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Abstract
The idea of Information Visualization is to get insights
into great amounts of abstract data. Especially document
sets found by searching the World Wide Web are a spe-
cial challenge. The paper gives a short overview on the
variety of possible visualizations for this application area.
Crucial factors for the success of visualizations are dis-
cussed. A combined approach is presented to use alterna-
tive simple visualizations, grouped around the traditional
result-list, for usage with a local meta web search engine.

1. Introduction

The goal of Information Visualization (IV) is to sup-
port the exploration of large volumes of abstract data with
computers. IV can be defined as "The use of computer-
supported, interactive, visual representations of abstract
data to amplify cognition [5]." Digging for information in
the World Wide Web, as a huge, heterogeneous, unstruc-
tured load of data, represents a special challenge. With
current search engines, users typically enter some key-
words and get in return an ordered list of links, ranked
and displayed in a linear way. This paper presents re-
search results, how to facilitate the access of this infor-
mation space for the user. Based on an examination of the
literature about visualization approaches (chapter 2), and
a compilation of crucial factors for the usefulness of visu-
alizations (chapter 3), some ideas have been selected for a
combined approach, called Synchronized Alternative
Visualizations (chapter 4). The application domain dis-
cussed is focused on the presentation of search results
from a local meta search engine.

This paper is primarily influenced by research activi-
ties within the EU-ESPRIT project INSYDER (Project
No. 29232). The projects target is to supply small and
medium size enterprises with business information from
the internet by using a local meta search engine.

2. State of the Art

One of the first steps, when utilizing IV approaches for
search results, is to get an overview on visualization pos-
sibilities and an orientation when to use which form. Dif-
ferent types of approaches to classify visualization ideas
can be used: data, task/goal or phase oriented. Combina-

tions are possible. An example for a high level task ap-
proach is the four phase framework for information
seeking by Shneiderman [18]:

• Formulation: expressing the search
• Initiation of action: launching the search
• Review of results: reading messages and outcomes
• Refinement: formulating the next step
We took this framework to decide which phases are

possible candidates for support by visualization tech-
niques, and tried to loosely assign the visualization candi-
dates to the four different phases. We focus here on the
result phase, which is the most interesting one from the
“users point of view”. Here he gets the suggestions to
satisfy his information need. If a long list of URLs is dis-
played, it would be a good idea to help the user finding
the needle in the haystack by applying adequate visuali-
zations here.

On the set level, which means the representation of the
whole set of results, it will be interesting to get an over-
view. Are there any trends, clusters, hot spots? Do the
suggestions seem to satisfy the information needs at all?
A lot of authors discuss here the use of interactive scat-
terplots in different forms. Examples are starfields [1] or
systems using the third dimension [12]. Another group of
approaches uses landscape or map metaphors, called
themescapes or self-organizing maps [7] [14]. Other in-
teresting ideas are the use of a wall metaphor [15], Venn
diagrams [19], vertical columns of bars [21], spirals [8],
or cone trees [17].

After zooming or filtering steps the focus may change
from the set level to specific suggestions (commonly
called hits) at the document level. The user has to decide
for a specific URL if it is interesting enough to be fol-
lowed. Here are visualizations needed to get an overview
on the content and the relevance of a single document.
For the document level much less ideas can be found.
Approaches range from tilebars [11] to thumbnails [6].

3. Factors for choosing visualizations

As shown in the last chapter there are a considerable
number of visualization ideas, guidelines and also some
findings based on experiments and investigations. This
leads to the question: Is there any best form of visualiza-
tion? Or in the words of Washburne in the year 1927:
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"Can the forms be given a rank order for general effec-
tiveness? That is, is there any form which is more effec-
tive in all respects than any other form?" [22]. His find-
ings based on an experimental study of various graphic,
tabular and textual methods of presenting quantitative
material are: "The answer is simply 'no'.". Same could be
said looking at the research done in the following years.
As implied in the classification schemes mentioned, there
are some factors influencing usefulness and effectiveness
of visualizations. Taking a closer look at the experiences
with different visualization approaches, application areas,
taxonomies and experiments, there are four main factors
influencing the usefulness of a given visualization, subse-
quent named "4T-environment": Target user group, Type
and number of data, Task to be done and Technical possi-
bilities .

Target user group does not only mean a scientist be-
fore the screen or a blue-collar worker. There are also
interpersonal differences in information perception and
processing, which depend for example on the way people
think in spatial dimensions.

The type of data to be displayed is essential for
choosing a graphical representation. If there is e.g. a hier-
archy in the data it makes a sense to exploit this for visu-
alization. But it's not only the type, but also the number of
data which influences the success of visualization.

The task to be done is also a very important factor in-
fluencing the effectiveness of a chosen visualization.
There are a considerable number of attempts to classify or
rate visualizations for different forms of tasks, with a
wide variation of the level on which "tasks" are defined.

Last but not least the technical possibilities are a de-
termining factor for utilization and success of a visualiza-
tion idea. Example for such a technical factor is the
choice to use a web browser based user interface.

4. Synchronized Alternative Visualizations

Knowing that there is no "best visualization", and that
the success of a specific visualization depends on the
user, his current task and the data, we decided to use a
combined approach. It offers the user the possibility to
choose the most appropriate visualization for his current
demand. Different systems in other application domains
follow also this approach [2], [13], [20].

But there are also some drawbacks in this approach:
The user interface of the system becomes more complex
and therefore will be harder to use. The user can choose
an inappropriate visualization for a specific situation.

To intercept the possible drawbacks a number of
guidelines have been considered. Only six simple visuali-
zations have been chosen. Feedback from real users has
been used to make the final choice and to improve the
selected visualizations. The visualizations are adapted to
each other in color, orientation and the overall style. The
visualizations are synchronized in a way that a selection

in one representation of the result set will be updated im-
mediately in the other representations too. The chosen
visualizations are grouped around the traditional result
list, which is the default view, because it is the most fa-
miliar one for many users. The visualizations are pre-
sented in a web-browser and could be selected with the
help of icons. They are in a order with increasing level of
detail information from left to right, with the list posi-
tioned in the middle of the icon row (see figure 1).

Figure 1. INSYDER GUI
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Figure 2. Document Vector (Relevance)

The aim of the document vector view is to give the
user a simple overview on a larger number of suggestions
made by the search system. It is laid out in one dimen-
sion. Each document is represented by a black dot (the
light dots are the result of some user interaction and will
be explained below). If there is more than one point at a
column of the scale, the document is displayed in a sec-
ond row and so on. The type of data displayed can be
chosen by the user from a drop down list box. Examples
are relevance or date of the documents. In figure 2 it can
be detected at a glance that there is only a small number
of highly relevant documents.

To give one example for the process of choosing the
visualizations, we will explain here the reasons why using
a “document vector”. User expressed in informal evalua-
tions (using mockups), done at the beginning of the proj-
ect, that they are interested in easy understandable over-
views of the document set found by the INSYDER sys-
tem. The document spiral idea by Cugini et.al. [8] was
one of the ideas presented. To reach the goal to have
really simple understandable visualizations, the original
document spiral idea was simplified in two ways. First the
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Figure 4. Bargraph

representation of the document was explained just to be
an icon (no use of colors, the little bars ...). Second, when
changing the weight of a keyword, we explained the us-
ers, the icons will be rearranged on the spiral, in a way
that the now most important documents for this high
weighted keywords will tend to go into the middle of the
spiral and be concentrated there. Cugini et al. used eleva-
tion to separate user weighting from the relevance calcu-
lated by the system. We didn't explain the elevation idea,
and explained instead the sliders will change the ranking
of the system, because it seemed to be easy understand-
able by a larger group of users.

Our simplified version was really welcomed by most
users (even we just had a small sample). But there was
also criticism from power users, who remarked that there
is a tendency to think documents with close positions to
each other will be in some close relation, but in fact a
document on the opposite side of the spiral, can be much
"closer" than a nearby document on the next "ring". This
possible “misinterpretation” was latter also reported by
Cugini et.al. [9]. It is easy explainable using Gestalt prin-
ciples. We decided to transform the spiral to a simple
vector,  which is not so good in using screen space, but
without the problem, of misinterpreting closeness. To
avoid the problem of having to many dots on one point,
because the straight line is much shorter than the spiral,
we "stack" them, as shown in Figure 2.

4.2 Scatterplot
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Figure 3. Scatterplot Relevance and Year

In the scatterplot view two variables can be shown at
the same time. There is also the idea to give the user the
possibility to choose which categories to display. This
could be overall relevance and year but also relevance for
keyword A and keyword B or others at the two different
axes. In figure 3 it can be seen that there is a small cluster
of highly relevant documents from last year. The group
can be marked with the mouse. The selection will now be
highlighted in this and all the others views, including the
traditional list. The selection can be changed in all views.

4.3 Bargraph

The bargraph view shows overall relevance and sin-
gle relevance for each entered keyword (in figure 4 "clas-
sical" and "architecture"). The dots on the left site repre-
sent the highlighting described in the scatterplot chapter.

The list can be ordered by each
column. In the example the ordering
by "architecture" shows that there is
a group of documents, marked by
circle 1, that are highly relevant for
this keyword and are also highly
relevant overall, but obviously not
very relevant for the keyword
"classical". Another group, marked
by circle 2, with average relevance
for "classical" and overall seems to
be not relevant for "architecture".
The original idea from [21] is here
adapted in several ways. First it is
rotated 90 degrees to have the same
way of displaying the documents
like in the other views where
document details are given: top
down instead of from right to left.
Second the impression of a
document as an entity is emphasized
using Gestalt principles, without
disturbing the keyword orientation
too much.

4.4 Tilebars
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Figure 5. Tilebars and Document Titles

The following visualizations are showing more details
on the document level. The first one is the tilebar view
[11]. Three documents with different lengths are shown in
figure 5. Each row of tiles stands for one keyword. Every
vertical group of tiles represents a part of the document.
The darker a tile, the more relevant the keyword is for this
part of the document. In the example the query consists of
two keywords: "classical" in the first row and "architec-
ture" in the second. Looking at the third document, it can
be easily detected that there are no parts of this document
dealing with "architecture" AND "classical". It deals with
"architecture" at the beginning and with "classical" at the
end. Looking at the title of the document "Classical Ar-
chaeology: Greek Architecture" this interpretation makes
sense. To give the user the possibility to prove his impres-
sions, the tilebars offer a possibility to jump to a certain



part of a document by clicking on the appropriate tile.

4.5 Relevance Curves
The same goal as behind the use of tilebars, but with a

different mapping to visual structures, can be found in
using relevance curves. The original idea from [4] is en-
hanced by using the length of the curve to show the length
of the document (in the original curve length is independ-
ent from document length), and using color coding for the
impact of the different keywords.

Classical Architecture

Montreal's Architectural Influences

Classical Archaeology: Greek Architecture

Figure 6. Relevance Curves and Document Titles

4.6 Thumbnail views

The last visualization on document level is the repre-
sentation of the documents as thumbnails. Probably it
will be combined with other visualizations on document
level and some textual information. The idea behind the
representation of a document as a thumbnail is mainly to
give users, who often work in the same document spaces,
some hints about probably known documents. There may
be also some support getting a first impression for un-
known documents. A known problem offering thumbnails
are the crawling times (text and images).

5. Conclusions and Outlook

The idea discussed in this paper is to embed synchro-
nized alternative visualizations in a user interface of a
local meta search engine. Main ideas are to group simple
visualizations around the traditional result-list view for
searching the web (in two directions: with decreasing and
increasing level of detail information), and to use the
browser as a familiar interface for the user.

The next step is to evaluate the system with users in a
systematic way. Typical questions for this evaluation:
Will be the additional cognitive overload using a more
complex interface compensated by the expected value to
get better insights in shorter time? Which visualizations
fit best to users needs? Are there differences between user
groups? Based on the empirical experiences of the
evaluation, it could be discussed to support the choice of
alternative visualizations in certain cases automatically by
using a knowledge base.
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