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Abstract. The result of a typical web search is often overwhelm-
ing. It is very difficult to explore the textual listing of the resulting
documents, which may be in the thousands. In order to improve
the utility of the search experience, we explore presenting search
results through clustering and a zoomable two-dimensional map
(zoomable treemap). Furthermore, we apply the fisheye view
technique to this map of web search clusters to provide details
in context. In this study, we report on our evaluation of these
presentation features. The particular interfaces evaluated were:
(1) a textual list, (2) a zoomable two-dimensional map of the
clustered results, and (3) a fisheye version of the zoomable two-
dimensional map where the results were clustered. We found that
subjects completed search tasks faster with the visual interfaces
than with the textual interface, and faster with the fisheye inter-
face than just the zoomable interface. Based on the findings, we
conclude that there is promise in the use of clustering and visu-
alization with a fisheye zooming capability in the exploration of
web search results.

Key Words. information overload, information visualization,
human-computer interaction, user study, web search

1. Introduction

The World Wide Web is the largest information repos-
itory, and is continuously growing in size and promi-
nence. There is no strict structure in the content or
format of information on the web, resulting in various
forms of information overload. Information overload
is the exposure of an information user to more infor-
mation than she needs, and more importantly, is able to
process. The overload problem is important due to its
significantly adverse impacts on the use of information.
Beyond a relatively low quantity of information, peo-

ple will begin to filter out information that they use to
make decisions, increasing the probability of bypassing
important information (Jacoby, 1984).

In this study, we address a specific web-related in-
formation overload problem, one that occurs while per-
forming a typical search on the web using a search en-
gine. Typically, a search engine presents its results as a
ranked-list based on a relevance score for each doc-
ument. For broadly formulated search queries, such
a list may contain thousands of documents. Previous
research has suggested that search engine users are
not likely to go beyond the top 20 to 30 documents
on these lists before getting bored or frustrated, and
subsequently quitting the search (Allan et al., 2001;
Amento, Terveen, and Hill, 2000a; Amento et al.,
2000b; Bharat and Henzinger, 1998; Chen and Dumais,
2000; Mukherjea, Hirata, and Hara, 1998; Pratt and Fa-
gan, 2000; Pratt, Hearst, and Fagan, 1999; Roussinov
and Chen, 2001). Given that more and more people are
using search engines for a variety of information needs,
there is a need for research to enhance the ranked-list
presentation of search results.

This paper investigates the combined use of clus-
tering and visualization in the presentation of search
results as a potential remedy to the overload problem
inherent in the ranked-list presentation. We introduce
a system that groups search results, and then presents
these groups by means of a two-dimensional zoomable
map. The idea of using clustering and visualization
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together for exploring web search results is not new,
(for example Roussinov and Chen, 2001), but there is
a dearth of rigorous empirical studies for the identi-
fication of desirable features in such visual presenta-
tions of web search results (Dumais, Cutrell, and Chen,
2001). This opinion is shared by practitioners who fo-
cus on usability testing of recent and popular visualiza-
tion systems, such as Inxight’s Star Tree (Hane, 2000).
We believe that different implementations of the con-
cept combined with rigorous user studies with varying
groups of users and with different task settings are nec-
essary. This leads us to address the following research
question through an empirical study:

Can a clustering-based zoomable map of web search
results improve search success over the textual
ranked-list presentation?

To address this question, we developed a prototype
system which presents an overview of search results
that are hierarchically clustered based on document
contents. This overview summarizes the document col-
lection, and allows its viewers to quickly recognize cer-
tain patterns such as the number and size of the main
groups that emerge (Greene et al., 2000). Based on this
recognition, the searcher can determine what groups
may be of higher interest, and focus on those. We pro-
pose that this approach, where the searcher can make a
quick decision as to which documents to eliminate from
further exploration, would reduce overload and hence
provide better information access than a ranked-list.

The result of clustering is a hierarchical organiza-
tion. It is known that when people explore hierarchies
such as the contents of a web site (Bederson et al.,
1998), switching between different levels of the hier-
archy may be disorienting and confusing. This feel-
ing of “being lost in the information space” could be
eliminated if the interface provided an idea of how the
immediate details fit in with the overall context of infor-
mation. This argument is theoretically supported by the
gestalt theory in psychology, for example (Wertheimer,
1924), which emphasizes that the whole is larger than
the sum of its parts, and parts (details) are more mean-
ingful when viewed within the whole (the context). In
visualization of search result clusters, where the bound-
aries between different parts of the visualization are
imposed rather than natural, it is desirable to examine
local detail in its global context (Dumais, Cutrell, and
Chen, 2001).

We believe that a fisheye view (Furnas, 1986) that
shows immediate (i.e. zoomed-in) areas of interest in

full detail while providing a summary of the out-of-
zoom information is a good way to present details in
context. A fisheye view is helpful in elimination of the
disorientation caused from switching between different
views of an information collection, because it provides
a continuous view of the context. Meanwhile, it still
controls the information overload by gradually deem-
phasizing further details of the context. Therefore, the
second research question we address is:

Can a clustering-based zoomable map of web search
results with fisheye zooming improve search success
over the zoomable map without fisheye zooming?

To summarize, the objectives of our research are:

1. To develop an interface that applies a clustering-
based visual presentation (with or without fisheye
zooming) for displaying web search results,

2. To determine if a graphical display (zoomable map)
of clustered web search results is better than the
ranked list, and

3. To determine if the fisheye zooming can enhance
search success over the zoomable map with no fish-
eye zooming.

This paper focuses primarily on the last two objec-
tives. The scarcity (Roussinov and Chen, 2001; Zamir
and Etzioni, 1999), and the practical difficulty (Allan
et al., 2001) of empirical studies on the usefulness of vi-
sual presentation of information, especially in the web
domain, reinforce the contribution of the paper. The
rest of the paper is organized as follows. In Section 2,
we review previous work in the study of the interface
features we are applying in our study. Section 3 intro-
duces the interfaces that are tested. Section 4 presents
the research hypotheses based upon previous theoreti-
cal work in user interface success. Section 5 explains
our methodology in testing a proof of concept system
for our proposed interface features. Discussion of the
statistical analyses can be found in Section 6. The paper
concludes with a discussion of the results and directions
for future research.

2. Related Work

The focus of this study is the exploration of web search
results. Arguably, once search results are retrieved, the
exploration of this collection is a browsing task. There-
fore, the result of the search process can be improved
through superior browsing of the results.



Clustering-Based Visual Interfaces for Presentation of Web Search Results 275

Though there have been considerable improvements
in presentation of a list of results obtained through a
search (ranking, color coding, text size, etc.), our fo-
cus is on investigating the value of a clustering-based
visualization of these results. The following three sub-
sections review related work in three areas: clustering
of search results, visualization of document collections
with an emphasis on search results, and the concept of
fisheye views for the visualization of clustered informa-
tion. Table 1 provides a summary of the representative
work in these domains.

2.1. Clustering based presentation of search results
There is very little structure in the list display of web
search results, making it difficult to browse them (Al-
lan et al., 2001; Amento, Terveen, and Hill, 2000a;
Amento et al., 2000b; Bharat and Henzinger, 1998;
Chen and Dumais, 2000; Mukherjea, Hirata, and Hara
1998; Pratt and Fagan, 2000; Pratt, Hearst, and Fagan
1999; Roussinov and Chen, 2001). According to the
cluster hypothesis, mutually similar documents will
tend to be relevant to similar information needs (Van
Rijsbersgen, 1979). Hence, clustering would impose a
structure on the collection of search results, increasing
browsing efficiency.

Cutting et al. (1992), and Hearst (1995) were
some of the early adopters of this idea for develop-
ing a clustering-based browsing method called “Scat-
ter/Gather”. This method is directed towards a focus
set of documents that are potentially interesting to the
user. The focus set is clustered into smaller subsets and
summarized to form an outline from which the user can
select a smaller focus set. The indicated subcollection
becomes the focus set, and the process repeats. Pirolli
et al. (1996), and Hearst and Pederson (1996) tested
the Scatter/Gather interface by means of an empirical
study, and concluded that successful use of clustering
can increase the effectiveness and efficiency of infor-
mation search.

In another study, Allen, Obry, and Littman
(1993) applied Ward’s hierarchical clustering algo-
rithm (Everitt, 1977) to search results. Through infor-
mal experiments, they concluded that clustering is use-
ful for retrieval when queries have multiple parts or in-
clude terms with multiple meanings. On the other hand,
their clustering-based presentation did not lead to im-
provements when the quality of the result set is not good
enough, or is too good to require further processing.

More recently, researchers have worked on other as-
pects of applying clustering to search results. For exam-

ple, Mukherjea, Hirata, and Hara (1998) used cluster-
ing in processing the results of a WWW image search
engine. Their clustering approach was based on multi-
ple attributes of the image files such as their URLs,
key words associated with the image files, and the
actual images. The authors do not report on any us-
ability study associated with this system. Zamir and
Etzioni (1999) proposed a method, Suffix Tree Clus-
tering (STC), for improving the speed of clustering al-
gorithms for on-line systems by using snippets instead
of full web documents. Based on the analysis of the
server logs, the system (Grouper) that was built based
on STC led to more efficient searches in terms of speed
and the number of documents examined. Roussinov
and Chen (2001) implemented a method that takes ad-
vantage of particular mathematical representations of
documents for faster clustering. Due to this increased
speed in clustering, this system could be highly in-
teractive, and lets its users refine their searches mul-
tiple times. Through a controlled user study, the au-
thors showed that this approach (Adaptive Search)
leads to speed improvements, and is preferred by its
users.

Other researchers have directed efforts to base
clustering on the link structures between documents
(Amento, Terveen, and Hill, 2000a; Bharat and
Henzinger, 1998; Chen et al., 1999). The Cha-Cha sys-
tem described in Chen et al. (1999) creates a “table of
contents” structure for the collection of search results.
The authors report that Cha-Cha leads to slight im-
provements in understanding of the collection, search
speed, and user satisfaction. It was also preferred by
its users over the ranked-list presentation. The (Bharat
and Henzinger, 1998) study reports that their approach
resulted in efficiency (precision) improvements, and
the study found that their system’s organization of web
pages agreed with human experts. There have also been
approaches to support information seekers by facilitat-
ing manual grouping of web documents (Amento et al.,
2000b).

The usability tests performed in these studies ver-
ify that summarization of search results by clustering
similar pages together could help in reducing over-
load due to the imposed structure on the document
collection. The value of clustering in presenting and
examining a document collection has also been recog-
nized by commercial search engines such as Northern-
Light (http://www.Northernlight.com), and vivisimo
(http://vivisimo.com). These search engines present
search results through an automatically generated
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Table 1. Summary of representative work

System Reference Basic approach Empirical testing

Adaptive search (Roussinov and Chen,
2001)

SOM based clustering and visualization
of search results

User study (36 subjects) found speed improvements
and user preference over ranked list

CategoryMap (Chen et al., 1998) SOM based clustering and visualization
of documents

User study (34 subjects) found method was inferior to
Yahoo

Cha-Cha (Chen et al., 1999) Table of contents structure based on
links between search results.

User study (18 subjects) found slight improvements in
understanding of the collection, search speed, and
user satisfaction.

CZWeb (Collaud et al., 1995) Hierarchy to display some web pages in
great detail and others in less detail
or no detail at all.

Not reported

Fisheye Menus (Bederson, 2000) Application of a fisheye distortion to
computer menus

Pilot study (10 subjects) found users preferred fisheye
menus for browsing tasks, hierarchical menus for
goal-directed tasks

Generalized
Fisheye Views

(Furnas, 1986) “Details in context” view of various
structures

User study (20 subjects) found that fisheye views were
superior to “flat files” for navigation of a hierarchy

Graphical Fisheye
Views

(Sarkar and Brown,
1992)

Formalized rules for fisheye views of a
generic graph

Not reported

Grouper (Zamir and Etzioni,
1999)

Clustering of search results based on
the contents of their “snippets”

Analysis of server logs showed clustering led to
improvement in the number of documents
followed, amount of searcher time and effort

Hyperbolic
browser

(Lamping and Rao,
1996)

Laying out the hierarchy uniformly on
the hyperbolic plane and map this
plane onto a circular display region

Not reported

Lighthouse (Allan et al., 2001) Visualization of inter-document
similarities by means of a spring
embedding algorithm

User study (20 subjects) showed that users were more
successful with the visualization than they would
be by following the ranked list

Motif X (Allen, Obry, and
Littman, 1993)

Content-based hierarchical clustering
of search results, tree-visualization

Informal experiments found clustering useful when
queries have multiple parts or include terms with
multiple meanings, not useful when quality of
results is not good enough, or too good

PDQ
Tree-browser

(Kumar et al., 1995) Separate presentation of overview and
details, which are obtained by user
queries and filtering.

Controlled experiment (24 subjects) showed that
pruning significantly improved performance speed
and subjective user satisfaction.

QRVE (Mukherjea, Hirata, and
Hara, 1998)

Clustering based on URLs, key words,
and images and presentation of
clusters by graphical elements
(glyphs).

Not reported

Scatter/Gather (Cutting et al., 1992;
Hearst, 1995; Hearst
and Pedersen, 1996;
Pirolli et al., 1996)

Clustering and reclustering based on
document contents

User study (16 subjects) found that Scatter/Gather
alone was not more effective than ranked-list
presentation, but would successfully complement it

Topic distillation (Bharat and Henzinger,
1998)

Combination of content and
connectivity analyses for finding
“quality” documents in a search

No user study, test data showed improvement over
basic connectivity analysis

TopicShop (Amento et al., 2000b) Visual representations of documents to
help manual organization

User study (40 subjects) showed that users found it
easier and faster to select better sites, create groups,
and integrate these two activities

Variable zoom (Schaffer et al., 1993,
1996)

Modification of the basic fisheye view
approach for a two-dimensional
hierarchical network to show detail
while in the rest of the (uniformly
scaled down) network

User study (20 subjects) showed that variable
zooming led to significant speed improvement and
effort savings.

Visual Site map (Lin, 1997). SOM based clustering and visualization
of search results or a static set of
documents

User study (sample size not reported) found speed
improvement over traditional presentation of
documents

(Continued on next page.)
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Table 1. (Continued).

System Reference Basic approach Empirical testing

VITESSE (Nigay and Vernier,
1998)

Fisheye presentation of a collection of
search results without any grouping

User study (17 subjects) found users preferred using
the non-distorted view over the fisheye

WebBook and
Web forager

(Card, Robertson, and
W Y, 1996)

Manual organization of web documents
into books and into collection of
books

Not reported

WebSOM (Honkela et al., 1997;
Lagus et al., 1996)

SOM based clustering and visualization
of a collection of web pages

Not reported

WebTOC (Nation, 1998) Creating a table of contents structure
based on links and directory
structure and visualizing this
structure (overview) and individual
web pages (details) simultaneously,
but separately

Not reported

Zooming Web
Browser

(Bederson et al., 1998) Fisheye views of multiple web pages
and the links between them instead
of a view of one page at a time.

User study (30 subjects) found speed improvements
over traditional display method of Netscape in
several different information seeking scenarios

Fisheye views of
Topological
Networks

(Hollands et al., 1989) Application of fisheye views to a
fictitious subway network

User study (48 subjects) found that fisheye views led
to slight speed improvements for large networks

cluster structure using proprietary implementations of
text clustering algorithms (Salton, 1989).

2.2. Visual presentation of document collections
People usually have an easier time in understanding
information when it is visually presented (Card, Moran,
and Newell, 1986; Shneiderman, 1996; Tufte, 2001).
As argued by Shneiderman (1996):

“The bandwidth of information presentation is po-
tentially higher in the visual domain than for media
reaching any of the other senses. Humans have re-
markable perceptual abilities that are greatly under-
utilized in current designs. Users can scan, rec-
ognize, and recall images rapidly, and can detect
changes in size, color, shape, movement, or texture.
User interfaces have been largely text-oriented, so
as visual approaches are explored, appealing new
opportunities are emerging.”

The basic cognitive tasks of information exploration
such as scanning, sorting, and selection for which in-
formation visualization is proven useful are also per-
formed in browsing a collection of (web) documents.
Therefore, various researchers have explored visual
presentations of a document collection. Most of the
clustering-based systems discussed in the previous sec-
tion have a visual presentation component. For exam-
ple, the (Roussinov and Chen, 2001) approach is based
on Kohonen’s self-organizing maps (SOM) (Kohonen,

1998), which creates two dimensional maps of the clus-
tering structure simultaneously with the clusters them-
selves. On such a map, a large area usually represents
a large or an important collection of information, and
physical proximity usually implies semantic proxim-
ity. SOM based visualizations are not limited to web
search results. Other similar systems for the web are
WebSOM (Honkela et al., 1997; Lagus et al., 1996),
the CategoryMap (Chen et al., 1998), and the Visual
Site map (Lin, 1997).

The Query Visualization environment (QRVE)
(Mukherjea, Hirata, and Hara, 1998) discussed in the
previous section does not only provide clusters of
search results, but also presents these clusters by means
of glyphs (graphical elements). These glyphs represent
both document clusters that are formed automatically
and web sites that are organized by people. Similarly,
the TopicShop system (Amento et al., 2000b) provides
visual representations of each document in the collec-
tion to help its users with the manual organization of
those documents. It also provides other visual support
such as shading to make it easier to differentiate be-
tween groups.

A tree structure is a well-known way to represent
a hierarchy. The hierarchy that results from document
clustering as described in Allen, Obry, and Littman
(1993) is visualized by means of a tree. Their Motif X-
windows interface has a query window, a subtree doc-
ument list, and a text window component in addition to
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the interactive dendogram (tree). In this interface, the
overall hierarchy is static and details are shown in these
separate windows using color clues. The PDQ Tree-
browser (Kumar, Plaisant, and Shneiderman, 1995) is a
similar system that was designed to help information in
browsing a web. PDQ (Pruning with Dynamic Queries)
is based on the following requirements: browse the en-
tire tree and view at different levels, query nodes at all
levels on the basis of attribute values, and hide unin-
teresting nodes and branches rapidly, and thus reduce
the data set progressively. Both of these systems were
designed to provide summarized context and detailed
information on two separate graphs on the same screen.
The main disadvantage of the tree-based systems is that
the visual cues to smoothly connect the details and con-
text are not very strong.

Similar to the Cha-Cha system discussed before, the
WebTOC (Nation, 1998) system summarizes the con-
tents of a web site by means of a table of contents
structure. WebTOC uses two different strategies: fol-
lowing existing links, or using the underlying directory
structure. The automatically generated table of contents
provides graphical information indicating the number
of branches as well as individual and cumulative sizes
of these branches. WebTOC presents context (the web
site) and details (the web page of interest) simultane-
ously, but separately. The problem with this separation
is the difficulty to mentally connect the two graphs.

The Lighthouse system described in Allan et al.
(2001) presents the results of a search by visualizing the
inter-document similarities. The visualization is based
on a spring embedding algorithm where the similarities
between individual documents create a pseudo physi-
cal force, which in turn, determines the physical lo-
cation of the documents. The Lighthouse system was
tested through a usability study. The results were that
the users were significantly more successful (in terms
of precision) by the visualization than they would be
by following the ranked list. A similar approach was
followed by the KartOO search engine (http://www.
kartoo.com), which uses meta-information (i.e. exist-
ing links between pages) to display how the results
of a web search are related to each other. It also dis-
plays phrases that are extracted from the collection of
search results to present other commonalities among
the results.

Card et al., (1996) propose two moves from the tra-
ditional “one page at a time” display of web pages: a
move from the single web page as the unit of interac-
tion to a higher aggregate entity (the WebBook), and

a move from a work environment containing a single
element to a workspace in which the page is contained
with other entities, including WebBooks (the Web For-
ager). This is an interesting application of the idea of
organizing web documents into groups and presenting
a visual overview of these groups. However, the orga-
nization of pages in the Web Books and Web Foragers
are done manually, and hence the scalability of the ap-
plication for a very large collection of documents is
questionable.

The value of visualization in enhancing one’s under-
standing of an information collection is clear, but un-
derstanding visual presentations of information is not
without challenges. One of the most important chal-
lenges in the visual presentation of information is the
trade-off between overload and disorientation (Chen
et al., 1998). A fisheye view is a possible way to ad-
dress this trade-off.

2.3. Fisheye views
As explained in Leung and Apperly (1994), there are
a number of ways a fisheye view can be created. In
his original work, Furnas (1986) demonstrated an ap-
plication for tree structures and a specific example for
tree structured text files. The results of his usability
study showed that fisheye views are more effective than
flat views in navigating hierarchically organized text.
Sarkar and Brown (1992) applied the fisheye view tech-
nique for viewing and browsing computer graphs. They
built a framework to incorporate arbitrary structures by
redefining the concept of “distance” between graphical
elements.

Lamping and Rao (1996) describe an implementa-
tion for presenting a two dimensional graph through
a fisheye zoom. This application, named “hyperbolic
browser” provides a smoothly varying “focus plus con-
text” view where the display space allocated to a node
decreases continuously with the distance from the fo-
cus, yet does not disappear abruptly. This application
of fisheye views is one of the best known and success-
fully commercialized (Hyperbolic tree form Inxight

©R
,

(Hane, 2000)). The integration of details within con-
text by means of a spherical distortion is promising for
looking at those details without losing awareness of the
overall picture.

The CZWeb tool (Collaud et al., 1995) graphically
displays a network in a rectangular two dimensional
display space. A hierarchy is used to display some web
pages in great detail and the others in less detail or no
detail at all. This study is important in that it was one
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of the first attempts to apply the fisheye view technique
to the web to remedy the “lost in hyperspace” problem,
which is important for web users.

Bederson et al. (1998) report on the development of
a web-browsing prototype in their multiscale graphi-
cal environment, Pad++ (Bederson et al., 1996). This
prototype displays multiple web pages and the links
between them instead of showing one page at a time.
A fisheye view approach is used where the page in fo-
cus is clearly readable whereas the others are shown
in smaller scale to provide context. The authors com-
pared their system to the traditional display method
of Netscape in several different scenarios, and found
that subjects using their system were 23% faster than
those using Netscape in performing the same informa-
tion seeking tasks. In another study, Bederson (2000)
applied the fisheye view technique to menus in graph-
ical user interfaces, and found that many of the users
preferred such views to more traditional displays of
menus.

Schaffer et al. (1993, 1996) describe a fisheye view
approach (the variable zoom method) for the visualiza-
tion of two-dimensional networks. This method mag-
nifies lower levels of the network hierarchy to show
detail while embedding this detail in the remaining,
uniformly scaled down, network. The authors applied
this method to a simulated telephone network, and com-
pared its success to that of a traditional view of the
same network. The results showed that the users of the
fisheye-based display spent less time and effort in navi-
gating and rerouting the links of the network. A similar
study based on a fictitious subway network reported
in Hollands et al. (1989) also found that fisheye views
affect the speed of locating elements in the visual dis-
play, especially when the target element is not in the
initial display.

To our knowledge, the only system that has at-
tempted fisheye view visualizations of web search re-
sults is VITESSE (Nigay and Vernier, 1998). This sys-
tem presents a visual display of search results without
any link-based structure or any content-wise organi-
zation such as clustering as in the systems discussed
in Section 2.1, or categorization into predetermined
groups as discussed in Pratt and Fagan (2000) and Pratt,
Hearst, and Fagan (1999). Thus, its benefit in reducing
information overload is limited.

As evident from the discussion in this section, fish-
eye view systems have found applicability in the vi-
sualizations of complex information collections. The
smooth integration of context and details is promis-

ing, but also challenging, because each implementation
needs to be modified based on the specific application.

Table 1 presents a summary of our review of related
studies. An important observation in this review shared
by other comprehensive reviews (for example, (Leung
and Apperly, 1994)) is that most fisheye view systems
developed so far have not been tested in rigorous usabil-
ity studies. Many of the studies that report on usability
testing utilized very small sample sizes, or only did pi-
lot testing. Accordingly, not much is known about their
actual usefulness in spite of their conceptual appeal.
This observation also applies to the more generic web
visualization systems discussed in Section 2.2. This
study is an attempt to address this issue by empirically
testing the usability of our visual interfaces. For this
purpose, we derive testable hypotheses from the two
research questions that are addressed in this study in
Section 4. In order to clarify the comparisons in these
hypotheses, we next describe the different interfaces we
compare.

3. The Interfaces

Our experimental study compares three different inter-
faces. The first provides the traditional ranked list pre-
sentation of search results. Fig. 1 displays an example
ranked-list from the AltaVista search engine. The “re-
sults page” from AltaVista is our “textual” experimen-
tal condition (The earlier versions of our visual proto-
type used AltaVista, therefore we used the results page
from AltaVista as our textual condition to eliminate any
effect that is attributable to the source of web pages.
Our most recent implementation uses Google). The re-
sults are presented in their original presentation format.
The literature (Allan et al., 2001; Amento, Terveen,
and Hill, 2000a; Amento et al., 2000b; Bharat and
Henzinger, 1998; Chen and Dumais, 2000; Mukherjea,
Hirata, and Hara, 1998; Pratt and Fagan, 2000; Pratt,
Hearst, and Fagan, 1999; Roussinov and Chen, 2001)
suggests that a typical searcher rarely looks beyond the
first few pages of the results. Therefore, the visualiza-
tions can work with a certain predetermined number
of documents that have the highest ranking. We follow
this approach by displaying the top 100 search results
while also making sure that all experimental conditions
present the same exact collection of documents.

We explore visual presentation of search result clus-
ters instead of presenting each individual result. The
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Fig. 1. Textual presentation of search results (AltaVista search engine) to the query “Jaguar”.

clustering is based on the similarities between web
documents where documents are represented as vec-
tors of term frequencies for terms (words or phrases)
that are obtained from the overall collection of docu-
ments resulting from a specific search. Once there is
a vector representation for each document, clustering
these documents boils down to the clustering of the cor-
responding vectors for which there are very well known
approaches (Everitt, 1977). Modeling each document
as a vector based on its content is a very common ap-
proach in document clustering, details of which can be
found in Salton (1989). More examples were detailed
in Section 2.

The clusters can be visualized in many different
metaphors (Section 2). Our implementation presents
an overview of clusters as displayed in Fig. 2. This
overview is obtained by slicing the available map
space vertically for the first level clusters where the
width of each rectangle is proportional to the size
(number of documents included) of the corresponding
cluster. Coloring is used to clearly differentiate dif-
ferent regions from each other. The clustering algo-
rithm labels each cluster by the most frequently oc-
curring terms in that cluster. For better readability,
the label for the cluster over which the user moves
his/her mouse is displayed in the text window above the
map.

There are two different versions of the interface that
present further details of the clusters identified in the
overview. One, the “full zoom” approach, presents the
details of a cluster without any context while the other,
the “fisheye zoom” approach, presents the same de-
tails within the context of the other clusters. Figs. 3
and 4 are the maps a user reaches when she clicks on
the “Club, Jaguar” cluster in the visual overview of
Fig. 2. Fig. 3 shows the full-zoom visualization. As
seen in the figure, the only visible information in this
visualization is the contents of the cluster in zoom with-
out any context information. This view is basically the
overview of the selected group of documents, so all
the visual properties of the map in Fig. 2 apply to this
map.

Alternatively, the fisheye visualization of Fig. 4
keeps a general view of the other clusters while show-
ing the cluster of interest. Regardless of the region of
the map that is currently in zoom, the user of the in-
terface is constantly aware of how the details (lower-
level clusters or individual documents) fit in with the
overall collection of information. Here, the zoomed-
in regions are magnified only to a level that they pass
a predefined visibility threshold, and the out-of-zoom
regions shrink accordingly. Therefore the relative size
of a region still has a meaning among the in-zoom
or out-of-zoom regions. However, the sizes are not
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Fig. 2. Visual overview of the first level clusters for the query “Jaguar”.

Fig. 3. “Full” zooming of the “Club, Jaguar” cluster.
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Fig. 4. “Fisheye” zooming of the “Club, Jaguar” cluster.

meaningfully comparable between in-zoom and out-
of-zoom clusters. This sort of visual distortion is the
basis of the fisheye technique.

Fig. 5 displays what the user would see when
she clicks on the region labeled “Welcome to Jaguar
Drivers’ Club” on the map of Fig. 4. As seen in
the figure, when the zoomed-in region is an individ-
ual web page, the page is displayed in a separate
window. In case the document is irrelevant to the
user’s information needs, she simply closes the win-
dow. Likewise, to quit looking into an irrelevant clus-
ter, the user can simply return to the overview dia-
gram by clicking on the “reset” button, or simply click
on a different region to see the contents of another
cluster.

These visualizations are based on the “Zoomable
Treemap” algorithm (Turetken and Sharda, 2004),
which is our modification of the TreeMap algorithm
by Johnson and Shneiderman (1991).1 The mentioned
work presents other details of this technique.

The implemented prototype has a main module cre-
ated by server-side scripting (Microsoft Active Server
Pages), which prompts users for a query, and then sends
that query to the search engine. Once the search results
are retrieved, the main module parses the results, in-

dexes them, and saves them locally. Then it uses the hi-
erarchical clustering routine of IBM’s IntelligentMiner
tool to cluster the documents. The hierarchical cluster-
ing in IntelligentMiner works on the document cluster-
ing principles discussed earlier in this section. To be
specific, first the documents are represented as vectors
using frequencies of terms in the collection as an in-
dex. Then the similarity between every document pair
is determined by the cosine measure. Based on inter-
document similarities, the most similar documents are
combined into a cluster and the cluster is represented
by the midpoint of the two vectors that represent each
of the combined documents. The similarity calcula-
tions repeat with the new collection, and the pair with
the highest similarity score is combined, and this pro-
cess repeats itself until every document is assigned to
a cluster.

The result of document clustering is a hierarchy
structure, which is visualized through our system
as described above. The algorithm was implemented
through a Java applet that takes the index of documents
and the hierarchical structure as inputs, and creates the
interactive maps. Other details of this implementation
along with the algorithms and design ideas can be found
in Turetken and Sharda (2004).
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Fig. 5. Looking into the contents of the Web page titled “Welcome to Jaguar Drivers’ Club”.

4. Hypotheses

The independent variable of interest in this study is
the interface for presentation of web search results,
which can take three levels: textual, full zoom, and
fisheye zoom. Previous work in information systems
has identified a number of other factors that may affect
the general success of the interaction between a user
and the user interface. Among these are the amount of
training on the interface (Suh and Jenkins, 1992), the
characteristics of the task to be performed using the
interface (for example its level of difficulty) (Suh and
Jenkins, 1992), contextual variables (for example indi-

vidual characteristics and experience) (Santhanam and
Sein, 1994), and interactions between some of these
factors (for example “cognitive fit,” (Vessey, 1991) and
“task and interface match” (Tan and Benbasat, 1990,
1993)). In this study, these variables are either held
constant (amount of training and task) or controlled
for (contextual variables).

The success of the interaction between the user and
the interface manifests itself in the performance of the
user and her satisfaction with the system. There are two
typical measures of end-user performance: effective-
ness and efficiency. Effectiveness is a measure of how
desirable the user’s outcomes are, whereas efficiency
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refers to how well she uses the available inputs (phys-
ical resources or time) in producing those outcomes.

We operationalize the dependent variables of ef-
fectiveness and efficiency as suggested by Roussinov
and Chen (2001), Lim, Benbasat, and Todd (1996),
Hertzum and Frokjaer (1996), Tan and Benbasat
(1993), and Pratt and Fagan (2000) among others. The
number of correct answers given to a set of objective
questions having answers within the search results is
our surrogate measure for effectiveness. The surrogate
measure for efficiency is the time it takes to complete
the task of answering these questions.

Following this discussion, we convert our research
questions to the following hypotheses:

H1a: The visual interfaces will result in higher number
of correct answers than the textual interface.

H1b: The fisheye-zoom interface will result in higher
number of correct answers than the full-zoom
interface.

H2a: The visual interfaces will result in higher speed
in finishing the experimental tasks than the textual
interface.

H2b: The fisheye-zoom interface will result in higher
speed in finishing the experimental tasks than the
full-zoom interface.

As a surrogate for end-user satisfaction, we use
the scores obtained from a satisfaction survey admin-
istered to the subjects regarding each presentation.
Subsequently, the following additional hypotheses are
formulated:

H3a: The visual interfaces will result in higher user
satisfaction (score) than the textual interface.

H3b: The fisheye-zoom interface will result in higher
user satisfaction (score) than the full-zoom interface.

5. Experimental Design

5.1. Tasks
The motivation of this study is to test the ability of
the developed interface in browsing the results of a
search query that retrieves a large number of pages
(hits). Therefore, our first criterion in designing the ex-
perimental tasks was to receive a large number of hits.
At the same time, we did not want the personal traits

or backgrounds of the subjects to influence the results.
Thus the search tasks had to be on general topics so
that one group of subjects would not be more knowl-
edgeable than another.

Shneiderman (1997) classified information search
objectives into the following general categories:

1. Specific fact-finding (Searching directly for a read-
ily identifiable outcome)

2. Extended fact-finding (Searching indirectly for rel-
atively uncertain but replicable outcomes)

3. Open-ended browsing (Gaining an understanding of
a general subject area)

4. Exploration of availability (Self explanatory)

In the web domain, the availability of material is
subject to continuous change. Therefore, it is difficult
to determine exploration of availability. In real-life in-
formation search activities, open-ended browsing is es-
sential and inevitable. Conversely, in a controlled ex-
periment, it is very difficult to measure the outcomes
of a loosely defined objective such as “finding new
work on voice recognition in Japan,” or “possible rela-
tionships between carbon monoxide levels and decer-
tification.” This left us with fact-finding questions for
testing the success of the interface. The answers to such
questions can be found within the collection of search
results. Yet, finding those answers, especially in a fast
manner, requires the ability to effectively overview the
document collection, and to focus on a specific part
when needed. We believe that the visual interface, par-
ticularly with the fisheye zooming, will better facilitate
the tasks of focusing and refocusing for answering fact-
finding questions. Subsequently, the search tasks in this
study were on specific or extended fact finding.

We designed three similar tasks: Task A, Task B,
and Task C as displayed in Table 2.2 This similarity
allows us to control the “task” variable. These tasks
are on general topics, and result in large number of
search results. Figs. 6 through 8 show the three alter-
native presentations for the results of the second query
of Task A.

5.2. Measurements
In order to eliminate the effect of the subjects’ abil-
ity to formulate effective search queries and the speed
effect of network traffic at the specific times that the
experiments were being conducted, the search queries
were formulated and executed in advance (by using
each of the experimental tasks as displayed in Table 2
in their entirety). Each experimental condition used the
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Table 2. The experimental tasks

Task Questions

A 1. Where can I get good filet mignon in Madison, WI?
2. What was the population of Hong Kong in 1998?
3. Find two other books by the author of Jurassic Park.
4. Name three shows that took stage in Broadway in 1989

B 1. Find the names of two hotels in Kyoto (Japan) that
are near the train station.

2. How long does it take to get by train from Paris to
Munich?

3. I need a map of Kusadasi, Turkey.
4. Where did William Shakespeare die?

C 1. I’m looking for the names of campgrounds around
Lake Tenkiller (Oklahoma) that have showers.

2. How many track medals did the country that had won
the most gold medals in track in the 1972 Olympics
win in the 1996 Olympics?

3. What are the two most recent movies from the director
of “Full Metal Jacket”?

4. Which countries are the neighbors of Ukraine?

first 100 of the results that were obtained from these
queries. None of the interfaces (text-based or visual) al-
lowed the subjects to reformulate search queries. This
way, we were able to attribute any differences in search
success to the presentation style of the interface since
the collection of results that was generated was the
same for each interface. The speed of the search pro-
cess depended only on the local computers, each of
which had identical hardware and software configura-
tions. This provided additional control in assessing the
users’ performance in the experiments.

Similarly, the effect of the subjects’ past experience
and knowledge on experimental results were reduced
by asking them to provide us with the URL of the site in
which they found the answers to the search questions
rather than giving factual answers. After the experi-
ments, these URLs were compiled and the duplicates
were eliminated. There were a few potential sites that
had relevant information for each question. All such
sites with relevant information were considered cor-
rect answers, and others were considered incorrect. In
other words, the accuracy score assigned to a web site
was either 0 or 1. The score of each subject under each
treatment condition was then a simple sum of the cor-
rect answers.

We adopted a multi-item scale from Stasko et al.
(2000) for measuring satisfaction. The measure-
ment of time was done by recording the begin-
ning of each experimental phase, which was com-

mon for all subjects, and by automatically marking
the time when a user submitted her answer to each
question.

To measure web search experience we adopted a
two-item scale (Wang, Hawk, and Tenopir, 2000) com-
posed of the frequency and duration of search en-
gine use. We used the “Group Embedded Figure Test”
(GEFT) (Witkin et al., 1971) for determining cog-
nitive style. This test is known to measure a very
salient dimension of cognitive style, i.e. field depen-
dence/independence (Witkin et al., 1971). Subjects of
the GEFT are assigned a score between 0 and 18 de-
pending on how many simple figures embedded in
more complex ones they can identify. A higher score
on the GEFT means that a subject is more “field-
independent”, i.e. he or she can better locate details
in a large context.

5.3. Experimental procedure
We conducted controlled experiments with several
groups of business students at a major university. The
students were offered course credit for the completion
of the whole experiment. We had a total sample of 78
subjects, of which 52.6% were male, and 47.4% were
female. 61.4% of the subjects reported that they were
between age 20 and 22, 19.3% were between age 23
and 25, and 19.3% were 26 or above.

Each experimental session started with the subjects
filling out a questionnaire on demographic data such as
age, gender, and native language. We also collected data
on the subjects’ web search experience. In addition, the
subjects took the cognitive style test (GEFT).

The subjects were randomly assigned to one of three
groups. Each subject underwent a training session re-
sembling the experimental phases. For this purpose,
we used a task similar to the ones that the subjects
would actually be working on during the experiment.
These sessions familiarized the subjects with the ex-
perimental procedure and the web-based forms through
which they would submit their answers. After the train-
ing, each group of subjects underwent three phases
of experimentation. The tasks involved browsing the
search results to find a URL that would potentially an-
swer the experimental questions. In each of the three
phases, subjects were given tasks A, B, and C in the
same order. The difference was in the presentation of
search results. For example, for the first group, Task
A was supported by the textual listing while Task B
was supported by the full zoom system, and Task C
was supported by the fisheye zoom system. The other
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Fig. 6. Visual overview of the search results to query 2.

task-presentation method combinations were as listed
in Table 3.

This experimental design facilitates the study of all
three modes of the interface, i.e. textual, full zoom, and
fisheye zoom. If the order the subjects are exposed to
the interfaces has no significant effect (i.e. no phase-
task combination and learning effect), the performance
(number of correct answers and the time to finish the
task) or satisfaction of the subjects using a specific in-
terface can be found by aggregating the respective mea-
sures from the three different groups. Subsequently, the
data collected by this design can be analyzed as if they
were collected through a repeated measures design. We
test the validity of this assumption in Section 6. Table
3 displays our experimental design.

We chose this design over a regular repeated mea-
sures design, in which all subjects would go through the
same task and interface combination in the same order,
to control the effect of the sequence in which the sub-
jects were exposed to differing presentation methods.

If significant differences between presentation methods
were found with a regular repeated measures design,
it would be impossible to estimate whether this was a
learning effect and the difference was caused because
of this learning, i.e. the different sequence that the sub-
jects were exposed to the interfaces. Hence, the internal
validity of a regular repeated measures design for this
experiment would be questionable.

Table 3. The experimental design

Task/Support

Phase Group 1 Group 2 Group 3

Phase 1 1 Task A 2 Task A 3 Task A
No visualization Full zoom Fisheye zoom

Phase 2 4 Task B 5 Task B 6 Task B
Fisheye zoom No visualization Full zoom

Phase 3 7 Task C 8 Task C 9 Task C
Full zoom Fisheye zoom No visualization
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Fig. 7. “Full” zooming of the “populous world” section of Fig. 6.

During an experimental session, the subjects were
given 12 minutes (an average of 3 minutes per question)
for the completion of each experimental phase. The
time limit was a decision based on our pilot tests where
we observed that three minutes were sufficient to find
answers to our questions. As has been done in pre-
vious studies (Dumais, Cutrell, and Chen, 2001), the
subjects were reminded of the time left for the specific
phase every three minutes so that they knew the ex-
pected completion time for each question, and could
adjust their pace accordingly. However, they were free
to move on to the next question whenever they wanted
to within a given phase. At the end of each phase, the
subjects were asked to evaluate the mode of presenta-
tion that they had just experienced. A total of six ses-
sions of the experiment were conducted. Each session
involved a different sample. The first session was used
for testing the experimental procedure, and the second
one did not yield usable data due to a technical prob-
lem with the connection of the web forms to the central
database. Thus a total of 78 usable observations were
collected.

6. Data Analyses

6.1. Test of hypotheses
We conducted a Multivariate Analysis of Variance
(MANOVA) with a within-subjects factor of “inter-
face,” and between- subjects factors of “sex,” “na-
tive language,” “age,” “web experience,” and “cogni-
tive style” (field independence). We included multiple
paired contrasts to compare the “visual” interfaces to
the “textual,” and the “fisheye zoom” interface to the
“full zoom” without the need for separate tests. The
results of the comparative tests show that at the 0.05
level, the effect of the interface was significant on the
“time” variable only (see Table 4). The significance
exists for both the comparison between the visual and
textual interfaces, F(1, 46) = 12.78, p = 0.001, and
the comparison between the full zoom and fisheye in-
terfaces, F(1, 46) = 4.47, p = 0.040. In addition, as
seen in Table 5, the average time to complete an ex-
perimental task using each different type of interface
was ranked as expected, i.e. timefisheye < timefull zoom <

timeno visualization.
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Fig. 8. “Fisheye” zooming of the “populous world” section of Fig. 6.

These findings suggest partial support for our hy-
potheses as summarized in Table 6. We next discuss
the details of our data analyses.

6.2. Analyses details
6.2.1. Preliminary analyses. The original data set
contained missing variable values for a total of 12 cases.
Since there were only a few missing values for each of

Table 4. Paired comparisons

Independent variable Dependent variable Comparison F Sig.

Interface SCORE Fisheye zoom vs. Full zoom 2.455 .124
Visual vs. Textual .505 .481

TIME Fisheye zoom vs. Full zoom 4.470 .040
Visual vs. Textual 12.776 .001

SATISFACTION Fisheye zoom vs. Full zoom .123 .727
visual vs. Textual .250 .620

these cases, we chose to replace these values with the
average of the same variable from the other cases. Also,
during data collection, it was observed that some sub-
jects finished the tasks in an unreasonably short period
of time. An examination of the data set showed that
some subjects submitted totally irrelevant web sites as
the source of their answers for three or four questions in
each phase. This is a clear indication that these subjects
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Table 5. Descriptive statistics (N = 57)

Dependent variable Mean

Time (sec) Full zoom 507.2105
Fisheye zoom 479.4035
Textual 580.1053

Table 6. Summary of the Hypotheses testing results

Hypothesis Result

H1a No support
H1b No support
H2a Support in hypothesized direction
H2b Support in hypothesized direction
H3a No support
H3b No support

did not even look at the search results for the answer of
a question. The reason we could make this judgment
was that the web site collection within which the an-
swer to each question was to be found was available
in advance. Therefore, we could easily decide whether
the subjects were actually working on the task as in-
structed, i.e. finding the answer by browsing the avail-
able collection, or were giving random answers because
they chose not to work on the tasks. We eliminated data
from such subjects to improve the quality of the data
and the following analyses. This reduced the size of
our analysis sample to 57.

The next thing to do before hypotheses testing was
to convert the measurements of some of the variables
to usable categories or quantities. The measurement
scale used for “satisfaction” is a 7-point Likert scale
with five items. In order to decide whether this scale
is reliable (i.e. repeatable) and whether these different
items can be combined into a single satisfaction score,
we performed two different analyses. First, to mea-
sure inter-item reliability, we calculated coefficient α

(Nunnally, 1978), and decided that the scale had high
reliability (α = 0.89). Next, to understand whether the
scale measures a single concept (i.e. the assumed satis-
faction construct) or multiple concepts, we performed
a confirmatory factor analysis. The results of this anal-
ysis showed that a single factor explains most (73.5%)
of the variance for the five items on the scale, and the
scree plot supports this observation. This led us to con-
clude that the scores for the items in this scale can be
combined into a single “satisfaction score.” To decide

on the weight distribution of these items, i.e. how much
of the satisfaction each item actually measures, we ex-
amined the component score matrix, and concluded
that the weight of each item in explaining satisfaction
is close enough to be considered practically equal to
each other. With this observation, we transformed the
measurements from the satisfaction survey to a single
“satisfaction score” by averaging the score of each item
on the scale.

The examination of the answers that were given to
the two “web search experience” questions (duration
and frequency of web search) revealed that there were
four distinct categories of subjects in our sample: the
subjects with “high” experience reported frequent web
search engine use or long period of familiarity with web
search engines. The subjects with “very low” experi-
ence indicated that they had not used a search engine
before, and those with “low” experience indicated that
they had a relatively short exposure to web search en-
gines (less than 2 years), and that they very seldom use
them (once a month or less frequently). We classified
all the other subjects into the “moderate” experience
category. Likewise, the exploration of the distribution
of scores on the cognitive style tests led us to catego-
rize our test sample into four different cognitive style
groups, where the first group contains the most field
independent individuals, and the fourth group contains
the most field dependent ones.

6.2.2. Test of assumptions. As explained in Section
5.3, the data collected in our experiments could be an-
alyzed using a repeated measures model if we could
assume that the order of exposure to different presen-
tation methods had no significant effect on the subjects’
performance and satisfaction. Accordingly, we tested
the validity of this assumption by revisiting our experi-
mental design (See Table 3 with the cell numbers from
1 to 9). Three factors differentiate these cells from one
another: interface, task, and phase. To isolate the effect
of the task and phase combination from the effect of
the interface, we performed a test to compare the levels
of the three dependent variables between cells 1, 5, and
9, between cells 2, 6, and 7, and between cells 3, 4, and
8 separately. This way, we only compared the effect of
the task and phase combination since the user interface
in each of these comparisons is constant.

We performed a separate MANOVA to test the ef-
fect of the phase-task combination on the dependent
variables for each interface (after testing the basic
MANOVA assumptions of normality and correlation
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between dependent variables). The test results showed
no significant difference between the three groups
in terms of performance and satisfaction (textual,
F(6,78) = 1.478, p = 0.191, full zoom, F(6, 178) =
1.478, p = 0.185, fisheye zoom, F(6,78) = 1.478, p =
0.899). Thus, we conclude that the phase-task combi-
nation had no significant affect on the performance or
satisfaction of the experimental subjects. This allows
the dependent variable measures to be treated as the
repeated measures of the same variables with a within-
subjects factor of the user interface. Accordingly, the
test of hypotheses could be performed simultaneously
by means of repeated measures ANOVA or repeated
measures MANOVA, and multiple (paired) compar-
isons. The normal P-P plots showed that the depen-
dent variables are normally distributed; therefore ei-
ther ANOVA or MANOVA are appropriate to analyze
the data. We preferred repeated-measures MANOVA
to three separate repeated-measures ANOVAs due to
the significant correlations between the dependent
variables.

6.2.3. Stepwise analyses. We conducted the data
analyses in a stepwise manner starting at the multivari-
ate level. As seen in Table 7, at the 0.05 level of α, the
effect of “interface” is significant, F(6, 182) = 3.462,
p = 0.003, and those of all interaction terms are not
(F(18,255) = 1.371, p = 0.146, F(12,238) = 1.342,
p = 0.196, F(6,180) = 1.009, p = 0.421, F(6,180) =

Table 7. Multivariate tests

Within subjects effect Value F Sig.

Interface
Pillai’s Trace .203 3.426 .003
Wilks’ Lambda .799 3.563(b) .002

Interface ∗ Cognitive style
Pillai’s Trace .239 1.327 .170
Wilks’ Lambda .770 1.371 .146

Interface ∗ Age
Pillai’s Trace .165 1.337 .197
Wilks’ Lambda .841 1.342 .196

Interface ∗ Sex
Pillai’s Trace .065 1.017 .416
Wilks’ Lambda .936 1.009(b) .421

Interface ∗ Language
Pillai’s Trace .030 .459 .838
Wilks’ Lambda .970 .455(b) .841

Interface ∗ Web experience
Pillai’s Trace .221 1.221 .243
Wilks’ Lambda .791 1.223 .243

0.455, p =0.841, F(18,255)=1.223, p =0.243). This
implies that there is an overall difference between the
success of the three different interfaces, and this differ-
ence is independent of the level of the control variables.
To decide whether there is a significant difference be-
tween the three different interfaces in how they affect
the individual outcomes, i.e. “score,” “time,” and “sat-
isfaction,” we next examined the univariate tests for the
“interface” effect.

As portrayed in Table 8, the effect of interface was
significant for the “time” variable only, F(1,92) =
8.883, p = 0.005. This means there is insufficient ev-
idence to support hypotheses H1a, H1b, F(1,92) =
1.387, p = 0.245, H3a and H3b, F(1,92) = 0.214,
p = 0.808. Hypothesis H2a will be supported if there

Table 8. Univariate tests

Independent Dependent
variable variable F Sig.

Interface Score Sphericity Assumed 1.387 .255
Greenhouse-Geisser 1.387 .255
Huynh-Feldt 1.387 .255
Lower-bound 1.387 .245

Time Sphericity Assumed 8.883 .000
Greenhouse-Geisser 8.883 .000
Huynh-Feldt 8.883 .000
Lower-bound 8.883 .005

Satisfaction Sphericity Assumed .214 .808
Greenhouse-Geisser .214 .760
Huynh-Feldt .214 .808
Lower-bound .214 .646

Table 9. Tests of control variables

Independent variable Dependent variable F Sig.

Cognitive style Score 1.028 .389
Time 1.867 .148
Sat 1.180 .328

Age Score .028 .972
Time .115 .891
Sat .615 .545

Sex Score 2.856 .098
Time .406 .527
Sat .046 .832

Language Score 1.377 .247
Time 2.900 .095
Sat .630 .432

Web experience Score .715 .548
Time .961 .419
Sat 2.969 .041
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Table 10. The effect of web experience on satisfaction

Average satisfaction
scores (out of 7)
and standard deviation Web experience

Interface Very low Low Moderate High

Textual 5.70 3.30 3.35 3.92
(SD = 0.42) (SD = 2.12) (SD = 1.77) (SD = 1.39)

Full-zoom 6.20 4.00 4.05 3.03
(SD = 0.57) (SD = 1.98) (SD = 1.28) (SD = 1.45)

Fisheye-zoom 6.10 3.60 3.80 3.13
(SD = 0.71) (SD = 2.55) (SD = 1.71) (SD = 1.27)

is a significant “time” difference between the textual
system and the visual systems, and H2b will be sup-
ported if there is a significant “time” difference between
the fisheye-zoom and full-zoom systems. Following the
stepwise analysis approach, these two hypotheses were
tested by means of a priori defined paired comparisons
as discussed in Section 6.1.

6.3. Post Hoc analyses
In addition to the factor of main interest, i.e. the inter-
face, it is worth mentioning the effects of the control
variables on the outcomes. As seen in Table 9, only
one of these effects is significant at the 0.05 level: the
effect of “web experience” on “satisfaction.” The ex-
amination of the satisfaction scores for each different
type of interface, and for each web experience group
revealed that the subjects with the highest experience
level were the least satisfied using the visual interfaces.
Meanwhile, they were the most satisfied using the tex-
tual interface. On the other hand, the least experienced
subjects were the most satisfied using both of the visual
interfaces, and their satisfaction scores were very sim-
ilar for each of the full zoom and the fisheye interfaces.
These results are summarized in Table 10. Although
there were no predefined hypotheses regarding these
effects, the results are interesting. The next section in-
cludes our discussion of the data analyses results as
well as the conclusions drawn from those.

7. Discussion and Conclusions

The World Wide Web is used for a myriad of reasons
ranging from financial interactions to entertainment.
The way web content is presented is an important fac-
tor, especially for computer novices, to have a positive

experience in web use. From that point of view, research
aiming to enhance the quality of a presentation method
for web content is important. Meanwhile, it is equally
important to carefully examine the usefulness and prac-
ticality of a given presentation method. The specific
purpose of this study has been to accumulate empirical
evidence for comparing the traditional ranked-list pre-
sentation of search results to the map-based presenta-
tion of search clusters with different zooming methods.

Our tests showed that the use of clustering-based vi-
sualization for the presentation of web search results re-
sulted in significant speed improvements. Furthermore,
the application of the fisheye view idea to the visual in-
terface led to better improvements. On the other hand,
the task outcomes or the satisfaction with the different
systems did not significantly vary among subjects. The
fact that we found significant speed improvement with-
out a significant change in task outcome can be poten-
tially explained by the “effort minimization” concept
as discussed by Todd and Benbasat (1992). They argue
that decision makers do not necessarily analyze prob-
lems in more depth to make better decisions when they
have expanded processing capabilities. Rather, many
decision makers may use these tools to reduce their
effort to achieve a similar level of outcome quality.
In their study, experimental subjects behaved as if ef-
fort minimization was an important consideration, and
did not produce higher quality decisions with better
aids. Although the tasks supported by our systems are
not decision-making tasks, Todd and Benbasat’s ob-
servations are broad enough to encompass situations
where an information user is supported by a comput-
erized system, and where there is no specific emphasis
on effectiveness, but rather on the natural behavior of
users when, in a way, they are left free to choose be-
tween effectiveness and efficiency. This was the case
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in our studies. On the other hand, a more successful
system could still improve effectiveness if users were
required or rewarded to spend comparable amounts of
time and effort using both systems. This argument is
consistent with previous research findings in similar
research settings to ours (Allan et al., 2001; Roussinov
and Chen, 2001) as well as slightly different ones (Tan
and Benbasat, 1993; Vessey, 1991). We believe that it is
important for future research to study in detail how the
trade-off between effectiveness and efficiency affects
system use in different settings.

We believe that our results have practical signifi-
cance. Our experiments showed that the average time
it took to complete an experimental task, which in turn
included four individual search tasks, were 479, 506,
and 580 seconds for the fisheye, full zoom, and textual
interfaces respectively. This corresponds to an average
time of 120, 126, and 145 seconds for each search. In it-
self the number of seconds gained may not seem signif-
icant. However, if the efficiency holds for the millions
of searches, the time savings facilitated by visual in-
terfaces could lead to considerable efficiency improve-
ments for those individuals that do knowledge intensive
work. Furthermore, if the savings in time lead to lower
cognitive effort as suggested by Todd and Benbasat
(1992), then regardless of its amount, any time saving
would improve decision quality in the long run.

In spite of these contributions, there are some issues
that limited the validity of our study. As displayed in the
previous section, across all differing interfaces, more
experienced users were the least satisfied. This could
possibly be explained by the complaints that we heard
from more experienced web searchers regarding the
lack of freedom in the formulation of search queries.
The lack of such freedom was primarily due to the ex-
perimental controls we wanted in place. The fact that
the search engine was not optional and that the tasks
had easily identifiable outcomes allowed us to exercise
a higher level of control, desirable for the internal va-
lidity of the study. We realize that this approach led to
a certain level of degradation in the external validity
of the research findings. However, such a trade-off be-
tween internal and external validity is in the nature of
experimental designs, and is not a weakness particular
to this study.

Another observation was that subjects who did not
“buy into” the experiment had a harder time learning
and using the visual systems. This observation points
to the existence of an interaction between the inter-
face type and an omitted contextual variable: “sub-

ject involvement.” We had anecdotal evidence show-
ing that some subjects found the systems interesting
and believed in their promise, but they thought there
was no incentive at this time for them to orient them-
selves to a new paradigm. In fact, the following com-
ment from a participant in our experiments supports
this observation:

“It is sometimes hard to get people out of a
paradigm. Anyway, when I went home and thought
about it, I realized that I was faster in finding infor-
mation using your system”

Naturally, this observation was more applicable to
the more experienced subjects. As mentioned in Sec-
tion 6.3, the satisfaction scores for the visual interfaces
dropped drastically with increasing levels of web ex-
perience. We believe that the reason the interaction be-
tween the interface and web experience was not sta-
tistically significant is due to the large number of low
and moderate experienced users. However, the men-
tioned comparison between subjects with very low and
high experience levels suggests that such an interac-
tion is practically significant. This is a probable cause
as to why we did not obtain the expected results in user
satisfaction.

This issue would naturally resolve itself in a non-
experimental setting. Therefore, a way to address the
point is to conduct less controlled field studies where
people use the systems for their daily needs for an ex-
tended period of time. On the other hand, more reliable
results in experiments could be obtained by including
“non-student” subjects for whom the web search ac-
tivity is part of their daily routine and is hence more
relevant. For both of these scenarios, the initial re-
sistance to change would be less of an issue, hence
the users’ true attitudes towards our interface could be
observed.

Meanwhile, despite the strong evidence in the lit-
erature for the usefulness of clustering for present-
ing search results, the clustering algorithms in use are
not without problems. The fully automatic methods of
generating clusters out of textual documents still have
room for improvement especially in how synonyms for
terms are identified, how the similarity between clus-
ters are defined, and how good similarity thresholds
for combining clusters are found. Another possible di-
rection for improvement is the use of semi-automated
methods where clustering is supported by supervision
from already existing knowledge such as thesauri or
existing categories. Such an approach could especially
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help in the labeling of clusters since cluster labels are
not very intuitive with most of the current clustering
tools.

A first look at the quality of search result clusters by
recent search engines such as vivisimo (vivisimo.com)
suggests that a good amount of improvement is already
achieved, however these intuitive observations should
be verified in more rigorous empirical evaluations. For
such evaluations, an alternative to the fact-finding tasks
that we used in this study is exploring the success of
the interfaces by means of open-ended browsing tasks
as discussed in Section 5.1. In the future, it would be
interesting to integrate some of these newer clustering
algorithms into our systems and test them with complex
and open-ended tasks such as collecting information
on a well-known philosopher. Such a study would not
yield easily quantifiable outcomes. Instead, it would
yield results, the quality of which may be evaluated by
domain experts. We believe that the value of summa-
rizing search results by means of clustering and being
able to see details in context would be even clearer for
such tasks. Experimenting with such scenarios would
add to our understanding of the usability of our design
ideas.

These discussions also suggest that there is a need
for more theory-building research on interface design
for modern systems and the behavior of today’s in-
formation system users. Such efforts should go hand
in hand with empirical studies that validate the the-
orized relationships between the causes and indica-
tors of interface success. Nonetheless, the support
for our hypotheses suggests that our design ideas are
promising, and it is worthwhile to focus on improving
the implementation of the presentation system. Pro-
cessing of search results into clusters and then ap-
plying visualization, particularly with a fisheye-based
zoom, is likely to give the user significant power in
searching the World Wide Web. Organizations that
do knowledge work could reevaluate their knowledge
management tools in light of these discussions, pos-
sibly by adopting visual interfaces as described in
this study, and by getting involved in field studies to
enhance the understanding on the usability of such
systems. The fact that the web will gradually host a
larger collection of information, and the purpose in us-
ing web-based information will be more diversified,
presents many opportunities for the proactive knowl-
edge manager to utilize the wealth of available in-
formation without getting overwhelmed by that very
abundance.

Appendix

Normal PP Plots for “No Visualization”
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Normal P-P Plots for the “Full Zoom” Visualization Normal P-P Plots for the “Fisheye Zoom”
Visualization
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Notes

1. We are thankful to Ben Shneiderman and the Human Computer
Interaction Laboratory of University of Maryland for sharing the
original Treemap algorithm. Of course, we are responsible for any
errors in adaptation of the Treemap algorithm to include fisheye
visualization.

2. Some of these questions were modified from those that were used
in a panel on Web Search at the 1998 ACM Conference on Ad-
vances in Informational Retrieval.
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