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Zusammenfassung:

Visualisierung wird im Allgemeinen als eine gute Mdéglichkeit angesehen Anwender von Informati-
onssystemen in der Nutzung zu unterstitzen. Semantische Information kann in Visualisierungen
auf vielfaltige Art transportiert werden: Farbe, Form, Position, etc. In den letzten Jahren fanden
zweidimensionale Darstellungen von Dokumentverteilungen immer mehr Bedeutung in der For-
schung. Hier wird semantische Ahnlichkeit zwischen Dokumenten iblicherweise durch raumliche
Nahe ausgedriickt. In diesem Beitrag werden verschiedene Mdglichkeiten diskutiert, solche Do-
kumentverteilungen graphisch umzusetzen.

Abstract:

Visualization is generally regarded as a good technique to support user interaction in complex in-
formation systems. Many design features may transmit semantic information in a visualization in-
cluding distance, movement, color, size and orientation. Two-dimensional display where semantic
similarity is expressed by means of distances between objects have gained considerable attention
in the last years. The visual approach to information processing in these systems requires consid-
eration of aesthetic aspects. We provide an overview on current research topics involving these
two-dimensional maps and present an implementation where many design parameters can be
modified in order to control the visual appearance.

Visualization plays a crucial role in knowledge management. The visual presentation of semantics
is an important method for transferring knowledge explicitly stored in machine readable formats to
humans. Semantics is mostly displayed in two ways depending on the certainty of the knowledge.
Most often, concepts, ontologies and the objects represented are described by certain knowledge
which is formalized by hard facts, rules or relationships. However, more and more often knowledge
in computing systems is presented in a more natural way and is represented by vague relations or
facts.

Especially, for systems dealing with vague knowledge, visualization presents a high challenge. In
our research we focus on visualization of document sets where the relations between documents
are not assessed by humans. The relations need to be calculated from the property values of the
objects. For text objects, usually similarity measures are calculated on the basis of the indexing
terms found [cf. MandIl 2001].

In order to allow the projection of the objects onto two dimensions these usually highly dimensional
spaces need to be reduced. Methods of dimensionality reduction are for example Latent Semantic
Indexing (LSI) or Kohonen Self Organizing Maps (SOM) [cf. Kohonen 1997]. That way, computer
graphic algorithms also lead to new opportunities for user interfaces. Unlike common WIMP (win-
dows, icons, menus, pointers) interfaces, advanced graphic elements consist of more than lines
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and rectangles and partly rely on the aesthetic perception by the user. Vague human needs are
addressed through advanced computer graphic routines.

Two-dimensional document maps have received considerable attention in recent years. Several
experimental and commercial systems have been developed (e.g. http://www.cartia.com,
http://websom.hut.fi/websom). Document maps try to exploit the visual capabilities of humans in
order to create interfaces which are easy to use. Objects closely related are located next to each
other, geometric distance becomes a metaphor for semantic similarity. This basic design strategy
is cognitively plausible and is usually well understood by users. 2D maps have been applied to a
variety of different object types including text documents [Honkela et al. 1997], software code,
economic time series, authors of scientific literature and their position in a social network of dis-
course [Mutschke 2001] and multimedia internet content. Kohonen networks have been applied to
software code in order to improve software reusability [Merkl 1995] as well as to music pieces
[Rauber & Fruhwirth 2001]. They seem to be especially suited for images. When visual perception
of the objects is necessary, this form of presenting similarity is quite natural. As a consequence,
there are applications for image retrieval [Ojala et al. 2001] as well as for pattern.

The evaluation of visualizations is a crucial aspect in the development. In order to ensure users
satisfaction and effective use, graphic interfaces need to be thoroughly evaluated. Our evaluation
strategy focuses on the selection of the proper algorithms for dimensionality reduction. This
evaluation joins the users perspective with the mathematical foundation of 2D displays. Different
strategies for the reduction of dimensions lead to very different results [Mand| & Eibl 2001]. Thus,
in an LSI-map the documents are located totally differently to a SOM-map. We also need to con-
sider the users way of interacting with a map. Most users will focus on one document at one point.
From there they may browser to a close document and then again to a close document. In that
process they may pursue a local or a global browsing strategy. A locally oriented user will lose
sight of the initially evaluated documents and step to next closest document form the document
momentarily under focus. In contrast, a globally oriented user will return to the first document and
visit the next closest document to that one [Eibl & Mandl 2002].

In this article we want to demonstrate different methods of visualizing these data. We investigate
several two and three dimensional displays. All of the six discussed visualizations are based on a
set of some 10.000 documents from the social sciences. The dimensionality of this document set
was reduced to two (fig.1-5) resp. three (fig.6) dimensions by an LSl algorithm. In the following the
six resulting visualizations are displayed. Each visualization as accompanied by a short description
a short summary of the main advantages and disadvantages. Our implementation of 2D maps in
JAVA allows the modification of many design aspects which are often neglected. It can therefore
serve as a investigation tool for further experiments especially on the users interaction with such
systems as well as on the aesthetic dimension of these tools.

Description: The documents are aligned according to a
Latent Semantic Indexing (LSI) algorithm for reducing di-
mensions. Each dot represents a document:

Advantages: The scatterplot gives a good impression of
the overall distribution of the documents.

.?{ o Disadvantages: The single documents are hard to recog-
e nize due to the small appearance of the dots. Bigger dots
would lead to overlapping documents. In order to get to a
detailed view of a special area some kind of zoom-
mechanism would have to be introduced. This would
harden the navigation.
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Description: Same as above. In order to emphasize the
documents they are displayed in red with a kind of corona.

Advantages: The documents and document clusters are
easier to recognize.

Disadvantages: Same as above.

Description: Now the document clusters are
displayed as a 3D landscape. High mountains
show dense clusters of documents.

Advantages: none

Disadvantages: This visualization is hard to
navigate. The extremely high mountains are
fairly confusing.

Description: The height of the mountains is re-
duced by introducing an algorithm based on a
logarithm.

Advantages: The mountains and therefore the
document clusters are very good to identify.

Disadvantages: Navigation in a 3D landscape
is quite hard. Due to the 3D view (foreground —
background) the height of the mountains is hard
to compare.

Description: The height of the mountains is
colour-coded according to topographic maps.

Advantages: The heights of mountains is easily
comparable even if the mountains stand in dif-
ferent distances to the viewer.

Disadvantages: Navigation remains hard.

98



Description: The same document set reduced
by LSI to three dimensions. The display employs
the galaxy-metaphor: The documents in the front
are closely related to each other and not related
to the distant documents in the background.

Advantages: There is one more spatial dimen-
sion. This the dimensionality of the original set is
less reduced.

Disadvantages: Very hard to navigate and very
hard to interpret.

This overview on 2-dimensional maps shows the large variety of design decisions that the devel-
oper is confronted with. Depending on the requirements of the specific application, a tradeoff be-
tween the advantages and disadvantages associated with each presentation form needs to be
found.
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