Appears in ICIV’04, London, England, July 14 - 16, 2004

How Visual Query Tools Can Support Users Searching the Internet

Anselm Spoerri
Department of Library and Information Science
SCILS, Rutgers University
4 Huntington Street, New Brunswick, NJ 08901, USA
aspoerri@scils.rutgers.edu

Abstract

Visual tools have been developed to help users formulate
advanced Internet queries. Users can control the query
coordination process at the level of the individual search
terms or at the level of the search engines to be consulted.
This paper addresses the usability issue of the level at
which visual query tools can provide the greatest benefit
to users searching the Internet. MetaCrystal and its
Category View and Cluster Bulls-Eye tools are used to
visualize the degree of overlap between the results
returned by different query formulations or search en-
gines. It is shown that certain types of similarity rela-
tionships between ranked lists give rise to unique visual
patterns in the Cluster Bulls-Eye. The MetaCrystal toolset
is used to show why visual query tools may provide
greater benefits to users who want to coordinate meta
searches rather than individual search terms.

1. Introduction

Users searching the Internet are confronted with sev-
eral problems such as: which search engine(s) to select
(database selection problem), which terms to use (vo-
cabulary problem), which query operators to apply (query
coordination problem), how to explore the many retrieved
documents (information overload problem) and how to
modify the query to find more relevant documents (query
modification problem). Many visual tools have been
developed to help users overcome the specific problems
they encounter in the search process [11]. None of these
tools have been adopted by standard Internet search en-
gines. It is only in the domain of meta searching that some
commercial systems are employing visualization [9, 13].
This paper addresses the usability issue of whether visual
query tools can provide their greatest benefit to users who
want to control the coordination process of their Internet
searches at the level of the search terms or at the level of
the search engines.

1.1. User behavior and needs

Users tend to create short queries when searching the
Internet [16]. They rarely formulate advanced queries,
using Boolean or proximity operators in 10% of their que-
ries [16]. It is well documented that users find it difficult
to formulate Boolean queries [2, 3]. To overcome this
problem, visual tools have been developed to help users
specify and coordinate Boolean queries [1, 12, 17, 20].
Yet, research has shown that the use of most query
operators in short Internet queries had no significant
impact on the effectiveness of the search results [6]. This
suggests that visual query tools have minimal benefits to
offer for the majority of Internet searches conducted.

Users employ meta search engines because individual
search engines only index 20% of the Internet [14] and
thus return different documents for the same query. Meta
search engines address this limitation by combining the
results returned by different engines. The automatic and
effective fusion of different search engine results can be
difficult [4]. While meta search engines exist that visually
organize the retrieved documents, [5, 9 10, 13, 18] no
meta search interface provides users with an overview of
the precise overlap between the search engines. Meta
searching can benefit from such a visualization, because:
a) documents found by multiple search engines are more
likely to be relevant [7, 15]; b) it is difficult to predict the
quality of coverage for single engines, which tend to
index less than 20% of the Internet [14]; c) some engines
are more effective than others depending on the search
domain [8]; and d) users may prefer or trust some search
engines more than others. This suggests that active user
involvement could make a difference when it comes to
coordinating the fusion of the different search results.
While documents found by multiple engines are more
likely to be relevant, users may also want to examine the
documents only found by their preferred engines. This
range of requirements can be addressed by MetaCrystal.

This paper is organized as follows: section 2 briefly
reviews related work. Section 3 describes the MetaCrystal
toolset. In section 4, the Category View and Cluster



Bulls-Eye tools are used to visualize and support the
finding that advanced formulations of short Internet
queries tend to lead to very similar search results [6].
Section 5 illustrates how MetaCrystal can support users in
the meta search process and enables them to control how
the different search engines results are coordinated.

2. Related work

Several meta search engines have been developed that
use visualization techniques. Vivisimo [18], Grokker [9],
MetaSpider [5] and Sparkler [10] address the information
overload problem. Vivisimo organizes the retrieved
documents using the familiar hierarchical folders meta-
phor. Grokker uses nested circular or rectangular shapes
to visualize a hierarchical grouping of the search results.
MetaSpider uses a self-organizing 2-D map approach to
classify and display the retrieved documents. Sparkler
combines a bull’s eye layout with star plots, where a
document is plotted on each star spoke based on its
rankings by the different engines. Kartoo [13] addresses
the query reformulation problem. It creates a 2-D map of
the highest ranked documents and displays the key terms
that can be added or subtracted to modify the current
query. None of these visual meta search tools provide
users with a compact visualization of the precise overlap
between the search engines. Instead, they require substan-
tial user interaction to infer the degree of overlap. Further,
none of them enable users to control how the search
results by the different engines are combined.

3. MetaCrystal toolset

MetaCrystal consists of several linked tools that enable
users to compare and combine the search results returned
by different query formulations or different search en-
gines processing the same query. Its design is guided by
the fact that documents found by multiple search methods
are more likely to be relevant [7, 15]. The Category View
displays the precise overlap between the top result sets
returned by different queries or search engines (see Fig-
ures 1 and 3). The Cluster Bulls-Eye tool displays how all
the found documents are related to the different queries or
engines being compared (see Figure 1). It clusters docu-
ments retrieved by multiple search methods toward its
center and at the same time helps users scan the top
documents found by a single method. This tool can also
be used to visualize the degree of similarity between
different ranked lists.

3.1. Category View
In Figure 1, the Category View displays the precise

overlap between the top documents retrieved by the
search engines Google, Teoma, AltaVista, Lycos and

MSN, when searching for ‘information visualization’.
Modeled on the InfoCrystal layout [17], the interior con-
sists of category icons, whose shapes, colors, positions
and orientations encode different search engine combina-
tions. At the periphery, colored and star-shaped input
icons represent the different search engines, whose top
100 results are compared to compute the contents of the
category icons. Each search engine is assigned a unique
color code, because color is a good choice for encoding
categorical data [19]. The category icon in the center of
the Category View displays the number of documents
retrieved by all engines. The number of engines repre-
sented by a category icon decreases toward the periphery.
Shape coding is used for a category icon if we want to
emphasize the number of search engines it represents; size
coding is employed to emphasize the number of docu-
ments retrieved by a combination of search engines.

3.2. Cluster Bulls-Eye

The Cluster Bulls-Eye tool shows how all the retrieved
documents are related to the different engines, because a
document’s position reflects the relative difference
between its rankings by the different search engines.
Documents with similar rankings by the different engines
will be placed in close proximity (see Figure 1). Shape,
color and orientation coding indicate which search en-
gines retrieved a document. The Cluster Bulls-Eye tool
uses polar coordinates to display the documents: the
radius value is related to a document’s total ranking score
so that the score increases toward the center; the angle
reflects the relative ratio of a document’s rankings by the
different engines. The fotal ranking score of a document
is calculated by adding the number of engines that re-
trieved it and the average of its different rankings. This
causes documents retrieved by the same number of
engines to cluster and to be contained in the same concen-
tric ring (see Figure 1). Specifically, documents with high
rankings by the different engines cluster in their
respective concentric rings so that they are closest to the
center of the display and the size of their icons is set to
the largest value. Documents with low rankings cluster
furthest away from the center in their respective rings and
the size of their icons is set to the smallest value. The use
of size coding makes it easy for users to identify the top
documents found by a specific number of search engines.
In addition, a document’s position is influenced by the
input icons. Although not shown explicitly in this tool, the
input icons act as “points of interest” that pull a document
toward them based on the document’s rankings by the
different engines. The Cluster Bulls-Eye ensures that
users will always find documents with high total ranking
scores toward the center of the display. It also makes it
easy for users to scan the top documents that are only re-
trieved by a single engine.
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Figure 1: The Category View and Cluster Bulls-Eye provide users with complementary ways to explore the precise overlap between
the top 100 documents found by Google, Teoma, AltaVista, Lycos and MSN, when searching for ‘information visualization’.

4. Visualizing similarity between searches

The Cluster Bulls-Eye tool can be used to visualize the
degree of similarity between different ranked lists. If a
document is contained in all the search results being com-
pared, then it will be placed inside the inner most circle of
the Cluster Bulls-Eye. If a document has the same ranking
in all of the results being compared, then its angle will be
90 degrees (see Figure 2 [i]). If the rankings of documents
are not correlated in the different result sets, then they
will cluster as shown Figure 2 [ii]. If the rankings are
identical for two of three results lists being compared,
then documents will cluster along the line separating the
lightly colored areas associated with each input query, as
shown in Figure 2 [iii] a). If documents are only con-
tained in two of the three result lists being compared and

their rankings are identical, then they will cluster as
shown in Figure 2 [iii] b). Figure 2 demonstrates that
certain types of similarity relationships between ranked
lists give rise to unique “visual signature” patterns in the
Cluster Bulls-Eye tool. Thus, it can be used to determine
the degree of similarity between the ranked lists returned
by different queries or search engines.

The Cluster Bulls-Eye and Category View can be used
to visualize and support the finding that the use of most
query operators in short Internet queries leads to very
similar results [6], both in terms of the retrieved docu-
ments and their respective rankings. In Figure 3, search-
ing for ‘information visualization’, we visually compare
the search results returned if queries that use “no
operators”, a “Boolean AND” or an “exact phrase” con-
straints are submitted to Google, Teoma and AltaVista.
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Figure 2: shows the “visual signatures” and how documents will cluster in the Cluster Bulls-Eye if the three ranked lists being
compared: [i] are identical; [ii] contain the same documents, but their ranking orders are randomized. [iii] a) shows the area where the
documents found by all three queries will cluster if the rankings for the first two queries are identical; [iii] b) highlights the area where
the documents found by only two queries will cluster if the rankings for these two queries are identical.

For the search engines Google, Teoma and AltaVista,
Figure 3 shows that the queries, which use “no operators”
or the “Boolean AND”, retrieve the same documents and
their rankings are identical, because they cluster in Figure
3 in the same areas that are highlighted in Figure 2 [iii] a)
and b), respectively. The degree of overlap between the
queries, which use “no operator”, “Boolean AND” or
“exact phrase” constraint, is greatest for Google and the
smallest for AltaVista. Figure 3 illustrates why visual
query tools will provide minimal benefits to users who
formulate short queries, which represent the majority of
Internet searches conducted.

5. Supporting meta search process

Internet search engines use different retrieval methods
and index different parts of the Internet [14]. Key
challenges users face when conducting a meta search is
deciding which engines to select and how to take
advantage of and coordinate their respective strengths.
Research has shown that documents found by multiple
retrieval methods are more likely to be relevant [7, 15].
This suggests that an effective meta search interface needs
to help users identify documents found by several search
engines. However, the number of documents retrieved by
more than one Internet search engine tends to be small
[14] (see Figure 1). Users need ways to increase and
control the number of documents found by multiple
engines. Furthermore, some of the top documents found
by a single search engine will be relevant, but users don’t
want to have to sift through a long list of documents to
find them [11]. Thus, a meta search interface needs to

help users scan and select the top documents only re-
trieved by a specific engine, especially since users may
prefer some engines more than others.

MetaCrystal helps users gain insight into how to coor-
dinate and filter the top documents retrieved by different
search engines. Implemented in Flash using ActionScript,
its direct manipulation interface enables users to itera-
tively create crystals that show the precise overlap
between up to five engines. MetaCrystal supports flexible
exploration, enables advanced filtering operations and
guides users toward relevant information: the Category
View groups all the documents found by the same
combination of engines and displays the number of docu-
ments retrieved by different engine combinations. The
Cluster Bulls-Eye tool helps users identify documents
found by multiple search engines and at the same time
scan the top documents retrieved by a single engine.
Users can perform advanced filtering operations visually
to create a short list of potentially relevant documents by:
a) requiring documents to be retrieved by a specific
number of engines; b) specifying Boolean requirements
by selecting specific category icons, which represent all
possible Boolean queries in disjunctive normal form [17];
c) assigning different weights to the search engines to
create their own ranking functions; and d) controlling the
degree of overlap between the engines by modifying the
URL directory depth used to match documents or change
the number of top documents compared. MetaCrystal also
supports “details on demand” to give users an immediate
sense of a document’s content, such as its title, total
ranking score, content snippet and bar charts of the
rankings by the different search engines.
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Figure 3: shows the precise overlap between the top documents found if we search for ‘information visualization” and compare queries
that employ “no operators”, a “Boolean AND” or an “exact phrase” constraint, using Google, Teoma and AltaVista, respectively. The
left column contains the Category Views, which use size coding for their category icons. These views show that there is a great deal of
overlap between the queries. In particular, the same documents are retrieved by the queries that use “no operator” or the “Boolean
AND?”, because the category icons that are related to only one of these queries are empty. The right column contains the Cluster Bulls-
Eye displays, which show that the ranking order for the documents found by more than one query is identical or very similar.




6. Conclusions

This paper described and used the MetaCrystal toolset
to address the usability issue of whether visual query tools
provide their greatest benefit to users who want to control
the coordination process of Internet searches at the level
of the search terms or the search engines.

It was shown that certain similarity relationships be-
tween different ranked lists give rise to unique visual
patterns in the Cluster Bulls-Eye tool. The Category View
was used to show that there is a great deal of overlap
between the documents found by different formulations of
the same query, but little overlap when the same query is
submitted to different Internet search engines.

MetaCrystal was used to visualize and support the
finding that the use of query operators in short Internet
queries leads to very similar results [6], both in terms of
the documents being retrieved and their respective rank-
ings. Thus, visual query tools have minimal benefits to
offer to users who formulate short queries, which repre-
sent the majority of Internet searches conducted.

This paper also showed how MetaCrystal can be used
as visual meta query tool. It enables users to coordinate
how the documents retrieved by different search engines
are combined. Research has shown that documents found
by multiple retrieval methods are more likely to be rele-
vant [7, 15]. MetaCrystal helps users identify how many
and which documents are found by multiple search en-
gines and at the same time scan the top documents re-
trieved by a single engine. It enables users to gain insight
into how to solve the problem of the effective fusion of
different search results. Users can visually coordinate and
filter the top documents retrieved by different engines to
create a short list of potentially relevant documents.

In conclusion, MetaCrystal was used to show why
visual query tools may provide greater benefits to users
who want to coordinate meta searches rather than
individual search terms. The next step is to conduct a
formal user study to test if and how MetaCrystal does
support users in the meta search process.
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