based presentations are used worldwide to share and transfer
knowledge. Microsoft PowerPoint is the most popular and well-known soft-
ware package in this area. Unfortunately, little evolution has taken place
since its inauguration back in the 1980s, despite an incredible amount of
innovations in almost every other area of software and computer technol-
ogy. The main concept of digital presentations has always remained the
same, based on the original physical presentations using overhead or slide
projectors. The limitations in size often force a less than optimal display
of information, making it difficult for the presenter to explain and for the
audience to understand the information that is being presented.

Presenters often, if not usually, struggle to put their content into this
format in a way that is clear to understand, aesthetically pleasing and well-
structured. Most of the time spent creating a presentation is wasted on
finding a proper layout for the content provided, frequently with suboptimal
results. Professional designers spend years designing templates for these
presentation tools, trying to automatically provide a one-size-fits-all solution
for content that unsurprisingly mostly does not conform to the restrictions
imposed upon it.

MindXpres is a presentation tool that brings a shift of paradigms in
authoring and delivering presentations. It provides an extensible platform
that allows a presenter to focus on the content of their presentation, while
MindXpres takes care of the visualisation. It consists almost entirely of plug-
ins to process and visualise various content types, and allows the addition
of new plug-ins to introduce new functionality as needed. The only limit in
this system is the plug-in developer’s imagination.

In this thesis, we propose a tool and an approach to convert existing
PowerPoint presentations into MindXpres presentations, in the hopes of con-
vincing PowerPoint users to switch to MindXpres by showing them the pos-
sibilities of MindXpres using their own content. As a second goal, we replace
the default template-based layout system of MindXpres with a layout engine
that generates an ideal layout based on the content of a presentation.
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1. INTRODUCTION

For over 25 years, Microsoft PowerPoint has been the market leader in digital
prsentations. Admittedly, it was a revolutionary software package when it
was first introduced, and its ease-of-use combined with its supreme graphical
capabilities — at least compared to other software in the same era – quickly
made it one of the most popular software packages in history. 25 years
later, Microsoft PowerPoint can claim over 90% market share in presentation
software, and on average 30 million PowerPoint presentations are created
every day (Parker, 2001, Drucker et al., 2006, Bajaj, 2013).

In this time, Microsoft PowerPoint has gotten many new features, and cer-
tainly improved and grew with every new version, but it never really changed
its core approach. It started out mimicking the then-popular and widespread
use of dia and overhead projection slides. This technique where digital me-
dia imitates physical objects and actions is known as skeuomorphism, and
it is often used as a way to make people who are new to digital media feel
more familiar with the interface, the content, and the behaviour of software.
However, when many people of the current generation have never seen the
physical object or action because the digital version has almost completely
replaced it, this skeuomorphism no longer makes sense (e.g. the ‘save’ button
in many applications still showing a floppy disk).

In PowerPoint, this was at the time a good way to convince people of its
merits and purpose, allowing them to feel comfortable with a familiar format
instead of alienating potential customers with a new and potentially confus-
ing interface. However, this interface is quite restricting, and in recent years
different approaches have seen the light of day. The zoomable user interface
of Prezi is probably the most well-known, but apart from abandoning the
traditional slide format it does little to improve or extend the concept of
presenting information to an audience.

This is where MindXpres comes in. Its extensible plug-in system allows
anyone with some knowledge of programming to create new functionality to
use in presentations. Examples are interactivity with the audiencer through
various means, controlling the presentation from another device — or several!
— and (re)modelling data while presenting it, based on feedback from the
audience.
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While this is obviously a big improvement on the traditional presentation
model of Microsoft PowerPoint and related tools, it remains hard to convince
the general public of its merits. People are generally afraid of change, and it
is important to make the transition as smooth as possible. On top of that,
people are often worried that the work they did in the past may be lost —
or worse, irrelevant — after switching to a new tool. This alone may be a
huge factor in deciding wether or not to start using new software, or to stick
with what they know.

That is where the subject of this thesis comes in. We aim to provide a way
for people to convert their existing PowerPoint presentations into MindXpres
presentations, allowing them to take their previous work with them in their
switch to MindXpres. This way, we lower the treshold for them to make the
decision to start using MindXpres as their presentation software of choice.
Once all their existing PowerPoint content is available, usable and editable
in MindXpres, it should be obvious to anyone why MindXpres is the better
option for their presentations.

Another common problem with PowerPoint presentations is the way they
look. This is not necessarily the fault of the software; most people just are
not trained in graphical design, and as such they know very little about
proper layout, color choices, or slide content limits. Everyone has probably
encountered slides with full paragraphs of text, too small to read and / or too
much to process in the short time the slide is visible — (too) many people
have made those slides themselves.

When we say this is not the fault of the software, that is mostly true, as
the creators of these slides obviously made a conscious choice to make their
content appear like that. It could be said however that Microsoft PowerPoint
and other presentation tools are guilty through inaction. We believe it is pos-
sible to have software either warn its users against these choices and practices,
or — even better — have the software fix these problems automatically.

One of the primary purposes of MindXpres is to provide automated lay-
out, much like LATEX does, ensuring that the content creator only has to
worry about the actual content, while the software takes care of layout. In
practice, both LATEX and MindXpres currently use template-based layouts,
where the contents’ position is predefined in the template and not related to
or based on its size, shape or nature. In the end, everyone who has ever used
LATEX knows that sooner or later you will struggle to get a certain image in-
corporated in the text correctly, ending up doing the layout yourself anyway,
because the predefined template just does not work properly for your specific
content.

Our goal is to eradicate those situations. Automated layout should dy-
namically adjust to any content it is given, no matter the size or aspect ratio.
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This may seem hard, if you consider the limits of slides and the fact that you
can only fit so much content on them before they are full. This is where an-
other important aspect of MindXpres comes into play: we are not necessarily
bound to the limits of slides. If we do not have to consider the boundaries
of traditional slides, we can fit content together in an aesthetically pleasing
way much easier, without having to scale anything.

As such, the second part of this thesis focuses on implementing true au-
tomated layout in MindXpres. Again with the goal to convince Microsoft
PowerPoint users to switch, showing that their presentations actually could
look better in MindXpres, but at the same time we also provide new func-
tionality to other MindXpres users.

We believe this functionality will improve the aesthetic aspect as well as
the effectiveness of presentations. If content is not scaled down to fit the
articifial confines of a slide, but can instead be shown and studied in detail,
this should clearly increase the flow of information towards the audience.
Providing an overview of the information in a presentation becomes easier
and more effective too: where traditional presentations rely on a boring
table of contents, in which the presenter announces the subjects they will
be talking about one by one while the audience forgets the first thing in the
list by the time they get to the last, MindXpres allows the presenter to just
show all of the presentation’s content at once just by zooming out. Here
automated layout can help as well: content can be arranged in such a way
that an overview effectively hilights the important subjects, different parts
or keywords of a presentation.

Last but not least, we hope this functionality improves the experience of
creating a presentation. Everyone who ever created a presentation knows,
and research has shown (Lok and Feiner, 2001) that often more time is spent
on creating and fine-tuning the layout than actually putting in the content.
Most presenters however have not had any significant training in creating
effective layout, which means this time is often wasted on a layout that ends
up not actually benefiting the presentation as a whole. We want to eliminate
this problem by taking control over the layout away from the presenter and
instead providing them with a programatically generated layout that presents
the information provided by the presenter in the best, clearest way possible.

In summary, we determined how to take the .ppt file format apart to
harvest a PowerPoint presentation’s content, in order to transform the com-
ponents into a MindXpres presentation. Then we compared different layout
algorithms and approaches, and finally we created a new MindXpres plug-
in to apply this knowledge to the content of MindXpres presentations. In
this manner, we attenuated the user migration process from PowerPoint to
MindXpres and tempered the pitfalls of content layout in presentations.



2. SLIDEWARE AND THE IMPORTANCE OF LAYOUT

Computers, software and digital content are everywhere. Everything we use
nowadays is somehow related to computers and electronics, and if it is not,
it probably will be soon. This may be a bit of hyperbole, but there is a core
of truth in it. If you think about it, more and more things have become and
are becoming some kind of computer. Coffee machines used to be simple
machines that heated water and let it drip over coffee grounds; now there
are coffee machines that are connected to the internet, and can be turned
on remotely from your smartphone. That smartphone itself is an incredible
evolution as well: just 20 years ago, phones were analog devices, and you
could use them to call people and nothing more. Today, our phone does a
lot more than that, so much more that calling has actually become a minor
feature to most people.

Content is going the same way. Photos used to be on a special film, and
could be ‘developed’ onto special paper through a proces involving a dark
room and several chemicals. Movies existed on a projection film, newspapers
were actually made of paper and music was available on vinyl disks with
grooves that matched the sound waves. All of this content has been digitised
since. This means of course that you can see or hear it using a computer,
like you would have seen it without a computer before, but on top of that
it means the content can be much more dynamic. You can link it to other
content, you can make it respond to your actions, you can discuss it with
people around the world. Digitised content allows for interactivity, so that
the audience is no longer a passive onlooker but an active participant.

It is no surprise, then, that slideshow presentations have evolved from the
original dias or overhead projection slides into a digital form as well. Ex-
cept, until recently the evolution stopped there. Slideshows did not become
interactive, and the audience remained passive onlookers watching a series of
images projected on a screen or a wall. The presenter told a story, and the
audience listened. Often during or at the end of the presentation there would
be a chance to ask questions, but those questions could only be answered vo-
cally by the presenter. If the question needed any visual explanation, the
slideshow would not be able to help. We had digital slides, but the difference
with the physical slides was neglectable.
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In our eyes, the culprit for this is Microsoft’s PowerPoint. This software
package took the world by storm, making it possible for everyone with a com-
puter to make digital slideshows, which was impressive at the time. However,
Microsoft PowerPoint never really evolved beyond that. It did add features
that fit within the slideware concept, but never went beyond that comfort
zone. Since it was — and still is! — the dominant player in the world of
slideware with over 90% market share, this apathy towards change firmly
rooted slideware in the concepts of the past. Luckily, a few years ago some
people realized this and decided to take matters into their own hands. They
stepped away from the classic slide format, allowing for any kind of layout,
combined with zoomable interfaces and other methods of displaying data.
One such alternative is MindXpres, created in the WISE lab at the VUB.

MindXpres is based on a plug-in architecture. Plug-ins can do anything
from arranging data in a certain way to letting the audience control the
slideshow. Virtually anything is possible if you only implement it, and im-
plementing it is fairly simple if you know a bit about web development as the
platform is based on HTML5. Other software packages have plug-ins too of
course, but they have a limited set of functionality available to them, they
are not as easy to implement, and most importantly: they are bound by the
same slide format used since overhead projections.

However, even with the new alternatives, Microsoft PowerPoint remains
the most-used slideshow software. People keep using it because it is familiar,
they have used it hundreds of times before and as such all their existing work
is viewable only through PowerPoint. Switching to a new software package
is hard. This thesis aims to make the transition easier, by providing a way to
convert existing PowerPoint presentations into MindXpres. On top of that,
we try to find a way to immediately release the transferred content from
the confines of classic slides, by instead automatically figuring out the best
possible layout for the content we extracted from the original PowerPoint
file.

2.1 Terminology

The words slideshow and presentation are often used interchangeably through-
out this report, although they do not quite cover the same meaning. By
slideshow we mean a presentation consisting of a set of slides, the kind
Microsoft PowerPoint and many other presentation software provide us with.
Presentation then refers to the wider concept of material intended to be
viewed and manipulated by people in order to convey information, usually
but not necessarily from one or several presenter(s) to an audience.
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The term layout refers to both the process of determining the position
and size of each visual object that is to be displayed in a presentation, and
the result of that process.

Slideware is a portmanteau of ‘slideshow’ and ‘software’, referring to soft-
ware packages used to create slide-based presentations. This includes the
most common and popular presentation tools such as PowerPoint, Keynote
and OpenOffice Impress.

2.2 Problem statement

According to several sources (Parker, 2001, Drucker et al., 2006, Bajaj, 2013),
over 30 million PowerPoint presentations are being made every day. That is
an enormous amount. Creating a PowerPoint presentation is easy; creating a
good PowerPoint presentation, however, is not. Slides have a fixed size, and
you can only fit so much information on one slide before the effectiveness of
transferring that information to one’s audience starts deteriorating. Over the
years, many people have created written and unwritten guidelines to creating
effective slideshows, specifying how much text and how many images should
fit on one slide. Over those years, many people have failed to follow those
guidelines. But whether you choose to follow the guidelines or not, one thing
remains true: people who create slideshow presentations spend most of their
time not on the content of their presentation, but on the layout (Lok and
Feiner, 2001).

The layout of a presentation can have a significant impact on how well
it communicates information to and obtains information from those who
interact with it. The vast majority of layouts created today are done “by
hand”: a human graphic designer or “layout expert” makes most, if not all,
of the decisions about the position and size of the objects to be presented.
Designers typically spend years learning how to create effective layouts, and
may take hours or days to create even a single screen of a presentation.
Designing presentations by hand is too expensive and too slow to address
situations in which time-critical information must be communicated.

Since layout is such a hard skill to master, we propose to automate this
task, letting the presenter focus on the content of the presentation and pro-
viding a proper layout fit for the content provided through software.

It would be näıve to think that providing automated layouts in MindXpres
will convince avid PowerPoint users to abandon their favorite presentation
software in favor of the unfamiliar MindXpres. We have to assume that
people looking for alternatives have found them by now. This means the
people we have to convince are presumably the most loyal PowerPoint users,
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people who have made dozens or hundreds of presentations in Microsoft’s
popular format. Aside from having to learn how to use this new tool, they
would also suffer the inconvenience of losing access to all of their existing
content. As such, it would be a good idea to alleviate this inconvenience, by
offering a way to import their content into the MindXpres system. Therefore
we also propose a tool to convert PowerPoint presentations into MindXpres
presentations, in a way that they can be further authored using the available
MindXpres tools.

2.2.1 Real-life slideware problems

It may seem like an overstatement to emphasize the significance of layout and
formatting in presentations. One could assume these issues are irrelevant, or
that only inexperienced presenters would make these mistakes. The real-life
example of the space shuttle Columbia illustrates that this is not always
the case. Leading up to the tragic incident in which the shuttle burned up
during re-entry after spending 2 weeks in orbit, Boeing Corporation engineers
delivered three reports to NASA totalling 28 PowerPoint slides, to help them
assess the damage caused by a piece of debris hitting the wing of the shuttle
during launch, and the threat this damage might have posed. As Edward
Tufte beautifully describes in his article “PowerPoint Does Rocket Science”
(Tufte, 2005), the reports existed only in those slides, and the slides were
woefully inadequate for the task at hand. Although Tufte likes to suggest
this proves that PowerPoint is an inherently bad tool, what it really proves
is that PowerPoint makes it easy to create bad presentations, and a tool
that either discourages this manner of presenting information or makes it
altogether impossible would be a great improvement.



3. RELATED WORK

This chapter’s content is largely based on “MindXpres: An Extensible Content-
driven Cross-Media Presentation Platform” (Roels and Signer, 2014).

3.1 Background

The importance of digital presentations in this day and age cannot be under-
stated. Millions of presentations are created every day, supporting the oral
transfer of knowledge and playing an important role in educational settings.
Their origins as tools for creating physical media such as photographic slides
or transparencies for overhead projectors are still reflected in the underlying
concepts and principles of slide-based presentation tools. The rectangular
boundaries of a slide, and the linear navigation between slides, are still re-
strictions we face today in digital presentations. Tufte argues that these
concepts of slideware have a negative impact on the effectiveness of knowl-
edge transfer (Tufte, 2003). While the presenter is compelled to squeeze
complex ideas into a linear sequence of slides, those ideas are rarely sequen-
tial by nature, resulting in a loss of relations, overview and details. An initial
approach to address these issues might involve creating minimalistic presen-
tations or introducing some structure via a table of contents. Sadly, when
complex knowledge or other pieces of rich information need to be presented
as is (Farkas, 2006) — as in the domain of education — this does not work.

Consider for example a course on the finer concepts of mathematics, or
programming algorithms, where we have to understand the separate parts in
no specific order, before understanding the whole. Some people may grasp
one part’s concept immediately, while others need more detailed explanation
and yet others want to see the bigger picture to understand the purposeof the
parts. While a sequence of slides may help to illustrate certain aspects, it is
necessary to return to the overview regularly, which cannot be done without
duplicating one or several slides.

One of the main issues with traditional slideware presentations is their
monolithic nature, especially when content is spread over many self-contained
presentation files. “Reusing” previous work involves either switching between
files while giving a presentation or duplicating some slides in the new presen-
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tation. It should be noted that this issue is not limited to the reuse of single
slides: there is an ever increasing wealth of resources available for reuse,
spread over a wide spectrum of distribution channels and formats. The pos-
sibility to include content by reference or transclusion (Nelson, 1995) may
contribute in crossing the boundaries between different types of media and
prove beneficial in the context of modern cross-media presentation tools.

The difference in functionality between the authoring of content and its
visualisation is striking as well. The primary editors consist of mostly tool-
bars and buttons used for selecting and specifying the way content should
be visualised, while support for authoring the content itself is not quite as
extensive. Modern slideware has grown to include basic multimedia types
such as videos, but most content is still rather static. It is, for example, not
possible during a presentation to easily switch from a bar chart to a pie chart
data visualisation, or to dynamically change some values in the represented
data and immediately see the effect in the graph, which could be beneficial
for knowledge transfer (Holzinger et al., 2008). The audience could also be
more actively involved in the presentation, through audience response and
classroom connectivity systems providing multi-device interfaces allowing to
share knowledge and results during, as well as after, a presentation. The
evolution of presentations is reminiscent of the Web2.0 movements, where
users have switched roles from purely consuming content to contributing as
well, content has become more dynamic and interactive, and service-oriented
architectures (“The Cloud”) have ensured decentralisation of content.

In order to move a step towards the next generation of cross-media pre-
sentation tools, it is essential to allow the rapid prototyping and evaluation
of new concepts for the representation, visualisation and interaction with
content.

Before discussing the requirements for a new generation of presentation
tools, we briefly introduce existing slideware solutions. Afterwards, we de-
scribe the architecture of MindXpres, its extensible nature and its plug-in
mechanism. The HTML5-based implementation of MindXpres is then dis-
cussed through demonstration of several use cases and MindXpres plug-ins.

A specific issue with slideware we’d like to focus on in this thesis, is the
trouble with layout in presentations. It can be hard to display the content
you want in a way that is clear, informative and nice to look at. The vast
majority of layouts created today is mostly done by hand: a human graphic
designer or “layout expert” makes most, if not all, of the decisions about the
position and size of the objects to be presented (Lok and Feiner, 2001). Most
software offers some templates, allowing you to drop pictures and text into
predefined slots and places on a slide, but then those templates have been
defined by someone else too. Computer-generated layout is rare and usually
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not quite up to the task.
MindXpres is among the software packages offering templates, in that

layout is handled by whichever plug-in you choose, but so far no plug-ins
have defined dynamic layout algorithms, rather sticking to predefined ways
to put text and pictures on slides. But as MindXpres does not constrain us
to the limits of slides, this should be seen as an opportunity to offer dynamic
layout as well. After all, if we are not limited to a certain area within which
our content should fit, it should be much easier to put content next to each
other in a way that makes sense.

3.2 Existing presentation solutions

Since digital slideware was first introduced, their influence, advantages and
disadvantages have been studied extensively. There have been studies ac-
knowledging the benefits of slideware as a teaching asset (Holzinger et al.,
2008), while others have been less positive. Tufte (2003) heavily criticises
slideware for its infatuation with outdated concepts. He discusses the many
ramifications of dimensional and structural limitations as well as linear nav-
igation, and points out the discrepancy with how the human mind works.
Amongst Tufte’s conclusions, and also confirmed by Adams (Adams, 2006),
is the suggestion that slide-based presentations are not appropriate for every
kind of knowledge transfer and especially not in a scientific context. Re-
cent work shows the importance towards the learning process of integrating
content into the bigger picture, both structurally and visually (Gross and
Harmon, 2009), which is affected by the navigation and visualisation.

Several approaches have been proposed to offer non-linear navigation.
CounterPoint (Good and Bederson, 2002), Fly (Lichtschlag et al., 2009) and
Prezi, provide Zoomable User Interfaces (ZUIs) which offer virtually unlim-
ited space. Microsoft has experimented with this concept as well in pptPlex.
Other approaches to escape the confines of the slide have been noticed, like
MultiPresenter (Lanir et al., 2008) or tiling slideshows (Chen et al., 2006).
PaperPoint (Signer and Norrie, 2007a) and Palette (Nelson et al., 1999) ad-
ditionally facilitate the non-linear navigation of digital presentations con-
sisting of slide selection through augmented paper-based interfaces. Lastly,
a category of authoring tools exists which use hypermedia to implement
varying paths through a set of slides. NextSlidePlease (Spicer et al., 2012)
enables users to define a weighted graph of slides, and tries to suggest naviga-
tional paths based on the link weights and the remaining presentation time.
Microsoft cultivates this idea in their HyperSlides (Edge et al., 2013) project.
Garcia (Garcia, 2004) has additionally explored the potential of Microsoft
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PowerPoint as an authoring tool for hypermedia-based presentations.
Microsoft PowerPoint was officially released in 1990, with Windows 3.0

(Austin, 2009). It had originally been developed as Presenter, but trademark
issues caused a name change early on. It was also originally build for the
Macintosh, which may seem surprising nowadays but was actually common
practice back then since the Macintosh was widely regarded as a better de-
velopment environment, more mature, more stable and capable of far better
performance and visualisations. Some may argue this still rings true today.

Since then, it has grown to be the world’s most popular slide show presen-
tation program, alledgedly having been installed on over 1 billion computers
worldwide, and being used on average 350 times per second (Parks, 2012).
In 2012, it had a market share of 95%, leaving the other 5% to be shared by
alternatives such as Apple’s Keynote, Prezi, SlideRocket and others. While
this number is declining, it may not be going as fast as many people think.
As most readers of this thesis have heard before, over 30 million PowerPoint
presentations are created every day, for all kinds of purposes, with good and
bad results both presentation-wise and goal-wise.

To reuse content in existing presentation tools, that content needs to be
duplicated, which results in a multitude of redundant copies that need to
be kept consistent with each other: if one copy is changed, all the others
must be changed in the same way to prevent inconsistencies and mistakes.
While some attempts have been made to solve this problem, there is still a
long way to go. When looking for document formats designed to server more
general educational purposes, we find formats such as the Learning Material
Markup Language (LMML) (Sü and Freitag, 2002), the Connexions Markup
Language (CNXML) and the eLesson Markup Language (eLML) (Fisler and
Bleisch, 2006). All of these formats share their focus on the reuse of content,
but all of them attempt this at a relatively high granularity level. Con-
tent can be organised in lessons or modules, and users are encouraged to
use these, as a whole, in their teaching. When we investigated the formats
more closely, we observed that outgoing links to external content were sup-
ported, but transclusion1 was not. In relation to presentations, Microsoft’s
Slide Libraries exist as central repositories that store slides to enable slide
sharing and reuse within an organisation. The dependency on SharePoint
might represent a hurdle for some users, as not everyone has the ability
and opportunity to set up such a server. A more significant issue is the
fact that slides still need to be searched and manually copied into presen-
tations. Keeping slides in the repository and in other presentations is the
responsibility of the authors of those slides and those presentations, as no

1 The inclusion of content via references
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automatic update system is provided. SlideRocket and SlideShare are both
similar tools showing intentions and providing functionality for content reuse.
The SliDL (Canós-Cerdá et al., 2010) research framework works much like
Microsoft’s Slide Libraries, in that it allows for storage and tagging of slides
in a database for reuse, but also in that it shares the same shortcomings. The
ALOCOM (Verbert et al., 2008) framework aimed at flexible content reuse
is built upon a content ontology and a (de)composition framework for legacy
documents including PowerPoint documents, Wikipedia pages and SCORM
content packages. However, ALOCOM may be too rigid for evolving presen-
tation formats, and it currently only supports the authoring phase, although
the tool does succeed in decomposing legacy documents as advertised.

Aside from the similarities in the Web’s and presentation environments’
evolution, some of the problems mentioned in this section can find their so-
lutions in the context of the Web. It should not come as a surprise then,
that web technologies are being used more often recently in the realisation
of presentation solutions. The Simple Standards-based Slide Show System
(S5)2 is an XHTML-based slideshow file format that enforces the standard
slideware model. The W3C’s Slidy (Raggett, 2006) initiative offers another
presentation format based on the classical slideware model. Both of these
formats have some valuable properties. They encourage a clean separation
of content and visualisation through the use of CSS themes. The design
is resolution independent, and the layout and font size adjust to the avail-
able screen real estate. Last but not least, some more recent HTML5-based
presentation solutions such as impress.js, deck.js, Shower or reveal.js. Cross-
device support is one of the most important advantages to leverage when
using a well-known open standard such as HTML. However, as all of these
solutions display some restrictions in terms of visualisation, navigation, and
cross-media support, they are unfortunately too limited for our needs.

The tools and projects discussed in this section mostly focus on distin-
guishing novel ideas for presentations. Nevertheless, the different concepts
introduced in these tools do not offer interoperability between them. One
project may focus on the authoring, another one fixates on novel content
types and a third solution supplies radically new navigation mechanisms.
Slideware tools may often allow third-party extensions but the API exposed
to plug-in developers is usually limited by the software’s underlying model.
As an illustration, PowerPoint supports interaction from plug-ins with the
presentation model, but the model dictates that a presentation consists of a
sequence of slides. Many existing web-based presentation formats share this
flaw. Because of this, we see a need for an open presentation platform such as

2 http://meyerweb.com/eric/tools/s5/
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MindXpres to support innovation by contributing the necessary modularity
and interoperability (Bush and Mott, 2009).

It is perhaps surprising that, to our knowledge, currently no tools exist
to calculate dynamic layouts of content in slideware. Existing solutions in-
clude template systems, sometimes very fine-grained like LATEX allowing you
to define templates for every single layout choice, usually more coarse like
Microsoft PowerPoint or Apple Keynote using Master Slides to define differ-
ent layouts on a per-slide basis, and always with the option of letting the
user customise the layout by hand, literally manually moving the content to
the exact place where we want it, unhindered by style guides, good practices
or common sense. This has resulted in mindboggling layout choices involving
enormous amounts of tiny text crammed onto one slide, or pictures strewn
across a slide overwhelming the audience with too much information at once.

3.3 Requirements for a new era of presentation tools

Here we propose a set of requirements to establish a wide range of presenta-
tion styles and visualisations. This set has been compiled based on a review
of the more recent presentation solutions discussed in the previous section.

Non-linear Navigation As we mentioned before, traversing slides in a linear
fashion is a remnant of the way early photographic slides worked. Over the
years, people have grown used to this form of navigation despite the incon-
veniences. If the presenter unexpectedly needs to show anything other than
the next or previous slide (e.g. to answer a question from the audience), they
either need a considerable amount of time to scroll forwards or backwards,
or they have to switch to the slide sorter view, to find the desired slide. Also
troubling is the lack of any functionality allowing a single slide to be included
multiple times throughout the presentation without duplicating the slide in
question, meaning if any change has to be made to that slide the same change
has to be performed on all copies. This poses the risk of overlooking some
copies, introducing inconsistencies and facilitating mistakes. There are sev-
eral manners in which this lack of flexible navigation might be addressed,
including the possibility to define non-linear navigation paths (Spicer et al.,
2012, Edge et al., 2013) or zoomable user interfaces (ZUIs) (Good and Bed-
erson, 2002, Lichtschlag et al., 2009, Haller and Abecker, 2010).

Separation of Content and Presentation Similar to the approach of LATEX
and other professional typesetting systems, content should be written in
a standardised way with visualisation being handled automatically by the
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typesetting system. The clear separation between content and presentation
makes the presentation tool handle the visualisation, allowing the authors of
a presentation to focus on the content. Additionally, this facilitates exper-
imentation with different visualisations. LATEX does have a document class
called Beamer which was designed specifically for presentations, but while
we were inspired by its structured and content-driven approach, the content-
related functionality and the visualisation possibilities are too limited to be
considered as a basis for an extensible presentation tool.

Extensibility Rapidly prototyping innovative navigation and visualisation
techniques, but also new content types and presentation formats, should be
easy in order for a presentation tool to be successful as an experimental plat-
form for new presentation concepts. It should be possible to add or replace
specific components without requiring changes in the core. A presentation
tool should provide a modular architecture with loosely coupled components
to be truly extensible. Note that this type of extensibility should be offered
on the level of content types as well as for the visualisation engine and content
structures.

Cross-Media Content Reuse We have previously briefly mentioned the lack
of content reuse in existing presentation tools. Even though there is a wealth
of open education material available, it is rather difficult to use this con-
tent in presentations. However, the concept of transclusion does work well
for digital documents and parts of the Web (e.g. via the HTML img tag).
The seamless integration of external cross-media content as implemented in
these environments should also be supported by any modern presentation
tool. This includes several different mechanisms that enable including parts
of other presentations (e.g. slides), transcluding content from third-party
document formats, and including content from open learning repositories.

Connectivity Connectivity for multi-device input and output has become
more relevant in relation to presentation tools with the rise of social and mo-
bile technologies. Multi-directional connectivity needs to be supported for
several reasons. First, it is a requirement to enable the previously mentioned
cross-media transclusion from external resources. Second, multi-directional
connectivity is the basis of audience feedback via real-time response or vot-
ing systems (Dufresne et al., 1996) as well as other forms of multi-device
interfaces.
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Interactivity As mentioned earlier, content can be more interactive and the
extensibility requirement addresses this issue since the intended architecture
should support dynamic or interactive content and visualisations. However,
traditional human input devices might not suffice for components offering
a high level of interaction. As such, a presentation tool should facilitate
the integration of other forms of input like gesture-based interaction using
Microsoft’s Kinect controller or digital pen interaction (Signer and Norrie,
2010) as implemented by the PaperPoint (Signer and Norrie, 2007a) presen-
tation tool.

Post-Presentation Phase Slide decks often play an important role as study
or reference material, even if that was never their original goal. It is a triv-
ial act to share traditional slide decks after a presentation, but this changes
when the previously mentioned requirements are taken into account. The
nonlinear navigation allows presenters to go through their content in a non-
obvious order, and input from the audience might drive parts of a presenta-
tion, amongst other possible variables. Special attention should therefore be
paid to the post-presentation phase. Playing back a presentation using the
original navigational path, annotations and audience input should be made
easy, while the content should also be made discoverable and reusable. With
the rise and popularity of modern social media, there is a definite possibility
to include the social aspect in a post-presentation phase through a content
discussion mechanism.

3.4 MindXpres Platform

This section presents the global architecture of the MindXpres3 crossmedia
presentation platform as outlined in Figure 3.1, which addresses the require-
ments presented in the previous section.

Fig. 3.1: MindXpres architecture

3 http://mindxpres.com
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3.4.1 Document Format and Authoring Language

A dedicated MindXpres document format is used to store, structure and
and reference content. Content is stored, structured and referenced in Each
individual MindXpres document contains the presentation’s content itself
and may also refer to some external content to be included. A new MindXpres
document can be constructed by hand similar to how LATEX is authored,
or — in the near future — it may be generated via a graphical authoring
tool. Contrary to other presentation formats such as Slidy, S5 or OOXML,
the MindXpres authoring language abandons unnecessary HTML and XML
specifics and focuses on a semantically more meaningful vocabulary. The
syntax of the authoring language is almost entirely defined by plug-ins that
enable the inclusion and visualisation of various media types and structures.
To allow users some freedom in the way they present their information, the
core MindXpres presentation engine does little more than providing a runtime
environment for plug-ins and lets them define the media types (e.g. video or
source code) as well as structures (e.g. slides or graph-based content layouts).

This also becomes apparent in the document format as every plug-in
extends the available syntax. Any visual styling including different fonts,
colours or backgrounds is achieved by applying specific themes to the under-
lying content.

3.4.2 Compiler

The compiler generates a self-contained portable MindXpres presentation
bundle based on a MindXpres document. Although a MindXpres document
could be directly interpreted at visualisation time, we decided to create this
intermediary step for a number of reasons. First, the compiler enables the cre-
ation of different types of presentations from the same MindXpres document
instance. This lets us not only create dynamic and interactive presentations
but also more static output formats such as PDF documents for printing.
Second, it is unwise to assume that there will always be an Internet connec-
tion available when giving a presentation. To overcome this possible issue,
the compiler might create an offline version of a presentation with all nec-
essary content pre-downloaded and included in the MindXpres presentation
bundle. Last but not least, the compiler might resolve incompatibility issues
by, for instance, converting unsupported video formats or including certain
HTML5 libraries.
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3.4.3 MindXpres Presentation Bundle

The dynamic MindXpres presentation bundle contains the compiled content
along with a portable cross-platform presentation runtime engine which en-
ables more interactive and networked presentations. Resembling the original
document, the compiled presentation content still consists of integrated con-
tent as well as references to external resources, such as online content that
will be retrieved when the presentation is visualised. However, it should be
noted that the content might have been modified by the compiler and, for
example, been converted or extracted from other document formats that the
runtime engine cannot process. References to external content may have
been dereferenced by the compiler for offline viewing.

A presentation bundle’s core runtime engine consists of the three modules
shown in Figure 3.1. The content engine is responsible for processing the con-
tent and linking it to the corresponding visualisation plug-ins. The graphics
engine provides all rendering-related functionality. For instance, some pre-
senters may prefer a zoomable user interface because it provides a better
overview of their content (Reuss et al., 2008). This graphical functionality
is also available to the plug-ins, which can make use of the provided ab-
stractions. The communication engine exposes a communication API which
can also be used by plug-ins. It implements some basic functionality for
fetching external content while also offering the possibility to form networks
between multiple MindXpres presentation instances as well as to connect to
third-party hardware such as digital pens or clicker systems.

Finally, the presentation bundle also contains a collection of themes and
plug-ins as referenced by the presentation content. Themes may define visual
styling on a global as well as on a plug-in level. The content engine encounters
different content types and hands them over to the matching plug-in, which
in turn uses the graphics engine to visualise the content.

3.4.4 Plug-in Types

In order to attain the required flexibility, all non-core modules have been
implemented as plug-ins. Even the most basic content types including text,
images and bullet lists are handled through plug-ins. We distinguish between
three major categories of plug-ins:

• Components are the smallest elements of a presentation. The compo-
nent plug-ins handle the visualisation for specific content types such as
text, images, bullet lists, graphs or videos. The content engine invokes
the corresponding plug-ins in order to visualise the content.
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Fig. 3.2: Structure plug-in examples

• Containers are used to group and organise components in a specific
way. One example of such a container is a slide, where each slide con-
tains different content but also some recurring elements. For instance,
every slide of a presentation can contain certain elements such as a title,
a slide number and the author’s name, all of which can be abstracted at
a higher level. Another example is an image container that visualises
its content as a horizontally scrollable list of images. It is important
to observe that MindXpres does not restrict us to the slide format and
content can be laid out in many alternative ways.

• Structures are high-level structures and layouts for components and
containers. They may scatter content in a graph-like structure or they
may clearly group it in sections like in a book. These are radically
different ways of visualising and navigating content but the plug-in ab-
straction allows the user to easily switch between different presentation
styles like the ones shown in Figure 3.2. Structures differ from contain-
ers in that they do not restrict media types of their child elements in
any way while they may influence the default navigational path through
the content.

3.4.5 Implementation

HTML5 and its related web technologies were chosen as the backbone for
the MindXpres presentation platform. Alternatives such as JavaFX, Flash or
game engines were investigated as well, but HTML5 appeared to be the best
option. The widely accepted HTML5 standard makes MindXpres presenta-
tions highly portable, as any device with a recent web browser can display
them, including smartphones and tablets. Moreover, HTML5 offers rich visu-
alisation functionality by design and the inclusion of Cascading Style Sheets
(CSS) and third-party JavaScript libraries makes it a powerful visualisation
platform.
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Document Format and Authoring Language

The MindXpres document format that enables the simple expression of a
presentation’s content, structure and references is based on the eXtensible
Markup Language (XML). Listing 3.3 shows a simple example of a presen-
tation defined in our XML-based authoring language. The set of valid tags
and their structure, apart from the presentation root tag, consists of what
is provided by the available plug-ins.� �
1 <presentation>
2 <slide title="Vannevar Bush">
3 <bulletlist>
4 <item>March 11, 1890 - June 28, 1974</item>
5 <item>American Engineer, founder of Raytheon</item>
6 </bulletlist>
7 <image source="bush.jpg"/>
8 </slide>
9 </presentation>� �

Lst. 3.3: Authoring a simple MindXpres presentation

Compiler

The compiler has been implemented as a Node.js application. Not only does
this accomodate the use of the compiler via a web interface or as a web service,
but projects such as node-webkit also enable the compiler to be executed as
a local offline desktop application. The decision to use server-side JavaScript
was influenced by the fact that Node.js has the ability to bridge web and
desktop technologies. On one hand, the framework facilitates interaction
with other web services and allows us to work with HTML, JSON, XML and
JavaScript visualisation libraries during compilation. On the other hand,
the framework can carry out tasks for which web technologies are usually
not suitable, including video conversion, legacy document format access, file
system access or TCP/IP connectivity.

To enable validation of a MindXpres document in the XML format de-
scribed above, an XML Schema exists which is augmented with additional
constraints provided by the plug-ins. After validating the document, it is
parsed and any discovered tags might trigger preprocessor actions defined
by the plug-ins, such as the extraction of data from referenced legacy docu-
ment formats (e.g. PowerPoint or Excel) or the conversion of an unsupported
video format. Each tag is then converted to HTML5 and all information is
encoded in the attributes of a div element. The HTML5 standard allows
custom attributes that start with a data- prefix. Listing 3.4 hilights con-
verted parts of the original XML document we saw in Listing 3.3. Observe
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that no visualisation-specific information is included in the transformation,
which merely results in a valid HTML5 document ready to bundle into a
self-contained package together with the presentation engine.� �
1 <div data-type="presentation">
2 <div data-type="slide" data-title="Vannevar Bush">
3 <div data-type="bulletlist">
4 ...� �

Lst. 3.4: Transformed HTML5 presentation content

Presentation Engine

The presentation engine’s main purpose is to create a visually appealing and
interactive presentation based on the compiled HTML content. As Figure
3.1 shows, the presentation engine consists of several smaller components
which enable plug-ins to implement powerful features with minimal effort.
The combination of these components allows for rapid prototyping and eval-
uation of innovative visualisation ideas. A resulting MindXpres presentation
combining various structure, container and component plug-ins is shown in
Figure 3.5.

Fig. 3.5: A MindXpres presentation

Content Engine The content engine is the first component that is activated
when a presentation is loaded. It uses the well-known jQuery JavaScript
library to process the content of the HTML presentation. Whenever a div

element is discovered, the data-type attribute is read and the corresponding
plug-ins are triggered in order to visualise the content.
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Graphics Engine The graphics engine accomodates interesting new visu-
alisation and navigation styles. Apart from some basic helper functions, it
provides efficient panning, scaling and rotation via CSS3 transformations and
supports zoomable user interfaces as well as the more traditional navigation
approaches.

Communication Engine The communication engine offers abstractions that
enable plug-ins to retrieve external content at runtime. It also provides the
architectural foundation to form networks between different MindXpres in-
stances and to integrate third-party hardware (Roels et al., 2014). For the
MindXpres prototype, a small Intel Next Unit of Computing Kit (NUC) was
used with high-end WiFi and Bluetooth modules to act as a central access
point and provide the underlying network support. MindXpres presentation
instances use WebSockets to communicate with other MindXpres instances
via the access point. The access point also acts as a container for data
adapters that translate input from third-party devices into a generic represen-
tation that can be used by the MindXpres instances in the network. In order
to transcend simple broadcast-based communication, a routing mechanism
was implemented based on the publish-subscribe pattern, allowing plug-ins
to subscribe to specific events or publish information. The communication
engine supplies the foundation for audience response systems (Roels et al.,
2014) or even full classroom communication systems where the creativity of
plug-in developers is the only limit.

Plug-ins Plug-ins are implemented as JavaScript bundles consisting of a
folder containing JavaScript files and other resources such as CSS files, images
or other JavaScript libraries. As a first convention, a plug-in should contain
a manifest file with a predefined name. The manifest describes the plug-
in using metadata, such as the plug-in name and version, as well as a list
of tags it provides and handles to be used in a presentation. The plug-in
claims unique ownership for these tags and is solely responsible for their
visualisation if the content engine encounters them. As a second convention,
a plug-in must implement at least one JavaScript object providing certain
methods, one of them being the init() method which is called when the
plug-in is loaded by the presentation engine. The plug-in may decide to
load additional JavaScript or CSS via the provided dependency injection
functionality. A second method it needs to implement is the process()

method which is invoked with a pointer to the corresponding DOM node as
a parameter by the content engine when it encounters a corresponding tag.
A plug-in is free to modify the DOM tree and may also register callbacks to
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enable future interaction with the content.

Themes CSS is currently the driving technology behind a basic templat-
ing system. These themes offer styling either on a global or on a plug-in
level. It has always been the intention to replace this system with a more
advanced layout engine that steers away from templates, and part of that is
incidentally one of the goals of this thesis. The intention is to provide layout
functionality far beyond what can be attained using templates. However,
the styling functionality will still be handled by the current system. In the
future this system may still be replaced or enhanced to allow more dynamic
styling using JavaScript.

3.4.6 Use Cases

To prove the merits of the architectural and technological choices, we demon-
strate the extensibility and feasibility of MindXpres as a rapid prototyping
platform through demonstration of a number of content- and navigation-
specific plug-ins that have been developed so far. Additional plug-ins for
audience-driven functionality such as real-time polls, screen mirroring and
navigational takeover can be found in (Roels et al., 2014).

Structured Overview Plug-in

In Section 3.4 we described how structure plug-ins may alter and influence the
way presentations are visualised and navigated. In order to illustrate this,
a structure plug-in called structured layout was implemented, to combine
a zoomable user interface with the ability to group content into sections.
The resulting visualisation of the structured layout plug-in is displayed in
Figure 3.5. Whenever a new section is reached while navigating through the
presentation, the view is zoomed out to provide an overview of the content
within the section and to convey a sense of progress.

Slide Plug-in

Even though one of the main intentions of MindXpres is to discard the con-
cept of slides with all their limitations, it was deemed necessary to include
support for this concept as well. As such, a slide-like container plug-in was
created. While the benefits and issues of using slides with a fixed size are
debatable, this plug-in was implemented as a testament to the framework’s
versatility. The main purpose of the slide plug-in is to produce a rectan-
gular styleable component container with an optional title and some other
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information. Containers may also contribute functionality to layout their
content. In this instance, the slide plug-in implements a quick and easy lay-
out mechanism that allows the presenter to partition the slide into rows and
columns. Slide containers are then assigned to these slots in the order that
they are discovered. The use of the slide plug-in together with the resulting
visualisation is depicted in Listing 3.6. This demonstrates the use of the im-
age plug-in (a component plug-in) as well, which introduces a simple form of
cross-media transclusion. A visualised external image can be cropped and fil-
ters (e.g. colour correction) may be applied without duplicating or modifying
the original source.� �
1 <slide layout="\60\40" title="Vannevar Bush">
2 <bulletlist>
3 <item>About
4 <item>March 11, 1890 - June 28, 1974</item>
5 <item>American Engineer</item>
6 <item>Founder of Raytheon</item>
7 </item>
8 <item>...
9 </item>

10 </bulletlist>
11 <image source="http://example.com/bush.jpg">
12 <crop bounds="10%, 5%, -10%, -20%" />
13 </image>
14 </slide>� �

Lst. 3.6: Slide plug-in

Enhanced Video Plug-in

When showing a video in an educational setting, we often need more func-
tionality than the average video player can provide (Reuss et al., 2008).
MindXpres offers an enhanced video plug-in as demonstrated in Listing 3.7,
adding the possibility to overlay a video with text or arbitrary shapes. This
overlay functionality can be used as a basic captioning system as well as to
highlight items of interest during playback.

Furthermore, there is an option to trigger certain events at specified times.
One may mark certain points where a video should automatically pause at,
highlighting an object and then continuing playback after a specified amount
of time. Other features include the bookmarking of certain positions in a
video for direct access and the possibility to display multiple videos in a syn-
chronised manner. The enhanced video plug-in leverages the default HTML5
video player and overlays it with a transparent div element for augmenta-
tion. Currently it utilizes the HTML5 video API to synchronise the creation
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and removal of overlays but a SMIL-based implementation might be used in
the future.� �
1 <video source="vid.mp4">
2 <caption start="0:00" duration="1500ms">
3 Lecture 3 - Butterfly Species
4 </caption>
5 <pause start="0:43" duration="5s">
6 <caption>
7 The peacock butterfly (aglais io) ...
8 </caption>
9 <highlight x="30%" y="9%"

10 width="35%" height="40%" />
11 </pause>
12 </video>� �

Lst. 3.7: Enhanced video plug-in



3. Related work 32

Source Code Visualisation Plug-in

We have previously mentioned the issues involved with visualising complex
resources such as source code. Our MindXpres source code plug-in exports
a code tag allowing the presenter to paste their code into a presentation and
have MindXpres visualise it nicely through syntax highlighting using the Syn-
taxHighlighter4 JavaScript library. Whenever the content engine encounters
a code tag, this plug-in is invoked to beautify the code. It also automatically
adds vertical scrollbars for larger segments of source code as illustrated in
Listing 3.8.� �
1 <code>
2 <publications>
3 <publication type="inproceedings">
4 <title>An Architecture for Open Cross-Media
5 Annotation Services</title>
6 <author>
7 <surname>Signer</surname>
8 <forename>Beat</forename>
9 </author>

10 <author>
11 <surname>Norrie</surname>
12 <forename>Moira</forename>
13 ...
14 </code>� �

Lst. 3.8: Source code visualisation

3.4.7 Discussion and Future Work

MindXpres currently supports transclusion and cross-media content reuse
through the use of plug-ins. For example, the image or video plug-in can vi-
sualise (and enhance) external resources, a dictionary plug-in could retrieve
definitions on demand via a web service or we might create a plug-in that
lets us import content (e.g. PowerPoint slides) from legacy documents at
compile time. Nevertheless, the introduction of generic reuse tags in our
document format is actively being investigated. This would allow the pre-
senter to transclude arbitrary parts of other MindXpres presentations. While
the focus has been on the cross-media aspect of resources that can be used in
a presentation, the cross-media publishing aspect might also be considered
in the future via alternative compiler output formats.

The creators of MindXpres are aware that the current authoring of MindXpres
presentations faces some usability difficulties. The average presenter cannot
be expected to construct an XML document or any CSS themes. In order

4 http://alexgorbatchev.com/SyntaxHighlighter/
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to address this issue and further evaluate MindXpres in real-life settings,
a graphical MindXpres authoring tool is currently being developed. They
further intend to provide a central plug-in repository which would enable
novice users to find, install and use new plug-ins via the authoring tool in
a simple manner. In the long run, the use of monolithic documents is to
be revised and a move towards repositories of semantically linked informa-
tion based on the RSL hypermedia metamodel will be executed (Signer and
Norrie, 2007b). This will promote content reuse and sharing, while also cre-
ating opportunities for context-aware as well as semi-automated presentation
authoring where relevant content is suggested by the authoring tool.

3.5 Layout

Proper layout is incredibly important when trying to transfer knowledge
and information through written and visual media. Layout can help clarify
boundaries and relations between pieces of information, by grouping and
separating them appropriately. Layout is one component of a presentation’s
design, that — combined with other decisions — determines the number and
nature of the visual representations of the information the creator wants to
communicate, along with its format5. The layout of a presentation can have
a tremenduous influence on its effectiveness in communicating information
to, and obtaining information from, the audience it is meant to interact
with. The importance of individual objects can be emphasised or minimised,
and the connection between objects can be clarified or blurred. A well laid
out presentation can provide a narrative for the viewer to discover, inferring
correct links between the objects along the way, and to accomplish tasks
quickly and correctly, increasing the presentation’s effectiveness.

Creating a good layout is almost never easy. People often spend more
time on the layout of their presentation than the content. Most, if not all,
decisions in layout are made by human beings. Some of them are professional
designers who spend years learning and figuring out how to create effective
layouts, and even then they may take hours or days to create even a single
screen of a presentation. In fact, the more someone knows about proper
layout and design, the more time they may spend perfectioning their work.
However, sometimes time-critical information must be communicated and the
layout process is too expensive and too slow to address these situations. This
can be a serious problem (see also section 2.2.1). Many software packages
have been developed to make this process easier, to get better results, to give

5 The way the visual objects are realised (e.g. as text, graphics, UI widgets. . . ), and
their attributes (e.g. color, texture, font. . . )
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more or less control to the creators. Many different approaches have been
taken, and yet most of them still involve having a human being make the
final decisions on the layout.

There are tools like PowerPoint, which give you some guidelines and some
templates but generally let you do your own thing. If your own thing is
entirely different from any best practices on layout, nothing will stop you.
Other tools like LATEX give you complete control over every aspect of the
layout, while setting some sensible defaults so that you can get a good-
looking layout without much effort, while still letting you do whatever you
want once you overcome the steep learning curve that separates the casual
users from the experts. There are tools that combine the power of LATEX
with the comfort of WYSIWYG editors, bringing the casuals a bit closer to
the experts. But all of those tools have one thing in common: every aspect
of every layout they create has, at some point, been designed and decided
upon by a human being.

Aesthetics are a natural phenomenon, and the creation of aesthetically
pleasing layouts is therefore a manifestation of our instincts. As with most
instincts, it has proven difficult to translate this into a concept that can
be understood by a computer. Moreover, it is still difficult to explain it in
human terms, which — according to a popular quote often attributed to
Albert Einstein — proves we do not fully understand it ourselves.

When we look to other technologies, we do find some automated layout
implementations. For example, the web has had to adapt to mobile devices
with small screens over the past few years, and has done this gracefully by
creating the concept of responsive design. In short, this allows websites to
adapt their layout to any screen, no matter the size. While this is often
a hard-coded difference, where effectively two or more versions of the same
webpage are created aimed at different screen sizes, some websites take a
more dynamic approach based on constraints. As the space the page is to
be displayed on gets smaller, the layout algorithm may decide to display
content below other content instead of side-by-side, it may scale images to
fit the screen, it may even switch fonts and font sizes if necessary.

This constraint-based technique is described in a few papers (Lok and
Feiner, 2001, Hurst et al., 2009), but has — to our knowledge — not been ap-
plied in any presentation software so far. This is surprising, as presentations
often look like they could use some of this magic. A proper constraint-based
layout algorithm could allow any user to drop content onto a slide, without
worrying about clarity or even legibility, and the algorithm could take care
of the rest. Of course, there are some limits in traditional slideware that may
hinder this approach: if a user decides to put more content on a slide than
there is physical room available, the algorithm could either make the content
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smaller or split it across several slides, but either solution may bring its own
problems up. An advantage of ZUIs is that no matter how small the content
gets, we can still zoom in to make it clear again6.

3.5.1 Algorithms

When researching layout algorithms, one will often come across the very ac-
tive field of graph layout (Di Battista et al., 1998). We will not go into the
specifics of this field, as most of the issues with which it is concerned are spe-
cific to problems caused by the explicit visual representation of graph edges
— for example, the minimisation of edge crossing (Di Battista et al., 1990,
Shahrokhi et al., 1996). The same applies to automated layout as referring
to automated circuit layout for VLSI chip fabrication (Hu and Kuh, 1985,
Lengauer, 1990) as well as automated placement of pieces to be cut from a
bolt of cloth used to produce clothing (Milenkovic et al., 1991). Contrary
to presentation layouts (including graph layouts), these layouts do not at-
tempt to make themselves understandable to the human mind, but rather
are designed to meet the requirements of a fabrication process. While some
techniques used therein definitely apply to our more general problem of auto-
mated presentation layout (e.g. general constraint solvers) others decidedly
do not (e.g. bin-packing techniques (Hofri, 1980) that result in minimal area
layouts at the expense of maintaining visually obvious relationships between
objects).

3.5.2 Simple techniques

Most modern user interfaces are built with a UI toolkit (e.g., Sun JFC/Swing
(Microsystems, 1997), Microsoft Foundation Classes (Corp., 1997), and their
predecessors, such as Xtk (McCormack et al., 1985) or Tk (Ousterhout,
1994)) which provide some basic functionality such as creating buttons and
windows. Toolkits usually include layout managers to assist the user in-
terface designer in deciding how objects should be places inside a managed
container. Layout managers allow the programmer to add objects to a con-
tainer and optionally specify additional constraints while forgoing the need
to specify the absolute position and size of every object. As such, it becomes
possible to create layouts that adapt to changes in the containers size.

6 It should be noted that MindXpres in its current form does not support this level of
zooming. While the software can zoom out to provide an overview of the presentation
while zooming in on the separate components, it is not yet possible to zoom in or out
extremely to reveal ’hidden’ parts of the presentation. This is something we encourage to
look into and change, because it can greatly improve both our layout solution as well as
the whole MindXpres experience in general.
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A layout manager dictates the positions and sizes for the objects under
its control at run time, guided by a set of constraints defined by a simple
layout policy on which the manager was based and parameters specified by
the programmer. Strict horizontal (row) or vertical (column) layout, row-
major or column-major layout where objects are placed in the next row or
column to prevent exceeding their containers boundaries, border layout that
lets objects reside in the north, south, east, west, or center of the container
as specified by the programmer, and grid layout in which objects are placed
in one position (or straddling multiple positions) in a 2D grid, are some
typical layout policies. Programmer-specified parameters indicate preferred,
minimum, and maximum widths and heights of objects; and spacing, both
between objects and between objects and the containers edges.

A layout may be designed as a hierarchy of managed containers, each with
their specific layout policies, on which additional constraints can be placed
through programmer-specified parameters. Thus, a layout manager does not
actually design the layout. It actually only instantiates the layout at run
time based on the structure and parameters specified by the programmer.
Designing a simple layout (e.g., four pictures lined up in row-major order) is
easy for most programmers, but complex hierarchical layouts, while possible,
are much more tedious and difficult, especially if any robustness is desired
when resized.

Commercial presentation systems intended primarily for sequential pre-
sentations — so-called slideware, including PowerPoint, Keynote and OpenOf-
fice Impress — offer a set of preauthored style templates (and the ability to
create new ones) that can be applied to existing material. Compared to the
parameterized layouts of UI toolkit layout managers, most of these template-
based systems are simpler. However, users of these systems often move float-
ing objects around by hand to guide or overrule simplistic placement policies.

3.5.3 Constraint satisfaction

The vast majority of research in automated layout to date heavily emphasises
constraint-based methods (Vander Zanden and Myers, 1990, Borning and
Duisberg, 1986, Graf, 1998, Hudson and Smith, 1996, Kochhar, 1990, Hudson
and Mohamed, 1990, Weitzman and Wittenburg, 1994, Myers et al., 1994).
Describing layouts as a set of constraints is very intuitive. The goal of a
constraint-based automated layout system is to take a constraint network
defining relations between objects, and generate the positions and sizes for
each of the objects in the network. Any constraint-based automated layout
system can be characterized by the kinds of constraints it observes; their
description and the manner in which they are obtained, and resolved; and
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the way the system deals with constraint inconsistencies, loops and other
hazards that might prevent the solution from converging.

Types of constraints

Abstract constraints Abstract constraints describe high-level relationships
between the components that are part of the layout. Abstract constraints
such as EXT1 REFERENCES PIC1 and TITLE IS IMPORTANT are adequately
high-level that content authors can easily specify them, and are remarkably
effective when used in interactive systems since the author needs no addi-
tional technical or artistic skill to specify them.

While it may seem like TEXT1 REFERENCES PIC1 implies that TEXT1 and
PIC1 should be relatively close to each other in the generated layout, ab-
stract constraints by themselves do not specify the position and size of the
components of a layout.

The reason for this is that a translation component performs the map-
ping between abstract constraints and spatial constraints before spatial con-
straints are passed to the numeric constraint solver. The abstractspatial
constraint translator may decide to translate the abstract constraint TEXT1
REFERENCES PIC1 into a combination of spatial constraints. The outcome of
this operation could be that PIC1 is placed right next to text TEXT1, or that
PIC1 is put on a different page with some visual cue to guide the audience
to it from TEXT1.

Spatial constraints The geometric structure of the presentation can be ex-
pressed directly using spatial constraints . For instance, we may wish for a
certain block of text to be placed below another block of text that the user is
required to read first. Another example of spatial constraints can be found
in the intention to fit all objects into a space of a certain size.

There exist several reasons to impose spatial constraints. One of the
most common reasons is to enhance the visual quality and aesthetics of the
presentation. Many primitive automated layout systems have been created
based on computer science and mathematics alone (Beach, 1977). These
systems have a tendency to approach the issue as a purely theoretical question
of tiling and use optimisation techniques to find a solution (Peter Lüders,
1995). Such systems will frequently not consider simple legibility rules (e.g.
text should not be packed onto the screen in blocks of random size but
rather be placed into columns that runs down the entire page) and style
guidelines (e.g. all captions should be placed beneath their associated figures
and spacing between a figure and surrounding text block should be consistent
across the document).
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The way the components are represented may pose some kind of limitation
on what types of spatial constraints can be used. The “Cousins Problem”
is one such issue which may arise if the data structure containing the com-
ponents does not permit referencing one components children from another
components child.

Using concepts from graphic design to create legible and pleasing out-
put seems like an obvious approach. Some tools restrict the presentation
content to a grid system, comparable to the layout of newspapers (Müller-
Brockmann, 1981, Hurlburt, 1978). A grid system divides every screen or
page of the presentation into an array of upright rectangles. Each component
must cover one or more complete rectangles. One challenge when applying
grid systems is that a picture may be cropped, padded with a border or have
its aspect ratio changed in order to fit into the grid. This is because uniform
scaling of the object may not be sufficient to make the object occupy an
integral number of grid rectangles; for example, a very wide picture scaled
to fit the grid’s column width could become a single line of pixels.

Well-defined environments, like network diagrams or label placement,
have automated layout systems that often employ spatial constraints ex-
clusively (Kosak et al., 1994, Christensen et al., 1993). These systems are
designed to resolve issues such as the proximity between components being
placed, the distance between a label and its target, and the contingency of
confusing the audience by placing multiple labels close enough to the same
target that the audience can not tell which label actually belongs to that tar-
get. Abstract constraints may be employed when formatting labels (larger
cities have bigger names), but are generally not used for layout directly.

In some systems, the user may specify abstract data constraints separately
from spatial constraints. This enables a logical single presentation to have
many different “skins”, making the step towards displaying a single presen-
tation using different media a trivial one (Weitzman and Wittenburg, 1994).
This is particularly useful when trying to maintain a separation between
content and layout in interactive layout systems. Another way to leverage
this concept is by making the spatial constraints native to the system, thus
eliminating any requirement for human intervention. Feiners GRIDS is an
example of a such system (Feiner, 1988).

The efficiency of the constraint solver can sometimes be increase by using
spatial constraints. For example, we might place a constraint on all objects
of a certain type permitting them to be resized in only one direction (Linton
et al., 1989).
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Expressing constraints

Defining a formal grammar that describes how the constraints are expressed
would appear to be a great idea at first sight. One advantage of this approach
is the ability to leverage a rich body of existing research for manipulating and
parsing constraints. A rich grammar might be very flexible and expressive
and result in better layouts (Weitzman and Wittenburg, 1993). However,
powerful and expressive grammars may not be easy to operate with. This of-
ten becomes obvious when using grammars or ontologies that are designed in
an extremely general and all-encompassing philosophy. Additionally, such a
system may require a very complex solver to process the information it holds.
One can imagine how difficult it is to create a system that can describe all
possible high-level relationships between a presentation’s components, al-
though Zhou et al. has investigated this path to use in automatic graphics
generation (Zhou and Feiner, 1996).

Obtaining constraints

Establishing where to obtain the constraints is one of the most critical prac-
tical issues when designing a constraint-based automated layout system. Ex-
amined approaches range from fully automated to the computer making sug-
gestions.

Many automated layout systems gather abstract constraints from struc-
tured input data (Mackinlay, 1986, Casner, 1991, Borning and Duisberg,
1986, Beach, 1977). These systems convert tables of numeric data into pre-
sentations. All relationships required to generate the layout are provided by
the structure of the data. Other multimedia layout systems have languages
to explicitly stipulate the abstract constraints to describe relationships such
as author-of, description-of and precedes between the components (Weitz-
man and Wittenburg, 1994, Graf, 1998). As the information we create is
increasingly being stored in more structured formats (Bray et al., 1006), the
assumption that input data is readily available in a structured form is be-
coming ever more valid.

Interactive specification Interactive constraint specification systems are very
popular as well, even with the obvious limitation that they require user input.
Some systems aim to permit graphically naive content authors to create pro-
fessional quality layouts. Others are aimed at reducing the amount of time
a graphic designer needs to spend on a layout.

Systems that take interactive input often do so for spatial constraints
(Singh et al., 1990, Hudson and Mohamed, 1990, Borning and Duisberg,
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1986). The reason for this is that creating graphical user interfaces that let
the user interactively place or adjust objects on the screen is easy. While
graphical user interfaces to specify abstract constraints have been devised,
abstract constraints do not usually need adjustment. Roths SAGE system
(Roth et al., 1994) enables a user to link visual elements to database records.

There are some interactive systems that automatically generate the final
result based on the high-level design of the document provided by the user
(Kim and Foley, 1990). This is an advantageous approach when trying to
empower the content author to design layouts without the need for a “layout
expert”. Other systems exist that take the opposite approach, making the
system produce an initial layout and letting the user refine it (Singh and
Green, 1991). These systems are more convenient in situations where the
goal is to save the amount of time a graphic designer would need to create
the layout.

Automated extraction Fully automated constraint extraction is the least
explored method of obtaining constraints. There has been some work on
combining natural language techniques with automated layout (Roth et al.,
1991). This is especially interesting if natural language generation is being
used to create the content. If the content generators are computer programs,
having the generator send abstract constraints that describe relationships
between components, as well as annotating the text with flags marking which
parts are particularly important, becomes an obvious solution

Another examined method tries to extract abstract constraints from the
entity relationships found in SQL databases (Pizano et al., 1993). In this
approach abstract constraints are deduced from data structures originally
intended for use elsewhere, unlike the natural language generation system
that passes additional information to the layout system.

Constraint solvers

An automated layout system based on constraints must somehow be able to
resolve the constraints presented to it. Formally, the problem posed here is
a form of the constraint satisfaction problem (CSP) (Mackworth, 1992a,b).
Solving the problems in this field has been approached using both random-
ized and deterministic algorithms. Generally, constraint solvers can be cate-
gorized as applying either a local or a global methodology.

Local techniques Local constraint solvers take a bottom-up approach to the
constraint satisfaction problem. This is comparable to inductive reasoning,
meaning a small subset of the universe is first solved. Two paths exist to
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solve the rest of the constraints and generate the final presentation. The
first entails solving many small subsets of the constraints independently and
subsequently running a second resolution phase, combining the results. The
second involves iteratively resolving constraints at the border between the
constraints that have already been solved and those that have yet to be
considered (Nilsson, 1998).

Local-resolution techniques can pose some issues if the solver encounters
local minima (Borning, 1981). By resolving small subsets first, the solver may
make decisions that cause the system to reach a suboptimal final solution.
The advantage, however, is that local-resolution techniques generally deliver
results much faster than global techniques.

Global techniques Global constraint solvers approach the constraint satis-
faction problem from the top down. Global techniques are not ordinarily
affected by the problem of local minima, but they require more computa-
tion time. To counteract this issue, numeric solvers that use iterative ap-
proximation techniques have been employed (Kurlander and Feiner, 1993).
Randomized computation techniques (e.g., genetic algorithms and simulated
annealing) have also been utilized for label placement (Christensen et al.,
1995).

Inconsistency policies

The size of the set of constraints is proportional to the possibility that there
will be some problems. Specifically, some constraints may contradict others
and possibly make the set of constraints unsolvable. In order to generate a
layout in such cases, a resolution policy must be specified.

The simplest approach to resolving inconsistencies is to avoid them. In-
stead of bloating the system with inconsistency handling, the grammar used
to specify the constraints is designed in such a way that cycles cannot occur
(Weitzman and Wittenburg, 1994).

Another popular method for dealing with inconsistency is to prioritize
the constraints (Graf, 1998). By assigning an inherent priority to each con-
straint, the system can intelligently decide which constraints to drop should a
contradiction be encountered. Problem may still arise here if two conflicting
constraints have the same priority. When this happens, the system can ap-
ply a tie-breaking strategy (e.g., first-come first-served or pick one randomly)
(Nilsson, 1998). Priorities are essential for generating effective layouts in sys-
tems with complex networks of both abstract and spatial constraints.
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3.5.4 Learning techniques

Researchers have applied machine learning to many automated multimedia
authoring systems. This includes speech synthesis (Pan and McKeown, 1998)
and natural language generation (Kamimura, 1990), as well as to graph layout
(Masui, 1994). However, most automated layout systems do not leverage
the large body of existing work by the AI community in machine learning.
Those that do tend to use learning only during the interactive specification
of constraints (Myers et al., 1993, Borning and Duisberg, 1986). They try
to learn by interacting with the user. The Marquise system (Myers et al.,
1993) lets a user set the system into a training mode that demonstrates
the relative locations of components to the system. Spatial constraints are
then extracted from this interaction with the user. If no constraints can
be extracted, the system falls back to asking the user to specify the position
explicitly. Bornings (Borning and Duisberg, 1986) ThingLab adds the ability
to demonstrate animation, but is otherwise similar to Myer’s Marquise.

The use of learning techniques was also explored recently through some
work in automated graphics generation (Zhou and Ma, 1999). Zhou catego-
rizes the space of rules that need to be acquired to generate a presentation
into three groups: information learning space, visual learning space and rule
learning space.

Visual learning space relates directly to spatial constraints, and thus is
similar to Myers and Bornings work. Contrary to Marquise and ThingLab
however, Zhous system applies full-strength machine learning that can be
fully automated by providing the system with a large dataset of presentations
designed by a layout expert in addition to the interactive methods.



4. APPROACH

In this chapter we explain the different approaches we tried in order to reach
our goal and find a solution for the problem we described. As you will see,
this was not immediately a straightforward process but rather one of trial
and error. The goal was clear, the starting point was clear as well, but as
often in computer science, there is more than one way to get from point A
to point B, and it is not always clear which way is the best, easiest, most
efficient or most effective.

Since we are talking about the approach here, and not the implementation
(see Chapter 5 for implementation details), we start by describing what needs
to be done in general and how we will achieve this, then we refine until we
have a full set of specifications ready for implementation, where the last
details will be ironed out.

Unfortunately it is possible to refine an approach until it is ready for
implementation, and only find out during implementation that the approach
you have chosen will not work. This happened during our work on creating
an automated layout system. Luckily we still had time to go back to the
drawing board, and we did not have to restart from scratch; large parts
of our approach were correct, the basic layout process we thought out was
still a viable part of the approach, but it turned out we would have to split
up the conversion and layout parts into two separate processes, rather than
implementing them as two steps of the same process.

Specifically, we had thought at first to figure out the ideal layout during
conversion, when we would have all the separate components, by immediately
putting them in the right place. This idea was partly conceived after looking
at the HTML code generated by the MindXpres compiler, thinking we would
generate the same HTML code in our conversion process. It turned out
we could bypass the MindXpres compiler this way, but that would not be
necessary: we could just as well generate MindXpres XML and have the
compiler take care of the rest for us.

We also found during implementation that generating a layout in Java
would not easily give us the results we were hoping for. However, at this point
we had realized generating MindXpres XML would be a better option, so we
could have MindXpres take care of the layout for us. Except MindXpres did
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not do fully automated layout yet, the layout system was mostly template-
based, so we decided we would need to write our own MindXpres plug-in
that would solve this problem for us.

4.1 Conversion process

The first part of the approach is fairly straightforward in its basic explana-
tion: we had to convert PowerPoint presentations into MindXpres presenta-
tions. This involved finding out how PowerPoint presentations are structured,
getting the parts wee need out of that structure, and then putting those parts
together in de MindXpres structure.

It appeared soon enough to us that the nature of this process resembled
that of a compilation process. A compiler takes source code and transforms
it into a working program with the semantics described by that source code.
The compilation process consists of several steps. First the source code is
tokenized, which means the symbols in the code are identified one by one
and classified in certain categories.

Then the tokens are processed by a parser into an intermediary form
called a parse tree. A parser looks for certain predefined patterns in the
source code. These patterns are part of the source code’s language syntax.
As such, these two steps analyse and validate the source code’s syntax. If
part of the code does not match any pattern, the parser and the compilation
process stop and the user gets a message saying the code’s syntax is invalid.

When a parse tree is constructed, the compilation process can alter it, to
improve it. Certain patterns in the parse tree may be replaceable by differ-
ent patterns with the same outcome, but with more optimal execution. This
part of the compilation process is optional, and is called compiler optimisa-
tion. Optimisations can consist of many things, depending on the language.
For example, some languages guarantee tail call optimisation, where infinite
loops can be constructed by letting a function call itself as its last state-
ment without causing a stack overflow. This is something the compiler (or
interpreter) can optimize during this part of the compilation process.

After this, the parse tree can be written out to produce the desired out-
put. Every node in the tree has a well-defined equivalent in the target lan-
guage’s syntax. The target language can be Assembly, which consists of the
exact instructions a CPU needs to carry out a program, or it can be another
programming language. Many compilers of higher-level languages translate
their language into C, for several reasons: the C compilers that translate C
into Assembly have been optimized so much that it is easier to rely on them
than to put an enormous amount of effort into optimizing another language;
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C compilers exist for most — if not all — CPU architectures, which means
translating a language into C makes it compatible with all those architec-
tures, while it would cost a lot more effort to write different compilers for
every architecture you would want to make your language available on.

The conversion tool that is the purpose of this thesis, can be described
in a similar succession of steps. As a first step, we take a PowerPoint pre-
sentation and take it apart into its components, effectively walking over each
component, classifying them and registering their content type, original po-
sition and size, and any other specific properties. This can be seen as the
tokenization phase, after which we end up with a series of ‘tokens’ or, in our
case, presentation components.

We then turn this series of ‘tokens’ into a ‘parse tree’, an intermediary
structure that reflects the relation between the components and the hierarchy
of the presentation, which may consist of chapters, sections, slides and com-
ponent groups. In PowerPoint this structure is fairly simple, so the creation
of this ‘parse tree’ is a straightforward process.

However, in MindXpres we are not limited to the rigid hierarchy of sec-
tions and slides, so at this point we can actually start manipulating our tree
and improve upon it, for example by moving parts around, nesting compo-
nents in different ways, grouping them in other ways than they originally
were, and so on. In compilation terms, this is the optimisation phase, where
the compiler can manipulate the program to run more efficiently, to replace
parts of it with other functionality, or to add features the source did not ex-
plicitly specify (e.g. garbage collection, but also spyware components (Scahill
and Begley, 2015)).

As we discuss in section 4.2, this seemed like the right time to incorporate
automated layout generation into the conversion process. As we see later in
section 4.3.1, it turned out it was not. In the end, no significant ‘optimisa-
tions’ or manipilation of the tree structure were implemented. Later on we
would utilize this optimisation phase to enable automated layout in another
way, without actually performing the layout here, but at this point it would
not affect the end result in any way.

To finish the conversion process, we can traverse our component tree and
generate a MindXpres presentation from it. This can be done in several ways,
since our intermediary form is in no way dependant on or bound to a specific
format. Since the MindXpres compiler was unavailable for a long time during
our research and implementation, we decided it would be best to go straight
to HTML5, so that we could test the conversion process without relying on
the MindXpres compiler. This worked out fairly well, although manually
constructing HTML5 to work with the MindXpres JavaScript library proved
difficult. We ran into several issues, often mostly due to our lack of knowledge
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of the inner workings of MindXpres, but we managed to get a presentable
result that emulated the original PowerPoint presentation quite well.

Afterwards, we altered our conversion tool to generate MindXpres XML
instead, which was a lot simpler since we would rely on MindXpres to provide
our layout and other things for us through the MindXpres compiler. This
approach allowed us to use the full power of MindXpres, including our own
plug-in for automated layout. At this point, the optimisation phase was also
revisited, and leveraged to introduce specific XML tags around component
groups that would trigger our automated layout plug-in.

4.2 Compiler optimisations

Since the conversion process resembles that of a compiler, it seemed logical
at first to make automated layout a part of that process, as some kind of
‘compiler optimisation’. During this phase in the process, the component
tree would be manipulated and altered, with the express purpose to improve
upon its structure and properties, so as to get a better end result. Our
improvements in this case would then consist of the automated layout.

As a first attempt, we tried to traverse the component tree, giving each
object new coordinates and sizes based on their original coordinates and
sizes, as well as the coordinates and sizes of objects around them, so that
they would fit together on every slide as well as possible. This seemed an easy
solution, but the results were sub-optimal. On top of that, we soon realised
that we were in essence creating another template-based system that would
generate slides and presentations based on predefined ratios and rules, which
was exactly the opposite of what we were trying to do. As such, we aban-
doned this approach in favor of a constraint-based algorithm as described in
section 3.5.1.

This involved a technique that at first sight may seem like yet another
template system, but actually is completely different: defining constraints for
every component, in the form of margins, maximum sizes and other limits,
and then calculating a way to satisfy all constraints while fitting content
together on each slide. The similarities with template-based systems exist in
the presence of predefined constraints, ratios and rules, but the important
difference is that these constraints are defined relative to the component itself,
without specifying anything absolute about location or size. For example,
we would retain the aspect ratio of an image, without specifying its size, so
that the image may be scaled to accomodate other components in a dynamic
layout. As another example, we might specify there needs to be a certain
distance between a component and any other components, relative to its
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size. We could also specify a certain relation between components, ensuring
components stay in each others vicinity, one should always be left of the
other, no other components may be placed between them, et cetera. Using
these rules, we would then programmatically calculate the best layout using
those components, but without any other bias. These constraints would be
based only on the original situation, never on any suggestions from us or
other developers or authors, which makes all the difference with traditional
template-based layouts.

While this is clearly a better method, it turned out the compiler opti-
misation phase was not the best place in the process to take care of this.
While we had the necessary data to calculate the layout, we would have had
to generate the layout along with the MindXpres presentation, after which
the presentation could not be altered anymore without breaking the layout.
This defeated the purpose of exporting to MindXpres, which was to allow
the presenter to edit, extend and improve their presentation further using
MindXpres. What we needed was a way to get MindXpres itself to gener-
ate the layout, even if we wanted to add components to the presentation
afterwards, and even if we wanted to create a new MindXpres presentation
instead of starting from PowerPoint. After all, how would we convince peo-
ple to drop PowerPoint for MindXpres’s automated layout capabilities if they
could only use that functionality by starting from PowerPoint?

In the end, we decided to change our approach again. We took the au-
tomated layout out of the conversion process, instead opting at this point in
the process to only add the necessary layout triggers in the form of an enclos-
ing XML tag around the components that would need to be included in the
automated layout. As such, the generated MindXpres XML would include
those tags, and a plug-in (described in section 4.3.1) would then generate the
layout at runtime.

4.3 Using MindXpres

One of the primary goals of MindXpres is to separate content from layout,
allowing the author of a presentation to focus on the content while MindXpres
takes care of the layout. The way it does this is currently mostly through
the compiler, which decides the width, height and coordinates of content,
relative to the container the content belongs to. The plug-ins responsible
for handling components and containers currently do not mess with those
settings, but technically, they could. The compiler decides the measurements
and coordinates based on templates. The solution we were looking for was
a layout engine that could take any content and put it in an appropriate
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layout without any directions from the user. As such, we had to enhance
MindXpres’s layout engine to use constraints, based on the size of the content,
and try to find an optimal position for every component it is given.

4.3.1 A MindXpres plug-in

We did this by creating an invisible container plug-in. Containers are a way
of grouping components and other containers in MindXpres. This means
they have control over their child elements, which gives us the opportunity
to override the layout of those elements. A container plug-in thus allows
us to implement our own layout system. Since it is a new element, it does
not override existing elements as it would have done if we had, for example,
rewritten the ‘slide’ plug-in. The user can decide for themself whether or
not to use it, and it can be used anywhere in the presentation: wrap the
whole presentation in it, or just a small part, whichever works best for your
purposes. It also will not break existing presentations that do not use it,
while those presentations can very easily be altered to take advantage of it.

An important aspect of this is that containers can be nested. This means
we can create slide-based presentations, which can contain our autolayout

container, which then contains the slide’s contents, thus creating an optimal
layout of the content per-slide. Another way of using it could be without
slides, throwing all content together in one autolayout container, and letting
it take care of the layout for the whole presentation at once. It should be
noted here that the autolayout container makes each of its child nodes
focusable separately, to compensate for arbitrary resizing it may perform on
large objects in order to fit them next to other content, by using the focus
functionality to automatically zoom into these components when necessary.

We call it an invisible container plug-in because it does not introduce
any visual content, shape or indication for itself. Compare with the slide

plug-in which obviously puts some kind of slide-look around the content it
encompasses, and it becomes clear what we mean by this: although the con-
tent within is obviously affected by our plug-in, there is no visible indication
of its presence to the audience.

The plug-in uses the compiler’s numbers to decide relative locations be-
tween components, as well as size ratios, and then finds a way to display
those components in a way that the display order makes sense (or at least
matches the intended order as closely as possible), that no overlapping occurs
(since we do not have the animations that PowerPoint might have used to
display one piece of information and then another on top of it), and resizing
everything if necessary in order to fit within the specified container. While
this may seem like a bad idea since content can get illegibly small this way,
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keep in mind that we can rely on the ZUI1 to focus on each component sep-
arately, or on groups of components, while PowerPoint obviously can only
display the whole slide at once.

In this manner we would generate MindXpres presentations that were im-
mediately usable, while also being adjustable; and on top of this, we would
allow the automated layout process to be used in other MindXpres presen-
tations that were not originally converted from PowerPoint slides. The goal
of this plug-in would thus be to provide automated layout functionality to
MindXpres presentations, and to allow any MindXpres author to use it sim-
ply by putting an <autolayout></autolayout> container around the com-
ponents they want the plug-in to act on. This approach has the additional
advantage that the container can be used multiple times throughout the
presentation, while also allowing other parts of the presentation to have a
manual layout.

Since it is possible to nest containers, which means a number of compo-
nents could be grouped together in an autolayout container, then the result
could be put into another autolayout container together with other compo-
nents — other autolayout containers, perhaps — to generate an automated
layout for an overview of the different groups. Compare it with traditional
slideware, where components are grouped together in slides, then the slides
might be put next to each other in an overview — except our approach drops
the slide boundaries, while still maintaining the ability to group components
together to show a relation or link between them.

4.3.2 An automated layout algorithm

As discussed earlier, our first approach included an algorithm where con-
tent would be placed on slides according to certain rules, trying to attain
a mythical ‘perfect’ layout based on the golden ratio, symmetry, centering
and other general guidelines we would find in advice on creating presenta-
tions. It turns out that, while following those guidelines as a human being
is generally a good idea, a computer has different ways of calculating a good
layout. The issue here can be compared to other problems in computer sci-
ence; for example, people in the robotics department have tried for decades
to create a robot that behaves exactly like a human being, and people in
artificial intelligence have tried to create an AI that thinks like us. How-
ever, we have found time and time again that computers simply are not very
good at acting, thinking or being human, just like we are not good at being
computers. Making a computer act like a human makes it disadvantaged

1 Zoomable User Interface
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— almost by definition, just like we are severely handicapped when we try
to perform typically automatable, repetitive and/or math-intensive tasks. A
computer’s true power only shows when you let it do what it is good at,
which is mostly the repetitive and the mathematically complex stuff. Trying
to make it generate presentation layouts like a human would, is asking for
subpar results.

If we approach this problem keeping in mind a computer’s strength and
weaknesses, we arrive at a different approach. This involves calculating sizes,
ratios, positions, margins and other numbers, of which the formulas are ac-
tually not too hard to come up with as a human, but which the execution is
definitely more of a computer task. We start off by checking each component,
and noting its original location and size. We then try to find components that
are in proximity of each other, and figure out their original layout: above/be-
low each other, next to each other, overlapping... Then, we try to put them
together, possibly resizing them to match each other’s sizes, and trying to
match their original relative locations while introducing a certain rigidity, or
consistency, by aligning them properly and puzzling them together as neatly
as possible.

This last part may sound weird, but it really is something to take into
consideration, especially when the amount of components might be much
bigger than what should fit on an average traditional slide. You could put all
components in a row, just displaying them side-by-side, but that is not very
aesthetically pleasing. Instead, we opted to try and keep components close
to each other. This was finally achieved by finding the location closest to
the starting point that would fit the component being considered, while still
taking into account the earlier constraints about relative location and size.
Thanks to the ZUI in MindXpres, this makes for interesting layouts that still
remain manageable, and provide a nice overview of all content when zoomed
out.



5. IMPLEMENTATION

To implement the ppt2mxp conversion tool that is the subject of this the-
sis, we chose the Java programming language (Gosling and McGilton, 1995),
version 8. Although the author has significant experience with lots of other,
more interesting, more compelling, more fun languages, several reasons pushed
us towards Java, the least of them being its ease of use. Of course, Java is
easy to use — it would not have become as popular as it is nowadays if it
was not. It has a fairly clear and logical syntax, a consistent structure, and
an extensive standard library.

The vast and extensive amount of libraries available for Java was obvi-
ously one of the more important reasons to make this choice. The existence
of the Apache POI library (see section 5.1) was a huge help in reaching our
goal; without it, we would have had to figure out the very obfuscated .ppt file
format structure, which undoubtedly would have taken up more time than
was available to us. Other libraries like Spring, which allows the programmer
to use and reuse components without writing complex systems to instantiate
them, further increased our resolve to make Java our primary technology
choice.

However, Java is not the only technology used here. MindXpres is written
entirely in HTML5, so any tool that somehow relates to MindXpres sooner
or later needs to use HTML5 as well. The widely accepted HTML5 standard
makes MindXpres presentations highly portable and runnable on any device
with a recent web browser, including smartphones and tablets (Roels and
Signer, 2014).

Figure 5.1 shows the result of our implementation. We clearly see the
effects of our automated layout algorithm on the contents of this slide In the
following sections we discuss how the various technologies were used to create
the ppt2mxp tool and the autolayout container plug-in, the combination of
which accomplishes this result.

5.1 Taking PowerPoint apart

When converting one file format into another, the first part of the process
involves getting the data you need out of the original file. This can be very
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Fig. 5.1: An original PowerPoint slide (top) and the converted result including
automated layout in MindXpres (bottom)

complicated, as some — usually proprietary — file formats are deliberately
designed to discourage this. They obfuscate data, encrypt it, and structure it
in illogical and unexpected ways, amongst other techniques. The PowerPoint
file format unfortunately is such a format, as Microsoft would not want to
risk other companies making software that would work with PowerPoint files.
Of course, over the years people have managed to crack the format, enabling
the conversion of PowerPoint presentations into other formats, although the
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conversion does not usually guarantee to yield results that mimic the original
version perfectly. Luckily, we do not want a perfect conversion, we want a
better one.

We found Apache POI library very helpful in this part of the implemen-
tation. The POI1 Library is a Java library that provides an API to access
Microsoft document formats. The most mature (and most popular) part of
it is HSSF2, which is used by Java developers worldwide to access Microsoft
Excel spreadsheet data, as well as export data into Excel spreadsheets.

For our purposes, we relied on HSLF3, which provided us with a full API
to access the contents of a PowerPoint presentation’s contents in a myriad
of ways. We could access all images at once, or every bit of text from the
whole presentation, but the most interesting to us was the ability to access
contents on a per-slide basis. Getting a list of the slides in a presentation
first allowed us to group contents within their immediate context, under
a node per slide in our component tree. As such, we could loop over the
presentation’s slides, converting them one by one, by placing the contents of
each slide in a MindXpres slide equivalent.

5.1.1 Bullets

That was unfortunately not the end of it. While HSLF does give us access
to all the text in a presentation, or per slide, it was not immediately clear to
us how it distinguished between ‘normal’ text and bullet lists. This meant
for a long time our conversion process was incomplete, as all bullets from
the original PowerPoint presentation appeared as incoherent text runs in our
converted result. We found out about the RichTextRun class, which had all
the tools and properties to detect bullets and their indentation level, but we
only discovered very recently that we could extract RichTextRuns from the
TextShapes we were getting out of the slides.

The code in Listing 5.2 shows how we extract bullet points from a TextShape
object and convert them into the nested bullet format we need. As you may
notice, the original bullet points are not nested in any way: they are all on
the same level of the original object tree, no matter their indentation level.
This indentation level is also stored in the bullet object. However, we wanted
a more elegant solution where the indentation would be deduced from the
level of nesting, much like HTML has always done.

The solution loops over the list of bullets, checking their indentation level
and building a stack of nested bullets accordingly. When increasing the

1 Originally “Poor Obfuscation Implementation” (Sundaram, 2004)
2 Horrible SpreadSheet Format
3 “Horrible SLideshow Format”
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� �
1 BulletList ul = new BulletList();
2 Stack<BulletList> listStack = new Stack<>();
3 int indent = 0;
4
5 for (RichTextRun run : textShape.getTextRun().getRichTextRuns()) {
6 ListItem li = new ListItem();
7 StringContent txt = new StringContent(StringUtils.strip(run.getText()));
8
9 if (run.isBullet()) {

10 if (run.getBulletOffset() > indent) {
11
12 indent = run.getBulletOffset();
13 listStack.push(ul);
14 ul = new BulletList();
15 listStack.peek().addItem(ul);
16
17 } else if (run.getBulletOffset() < indent) {
18
19 indent = run.getBulletOffset();
20 ul = listStack.pop();
21
22 }
23 } else {
24 while (listStack.size() > 0) {
25 // Current component is not a bulletlist or bullet, go to the top bullet level
26 ul = listStack.pop();
27 }
28 }
29
30 li.getContents().add(txt);
31 ul.addItem(li);
32 }
33
34 while (listStack.size() > 0) {
35 // Current component is not a bulletlist or bullet, go to the top bullet level
36 ul = listStack.pop();
37 }
38
39 return ul;� �

Lst. 5.2: Converting bullet points

indentation level, a new bullet list is started and added as an item on the
existing bullet list. When indentation decreases, we go back to the parent
list and continue there. This can go down several levels, and all the way back
up of course. Since the objects do not have a direct link to their parent, we
use a stack to keep track of this at all times.

5.1.2 Animations

Another challenge was dealing with animations and other ways people man-
aged to put way more content on one slide than would be advisable. The
animations could not be transferred to MindXpres since MindXpres has its
own way of transitioning from each component to the next in the form of a
ZUI4. It would technically be possible to implement additional animations
as a separate plug-in for MindXpres to provide the equivalents of the anima-

4 Zoomable User Interface
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tions in Microsoft PowerPoint, but that is beyond the scope of this thesis.
So we could not provide the same animations, but some people use those
animations not just to show off but to actually show multiple pictures and
blocks of text, one after the other, on the same slide. Without animations,
this content would either not be visible or it would become a serious layout
issue in MindXpres.

Our first solution tried to limit the amount of objects one slide can con-
tain, and any additional content should be put on extra slides automatically.
A downside of this is that we had no way of guessing the correct order in
which the content should appear, so what may have been an intrinsic chore-
ography of pictures in PowerPoint might become an incoherent jumble of
images in MindXpres. Another solution would be to scale all content until it
all fits next to each other on one slide, and then rely on the ZUI to show the
pictures one by one, but in this case the same problem with order of appear-
ance manifests itself. In the end, we decided it would be best to accept that
no conversion algorithm is going to be perfect, and the author can always
manually change the order around after the conversion is done.

With this in mind, we now render the components in the order we get
them from HSLF, hoping that this resembles the original order closely. The
automated layout takes care of any overlapping that might have occurred
originally, so we do not have to worry about that.

5.2 Generating MindXpres content

Generating MindXpres presentations was the final goal of the first phase of
this thesis. This seemed a fairly easy task at first, until we learned that the
MindXpres compiler would not be available to us for most of the year. This
meant we would either not be able to view-test our generated presentations,
or we would have to convert them to browser-ready HTML5 ourselves. We
chose the latter option, as not being able to see our results would not be very
helpful in implementing and tweaking our conversion tool. As a result, this
task became much more complicated, as we had to emulate the compiler’s
work ourselves. Luckily we already decided we would be working with a Java
object representation of the original presentation as an intermediary form, a
so-called component tree, which meant we could easily change the output of
our conversion tool without affecting the rest of the conversion process, and
on a per-component basis.
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5.2.1 Emulating the MindXpres compiler

Since the MindXpres compiler was not functional during most of this the-
sis’ implementation, we decided to generate an HTML5 file much like the
MindXpres compiler would, including the MindXpres JavaScript library and
plug-ins. This required us to first learn how MindXpres works on the inside,
which proved to be a steep learning curve but gave us more insight into the
software than we would have gotten if we only had to generate MindXpres
XML and leave the rest to the compiler.

Improving the ZUI

As an exercise, we changed the way the ZUI works. Originally, MindXpres
used the CSS3 transform: scale() property to enlarge or reduce the whole
view, giving the impression of zooming in or out. This is an obvious approach,
simple in its execution and quite foolproof. However, the downside is that you
can not zoom in very much, because currently browsers do not leverage the
advantage of vector graphics and fonts even if you do use them, and obviously
raster-based content does not scale much anyway. Instead, browsers render
the content at its initial scale, and then treat the result as one big image when
scaled or otherwise transformed afterwards. This means you get extremely
pixelated content when zooming in too much.

Through some refactoring, we were able to change this to use the transform:
translateZ() property instead, along with the transform: perspective()5

and the transform-style: preserve-3d properties. This means we are
now effectively rendering the presentation in 3D, and moving our viewpoint
around in the 3D space to center each slide or component in turn.

We believe this opens the door for even more visually impressive presen-
tations, where content can be placed on different points along the Z-axis.
This allows for example to place multiple slides behind one another, making
for impressive zoom transitions between slides. The downside of this is that
the overview may not always show all content, as some content can overlap,
but we trust the author uses this feature wisely when manually adjusting the
position of their slides. It may for example be useful to group slides together
in this way, when there is too much content to show on one slide but creating
a second, separate slide may break the flow of the presentation. In any case,
our automated layout plugin will not currently generate slides positioned this
way.

5 Not to be confused with the perspective: <number> property, which yields different
results
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Plain HTML5

After investigating the inner workings of MindXpres and studying some ex-
ample presentations, we were ready to start generating our own presentations
based on our component tree. This meant every possible component would
have to be written out as valid HTML, with the necessary attributes for each
generated tag and with any child components enclosed. Since our component
tree nodes are nested the way the final HTML should be nested, this was not
a problem.

Our implementation currently includes compile() methods on every com-
ponent object, which is consistent and easy to understand, but which might
not be the best way to implement this depending on future goals. Instead
of having a separate layer taking care of the output, currently it is a cross-
cutting concern, which as we all know is not a desirable design pattern. We
have to walk through the entire tree in any case, so performance will always
be O(n) at best.

The current implementation has the advantage of extensibility, where
new components can easily be added and it is immediately obvious to any
new developer how these new components should generate their equivalent
HTML code. However, for replacing the output with a different format it
would be better if this functionality was separated from the components and
gathered in a distinct Writer class instead. Switching formats would then be
as easy as dropping in a new Writer class that generates a different format.
Since we initially did not expect to switch outputs, and because we started
implementing the conversion of one component and then added components
as we needed them, the current implementation — focused on simplifying
addition of new components — was easier for us to work with. Perhaps the
refactoring of this implementation is an option for future work.

MindXpres XML

Generating MindXpres XML should be simpler than the HTML5 output,
although in the end there is probably not much difference. We will not have
to generate unique IDs for every component, and we will not have to generate
the preamble content (which includes the MindXpres library itself), but the
structure and content should remain pretty much the same. Instead of <div>
tags we can now use MindXpres-specific tags. All that adds up to a much
more easily readable result.

The advantages towards the user would be even bigger. Using a hypothet-
ical MindXpres editor, the output of our conversion tool could be edited in
such a tool immediately, while presumably such an editor would not work on
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plain HTML5. The reuse of content — one of the main goals of MindXpres—
would also be much more plausible using the XML format.

5.3 Creating layouts

Implementing an automated layout is not an easy task. At any point in the
process opportunities arise to use some kind of template, some sort of design
choice that would appear to make things easier, but turn out to be restrictive
when applied to edge cases. There is also not always a clear distinction
between implementing a template and implementing an automated layout.
If you decide to put all of your components in a row next to each other, have
you just implemented a template or not? What if you make them all the
same height, so the row will look aesthetically pleasing when looking at it as
a whole? What if you do not?

It becomes more clear when we have to work within a defined area, such
as a slide container. In this case, we have to fit our content within the slide;
this could be seen as a template decision but it is not one our algorithm
makes, so the algorithm itself just tries to fullfill the constraints it is given.
We can then calculate the relative sizes of our components, scale them down
or up together (using the same scale factor) until their combined size equals
the area we need to fill, and puzzle them together in a way that fits. If no
way is possible, we scale everything down some more and try again, until we
find something that works.

Whether using automated layout or not, the suggestion to not put too
much content on one slide remains. While an automated layout system may
be able to fit all content on one slide, too much content will still cause
information to be conveyed less effectively. Due to technical limitations of
currently existing browsers, scaling content down and then zooming in to
make it fill the screen is not always an option: browsers treat the content
as rasterized images rather than vectorized graphics, and scaling them does
not yield ideal results. Scaling an image down and then zooming in on it will
show you a blurred version at best, and a great big coloured blob at worst.
Using the perspective() and translateZ() properties yields much better
results, but this is not easily usable within a slide container as the content
would be rendered behind the slide, making the slide seem empty as seen
from the front. If we want the content to be visible on the slide, we need
to render it within the size limits of the slide, which gives the same blurred
results as scaling.

The true power of automated layout generation becomes apparent when
no such boundaries are posed. If the content does not need to be scaled
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down, we can use it all in its original size whether those sizes are similar or
not. Depending on which options the author of the presentation turns on,
we can then still resize content to match sizes, among other things.

5.3.1 Using constraints

The basis of our automated layout approach is the use of constraints. As a
first step in the process, we assign each component a certain ‘bounding box’,
a set of constraints that dictates how close other components can get to this
particular component. This distance can be decided arbitrarily, or have a
hard-coded value, but we decided to take a more dynamic approach and let
the distance be 10% of the width or height, whichever is the largest. This
way, the padding around the content is equal on all sides, and proportionate
to the size of the content.

The next step in the process decides the size of the components. There are
two mechanisms that may be applied here together, separately or not at all.
One mechanism is the equalization of sizes, where we resize all components
in such a manner that they end up all being the same or similar sizes. We
can decide to apply this either to the width, the height or the surface area,
depending on the effect we hope to create. If we want to put all components
size by side, making them all the same height might make for an aesthetically
pleasing result, for example; if we want to group them together in a raster-like
manner similar surface areas would usually be a better idea.

The other mechanism is the scaling of components, in which we scale
everything up or down equally, maintaining relative proportions between
components while reducing or increasing the total used surface area. This is
especially useful when we have to generate an automated layout that needs
to fit within a predefined container with a fixed size, such as a slide container.

The default approach when no such fixed-size container is present, is
to not apply either of these mechanisms, while we apply both mechanisms
together when we do have to fill this predefined area: we then calculate an
average surface area size between all components, resize all components to
match this average, and finally scale everything up or down so that the total
area fits the container.

It is possible to override this behaviour: when no fixed size is defined,
we can specify that all components should be sized equally, be it in width,
height or surface area. The latter is the default but this too can be overridden:
specifying that the components should be placed in a row or a column instead
of a raster-like structure will automatically choose the matching equalizing
method. Conversely, when there is a fixed size, we may specify to retain the
original proportions and only scale everything up or down equally to fit the
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area.

5.3.2 Alternative approaches

During implementation, we tried several other approaches to improve upon
the automated layout, all of which we ultimately decided to abandon in
favor of the current approach. There were various reasons for abandoning
these paths. Often the reason was that we realized we were influencing
the automated layout process with human design decisions, which is exactly
what we were trying to avoid. Sometimes what we were trying did not yield
the results we hoped for, and sometimes the implementation became too
complex to continue or what seemed like a good idea in theory turned our
to be impossible in practice.

One such idea was to divide components in a raster-like structure, but
spread over a set of rows according to a normal distribution — most compo-
nents in the middle rows, a few components on the first and last few rows.
We realized soon that on one side, this would become a kind of template
(a very dynamic one, but still), and on the other side, this was a lot more
complex than we initially thought. While this feature has been abandoned in
the current implementation we do think it may still be an option for future
work though: although it is a template, it seems dynamic enough that it
would still match the spirit of our automated layout approach.

Another idea was to use the Z-axis to make components seem equal in
size when viewed from a certain angle as an overview, then zooming in on
each component to reveal their true size. This was abandoned purely for
complexity reasons: it is not enough to just place larger components further
back, you also need to adjust the x and y coordinated to make it seem like the
component is placed right next to another when in reality it is a lot further
back. This would not be necessary with an orthogonal camera mode, but
the HTML5 rendering engines only have a perspective camera mode, which
makes this idea too complex to implement within our limited timeframe.



6. CONCLUSIONS AND FUTURE WORK

Microsoft PowerPoint remains the most popular presentation tool worldwide.
We believe this is mostly because people are generally afraid of change, and
would rather stick to their habits. Since all of their existing work is stored in
the PowerPoint format, they keep using PowerPoint to access that content
as well as create new presentations. On top of that, the process of creating
a presentation is still heavily burdened by the layout of the content we want
to present. Layout is an important and vastly underrated aspect of presen-
tations in general, which uses up an astonishing amount of time during the
creation of a presentation.

6.1 Contribution

We proposed an approach for converting existing PowerPoint presentations
into MindXpres presentations, along with a way for the author to relinquish
control over layout to the computer and improve upon flawed human design
by programmatically calculating ideal content placement and size. We deliv-
ered a proof of concept implementation that puts this approach into practice,
first letting us show a PowerPoint presentation’s content in MindXpres, then
showing us the possibility of applying an automated layout algorithm to that
an any other MindXpres content at will.

Considering the first part of this thesis, which consists of the conversion
between PowerPoint and MindXpres, we can conclude that conversion from
any other presentation format into MindXpres is a feasible concept. Closed-
source formats will obviously be more of a challenge than their open-sourced
cousins, especially if no API has been created for them as we had the fortune
with PowerPoint and Apache’s POI/HSLF implementation. That said, open-
source formats may be more easy to take apart but if no API exists for them
it would still require a substantial amount of effort. Having an existing API
readily available has definitely helped us a great deal in our efforts.

Converting these other formats into MindXpres remains an important
goal in the endeavour to raise awareness and increase popularity of MindXpres’s
features and possibilities. Our implementation provides a way to convert
PowerPoint .ppt presentations, but Microsoft PowerPoint has switched to
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using the Office Open XML-based .pptx format in recent years, so newer
PowerPoint presentations cannot currently be imported into the MindXpres
system.

Our implementation is written in a way that should make it straightfor-
ward to adapt for other formats, provided there is a way to get the separate
components out of those formats. If slide-based conversion is desired, then
obviously a way to extract the components on a per-slide basis is also re-
quired. Additionally, our approach using an intermediary form during the
conversion process allows for adaptation of the tool to generate other output
formats as well. The current implementation generates HTML5 which in-
cludes the MindXpres standard library and a set of plugins, but the original
goal of generating MindXpres XML files should be easily attainable; the only
reason we did not implement this was the unavailability of the MindXpres
compiler, which made it impossible for us to test the generated XML files.

As for the second part of this thesis, concerning the automated genera-
tion of presentation layouts, we have discussed why this is necessary. When
creating traditional slideware, as well as using more advanced and modern
presentation tools, layout remains a problem that for many presenters be-
comes the biggest timesink in their work. On top of that, the layout they
create is not always a good one, and bad layout has been proven to have
negative impact on the effectiveness of a presentation. As such, having a
way to automatically generate a layout would save a lot of time while also
improving the information transfer effectiveness of presentations.

We have demonstrated such an automated layout mechanism based on
theory and research found in related works, which we adapted and improved
upon for our purposes. Our constraint-based approach considers every com-
ponent separately, to combine all components into a layout where no over-
lapping exists, components can be grouped together, clear margins are put
in between content and surrounding limits in the form of slides and other
fixed-size containers are respected.

In the future, the implementation of this layout mechanism may still be
improved upon in several ways, which will be discussed in section 6.2. How-
ever, it currently does provide the most basic form of automated layout,
which may not always succeed in generating an aesthetically pleasing layout
but at least attempts to combine content in a way that makes the content
easy to focus on, thus increasing effectiveness of the presentation. It also
succeeds in letting the presenter focus on the content rather than the lay-
out. It thus reduces stress and arguably increases quality of presentations,
especially when we look at time spent creating the presentation versus its
effectiveness.
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6.2 Future Work

In this thesis we have presented a proof-of-concept implementation of both a
tool to convert PowerPoint presentations into MindXpres, and an algorithm
for generating an objectively effective layout. Due to the limited time avail-
able for this thesis, we were not able to go into the finer details of these
tools, and the results of our tools could still be improved. However, within
this limited timeframe we did deliver a solid core containing the most impor-
tant features, in a way that allows future research to improve upon it and
easily add any missing details.

6.2.1 Other formats

Our conversion tool currently allows to convert PowerPoint .ppt files into
MindXpres presentations, bypassing the MindXpres compiler. The tool in-
ternally uses an intermediary structure to store the presentation’s content,
and this facilitates the implementation of conversion tools for other formats.
As such, it might be a good idea to extend the tool to convert other popular
formats like PowerPoint .pptx files, Apple Keynote presentations and many
others.

It would also be a good idea to change the output of the conversion tool to
generate MindXpres XML files to compile further using the MindXpres com-
piler. In and of itself this would not seem advantageous, but with MindXpres
IDEs and other editing tools in mind it would be better to have XML files
which would be editable using those tools, rather than raw HTML5 which
presumably would not be readily available in any IDE.

6.2.2 Integration

While on the subject of IDEs, it would be interesting to integrate the conver-
sion tool into a MindXpres editor. This would allow MindXpres users to just
open their PowerPoint files in the MindXpres editor, immediately providing
access to its contents and letting the user edit the presentation as if it had
always been a MindXpres presentation. This would greatly improve usability
of the conversion tool as well, since it currently does not have a graphical
user interface and thus needs to be invoked from the command line.

6.2.3 Improving the automated layout

There are many ways in which the automated layout algorithm may yet be
improved. Jock Mackinlay’s work (Mackinlay, 1986) includes significant re-
search on how to use artificial intelligence to create effective graphical visual-
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isations. Combining his work with ours could potentially improve the results
of our algorithm. An interesting angle here might be the use of a learning
AI, which can be trained on sets of good and bad layouts, or observe the
user’s actions and try to mimic their behaviour.
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R. E. Peter Lüders, “An approach to automatic display layout using com-
binatorial optimization algorithms,” Software — Practice and Experience
(SPE), vol. 25, no. 11, Nov. 1995.

J. Müller-Brockmann, “Grid systems in graphic design,” 1981, arthur Niggli
Publishers, Niederteufen, Switzerland, 1981.

A. Hurlburt, “The grid,” 1978, van Nostr and Reinhold Company, Melborne,
Australia, 1978.

C. Kosak, J. Marks, and S. Shieber, “Automating the layout of network dia-
grams with specified visual organization,” Systems, Man and Cybernetics,
IEEE Transactions on, vol. 24, no. 3, pp. 440–454, Mar 1994.

J. Christensen, J. Marks, and S. Shieber, “Algorithms for cartographic label
placement,” 1993, in Proceedings of the American Congress on Surveying
and Mapping 1, pages 7589, 1993.

S. K. Feiner, “A grid-based approach to automating display layout,” in Pro-
ceedings on Graphics Interface ’88. Toronto, Ont., Canada, Canada:
Canadian Information Processing Society, 1988, pp. 192–197.

M. A. Linton, J. M. Vissides, and P. R. Calder, “Composing user interfaces
with interviews,” Computer, vol. 22, no. 2, pp. 8–22, Feb. 1989.

L. Weitzman and K. Wittenburg, “Relational grammars for interactive de-
sign,” 1993, in E. P. Glinert and K. A. Olsen, editors, Proc. IEEE Symp.
Visual Languages, VL, pages 411. IEEE Press, 2427 Aug. 1993.

M. X. Zhou and S. K. Feiner, “Data characterization for automatically visual-
izing heterogeneous information,” 1996, in Proceedings IEEE Symposium
on Information Visualization, pages 1320. IEEE, 1996.

J. Mackinlay, “Automating the design of graphical presentations of relational
information,” ACM Trans. Graph., vol. 5, no. 2, pp. 110–141, Apr. 1986.

S. M. Casner, “Task-analytic approach to the automated design of graphic
presentations,” ACM Trans. Graph., vol. 10, no. 2, pp. 111–151, Apr. 1991.

C. S.-M. T. Bray, J. Paoli, and E. Maler, “Extensible markup language (xml)
1.0,” 1006.

G. Singh, C. H. Kok, and T. Y. Ngan, “Druid: A system for demonstra-
tional rapid user interface development,” 1990, in Proc. of the 3rd Annual
Symposium on User Interface Software and Technology (UIST90), pages
167177, Snowbird, UT, 1990.



BIBLIOGRAPHY 71

S. F. Roth, J. Kolojejchick, J. Mattis, and J. Goldstein, “Interactive graphic
design using automatic presentation knowledge,” 1994, in Proceedings of
ACM CHI94 Conference on Human Factors in Computing Systems, volume
1 of Active Support for Interaction, pages 112117, 1994.

W. C. Kim and J. D. Foley, “DON: User interface presentation design assis-
tant,” in Proceedings of the 3rd Annual ACM SIGGRAPH Symposium on
User Interface Software and Technology, ser. UIST ’90. New York, NY,
USA: ACM, 1990, pp. 10–20.

G. Singh and M. Green, “Automating the lexical and syntactic design of
graphical user interfaces: The uofa* UIMS,” 1991, ACM Transactions on
Graphics, 10(3):213254, 1991.

S. F. Roth, J. Mattis, and X. Mesnard, “Graphics and natural language as
components of automatic explanation,” 1991, in J. Sullivan and S. Tyler,
editors, Intelligent User Interfaces. Addison-Wesley, Reading, MA, 1991.

A. Pizano, Y. Shirota, and A. Iizawa, “Automatic generation of graphical
user interfaces for interactive database applications,” 1993, in B. Bhargava,
T. Finin, and Y. Yesha, editors, Proceedings of the 2nd International Con-
ference on Information and Knowledge Management, pages 344355, New
York, NY, USA, Nov. 1993. ACM Press.

A. K. Mackworth, “The logic of constraint satisfaction,” Artif. Intell., vol. 58,
no. 1-3, pp. 3–20, Dec. 1992.

——, “Constraint satisfaction,” 1992, in S. C. Shapiro, editor, Encyclopedia
of Artificial Intelligence, volume 1. Addison-Wesley Publishing Company,
1992. Second Edition.

N. J. Nilsson, “Artificial intelligence: A new synthesis,” 1998, morgan Kauf-
mann Publishers, San Francisco, 1998.

A. Borning, “The programming language aspects of thinglab, a constraint-
oriented simulation laboratory,” ACM Trans. Program. Lang. Syst., vol. 3,
no. 4, pp. 353–387, Oct. 1981.

D. Kurlander and S. Feiner, “Inferring constraints from multiple snapshots,”
ACM Trans. Graph., vol. 12, no. 4, pp. 277–304, Oct. 1993.

J. Christensen, J. Marks, and S. Shieber, “An empirical study of algorithms
for point-feature label placement,” ACM Trans. Graph., vol. 14, no. 3, pp.
203–232, Jul. 1995.



BIBLIOGRAPHY 72

S. Pan and K. McKeown, “Learning intonation rules for concept to speech
generation,” 1998, in Proc. of the Joint International Conference on
Computational Linguistics and Association for Computational Linguistics
(COLING-ACL), 1998.

R. Kamimura, “Application of temporal supervised learning algorithm to
generation of natural language,” in Neural Networks, 1990., 1990 IJCNN
International Joint Conference on, Jun. 1990, pp. 201–207 vol.1.

T. Masui, “Evolutionary learning of graph layout constraints from examples,”
in Proceedings of the 7th Annual ACM Symposium on User Interface Soft-
ware and Technology, ser. UIST ’94. New York, NY, USA: ACM, 1994,
pp. 103–108.

B. A. Myers, R. G. McDaniel, and D. S. Kosbie, “Marquise: Creating com-
plete user interfaces by demonstration,” 1993, in INTERCHI 93, Human
Factors in Computing Systems, Apr. 1993.

M. X. Zhou and S. Ma, “Toward applying machine learning for to design
rule acquisition for automated graphics generation,” 1999, technical report,
IBM Watson Research Center, 1999.

J. Scahill and J. Begley. (2015, Mar.) The CIA campaign to steal Apple’s
secrets.

J. Gosling and H. McGilton, “The Java language environment,” 1995.

E. Sundaram, “Excelling in excel with Java,” 2004.


	Introduction
	Slideware and the importance of layout
	Terminology
	Problem statement
	Real-life slideware problems


	Related work
	Background
	Existing presentation solutions
	Requirements for a new era of presentation tools
	MindXpres Platform
	Document Format and Authoring Language
	Compiler
	MindXpres Presentation Bundle
	Plug-in Types
	Implementation
	Use Cases
	Discussion and Future Work

	Layout
	Algorithms
	Simple techniques
	Constraint satisfaction
	Learning techniques


	Approach
	Conversion process
	Compiler optimisations
	Using MindXpres
	A MindXpres plug-in
	An automated layout algorithm


	Implementation
	Taking apart
	Bullets
	Animations

	Generating MindXpres content
	Emulating the MindXpres compiler

	Creating layouts
	Using constraints
	Alternative approaches


	Conclusions and Future Work
	Contribution
	Future Work
	Other formats
	Integration
	Improving the automated layout



