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Motivations

Visualize…

Complex structure of highly cross-referenced articles

Help users to opportunistically explore the information 

Choosing potentially interesting articles

Highlight more important articles



Opportunistic exploration

Exploration

Start with already known information

Read initial search/browsing result

Learn about the subject encounter additional cross-
reference

New navigational opportunities



Wivi — Idea

Visualize Wikipedia navigation

Start from the first article

Show navigational tips

To the articles linked from 
the first section

Of visited articles

quickly navigate to parts of the text that deal with a
certain term. However, it is only applicable to a single
document that also needs to be preprocessed and thus
fully known. Like other approaches which focus on
visualizing a single or only a few previously selected text
documents (e.g. DocuBurst [8], FeatureLens [10]), this is of
limited use when dealing with a dynamically growing set
of multiple articles of an encyclopedia.

The usage of graph visualizations is not the only way to
approach the problem of exploring document collections.
The MedioVis system developed by Heilig et al. [15]
provides multiple visualizations (coordinated views) like
tables, scatter plots or node-link diagrams to search in
digital libraries. It follows a top-down approach where a
user is able to look at the entire data space at once (by
different selectable visualizations) and then drill down to
the required information by applying different filters. This
is similar to the galaxy of stars used by the InfoSky system,
but instead of a single visualization based on a fixed
hierarchical structure, MedioVis allows for a more
dynamic construction of data sets by its users.

The different systems and approaches to navigating
large document collections usually provide some way to
navigate to new documents a user has not yet read. While
some systems leave the selection of potentially relevant
material to their users, others like e.g. Thinkpedia provide
a visual weighting of edges to indicate how relevant two
nodes are. By weighting and highlighting new documents,
users can intuitively navigate to these documents and
opportunistically find information they are interested in,
but would not have found otherwise. This technique of
‘‘berrypicking’’ [4] in online search interfaces can be
supported by visualizations in different ways, as the work
of [16], [23] or [6] has shown, and thus should also be
applied to exploration of large document collections.

3. Opportunistic exploration

When researching a subject, it might happen that users
do not have a precise understanding of what they are
searching for. They do not know what is of central
importance or what exactly belongs to the subject in
question. But usually they will recognize a term they
actually wanted to find or which might be more appro-
priate for the subject in question.

In order to get started, users have to pick a term they
already know. While reading the corresponding article,
users gain more knowledge about the subject and
encounter additional cross-references to other terms
potentially relevant to their research. These additional
cross-references pose new navigational opportunities.
When a term or subject among these is more interesting
to the users than the current article, they will likely follow
this path. This is a very natural way of searching for
information [4], but unfortunately it is commonly not very
well supported by the well established information
resources available today.

To help exploring the articles of the Wikipedia, our
visualization brings potentially interesting links to new
articles to the user’s attention. To determine which

articles are presented to a user and how interesting
articles are distinguished from other articles, we need
some criteria we base our decisions on.

As said earlier, the articles and the links between them
form a directed graph G ¼ ðV ; EÞ, where each article is
represented as a vertice v 2 V and each link is represented
as an edge e 2 E going from the article vertex where it is
found to the article vertex it points to. In Wivi, this article
graph contains everything the user has read and every-
thing the user could have reached from the introductory
sections of the articles. Initially, the graph contains just
the first article the user has started with and the articles
linked from the first section of this article. Further articles
and edges are added to the graph with every new article
the user visits (an example is seen in Fig. 1). Because the
amount of links found in a single article can easily get very
large, only links found in the first section of the article are
used to add new navigational opportunities to the graph.
This decision is based on the assumption, that the most
important cross-references are found in the introductory
section, where a rough overview of the article is given.

Among the articles not yet read are some of higher
importance than others. While it is impossible to know
what a user actually is searching for, we can make some
assumptions about their potential interests based on the
history of articles they read. We define a relative degree of
interest (DOI) a user has in an article based on the
structure and history of the article graph. Every article in
the graph has some importance to a user which is
independent of which article they are currently reading.
This is the a-priori-importance (API) of an article. Addi-
tionally, articles gain or loose importance depending on
the current focus of interest of the user. How much an
article gains or looses is defined by the distance (D)
between this article and the current focus of the user.
These measures can be combined into a function yielding
the current DOI of an article v:

DOIðvÞ ¼ APIðvÞ $ DðvÞ

This function is essentially the same as the DOI
function defined by Furnas [13], except we define D not
as a distance between two points.

ARTICLE IN PRESS

Fig. 1. A partial graph of a large document collection, containing all
visited (filled circles) and referenced, unvisited (empty circles) articles.
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Wivi — Degree of Interest of unvisited 
articles

Relative Degree of Interest (DOI)

Based on the history of the article graph

A-priori-importance (API)

Distance between article and the current focus (D)

DOI = API - D



Wivi — Degree of Interest of unvisited 
articles

API — More inbound links from already visited articles → more important

D — temporal distance; by the number of articles a user has visited since 
the last visit to that article

For every unvisited vertex v of the graph G, the DOI function assigns a 
degree of interest to that vertex depending on the already visited vertices 
[-1,1]

By assuming that users are interested in all articles
they read and that the links the authors of the articles
have placed are sensible, we inferred that an unvisited
article with more inbound links from already visited
articles can be seen as more important to a user. This is
used as API of an unvisited article in the article graph.
With dGðvÞ being the inbound degree of an article v and
DðGÞ the largest degree over all vertices, API of the
unvisited articles can be formally defined as

APIðvÞ ¼
dGðvÞ
DðGÞ

ð1Þ

Because users are potentially more interested in
articles they recently read, and are less interested in
articles they visited in the beginning, we use the age of the
visited articles to weight their outbound links. The age of a
visited article is determined by the number of articles a
user has visited since the last visit to that article. In other
words, the age of each visited article increases by one with
each new article a user visits. This can be seen as the
temporal distance between the current focus of interest
and the focus at the time the user was reading a previous
article. The temporal distance D of an unvisited article v
can then be defined as

DðvÞ ¼
1

dGðvÞAðGÞ

X

vi2NGðvÞ

aðviÞ ð2Þ

AðGÞ is the highest age of all visited vertices, aðxÞ the
age of a single vertex and NGðxÞ the neighborhood of a
vertex.

Those two functions define how the DOI of each
unvisited article is determined. For every unvisited vertex
v of the graph G, the DOI function assigns a degree of
interest to that vertex depending on the already visited
vertices. It yields a value in the interval ½%1;1&, where %1
represents the lowest and 1 represents the highest degree
of interest.

In essence, this function provides a guess on what a
user might read next based on the history of visited
articles, weighted by the order they were visited. Based on
this DOI function, our visualization is able to put emphasis
on potentially interesting articles a user might be looking
for. When presenting the user these potential next articles,
they are enabled to opportunistically choose the article
they were actually looking for.

4. Interactive visualization

The goal of Wivi is on the one hand to prevent the user
getting lost in the vast amount of articles to explore and
on the other hand to highlight opportunities for their next
navigation step. While this might be done solely in the
article text itself, there are several reasons why a separate
graphical representation is more suitable for this purpose.

The amount of text present in most articles usually is
large enough to span multiple screen pages even on large
displays. A highlighting technique applied to links within
a text can only bring attention to links currently visible
within the current window. While the problem of high-
lighting potentially interesting links in the current text
might be overcome in some way, it is considerably more

difficult to maintain a representation of the previously
visited articles and their connections to the current article
just within the text itself, because not every article
previously visited is necessarily present as a hyperlink in
the text.

In order to present this information to the user, a
separate representation of the articles needs to be provided.
By choosing a graphical representation over a simple textual
listing of the browsing history, the connections between the
history of visited articles and potentially interesting, yet
unvisited articles can be visualized.

Our visualization is based on the article graph
G ¼ ðV ;EÞ, as defined earlier. Every node of this graph is
visualized as a text label on a gray background shape. The
visualization strictly distinguishes between visited and
unvisited articles, both in shape and layout of the nodes,
as they fulfill two different functions—visualizing the past
and the possible future. A schematic view of the general
layout can be seen in Fig. 2.

The visited articles represented by circular shapes and
are laid out by using the radial-tree algorithm [9]. In order
to use this algorithm, a tree has to be generated from the
general article graph. This is done by using a breadth-first
traversal starting from the first visited article on the
graph, obeying the direction of edges and stopping at
unvisited articles. The layout algorithm then starts at the
root of the tree (the first visited article) and lays out each
node by using preorder traversal. The first article is put
into the center of the viewport and each level of depth of
the tree is displayed using a circular layout where the
radius increases with each level. Both the edges present in
the generated tree as well as those present in the article
graph are drawn as straight, gray lines between the nodes.
The tree edges are drawn slightly wider and darker than
the other edges to make the hierarchy of the navigation
history stand out.

ARTICLE IN PRESS

Fig. 2. Placement of unvisited articles on concentric circles based on
their DOI-value around the already visited articles which are laid out
using a radial tree algorithm.
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article with more inbound links from already visited
articles can be seen as more important to a user. This is
used as API of an unvisited article in the article graph.
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DðGÞ the largest degree over all vertices, API of the
unvisited articles can be formally defined as

APIðvÞ ¼
dGðvÞ
DðGÞ
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visited articles to weight their outbound links. The age of a
visited article is determined by the number of articles a
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words, the age of each visited article increases by one with
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can then be defined as
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1
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X
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AðGÞ is the highest age of all visited vertices, aðxÞ the
age of a single vertex and NGðxÞ the neighborhood of a
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The amount of text present in most articles usually is
large enough to span multiple screen pages even on large
displays. A highlighting technique applied to links within
a text can only bring attention to links currently visible
within the current window. While the problem of high-
lighting potentially interesting links in the current text
might be overcome in some way, it is considerably more
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just within the text itself, because not every article
previously visited is necessarily present as a hyperlink in
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separate representation of the articles needs to be provided.
By choosing a graphical representation over a simple textual
listing of the browsing history, the connections between the
history of visited articles and potentially interesting, yet
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Our visualization is based on the article graph
G ¼ ðV ;EÞ, as defined earlier. Every node of this graph is
visualized as a text label on a gray background shape. The
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as they fulfill two different functions—visualizing the past
and the possible future. A schematic view of the general
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are laid out by using the radial-tree algorithm [9]. In order
to use this algorithm, a tree has to be generated from the
general article graph. This is done by using a breadth-first
traversal starting from the first visited article on the
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the other edges to make the hierarchy of the navigation
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ARTICLE IN PRESS

Fig. 2. Placement of unvisited articles on concentric circles based on
their DOI-value around the already visited articles which are laid out
using a radial tree algorithm.
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Wivi — Goal of visualization
Provide a representation of

The previously visited 
articles

Their connections to the 
current article

Show navigational hint/
possible future

By assuming that users are interested in all articles
they read and that the links the authors of the articles
have placed are sensible, we inferred that an unvisited
article with more inbound links from already visited
articles can be seen as more important to a user. This is
used as API of an unvisited article in the article graph.
With dGðvÞ being the inbound degree of an article v and
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of interest.
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just within the text itself, because not every article
previously visited is necessarily present as a hyperlink in
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In order to present this information to the user, a
separate representation of the articles needs to be provided.
By choosing a graphical representation over a simple textual
listing of the browsing history, the connections between the
history of visited articles and potentially interesting, yet
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Our visualization is based on the article graph
G ¼ ðV ;EÞ, as defined earlier. Every node of this graph is
visualized as a text label on a gray background shape. The
visualization strictly distinguishes between visited and
unvisited articles, both in shape and layout of the nodes,
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into the center of the viewport and each level of depth of
the tree is displayed using a circular layout where the
radius increases with each level. Both the edges present in
the generated tree as well as those present in the article
graph are drawn as straight, gray lines between the nodes.
The tree edges are drawn slightly wider and darker than
the other edges to make the hierarchy of the navigation
history stand out.

ARTICLE IN PRESS

Fig. 2. Placement of unvisited articles on concentric circles based on
their DOI-value around the already visited articles which are laid out
using a radial tree algorithm.
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Wivi — Goal of visualization

Avoid clutter — only the edges connected to the currently 
read article are shown

Show texts too — Users do not want to use graphical 
representations alone for navigation

Transition animation — efficiently perceive the changes and 
maintain their mental map



Demo

http://wivi.slashslash.de



Evaluation
Anonymous remote usability test

Task — (1) Search for subject subjects are interested (2) random selection

Allowed to perform tasks up to 5 times

14 days, 157 people

56 people remained after filtering

Spent more than 100s

Finished the test by filling in the exit questionnaire

Subjective evaluation only



Results

69.6% of the 
participants — easy to 
understand and use

Unvisited articles were 
not easily found

Invisibility of edges (?)

simple web page. The first page, which was the entry point
to the test, contained a short introduction to Wivi, the goals
of the test and the following steps. When visitors agreed to
participate in the test, they were taken to a separate page on
which the task they should perform was explained. This
page also contained a link to open the application in a new
browser-window. When the users finished the task, they
were presented the final questionnaire which they had to
complete.

Each participant was assigned a random and unique
session identifier at the beginning of the test, which was
then used to associate the activity and questionnaire data
to the participants. The activity of a participant within the
applicationwas recorded on the server via a separate web-
service, which stored the type of activity together with the
session identifier and the current timestamp. This data
was used to reconstruct and understand what the
participants were doing and how long they were using
the application.

6.2. Results

During the period of 14 days in which the test was
conducted, a total of 157 people were willing to partici-
pate in the test. Out of those, 72 participants (45.9%)
finished the test by filling in the questionnaire. From the
recorded activity of each participant, we computed the
time a participant spent using the application by comput-
ing the difference in time between the first and last action
a user has performed. This durationwas then used to filter
out the data of those participants, who had spent less than
100 s using the application. This was done because we
assume that at lower periods of use, a reasonable
evaluation of the application is not possible. After this
final filtering, the data of 56 participants remained and
were used for our further statistical evaluation.

For statistical tests, we used the Mann-Whitney U Test
for unpaired and the Wilcoxon signed rank test for paired
values [5]. The significance threshold was chosen at p ¼
0:05 and p values lower than 0.003 are regarded as highly
significant.

The majority of participants (69.6%) found the user
interface of Wivi easy to understand and use. This
indicates that further usage was not prevented by a
cumbersome or unclear interface and thus the main part
of the session duration was spent with actually using the
application. It might also be inferred that the other ratings
are based on the actual usefulness of the visualization.

As Fig. 7 shows, the usefulness of the visualization and
the application was positively rated by the majority of
participants. The question, if they would use Wivi for
future research in the Wikipedia, was confirmed by 74.5%
of all participants. This already indicates that our
visualization presents a viable alternative for searching
and browsing the Wikipedia and can be used without
further instructions.

Comparing the subjective usefulness of the visualiza-
tion of visited articles to the visualization of unvisited
articles shows a highly significant (po0:003; signed rank
test) difference. While the layout of the unvisited articles

was seen as moderately useful, a majority of participants
declared that the visualization of visited articles was
useful for searching the Wikipedia (see Fig. 8). These
different ratings are probably caused by the fact that the
visualization of visited articles has a clear structure which
is based on the navigational history and the links between
the articles. This structure is easier to comprehend,
because it is directly controlled by the user and is
always made visible by the edges drawn between the
nodes. On the other hand, the way how unvisited articles
are placed on the outer rings might not be immediately
understood, due to the invisibility of the edges leading to
the nodes and the implied age of the visited articles. This
was also explicitly mentioned by several participants in
the comment field of the questionnaire.
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Results
Separate subjects by previous 
knowledge — K(low), K(high)

K(low) — rating between visited/
unvisited — similar

K(high) — visited article — higher 
rating

Wivi suitable for researching a 
new subject

Taking into account the previous knowledge the
participants had for the articles they started with, a more
differentiated result can be seen. The participants can be
separated into two groups by the previous knowledge
they initially had: a first group Klow, containing
21 participants who had no or little previous knowledge
on average, and a second group Khigh, containing 35
participants who had moderate to very good previous
knowledge on average. The ratings of these groups
regarding the visualization of unvisited articles show a
visible difference, as it can be seen in Fig. 9. Comparing
the ratings of the visualization of unvisited and visited
articles from participants of group Klow shows that they
rated them similarly (no significant difference was found).
However, the other group Khigh rated the visualization of
visited articles significantly better (po0:05; signed rank
test) than the visualization of unvisited articles. This
reveals an interesting result: participants, who had no or
only little previous knowledge, found the visualization of
the visited and unvisited articles equally useful, possibly
because they do not knowwhat to specifically look for and
thus benefit from the weighting of unvisited articles more
than those participants who are already familiar with the
subject.

Even though this might lead to the conclusion that our
visualization is more suitable for researching a new
subject, a further look at the general rating of the
visualization shows that participants of group Khigh rate
it higher than those of groupWlow (see Fig. 10). So it can be
concluded that both groups benefit from our visualization.

7. Conclusion and future work

As previous research has shown, interactive visualiza-
tion of large document collections can be used to improve
navigation and finding relevant information. Our ap-
proach combines both a visualization of visited articles
and articles that could be immediately reached from all
visited articles. It also calculates a degree of interest of the

unvisited articles based on the structure and history of the
article graph. With Wivi2 we created a browser for the
Wikipedia or other wikis, which implements the visuali-
zation of already visited articles in a hierarchical tree
layout and shows the related unvisited articles weighted
by their degree of interest on circles around the visited
articles. As the result of a user test shows, this approach is
generally accepted and positively perceived as a viable
interface to browse and search the Wikipedia. Especially
the visualization of the visited part was well received, but
also our concept of weighting and displaying the unvisited
articles to enable opportunistic exploration appears to be
promising.

As future work it would be interesting to explore other
ways to visualize the unvisited articles and how the
underlying weighting might be improved. One way to
improve the weighting might be to take the categories of
the articles into account, which provide some sort of
clustering of articles. Also, it would be interesting to know
how different approaches to extract the links between
articles affect how well the concept of opportunistic
exploration works. While Wivi uses a simple way to
retrieve other articles, the implementation of more
sophisticated methods could be easily integrated.
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Results

K(high) liked Wivi more
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they initially had: a first group Klow, containing
21 participants who had no or little previous knowledge
on average, and a second group Khigh, containing 35
participants who had moderate to very good previous
knowledge on average. The ratings of these groups
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concluded that both groups benefit from our visualization.

7. Conclusion and future work

As previous research has shown, interactive visualiza-
tion of large document collections can be used to improve
navigation and finding relevant information. Our ap-
proach combines both a visualization of visited articles
and articles that could be immediately reached from all
visited articles. It also calculates a degree of interest of the

unvisited articles based on the structure and history of the
article graph. With Wivi2 we created a browser for the
Wikipedia or other wikis, which implements the visuali-
zation of already visited articles in a hierarchical tree
layout and shows the related unvisited articles weighted
by their degree of interest on circles around the visited
articles. As the result of a user test shows, this approach is
generally accepted and positively perceived as a viable
interface to browse and search the Wikipedia. Especially
the visualization of the visited part was well received, but
also our concept of weighting and displaying the unvisited
articles to enable opportunistic exploration appears to be
promising.

As future work it would be interesting to explore other
ways to visualize the unvisited articles and how the
underlying weighting might be improved. One way to
improve the weighting might be to take the categories of
the articles into account, which provide some sort of
clustering of articles. Also, it would be interesting to know
how different approaches to extract the links between
articles affect how well the concept of opportunistic
exploration works. While Wivi uses a simple way to
retrieve other articles, the implementation of more
sophisticated methods could be easily integrated.
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Motivations
Very large, hierarchically structured document visualization

Requirements

Scalability

Hierarchy plus similarity

Focus plus context

Query plus exploration



InfoSky

KnowledgeScope

Galaxy and telescope metaphor

Similarity-based visualization -- document layout and clusters

Documents -- stars; Force-directed layout

Collection (cluster) -- constellation; partitioning
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Hierarchy & structure
Navigation

Zooming -- navigate vertically within the hierarchy

Panning -- explore across a single level

Collections -- similar ones are placed close to each other

Polygons are partition -- Voronoi diagram

Tree view is synced
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Data and implementation

109,000 German language news articles

6,900 collections and sub-collections (manual)

15 levels deep



Evaluation
Formative Testing (Think aloud)

Formal Experiment (2002)

Users preferred tree view (familiarity)

InfoSky was significantly slower

Experiment (2004) -- Version 2

No significant difference; improved (?)



Figure 1: The InfoSky system. On the left, the InfoSky tree view browser, similar in look and feel to a
traditional windows explorer browser. On the right, the InfoSky galaxy view.

Figure 2: InfoSky 2.0. After user feedback, among many other improvements, the thin blue polygon edges
in the galaxy view were made orange.



Evaluation
In 2006, 32 test users

Compares 4 hierarchical methods

Tree view, information pyramid browser, tree map browser, 
hyperbolic browser

Using automated HVTE testing environment

8 tasks divided into overview (2), search (2), count (2), compare 
(2) tests



Figure 3: The Hierarchical Visualisation Testing Environment (HVTE), an semi-automated environment for
testing hierarchy browsers.

with 32 test users. The four browsers tested were in-house
implementations of 1) a windows explorer style tree view,
2) an information pyramids browser, 3) a tree map browser,
and 4 ) a hyperbolic browser. The browsers are part of
the Hierarchical Visualisation System (HVS) [20]. The Hi-
erarchical Visualisation Testing Environment (HVTE) is a
semi-automated test environment built on top of HVS (see
Figure 3). HVTE presents tasks, browsers, and a test hier-
archy for a particular test case to the user and automatically
gathers timing data.

The test hierarchy used was the reduced version of the
logs A hierarchy from the InfoVis 2003 contest [8]. The
original logs A hierarchy contains about 70,000 leaf nodes.
The reduced hierarchy is the hcil subtree (everything under
/projects/hcil) containing 3,239 leaf nodes, which represents
part of the file system of the University of Maryland Com-
puter Science Department web site.

Each user performed eight tasks with each browser. The
eight tasks were divided into two overview tasks, two search
tasks, two count tasks, and two compare tasks. Four sets
of equivalent tasks were designed (8 tasks in each set). The
tasks were formulated in the native language of the test users
(German).

The task completion data revealed no statistically signif-
icant differences between the four browsers, except in one
case: the tree map browser was significantly faster than the
hyperbolic browser for the task involving the counting of
files in a subdirectory. In the subjective ratings, test users
consistently rated the tree view browser significantly higher
than the other browsers in a variety of factors. The tree
map browser was consistently rated significantly lower than

the other browsers in a variety of factors.

4. CONCLUDING REMARKS
Looking at the InfoSky and the hierarchy browser stud-

ies, it seems at first glance that we might as well give up.
Whatever new-fangled visualisation we build, when we test
it against the tree view, the tree view always wins. Even if
our performance data show no significant differences, users
significantly prefer the tree view. Users will apparently need
a great deal of persuading to move from a familiar trusted
interface to a new, unfamiliar one.

Formative techniques such as thinking aloud testing are
well-suited to providing development feedback when build-
ing an information visualisation system. Usage studies can
be used to gather usage data once a system has been built
and is in use. However, neither formative testing nor usage
testing are suitable for objective comparison of two or more
infovis techniques. For comparative studies, formal experi-
ments offer the only objective solution.

Perhaps a few steps in a strategy to move forward would
include:

• Looking for experienced analysts to act as test users,
rather than computer science students.

• Providing extensive training in each of the infovis tech-
niques under trial, to counter any bias arising from
prior experience.

• Formulating more involved tasks which more accu-
rately reflect the kind of exploration and analysis tasks
for which infovis systems excel.



Evaluation

No difference between 4 systems

Except, treemap was significantly faster than hyperbolic 
browser (counting test)

Subjects preferred tree view method significantly to others



Conclusion
Even if performance data show no significant differences, users significantly 
prefer the tree view

Users will apparently need a great deal of persuading to move from a familiar 
trusted interface to a new, unfamiliar one

Suggested Strategies

Looking for experienced analysts rather than CS students (subjects)

Providing extensive training

Formulating more involved tasks


